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1 Welcome and Opening Remarks from Conference Chairs Barbara Conradt and Piali Sengupta

2 GSA Welcome Jane Hubbard 1) NYU Grossman School of Medicine.

3 CGC and tribute to Don Moerman Ann Rougvie 1) University of Minnesota.

4	 The	diversity	of	data	in	Wormbase;	how	to	find	it	and	use	it	Paul Sternberg

5 Roles of miRNAs in C. elegans development Luisa Cochella1 1) Research Institute of Molecular Pathology.

6	 Worms	frozen	in	time	Oded Rechavi1 1) Tel Aviv University.

7	 Worm	Health	Organization:	Understanding	the	pandemics	facing	C. elegans Emily Troemel1 1) University of California, 
San Diego.

9 Rewiring quality control in C.elegans meiosis using a new chemically-induced proximity system Chenshu Liu1,2, Abby 
F. Dernburg1,2 1) University of California, Berkeley, CA; 2) Howard Hughes Medical Institute, Chevy Chase, MD.

During the extended meiotic prophase, homologous chromosomes must pair, culminating with the assembly of synaptonemal 
complex (SC) along their lengths (synapsis). Synapsis is essential for crossover formation between homologs, and thus for 
their accurate segregation. In C.elegans, defects in synapsis are monitored by a quality control program called the synapsis 
checkpoint, as one or more pairs of unsynapsed chromosomes lead to a cell cycle delay and can eventually trigger apoptosis. 
Previous work from our lab revealed that the synapsis checkpoint requires the presence of unsynapsed pairing centers (PCs), 
special regions on each chromosome that promote homolog pairing and synapsis. However, how cells detect defects in SC 
assembly remains unknown. In C.elegans, the Polo-like kinase PLK-2 shows dynamic subnuclear localization during meiotic 
prophase: it is first recruited to PCs during early prophase, and following synapsis it relocalizes to the SC. This suggests that the 
localization of PLK-2 might be part of the signal that triggers the synapsis checkpoint.

To test this idea, we deployed a new chemically-induced proximity (CIP) system that we engineered by modifying a core 
component of the auxin-inducible degradation system. We engineered mutations into the F-box protein TIR1 to prevent it from 
interacting with other ubiquitin ligase components. By fusing one protein to this TIR1 sequence and another to a “degron” 
peptide, we can induce proximity between the two tagged proteins using the small molecule indole acetic acid (auxin). With 
this system, we successfully targeted PLK-2 to specific chromosomal/nuclear structures. We found that ectopic targeting of 
PLK-2 to X-chromosomal PCs following synapsis was sufficient to induce apoptosis. Importantly, such induced apoptosis did 
not require HUS-1, an essential component of the DNA damage checkpoint, but was abrogated by mutation of PCH-2, an 
essential component of the synapsis checkpoint. By combining this CIP system with various meiotic mutants, I will also discuss 
about how PLK-2 coordinates with other meiotic kinases and the nucleoskeleton during meiotic quality control and cell cycle 
progression. Together, we have developed a simple, versatile CIP system and leveraged it to better understand the mechanisms 
underlying meiotic progression and quality control. This CIP system will enable a wide variety of new experiments in C. elegans 
and other model organisms.

10 R-loop-induced irreparable DNA damage in C. elegans meiosis

Tara Hicks1, Emily Koury1, Cameron Williams1, Sarit Smolikove1 1) University of Iowa, Iowa City, IA.

Most DNA-RNA hybrids are formed naturally during transcription and are composed of a nascent RNA strand hybridized to 
DNA as part of R-loops. The accumulation of these structures in S-phase can result in replication-transcription conflict, an 
outcome which can lead to the formation of double strand breaks (DSBs). While R-loops’ role in mitotically dividing cells has 
been characterized, there are only a handful of studies describing the effect of R-loops in meiosis and these studies present 
a complex picture of the outcome of R-loop formation on germ cells. Here we show that DSBs formed by R-loops trigger an 
altered cellular response to DNA damage.

RNase H is an enzyme responsible for degradation of the RNA strand in DNA-RNA hybrids and plays an essential role in 
preventing this outcome and its deleterious consequences. Using null mutants for the two Caenorhabditis elegans genes 
encoding for RNase H1 and RNase H2 (hereby rnh mutants), our studies explore the effects of replication stress-induced 
DNA-RNA hybrid accumulation on meiosis. As expected, rnh∫mutants exhibit an increase in R-loop formation. Consequently, 
an elevation of DSBs in germline nuclei is evidenced by the accumulation of RAD-51 foci. Despite no repair mechanism 
abrogation, rnh mutants fail to repair all DSBs generated, leading to a fragmentation of chromosomes in diakinesis oocytes. By 
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combining our double mutant with a spo-11 null mutation, we show that although replicative defects are the main contributor 
to the phenotype, R-loops formed in meiosis are likely contributors as well. We present evidence that while rnh mutants 
accumulate DNA-RNA hybrids and subsequent DSBs may signal a degree of checkpoint activation in mitosis, some damaged 
nuclei prevail past the checkpoint, enter into meiosis, and remain unrepaired throughout. Moreover, we find no evidence of an 
increase in apoptosis, which indicates that DNA damage generated by R-loops remain undetected by an apoptotic checkpoint. 
This data altogether points to DSBs initiated by R-loops representing an irreparable type of DNA damage that evades cellular 
machineries designed for damage recognition.

11	 Multiple	levels	of	regulation	ensure	robust	cell	cycle	exit	during	C. elegans vulva formation

Vincent Portegijs1, Molly Godfrey1, Sander van den Heuvel1 1) Utrecht University.

Regulated cell cycle withdrawal is crucial for cell differentiation and tissue homeostasis, with impaired cell cycle exit leading 
to hyperplasia, a hallmark of cancer. The reproducible pattern of cell proliferation and differentiation in C. elegans provides an 
excellent model to study the regulatory pathways that control cell cycle arrest. Using tissue-specific gene knockout combined 
with lineage tracing, we explored whether known cell cycle inhibitors and tumor suppressor genes regulate cell cycle exit of 
the epidermal vulva precursor cells (VPCs). Lineage-specific knockout of cki-1, the main C. elegans CIP/KIP cell-cycle inhibitor, 
resulted in a surprisingly weak extra vulval cell division phenotype. We found that a second CIP/KIP inhibitor, cki-2, becomes 
transcriptionally upregulated in these cki-1 knockout animals. Simultaneous knockout of both CKIs substantially increased the 
number of extra vulva cells. In addition to cki-2, we discovered that cep-1 p53 and daf-3 Smad4 contribute to proper cell cycle 
arrest of cki-1 knockout vulval cells. Genetic analyses support a model in which these transcriptional regulators act upstream 
of cki-2 to promote cki-2 expression, which is critical only when cki-1 is absent. Furthermore, a forward genetic screen 
identified the HECT-domain ubiquitin ligase UBR-5 as another factor contributing to the timely VPC cell division arrest. The 
ubr-5 overproliferation phenotype was markedly enhanced when combined with cki-1 knockout, indicating that UBR-5 may act 
in parallel to CKI-1. Notably, all tested combinations of negative cell-cycle regulator knockout/knockdown resulted in limited 
increases in vulval cell numbers. Our data support that multiple redundant levels of regulation ensure remarkably robust 
control of cell cycle withdrawal of C. elegans vulval cells.

12	 The	Ran	pathway	uniquely	regulates	cytokinesis	in	cells	with	different	fates	in	the	early	C. elegans embryo

Imge Ozugergin1, Karina Mastronardi1, Alisa Piekny1 1) Concordia University.

Cytokinesis occurs through the ingression of a contractile ring that cleaves the daughter cells. This process is tightly controlled 
to prevent fate changes or aneuploidy, and the core cytokinesis machinery is highly conserved among metazoans. The 
central dogma is that spindle-dependent pathways regulate ring assembly, but studies have shown that spindle-independent 
pathways do so as well. In human cells, we found that active Ran is a chromatin-associated cue that forms an inverse gradient 
with importins that can control protein function near the cortex. We found that importin-binding is required for the cortical 
localization and function of anillin, a ring scaffold. To study how requirements for different cytokinesis pathways vary with cell 
type, we studied cytokinesis in the differently fated AB and P1 cells of the early embryo. We found that AB and P1 cells have 
different assembly kinetics supported by different levels and cortical patterning of equatorial non-muscle myosin II (NMY-2). 
The ring assembles rapidly in AB cells, which has higher midplane levels and cortical patches of NMY-2. In contrast, the levels 
of NMY-2 are lower and there are no/few patches in P1 cells, which have slower ring assembly. Depleting polarity regulators 
(PAR-1, -3 or -6) equalized assembly kinetics, indicating that kinetics depend on cell fate. By generating stable tetraploid 
strains, we show that differences in kinetics also depend on cell size. Diploid AB-sized tetraploid P1 cells had faster ring 
assembly supported by higher levels of NMY-2. However, ring assembly was slower in tetraploid vs. diploid AB cells, which had 
very high levels of NMY-2. This suggests that ideal NMY-2 levels support ring assembly, which is hindered when levels are too 
low or high, and that P1 cells operate close to a minimum threshold. Next, we determined if the chromatin pathway controls 
differences in AB and P1 cell ring assembly. We found that depleting the RanGEF (RAN-3/RCC1) caused ring assembly to occur 
equally and rapidly in both AB and P1 cells, which may be due to increased importin-regulation of cortical proteins. In support 
of this, the faster kinetics were suppressed by co-depletion of ECT-2 (RhoGEF). Interestingly, ANI-1 (anillin) suppressed kinetics 
in AB cells but not P1, suggesting that the chromatin pathway functions differently in these cell types. Collectively, our results 
show that there are different pathway requirements in AB and P1 cells that supports differences in cytokinesis.

13 DNA repair is altered during C. elegans germline aging

Erik Toraason1, Victoria Adler1, Diana Libuda1 1) University of Oregon.
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Reproductive aging leads to a decline in oocyte quality and female fertility. Previous studies in multiple organisms have found 
altered expression of DNA repair genes during oocyte aging, however it is largely unknown whether DNA repair is defective 
in aged oocytes. To determine whether DNA break formation and repair changes in oocytes upon aging, we used C. elegans 
to examine DNA repair in aged germlines of both wild-type hermaphrodites, which continuously produce new oocytes, 
and fog-2 mutant females, which can hold and age their oocytes in specific stages of meiotic prophase I. Our results found 
that RAD-51 foci, which mark DNA double-strand breaks (DSBs), were elevated in both aged wild-type and fog-2 germlines, 
indicating that oocytes accumulate DSBs in old germlines regardless of oocyte age. We further determined that the elevated 
DSBs in aged germlines were SPO-11-dependent, indicating that age either increases SPO-11 activity or delays DSB repair. 
To assess efficiency of meiotic DSB repair upon aging, we introduced exogenous DSBs via irradiation to both young and old 
germlines and examined the kinetics of DSB repair following irradiation. Our results indicate that old germlines maintained 
a higher number of DSBs in a subset of nuclei following irradiation, supporting a model in which DSB repair is less efficient 
upon aging. To determine how DSB repair is regulated during oocyte aging, we examined mutants deficient in the E2 ubiquitin 
ligase variant UEV-2, which is upregulated in mutants with an extended reproductive lifespan and is suggested to function 
in DSB repair. Our analyses indicate that both young and aged uev-2 mutant germlines exhibit elevated but similar levels of 
RAD-51 foci, implicating UEV-2 as a key regulator of DSB repair during germline aging. Taken together, our work reveals defects 
associated with germline aging and identifies novel players ensuring efficient DSB repair in young oocytes.

14	 Deciphering	the	mechanism	of	mitotic	spindle	orientation	in	Caenorhabditis elegans germline stem cells

Réda M. Zellag1,2, Yifan Zhao3, Vincent Poupart1, Ramya Singh2,1, Jean-Claude Labbé1, Abigail R. Gerhold2 1) Université de 
Montréal; 2) McGill University; 3) Harvard-MIT Health Sciences and Technology.

Tissue-resident stem cells contribute to tissue development, homeostasis and repair in response to signals from a specialized 
microenvironment termed the niche. We are using Caenorhabditis elegans germline stem cells (GSCs), which are distinctly 
accessible for intravital imaging, as a model to elucidate how the interactions between stem cells, their niche and their tissue 
of residence regulate their division in situ. The orientation of cell division is controlled by the mitotic spindle and determines 
the position, and potentially the fate, of GSCs within the germline. However, the mechanisms that regulate mitotic spindle 
orientation in GSCs are not well known. Deciphering these mechanisms requires live-imaging of GSCs under physiological 
conditions. We have carried out a systematic investigation into the technical factors that impact GSC physiology during live 
imaging and have determined an optimized protocol for monitoring GSC divisions under minimally disruptive conditions. 
To permit large-scale analysis of spindle dynamics during GSC mitosis, we constructed CentTracker, an automated analysis 
tool, based on tracking and pairing of centrosomes, which allows a variety of mitotic parameters, including mitotic spindle 
orientation, to be rapidly assessed, and which is adaptable to other cell types in C. elegans and in other organisms. Analysis 
of a large dataset of dividing GSCs, indicated that GSCs have a strong spindle orientation bias towards the gonadal axis, that 
persists throughout mitosis, but do not exhibit spindle dynamics consistent with asymmetric cell division. We hypothesize 
that underlying cell or tissue anisotropies contribute to GSC spindle orientation and we are using CentTracker to identify and 
characterize these regulators. This work will contribute to our understanding of how GSCs are positioned within the germline 
during cell division, which may have implications for both GSC self-renewal and germline tissue organization.

15 Characterising single-stranded telomere binding proteins in C. elegans

Xupeng Yu1, Sean Gray1, Helder Ferreira1 1) University of St Andrews.

Telomeres are nucleoprotein complexes that protect the ends of linear chromosomes. Loss of telomere capping activates the 
DNA damage response, normally resulting in senescence or apoptosis. C. elegans telomeres are unusual in that they end in 
C-rich single-stranded DNA overhangs as well as the more common G-rich single-stranded DNA overhangs. Distinct proteins, 
namely POT-1 and POT-2, bind these different overhangs. However, neither of these proteins are essential, which suggests 
that there may be other telomeric single-stranded DNA binding proteins in worms. We characterise POT-3 as a single OB-
fold containing protein that specifically binds the G-rich telomere strand with remarkable selectivity and affinity. We map its 
minimal DNA recognition sequence to a 6nt GCTTAG sequence. Strikingly, POT-3 and POT-2 bind precisely the same minimal 
nucleotide sequence but POT-3 has higher selectivity when the GCTTAG recognition sequence is at the extreme 3’ hydroxyl 
end. We believe that POT-3’s ability to cap the terminal end of the G-overhang mediates a unique telomeric function.

16	 Using	the	C. elegans zygote to study principles of actin cytoskeleton self-organization
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Sarah E. Yde1, Rachel S. Kadzik1, Shinjini Ray5, Ronen Zaidel-Bar5, Edwin Munro1,2,3, David Kovar1,4 1) Department of Molecular 
Genetics and Cell Biology, The University of Chicago, Chicago, IL; 2) Committee on Development, Regeneration and Stem 
Cell Biology, The University of Chicago, Chicago, IL; 3) Institute for Biophysical Dynamics, The University of Chicago, Chicago, 
IL; 4) Department of Biochemistry and Molecular Biology, The University of Chicago, Chicago, IL; 5) Department of Cell and 
Developmental Biology, Faculty of Medicine, Tel Aviv University, Tel Aviv, Israel.

The dynamic actin cytoskeleton is continually remodeled during organism development, assembling and disassembling 
functionally diverse filamentous (F-) actin networks at precisely the right time and place. A major question is how a cell can 
organize and maintain multiple F-actin networks with diverse architectures and dynamics from a common pool of actin and 
actin-binding proteins (ABPs) within a single cytoplasm. We use the C. elegans zygote to study this question in vivo, and 
purified C. elegans proteins to reconstitute cytoskeletal dynamics in vitro. We hypothesize that a series of self-organization 
mechanisms facilitates the differential recruitment and activation of ABPs that determine actin filament architectures and 
dynamics of different F-actin networks. A key determinant of F-actin dynamics and architecture is the length of filaments 
within a network. A powerful regulator of actin filament length is the ABP capping protein (CP), which binds the fast-growing 
barbed ends of actin filaments to prevent polymerization and depolymerization. Using both ‘bulk’ and single-molecule/
filament assays,we have biochemically characterized the dynamics of C. elegans ceCP on actin filament barbed ends in vitro. 
We find that ceCP has a high affinity for actin filament barbed ends and a slow off-rate relative to the lifetime of an actin 
filament in a C. elegans zygote. To characterize the biological activity of ceCP, we compared this in vitro data to the dynamics 
of ceCP in the C. elegans zygote using a powerful in vivo single-molecule approach. We found that the lifetime of ceCP single 
molecules on barbed ends in a zygote is much shorter than in vitro, suggesting the presence of regulatory mechanisms that 
act on ceCP in the zygote. We also characterize ceCP perturbation phenotypes at both the whole-network and single-filament 
level, and determine how ceCP regulates the balance of actin assembly and contributes to the self-sorting of other ABPs 
to different F-actin networks. Upon depletion of ceCP in a zygote, assembly of some F-actin networks is increased, while 
others are diminished, indicating a role for ceCP in the proper distribution of actin amongst networks. Additionally, we are 
characterizing other ABPs using similar combined in vitro/in vivo approaches, with the ultimate goal of using the C. elegans 
zygote to determine the minimal components for self-organization of multiple distinct F-actin networks within a common 
cytoplasm.

17	 Identification	of	factors	regulating	the	localization	of	a	microtubule	regulator	EFA-6

Xiaohui Lyu1, Xinghaoyun Wan1, Xuefeng Meng1, Jing Xie1, Ngang Heok Tang1, Andrew Chisholm1, Yishi Jin1 1) Neurobiology 
Section, University of California San Diego, La Jolla, CA.

The EFA6 (Exchange Factor for Arf6) family is conserved from yeast to human, originally named after the Sec7 homology 
domain that has GEF activity specific to ARF6 GTPases. Functional studies have shown that EFA6 family proteins can also 
regulate neuronal microtubule (MT) dynamics, involving a conserved 18 aa motif embedded in an intrinsic disordered region 
in the EFA6 N-terminus (O’rourke et al., Nat. Cell Biol., 2010). EFA6 proteins additionally contain a pleckstrin homology (PH) 
domain and a coiled-coil domain that enable their association with plasma membrane and actin cytoskeleton. In C. elegans, 
both expression level and localization of EFA-6 are critical for its function in neurons (Chen et al., Neuron, 2011; Chen et al., 
Elife, 2015). However, endogenous expression of EFA-6 remains unknown. To dissect mechanisms regulating EFA-6, we first 
generated a GFP knock-in to tag endogenous EFA-6. Wild-type GFP::EFA-6 is found in multiple tissues, including neurons, 
pharynx, epidermal cells and germline. We then carried out a visual genetic screen and isolated several classes of mutants 
that affect GFP::EFA-6 localization in various tissues. Among these we focused on the ones showing EFA-6 mis-localization in 
touch receptor neurons (TRNs) or adjacent epidermal cells. Combining whole-genome sequencing and genetic mapping, we 
identified several components of the specialized extracellular matrix (ECM) for TRNs, known as the mantle, which has been 
well studied for its role in touch sensitivity. The mantle consists of MEC-1, MEC-5, MEC-9, and HIM-4 (Emtage et al., Neuron, 
2004). MEC-1 is essential for accumulation of the collagen MEC-5 and other ECM components. MEC-5 and MEC-9 do not 
affect the general structure of mantle and attachment of the neurons to the epithelia by themselves. The hemicentin HIM-
4 functions separately from the MEC ECM proteins, and is needed for TRN attachment but not touch sensitivity. Our results 
suggest that mec-1, mec-5, and him-4 have similar effects on EFA-6 localization and may act in a common pathway. We also 
find that disruption of the TRN specific tubulins MEC-7 and MEC-12 affect EFA-6 localization. We are currently investigating 
how ECM interacts with MTs to regulate EFA-6 localization and function in neurons and other tissues.

19	 Nerve	ring	reconstructions	reveal	principles	of	brain	organization	across	larval	development
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Christopher Brittin1, Netta Cohen2 1) Developmental Biology Program, Memorial Sloan Kettering Cancer Center, New York, NY, 
USA; 2) School of Computing, University of Leeds, Leeds, UK.

Animal nervous system organization relies on features at every scale, from nano-level localization of synapses, through 
neuronal morphologies, to the high-level stereotyped connections between different regions of the brain. Previously, we 
developed methodologies for determining and characterizing multi-scale brain features from reconstructed serial sectioned 
electron micrographs (EM) of the L4 and adult nerve rings1. To obtain a development timeline of the nerve ring, we now 
integrate our analysis with results that we obtain from new EM datasets for the L1, L2, L3 and adult2. We find that membrane 
contacts between neurites are well described by a conserved core, embedded in a sea of variable contacts. We present a 
parsimonious model that consistently predicts that about 28-33% of conserved membrane contacts are actively targeted 
for synapse formation with high precision (≈93%), while the significant variability across datasets is accounted for by a 
non-negligible basal synaptic contact rate (≈20-30%), across all these developmental stages. Thus, while the numbers of 
membrane and synaptic contacts increases with age, our model predicts that the tendency to make synaptic contacts remains 
relatively constant. By clustering membrane contacts on each of the animals, we found a nerve ring organization of five 
spatial neighborhoods that supports a similarly modular information processing synaptic circuit. Extending this analysis over 
development, we find that the structural and synaptic modularity of the nerve ring is robust across all developmental stages, 
indicating that the macro-structure of the nerve ring is rooted in embryonic development (see accompanying abstract for a 
postulated mapping between this structure of the nerve ring and collective cell behaviors in the embryo3). We further present 
a developing brain map (a complete single cell resolution synaptic map of the C. elegans nerve ring) and use it to highlight key 
features of the post-embryonic development of the nerve ring. Our network analysis of the brain map points to a combination 
of individuality and robustness of brain organization that likely scale to larger nervous systems.

1. Brittin et al., (2021) Nature. https://doi.org/10.1038/s41586-021-03284-x

2. Witvliet et al. (2020), biorxiv. https://doi.org/10.1101/2020.04.30.066209

3. Brittin et al. (2021). Multicellular rosettes organize neuropil formation. [C. elegans conference abstract]

20	 A	computational	approach	linking	neuron-specific	gene	expression	with	connectivity

Erdem Varol1, Seth Taylor2, Gabriel Santpere4, Alexis Weinreb3, Alec Barrett3, Molly Reilly1, Chuan Xu3, Panos Oikonomou1, Lori 
Glenwinkel1, Rebecca McWhirter2, Abigail Poff2, Manasa Basavaraju3, Ibnul Rafi1, Eviatar Yemini1, Steven Cook1, Alexander 
Abrams3, Berta Vidal1, Cyril Cros1, Saeed Tavazoie1, Nenad Sestan3, Marc Hammarlund3, Oliver Hobert1, David Miller2, Ashok 
Litwin-Kumar1, Liam Paninski1 1) Columbia University; 2) Vanderbilt University; 3) Yale University; 4) Universitat Pompeu Fabra.

There is strong prior evidence for genetic encoding of synaptogenesis, axon guidance, and synaptic pruning in neural circuits. 
Despite these foundational observations, the transcriptional codes that drive neural connectivity have not been elucidated. 
The C. elegans nervous system is a particularly useful model for studying the interplay between genetics and connectivity 
since its wiring diagram is highly stereotyped and uniquely well-defined by electron microscopy. Furthermore, recent evidence 
in C. elegans has suggested that a unique combination of transcription factors specifies each of the 118 neuron classes[1]. 
Motivated by evidence for the stereotypy of neural circuits and for the genetic encoding of neural identity, we introduce a 
novel statistical technique, termed Network Differential Gene expression analysis (nDGE), to test the hypotheses that neuron-
specific gene expression dictates connectivity. Specifically, we test the hypothesis that pre-synaptic neural identity is defined 
by a «key» gene combination whose post-synaptic targets are determined by a «lock» gene combination.

For our approach, we utilize neuron-specific gene expression profiles from the CeNGEN project[2] to investigate transcriptional 
codes for connectivity in the nerve ring[3]. We hypothesize that the expression of specific cell adhesion molecules (CAM) 
among synaptically-connected neurons drives synaptic maintenance in the mature nervous system. We posit that CAMs 
mediating synaptic stability would be more highly expressed in synaptically-connected neurons than in adjacent neurons 
with membrane contacts but no synapses. Thus, for each neuron, we compare the expression of all possible combinations 
of pairs of CAMs in the neuron and its synaptic partners relative to the neuron and its non-synaptic adjacent neurons. Two 
independent comparisons are generated, one for presynaptic neurons and a second result for postsynaptic neurons. Our nDGE 
analysis reveals that specific combinations of CAMs are correlated with connectivity in different subsets of neurons and thus 
provides a uniquely comprehensive road map for investigating the genetic blueprint for the nerve ring wiring diagram.

Open source software of Network Differential Gene Expression (nDGE) is publicly available at https://github.com/
cengenproject/connectivity_analysis along with a vignette showcasing the CAM results.
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1. Reilly, M. B., Cros, C., Varol, E., Yemini, E., & Hobert, O. (2020). Unique homeobox codes delineate all the neuron classes of 
C. elegans. Nature, 584(7822), 595-601.

2. Taylor, S. R., Santpere, G., Weinreb, A., Barrett, A., Reilly, M. B., Xu, C. Varol, E., ... & Miller, D. M. (2020). Molecular 
topography of an entire nervous system. bioRxiv.

3. Cook, S. J.,... & Emmons, S. W. (2019). Whole-animal connectomes of both Caenorhabditis elegans sexes. Nature, 571(7763), 
63-71.

21 The HSPG Syndecan is a core organizer of cholinergic synapses in C. elegans

Xin Zhou1,2,4, Camille Vachon1,2,4, Mélissa Cizeron1,2,4, Océane Romatif1,2,4, Hannes E. Bulow3, Maëlle Jospin1,2,4, Jean-Louis 
Bessereau1,2,4 1) University of Lyon, Institute Neuromyogene; 2) CNRS UMR 5310; 3) Albert Einstein College of Medicine; 4) 
INSERM U 1217.

The extracellular matrix has emerged as an active component of chemical synapses regulating synaptic formation, 
maintenance and homeostasis. The heparan sulfate proteoglycan syndecans are known to regulate cellular and axonal 
migration in the brain. They are also enriched at synapses, but their synaptic functions remain more elusive. Here we show 
that SDN-1/Syndecan is a key organizer of the neuromuscular junctions (NMJs) and is the core component that clusters 
the homomeric α7-like nicotinic receptor ACR-16 at cholinergic NMJs. SDN-1 is concentrated at neuromuscular junctions 
(NMJs) by the neurally-secreted synaptic organizer MADD-4/Ce-Punctin. Punctin is secreted by cholinergic and GABAergic 
motoneurons into the synaptic cleft and triggers appropriate postsynaptic differentiation. We now show that Punctin has at 
least two parallel functions at cholinergic NMJs. First, it localizes the syndecan produced by muscle cells at postsynaptic sites. 
Second, it concentrates and likely activates the netrin receptor UNC-40/DCC. Those cooperatively recruit the FRM-3/FARP and 
LIN-2/CASK through direct interaction with the PDZ domain binding site of SDN-1 and the C-terminal P3 domain of UNC-40, 
respectively. The FERM-FA domain of FRM-3/FARP also engages direct interaction with SDN-1, likely with its submembrane 
C1 domain. The resulting CASK/FARP/Syndecan complex localizes N-AChRs at cholinergic NMJs through physical interactions. 
Interestingly, we were able to relocalize N-AChRs at GABAergic NMJs using a chimera containing the extracellular domain of 
the NLG-1/Neuroligin and the intracellular domain of SDN-1. Therefore, SDN-1 stands at the core of the cholinergic synapse 
organization by bridging the extracellular synaptic determinants to the intracellular synaptic scaffold that controls the 
postsynaptic receptor content. Surprisingly, the molecular mechanisms that control α7-like nicotinic receptors localization 
and dynamics are still largely unknown. Because all the components identified in C. elegans are evolutionarily conserved 
and expressed in mammalian neurons, our results provide a new framework to test if syndecan regulates the localization of 
nicotinic receptors in the mammalian brain.

22	 Mapping	the	neuropeptidergic	connectome	of	Caenorhabditis elegans

Lidia Ripoll-Sánchez1,2, Jan Watteyne3, Seth R. Taylor4, Alexis Weinreb6,7, Marc Hammarlund6,7, David M. Miller III4, Oliver 
Hobert5, Isabel Beets3, Petra E. Vértes1,2,8, William R. Schafer1,3,8 1) Neurobiology Division, MRC Laboratory of Molecular Biology, 
Cambridge, UK ; 2) Department of Psychiatry, Cambridge University, Cambridge, UK; 3) Department of Biology, Division 
of Animal Physiology and Neurobiology, KU Leuven, Leuven, Belgium; 4) Department of Cell and Developmental Biology, 
Vanderbilt University School of Medicine, Nashville, TN, USA; 5) Department of Biological Sciences, Howard Hughes Medical 
Institute, Columbia University, New York, NY, USA; 6) Department of Neurobiology, Yale University School of Medicine, New 
Haven, CT, USA; 7) Department of Genetics, Yale University School of Medicine, New Haven, CT, USA; 8) co-senior authors.

The synaptically-wired neuronal circuitry is modulated by monoamines and neuropeptides, which act mostly through 
extrasynaptic volume transmission. This modulation is critical to nervous system function, yet little is known about the 
structure and function of extrasynaptic signaling networks at a whole-organism level.

To this end, we used the recently published single neuron gene expression from the CeNGEN database along with 
deorphanization data for neuropeptide-activated G-protein coupled receptors (GPCRs) (see Jan Watteyne et al. abstract for this 
meeting) to generate a draft connectome of neuropeptide signaling networks in C. elegans. We based our network on single-
cell neuronal expression patterns of 93 neuropeptide-receptor couples. In our baseline network edges were formed when 
the sending neuron expressed a given neuropeptide, the receiving neuron expressed the cognate receptor, and both neurons 
extended overlapping processes in the same neuropil. We also generated an unrestricted network with no spatial restriction 
on edge formation which allowed for potential long-range signaling. Since all 302 neurons of the adult hermaphrodite 
express at least one neuropeptide precursor gene and nearly all express at least one neuropeptide GPCR, both the baseline 
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(with 31866 edges) and the unrestricted (with 54267 edges) neuropeptide networks were extremely dense compared to the 
synaptic connectome (with 2284 edges).

In addition to its high density, the neuropeptide connectome differs in significant ways from the synaptic and monoamine 
signaling networks. For example, whereas the synaptic network consists of a small (11 neurons) core of high-degree hubs and 
a low-degree periphery, the neuropeptides network is more decentralised with a great number (103 neurons) of very high-
degree nodes that form an interconnected rich club. Moreover, in contrast to the monoamine network, which shows very 
low reciprocity, the neuropeptide connectome shows higher than expected reciprocity, even though the networks formed 
by individual ligand-receptor couples are not. Finally, although the premotor neurons of the synaptic rich club have high 
neuropeptide degree, several of the most important nodes in the neuropeptide network are little-studied neurons that may be 
specialised for peptidergic neuromodulation. In the future, functional studies of these neurons and their role in behaviour may 
provide new insight into the control of behavioral states.

23 The molecular atlas of C. elegans glia across sex and age

Maria Purice1, Feinan Wu2, Violet Sorrentino1, Manu Setty1, Aakanksha Singhvi1 1) Basic Science, Fred Hutchinson Cancer 
Research Center, Seattle, WA; 2) Genomics & Bioinformatics, Fred Hutchinson Cancer Research Center, Seattle, WA.

Interactions between neurons and glia are essential for all normal nervous system functions. C. elegans glia have similar 
types of function as mammalian glia and are now established as a powerful genetic model to study glial biology. The adult 
hermaphrodite nervous system contains 302 neurons and 56 glia, with at least some of the glia shown to profoundly impact 
associated neuron shape and associated animal behaviors. Adult males have an additional 36 glia and 89 neurons, many of 
which control male mating-related behaviors.

A major limitation in studying C. elegans glia functions is the lack of cell-type specific markers for each glial subtype in the 
adult worm, and a global comparative assessment of glial functional and molecular heterogeneity. Further, each C. elegans 
glia is born of an invariant developmental lineage and makes invariant neuron-contact. This not only makes the nematode a 
powerful model to study glia-neuron interactions, but also suggests a unique advantage of this model to examine glia at single-
cell and molecular detail.

Addressing this gap, we present our single nuclear RNAseq (snRNAseq) studies on adult C. elegans glia across the entire 
nervous system. We have done these studies in three settings, (1) young adult hermaphrodites, (2) young adult males, and 
(3) aged hermaphrodites. These data will be compiled and shared as a searchable three-dimensional online atlas of adult 
glial gene expression as a community resource. Our datasets allow us to now create a gene expression and marker atlas of 
glia at single cell resolution. Our preliminary data reveal 30 clusters, hinting already at interesting biological insights into glial 
heterogeneity.

Further, studies in our lab and others have found that multiple glial cues within a single glia, the amphid sheath (AMsh), 
regulate neuron morphology and sensory behaviors, with age-related effects. Therefore, in addition to describing glia-specific 
and glial subclass markers, we are currently validating our datasets functionally in similar assays, including neural aging. The 
aim of our studies is to expand our understanding of how different glia execute these regulatory neural functions across cell-
type, sex and animal aging.

24	 Insulin-like	signaling	regulates	left/right	asymmetric	synaptic	connection

Leo Tang1, Garrett Lee1, Steven Cook2, Scott Emmons1, Hannes Buelow1 1) Albert Einstein College of Medicine, Bronx, NY; 2) 
Columbia University, New York, NY.

Lateral specialization of the central nervous system is a well-established feature across species, yet the underlying mechanism 
through which functional asymmetry arises is largely unknown. EM reconstruction of the C. elegans connectome found that 
ASE to AWC synapses were stronger on the left than the right. To corroborate and elucidate this asymmetric connection, we 
generated a reporter strain labelling ASE->AWC connections using in vivo Biotin Labelling of Intercellular Contact (iBLINC). 
While we observed the same left-sided bias of this connection, we also discovered that the asymmetric fates of the ASEs are a 
necessary but not sufficient factor in establishing this left-side bias. Furthermore, we found that ins-6/insulin-like is involved in 
the establishment of this asymmetric connection. Using a fosmid-based ins-6::GFP reporter, we observed that ins-6 expression 
in ASJ also exhibits left-sided bias. The asymmetry of ASE to AWC iBLINC signal is abolished in cell-specific knock-out animals of 
ins-6 in ASJ but not in ASI. Moreover, genetically removing ins-6 in ASJL by use of tbx-37p::Cre reversed the asymmetry of the 
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ASE to AWC connection. Meanwhile, removing the putative ins-6 receptor daf-2 in ASEL but not ASER symmetrized the ASE to 
AWC connection. Finally, we observed that mutation on an antagonistic insulin, ins-22, partially suppressed the phenotype of 
ins-6 mutants. These results taken together suggest that the left-side bias of ASE to AWC connection is controlled by insulin 
signaling, where asymmetrically expressed insulin-like molecules from ASJs act locally to regulate connectivity of the ASE>AWC 
synaptic connection. We aim to further investigate the effect of insulin signaling on the plasticity of ASE to AWC connection 
and general synapse dynamics. We also aim to characterize the previously unreported asymmetric gene expression in ASJ

25	 Sexually-dimorphic	responses	to	noxious	stimuli	in	C. elegans result from differences in interneuron connectivity 
rather than in sensory processing

Vladyslava Pechuk1, Yehuda Salzberg1, Meital Oren-Suissa1 1) The Weizmann Institute of Science.

Sexually reproducing animals display sexually dimorphic behaviors, geared towards reproductive success. Are there differences 
in the way the two sexes interpret and respond to the same aversive input?

To address this question we analyzed the worm’s avoidance responses to hazardous conditions. C. elegans generates an escape 
response to aversive stimuli by integrating sensory information from the polymodal nociceptive ASH head neurons and tail 
neurons, and conveying it to the main reversal interneuron AVA. The recent full mapping of the male connectome (Cook et al. 
2019) suggests that the sex-shared neurons in the avoidance circuit are dimorphically connected, e.g. ASH to AVA connection 
is predicted to exist only in hermaphrodites. We measured the response of both sexes to the aversive stimuli SDS and glycerol 
using a behavioral tail-drop assay. We found that the two sexes exhibit dose-dependent sexually dimorphic responses to the 
aversive stimuli – across multiple nociceptive modalities, hermaphrodites exhibited a lower pain threshold than males.

The behavioral differences and the suggested anatomical maps prompted us to functionally deconstruct the avoidance 
circuit. To examine potential sexual dimorphism at the sensory level, we compared ASH receptor expression levels (OCR-2, 
OSM-9, OSM10, QUI-1, ODR-3, GPA-3), ASH glutamatergic secretion by imaging the pHluorin sensor, and neuronal activation 
by calcium imaging in both sexes. We found that the ASH sensory neuron is non-dimorphic for all these parameters and 
responds similarly in the two sexes. Furthermore, we activated ASH optogenetically, thus bypassing the sensory input level, 
and found that hermaphrodites responded with a reversal at a lower LED intensity compared to males, in agreement with the 
tail-drop assay. Lastly, imaging of the downstream AVA interneuron revealed a stronger and longer response to the stimulus 
in hermaphrodites compared to males, further pointing to the connectivity and interneuron levels as the key sources for 
dimorphism in the circuit.

Together, our results suggest that dimorphic responses to noxious cues arise due to neuronal circuit dimorphism downstream 
of sensory processing. We hypothesize that differences in circuit connectivity, rather than sensory perception per se, allow for 
sex-specific behavioral adaptation.

26	 Age-related	decline	of	neuronal	function	is	linked	to	a	loss	of	inhibitory	signaling	in	C. elegans

Gregory Wirak1,2, Christopher Connor1,2, Mark Alkema3, Jeremy Florman3, Christopher Gabel1,4 1) Department of Physiology 
and Biophysics, Boston University School of Medicine, Boston, MA; 2) Boston University Photonics Center, Boston, MA; 3) 
Neurobiology Department, University of Massachusetts Medical School, Worcester, MA; 4) Department of Anesthesiology, 
Perioperative and Pain Medicine, Brigham and Women›s Hospital, Boston, MA.

Neuronal function declines with age resulting in behavioral deficits. How this age-related decline is related to changes 
in neuronal connectivity and circuit function on the cellular level is largely unknown. Here we employ multi-neuronal 
fluorescence imaging in C. elegans to measure changes in neuronal activity and connectivity with age across the animal’s 
nervous system. Employing transgenic expression of the fluorescent calcium indicator GCaMP6s in specific neurons, we 
identify changes in the activity of individual neurons and circuits linked to locomotory behaviors that are modulated by age. 
We further perform multi-neuronal imaging, employing light sheet microscopy to capture neuronal activity at single-cell 
resolution across the organism’s entire head region. We identify substantial age-related alterations in the activity dynamics of 
neurons as well as changes in connectivity and functional organization. As the animals age, we observe a loss of system-wide 
organization and a corresponding shift in individual neuron activity toward higher frequencies. We also observe a specific 
loss of anti-correlative (i.e. inhibitory) signaling between neurons, resulting in an overall shift in the excitatory-inhibitory (E/I) 
balance of the system. In support of this, we find that application of the GABAA agonist muscimol diminishes certain aspects of 
nervous system decline in aged animals. Interestingly, age-related effects are recapitulated in young animals bearing a gain-of-
function mutation within the unc-2 gene, encoding a pre-synaptic voltage-gated calcium channel. Conversely, aging effects are 
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greatly diminished by loss-of-function mutations in either unc-2 or in ced-4. Ced-4 is a key mediator of the conserved apoptotic 
cell-death pathway and is known to play a role in synaptic elimination across multiple species. During development, UNC-2/
CaV2 activity is known to trigger the removal of inhibitory GABAergic synapses in motor neurons through a CED-4 dependent 
pathway. Our results suggest that a similar process is occurring as the animals age, resulting in a loss of inhibitory signaling and 
disruption of the system dynamics. Through comprehensive multi-neuronal imaging, we are able to measure the progressive 
breakdown of neuronal activity and system dynamics with age and begin to identify the cellular processes and changes in 
synaptic signaling that contribute to this decline.

27	 The	DEG/ΕNaC	ion	channel	DEL-4	maintains	neuronal	ionstasis	and	promotes	neuronal	survival	under	stress

Dionysia Petratou1, 2, Martha Gjikolaj1, 2, Eva Kaulich3, William Schafer3, Nektarios Tavernarakis1, 2 1) Institute of Molecular Biology 
and Biotechnology, Foundation for Research and Technology, Heraklion, Crete, Greece; 2) Department of Basic Sciences, 
Medical School, University of Crete, Heraklion, Crete, Greece; 3) Neurobiology Division, MRC Laboratory of Molecular Biology, 
Cambridge, United Kingdom.

Physiological stress is sensed and processed by neurons, which initiate systemic stress responses. At the cellular level, ion 
homeostasis is of utmost importance for neuronal function, both for the maintenance of resting potential, and for the 
creation and propagation of action potentials. Indeed, imbalance in neuronal sodium homeostasis has been linked with 
many pathologies of the nervous system. However, the effects of stress on neuronal sodium homeostasis, excitability and 
survival are not understood. We find that DEL-4, an ENaC/DEG family member, which forms proton-inactivated homomeric 
sodium channels, is differentially regulated under stress to trigger appropriate cellular stress responses and motor adaptation. 
DEL-4 exhibits neuronal, non-synaptic localization and modulates the characteristics of Caenorhabditis elegans locomotory 
behavior. Heat stress and starvation alter DEL-4 expression, which in turn modulates the expression and activity of key stress 
response transcription factors, leading to increased autophagy and triggering of the ER stress response. Notably, similar to 
heat stress and starvation, DEL-4 deficiency causes hyperpolarization of dopaminergic neurons and impacts neurotransmission 
in dopaminergic and motor neurons. Utilizing two humanized models of Parkinson’s and Alzheimer’s disease in C. elegans, 
we show that DEL-4 promotes neuronal survival in the context of these proteinopathies. Our findings provide insight on the 
molecular mechanisms via which sodium channels uphold neuronal function and promote adaptation upon stress.

29	 End-of-life	targeted	auxin-mediated	degradation	of	DAF-2	Insulin/IGF-1	receptor	promotes	longevity	free	from	
growth-related pathologies

Richard Venz1, Tina Pekec2, Iskra Katic2, Rafal Ciosk2, 3, Collin Ewald1 1) ETH Zurich; 2) FMI Basel; 3) University of Oslo.

Preferably, lifespan-extending therapies should work when applied late in life without causing undesired pathologies. 
However, identifying lifespan-extending interventions that are effective late in life and which avoid undesired secondary 
pathologies remains elusive. Reducing Insulin/IGF-1 signaling (IIS) increases lifespan across species, but the effects of reduced 
IIS interventions in extreme geriatric ages remains unknown. Using the nematode C. elegans, we engineered the conditional 
depletion of the DAF-2/insulin/IGF-1 transmembrane receptor using an auxin-inducible degradation (AID) system that allows 
for the temporal and spatial reduction in DAF-2 protein levels at time points after which interventions such as RNAi may 
lose efficacy. Using this system, we found that AID-mediated depletion of DAF-2 protein efficiently extends animal lifespan. 
Depletion of DAF-2 during early adulthood resulted in multiple adverse phenotypes, including growth retardation, germline 
shrinkage, egg-retention, and reducing offspring. By contrast, however, AID-mediated depletion of DAF-2 specifically in the 
intestine resulted in an extension of lifespan without these deleterious effects. Importantly, AID-mediated depletion of DAF-
2 protein in animals past their median lifespan allowed for an extension of lifespan without affecting growth or behavioral 
capacity. Thus, both late-in-life targeting and tissue-specific targeting of IIS minimize the deleterious effects typically seen with 
interventions that reduced IIS, suggesting potential therapeutic methods by which longevity and healthspan can be increased 
in even geriatric populations.

30 piRNA pathway-mediated Hedgehog signaling encodes a germline-to-soma pro-aging signal

Cheng Shi1, Coleen Murphy1 1) Lewis-Sigler Institute for Integrative Genomics & Department of Molecular Biology, Princeton 
University.

The reproductive system regulates the aging of the soma. Removal of the germline extends somatic lifespan through conserved 
pathways including Insulin, mTOR, and steroid signaling, while germline hyperactivity cuts lifespan short through mechanisms 
that are still elusive. Here, we show that mating-induced germline hyperactivity leads to the downregulation of piRNAs, which 
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in turn release silencing on their targets, two Hedgehog-like ligand encoding genes. Germline-originating Hedgehog signaling 
is perceived by the Patched-related family receptors in the soma, ultimately causing somatic collapse and early death. Our 
results reveal an unconventional role of the piRNA pathway and Hedgehog signaling in longevity regulation, and suggest that 
Hedgehog signaling controlled by the tunable piRNA pathway encodes the previous unknown germline-to-soma pro-aging 
signal.

31 A single-cell expression atlas of C. elegans adulthood uncovers new aging trajectories

Antoine Roux*1,2, Han Yuan*1,2, Katie Podshivalova1, Jonathan Paw1, David Hendrickson1, Rez Kerr1, Cynthia Kenyon1, David Kelley1 
1) Calico Life Sciences LLC; 2) *Contributed equally.

Key aspects of aging biology remain mysterious. Does every tissue age at the same rate and in the same way? In this work, we 
applied the most recent advances in single-cell RNA sequencing in combination with a dissociation protocol to isolate worm 
cells in suspension (Zhang, Banerjee, and Kuhn, Plos One, 2011). Our goal was to address this question analyzing changes in 
gene expression regulation in every tissue across adulthood.

Our final dataset contains 59,376 cells quantifying 24,297 genes at 6 ages ranging from day 1 of adulthood to day 15. We 
identified 211 unique expression states and matched these states to the majority of known cell types using systematic 
annotation. The quality of our cell identity annotation was validated by comparison to existing scRNAseq data and by using 
transgenic reporters in vivo.

In young worms, we could assign functions to a few cell types whose expression was never accessible before. For instance, 
we observed that uv1 and uv3 vulva cells as well as GLR cell transcriptomes fell into neuronal categories. Moreover, we 
established a complete list of marker genes and candidate promoters for every cell type. We then analyzed the activities of 
212 transcription factors (TFs) in every cell type, confirming some previously known TF activities (including elt-7, ces-1) and 
uncovering new ones (such as hlh-15, lin-32, klf-2, vab-15).

The comparison across aging revealed a gene expression program that changes uniformly in the vast majority of cell types. This 
program includes genes previously found by bulk expression profiling (mitochondrial respiration, small heat shock proteins, 
vitellogenin and collagen). It also includes new transcription factors that appear to be functionally relevant. Interestingly, some 
critical GO-term gene-sets, like translation, nucleolus and proteasome have opposite aging trajectories among different tissues, 
suggesting that these tissues may age in fundamentally different ways. Our analysis also suggested that some tissues age faster 
than others, substantiated in vivo in preliminary experiments.

All our data will be made publicly accessible online in a portal released upon publication.

32 A daf-18/PTEN variant uncouples longevity from impaired fitness via	differentially	calibrating	the	activities	of	DAF-
16 and SKN-1

Hae-Eun H Park1, Wooseon Hwang2, Seokjin Ham1, Eunah Kim1, Ozlem Altintas2, Sangsoon Park1, Heehwa G Son1, Yujin Lee1, 
Dongyeop Lee1, Won Do Heo1, Seung-Jae V Lee1 1) Korea Advanced Institute of Science and Technology, Daejeon, South Korea; 
2) Pohang University of Science and Technology, Pohang, South Korea.

Insulin/IGF-1 signaling (IIS) modulates various physiological aspects, such as longevity, metabolism, development, 
reproduction, and behavior in multiple organisms. In Caenorhabditis elegans, mutations in daf-2/insulin/IGF-1 receptor 
dramatically increase lifespan and resistance against various biotic and abiotic stresses. However, daf-2 mutations generally 
impair fitness, including motility, feeding, development, and reproduction. Whether these pleiotropic effects of daf-2 
mutations can be dissociated from longevity at specific steps in IIS pathway remains poorly understood. Here we show that a 
specific hypomorphic allele of daf-18/PTEN phosphatase retained longevity and enhanced pathogen resistance in daf-2(e1370) 
mutants without apparent fitness defects. Through an unbiased large-scale mutagenesis screen, we identified a missense 
mutation in daf-18 [daf-18(yh1)], which suppressed constitutive dauer formation in daf-2(e1370) mutants with small impacts 
on resistance against Pseudomonas aeruginosa, PA14. We found that daf-18(yh1) maintained the long lifespan, enhanced 
immunity, and improved the reduced motility in daf-2(e1370) mutants. In contrast, daf-18(nr2037), a strong loss-of-function 
daf-18 mutant allele affected all these phenotypes indiscriminately. Notably, we showed that daf-18(yh1) substantially reduced 
the lipid phosphatase activities of DAF-18/PTEN in vivo and in vitro, while retaining a partial protein phosphatase activity in 
vitro. Thus, the remaining protein phosphatase activity of DAF-18 in daf-18(yh1) appears to allow daf-2 mutants to maintain 
longevity and health. Next, by performing unbiased RNA-sequencing analysis, we found that daf-18(yh1) and daf-18(nr2037) 
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differentially affected the activities of two longevity-promoting transcription factors, DAF-16/FOXO3A and SKN-1/NRF2. 
Specifically, daf-18(yh1) retained the DAF-16 activity while suppressing the hyper-activation of SKN-1 in daf-2(e1370) mutants. 
We further showed that DAF-16 was required for the longevity and improved motility in daf-2(e1370); daf-18(yh1) animals, 
whereas hyper-activation of SKN-1 was detrimental to longevity and fitness. These data suggest that a proper calibration of 
DAF-16 and SKN-1 activities by modulating a single component in IIS, DAF-18 promotes healthy aging in animals with reduced 
IIS. Our study raises an intriguing possibility that DAF-18 serves as a therapeutic target for promoting healthy longevity without 
fitness defects.

33	 Intergenerational	adaptations	to	stress	are	evolutionarily	conserved,	stress	specific,	and	have	deleterious	trade-offs

Nick Burton1,2,3, Alexandra Willis4, Fabian Braukmann1,3, Jon Price1,3, Lewis Stevens6, Kinsey Fisher5, L. Ryan Baugh5, Aaron Reinke4, 
Eric Miska1,3 1) University of Cambridge, Cambridge, UK; 2) Centre for Trophoblast Research, Cambridge, UK; 3) Gurdon 
Institute, Cambridge, UK; 4) University of Toronto, Toronto, CA; 5) Duke University, Durham, NC; 6) Sanger Institute, Hixton, UK.

Despite reports of parental exposure to stress promoting adaptations in progeny in diverse organisms, there remains 
considerable debate over the ecological significance and evolutionary conservation of these multigenerational effects. Here, 
we investigate four independent examples of intergenerational adaptations to stress in C. elegans – bacterial infection, 
microsporidia infection, osmotic stress and starvation – across four different Caenorhabditis species. We found that all four 
intergenerational adaptations to stress are conserved in at least one other species, that the responses and evolutionary 
conservation patterns are stress specific, and that intergenerational adaptive effects have deleterious trade-offs in mismatched 
environments. By profiling the intergenerational and transgenerational effects of different stresses on gene expression 
across species, we identified 3,174 genes that exhibited intergenerational changes in expression in multiple species in 
response to stress. Furthermore we found that an inversion in the expression of certain stress response genes required for 
intergenerational adaptations, from increased expression in the offspring of stressed parents to decreased expression in the 
offspring of stressed parents, correlates with an inversion of an adaptive response to infection in C. elegans and C. kamaaina to 
a deleterious intergenerational effect in C. briggsae. By contrast, we did not observe any conserved transgenerational changes 
in gene expression in response to stress, suggesting that the intergenerational effects of stress on offspring gene expression 
are not maintained transgenerationally. Our results demonstrate that intergenerational responses to stress play a substantial, 
evolutionarily conserved, and largely reversible role in regulating animal physiology.

34 C. elegans provide milk for their young

Carina Kern1, StJohn Townsend1, Antoine Salzmann1, Ruxandra Comisel 1, David Gems 1 1) Institute of Healthy Ageing, and 
Department of Genetics, Evolution and Environment, University College London.

Aging in C. elegans is unusual in terms of the severity and early onset of senescent pathology, particularly affecting organs 
involved in reproduction (1-3). For example, in post-reproductive hermaphrodites, intestinal biomass is converted into yolk 
leading to intestinal atrophy and yolk steatosis (3). While such post-reproductive yolk production has long been viewed as 
futile (1,4), we wondered if it could somehow promotes fitness.

We report that sperm-depleted hermaphrodites vent copious amounts of yolk through the vulva. This yolk can be consumed 
by larvae and promote their growth. This implies that post-reproductive mothers can continue to contibute to reproductive 
fitness by converting their biomass into a substance that serves a similar function to milk. This suggests that gut atrophy is a 
cost of a form of primitive lactation (also seen in certain insects). Moreover, unfertilized oocytes function as vectors carrying 
yolk to larvae. This type of massive reproductive effort involving biomass repurposing that causes organ degeneration is 
characteristic of semelparous organisms (i.e. that exhibit only a single reproductive episode) ranging from monocarpic plants 
to Pacific salmon, where it frequently leads to rapid death (reproductive death).

We also observed yolk venting in hermaphrodites of other Caenorhabditis species and in Pristionchus pacificus 
hermaphrodites, but not in females of either genus. Moreover, females do not exhibit gut atrophy or steatosis and are longer 
lived, suggesting absence of reproductive death. Furthermore, across species germline ablation strongly increases lifespan in 
nematode hermaphrodites but not females; similarly, in diverse animal and plant species blocking sexual maturation e.g. by 
gonadectomy frequently causes large increases in lifespan in organisms that undergo reproductive death, but not in those that 
don’t. Insulin/IGF-1 signaling, which accelerates C. elegans aging, also promotes yolk production and gut atrophy (1,3). These 
results suggest that C. elegans hermaphrodites exhibit reproductive death, suppression of which increases lifespan. If correct, 
this has significant implications in terms of what one can learn about human aging from C. elegans.
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(1) Nature 2002 419: 808. (2) Genetics 2002 161: 1101. (3) Curr. Biol. 2018 28: 2544. (4) BMC Physiol. 2011 11: 11.

35	 The	DRM	complex	functions	as	master	regulator	of	somatic	DNA	repair	capacities

Arturo Bujarrabal1,2, Georg Sendtner1,2, David H. Meyer1,2, Björn Schumacher1,2 1) Institute for Genome Stability in Ageing and 
Disease, Medical Faculty, University of Cologne, Cologne, Germany; 2) Cologne Excellence Cluster for Cellular Stress Responses 
in Ageing-Associated Diseases (CECAD), Center for Molecular Medicine Cologne (CMMC), University of Cologne, Cologne, 
Germany.

The repair of DNA damage is crucial to ensure organismal health. However, the response to DNA damage differs depending on 
whether the cells are somatic or germ cells, as well as their proliferative and differentiation status. In germ cells, DNA repair 
is highly efficient and accurate, leading to very low mutation rates compared to somatic cells. In addition, replicating cells can 
use high-fidelity repair mechanisms such as homologous recombination as well as Single Strand Annealing, Microhomology 
End-Joining and long-patch Base Excision Repair. To repair UV-lesions, dividing cells rely on global genome nucleotide excision 
repair, whereas quiescent cells mostly use transcription-coupled nucleotide excision repair. In C. elegans, repair pathways are 
highly conserved and can be easily studied in the context of postmitotic somatic cells and the highly proliferative germline.

The DRM/DREAM complex is a highly conserved transcriptional repressor of cell cycle genes that promotes quiescence. Using 
C. elegans, we have found that DRM can bind and repress multiple genes involved in the DNA damage response. A deficiency 
in the DRM complex leads to a gene expression signature with a significant component of DNA repair genes upregulated in 
the soma that resembles a germline-like expression pattern. DRM complex deficient mutants show a remarkable resistance to 
and improved repair of various DNA-damage types, both during development and aging. We propose that the DRM complex 
represses all major DNA repair pathways in somatic tissues, thus limiting their resistance to genotoxic stress. The DRM 
mutants‘ resistance to various DNA damage types indicates that this complex functions as a master regulator of somatic DNA 
repair capacity.

36	 A	robotic	system	for	automated	manipulation	of	C. elegans on agar media

Zihao Li1, Anthony Fouad1, Peter Bowlin1, Angelica Du1, Priya Bhirgoo1, Christopher Teng1, Alexander Kassouni1, Christopher Fang-
Yen1 1) Department of Bioengineering, University of Pennsylvania, Philadelphia, PA.

The time and labor required for worm picking is a major bottleneck for many C. elegans experiments, especially those 
requiring a large number of strains. Many genetic screens and genetic manipulations would benefit greatly from an automated 
method for worm pushing. We developed a robot capable of transferring worms between agar plates using movements similar 
to those used for manual worm picking. The robot contains a motorized 3D stage that positions a wire loop pick mounted on a 
robotic arm to manipulate worms on an array of standard plates. Capacitive touch sensing is used to monitor contact between 
the pick and the agar substrate and provide feedback for the fine movements needed for picking. We constructed a dual-
magnification fluorescence and bright field microscope capable of identifying developmental, morphological, or fluorescence 
based phenotypes of individual worms at high resolution while simultaneously imaging the entire plate at low resolution. We 
developed software to identify, classify, and track worms using a combination of machine vision methods, including motion 
detection, adaptive thresholding, and a convolutional neural network trained to recognize worms. In a test of its fluorescence-
based sorting capabilities, the robot accurately identified, phenotyped, picked, and transferred worms to other plates at a rate 
of about 3 animals per minute. We are developing a high-level scripting language that will enable the robot to autonomously 
perform multi-step procedures, such as integrating extrachromosal arrays, performing genetic crosses, generating clonal 
populations of mutagenized worms, and other tasks. Automation of worm manipulation will both increase researchers’ 
productivity and enable experiments that are impractical using standard methods.

37 Transcriptomic analyses of hermaphrodite responses to the male pheromone

David Angeles-Albores1, Erin Aprison1, Svetlana Dzitoyeva1, Ilya Ruvinsky1 1) Northwestern University, Evanston, IL.

Social signals, including sex pheromones, play important roles in the decision-making of animals. These decisions range 
from short-term behavioral choices to binary, costly commitments. For example, our recent work established that C. elegans 
hermaphrodites select germline investment allocation strategies based on external stimuli, including food abundance and 
the presence of potential mating partners, signaled by the male ascaroside pheromone, ascr#10. This decision can only 
be made during a window of several hours in early adulthood. We seek to understand how this pheromone is sensed and 
integrated with other inputs by the nervous system, and its impact on hermaphrodite physiology. We used transcriptomics 
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as an unbiased way to test several hypotheses regarding ascr#10 effects on hermaphrodites. First, prior work suggested that 
pre-reproductive adult hermaphrodites do not respond to this male pheromone. Instead, we found that these young adults 
show a substantial transcriptional signature that resembles the one seen in pheromone-responsive adults. We interpret this 
result as an indication that the lack of overt behavioral and physiological responses in younger worms may be due to targeted 
response modulation, not the complete absence of relevant receptor(s) or signal transduction components. Second, a specific 
serotonergic circuit, that is engaged upon the onset of egg laying, licenses behavioral and physiological responses to ascr#10. 
Transcriptomic responses to the pheromone in mutants that disrupt activity of this circuit identified ways in which serotonin 
modulates hermaphrodites responses to the presence of males and couples physiology to reproductive status. Finally, a 
comprehensive analysis of genes differentially expressed in response to ascr#10, revealed several physiological processes, and 
their regulators, that are likely responsible for the beneficial effects of this male pheromone on the hermaphrodite germline 
and the detrimental effects on organismal longevity.

39	 Transcription	rates	in	the	early	embryo

Priya Sivaramakrishnan1, Cameron Watkins1, John Isaac Murray1 1) Department of Genetics, Perelman School of Medicine, 
University of Pennsylvania .

Rapid changes in gene expression are necessary for cells to respond to environmental, immunological or developmental 
signals. As a critical first step, high transcription synthesis rates are required during these responses. In the rapidly dividing C. 
elegans embryo, where cell cycles are as short as 15 minutes, temporal constraints on transcription are particularly severe. 
Early cell fate specification genes have to be transcribed at very high rates to accumulate to threshold levels within short 
developmental time windows. Studies in other labs have shown that reducing the normally high expression levels of some 
endodermal regulators results in aberrant intestinal fate specification. We hypothesize that high rates of transcription could 
be required for the fate decisions in several additional early cells. We estimated transcription rates in the early embryo by 
analyzing single cell RNA sequencing data and found that maximal rates vary across cell types, lineages, and embryonic stages. 
We have validated some of these by single molecule RNA fluorescence in situ hybridization (smFISH) and identified features 
of rapidly transcribed genes such as short gene length, shorter and fewer introns, and lack of trans-splicing. We found several 
motifs enriched in the core promoters of high-rate genes including the initiator element (inr), sites for the SP1 transcription 
factor, and binding sites for lineage-specific regulators. Using the high-rate mesoderm specification gene ceh-51 as a test case, 
we measured the effect of these promoter elements on transcription rates using CRISPR-mediated promoter mutagenesis and 
smFISH. Our analysis shows significant redundancies built into the ceh-51 core promoter with modest contributions to rate 
from each motif, suggesting that control of transcription rates is surprisingly robust. We are currently designing experiments to 
test for a direct impact of transcription rate on cell fate. Ultimately, we hope to understand how transcription parameters such 
as bursting are influenced by rate control and how this contributes to gene expression precision underlying the invariant C. 
elegans embryonic lineage.

40	 Translation	dependency	of	erm-1 mRNA	localization	to	the	cell	cortex in the early C. elegans embryo

Lindsay Winkenbach1, Dylan Parker1, Erin Osborne Nishimura1 1) Colorado State University.

mRNA transport is an integral step in gene regulatory control. Understanding this process in the context of development is 
essential to determine how spatially regulated protein production impacts cell differentiation. Post-transcriptional control is 
especially important in embryos when de novo transcription is paused. We have identified maternal mRNAs with cell-specific 
and subcellular patterning in the early embryos of Caenorhabditis elegans. In particular, erm-1 (Ezrin/Radixin/Moesin) mRNA 
is asymmetrically enriched in anterior blastomeres and localizes to the cell cortex where the ERM-1 protein is also enriched. 
ERM-1 is a membrane-actin linker essential for apical membrane morphogenesis and is critical for intestine and excretory canal 
formation and function. How erm-1 mRNA arrives at the cell cortex and how mRNA localization interplays with translation 
regulation remain unclear.

Broadly, mRNA can localize subcellularly in either translation-independent or dependent manners. In the translation-
independent model, localization is driven by an mRNA sequence feature often found within the 3’UTR. In the translation-
dependent model, a peptide signal or domain within the protein directs transport. Prior studies from our lab have 
demonstrated the 3’UTR of erm-1 is not sufficient for mRNA localization. Here, recoding the nucleotide sequence of erm-1 
while preserving its amino acid sequence did not alter erm-1 mRNA cortical localization suggesting the information directing 
erm-1 mRNA localization resides in the protein. Further, we employed multiple methods of translation inhibition, through 
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small molecule inhibitors, heat stress, or genetic depletion of translational machinery. By all three measures, localization of 
erm-1 mRNA was impaired upon translational disruption illustrating that erm-1 mRNA localization is translation-dependent.

ERM-1 contains an N-terminal PIP2-binding FERM domain important for ERM-1 protein function. To test whether FERM 
domain containing transcripts generally to the cell cortex in the early embryo, we computationally identified 14 early 
embryonic genes containing FERM or a similar domain and we are assessing their mRNA localization patterns. The first 
transcript screened, frm-7, does indeed have cortical localization. Future studies will seek to identify cytoskeletal and motor 
dependencies of ERM-1 localization, whether ERM-1 translation is paused during transport, and whether future rounds of 
translation occur at the cortex.

41	 A	genome-wide	analysis	of	developmentally	regulated	alternative	splicing	across	C. elegans tissues

Bina Koterniak1, John Calarco1 1) University of Toronto, Toronto, ON, Canada.

Alternative splicing plays a major role in establishing tissue-specific transcriptomes and contributing to tissue identity and 
function. Our lab has previously identified hundreds of isoforms that exhibit distinct splicing patterns across broad tissue types 
in the C. elegans L4 stage. Echoing observations from comparative analyses of splicing regulation in vertebrates, our data 
also demonstrates that tissue-regulated alternative exons are more likely to be frame-preserving and are enriched in specific 
cis-regulatory motifs when compared with constitutively spliced exons. Second, regulated exons are more often shorter than 
constitutive exons, but are flanked by longer intron sequences. Intriguingly, our analysis has also identified examples of highly 
conserved alternatively spliced microexons less than 27 nucleotides in length. Finally, alternatively spliced exons also overlap 
less frequently with conserved protein domains than constitutively spliced exons but overlap more frequently with intrinsically 
disordered regions, which are emerging as important peptide sequences controlling the localization,

In this study, we have expanded our analysis of tissue-regulated splicing across developmental stages, augmenting our L4 data 
with embryonic and adult transcriptomes from various tissues. Our results have identified several hundred splice variants 
regulated in a temporal manner in specific tissues. Interestingly, a significant number of temporally-regulated splicing events 
have already adopted their adult-stage splicing pattern by late embryogenesis, suggesting early developmental patterning of 
splicing during cell differentiation to terminal states. Using this data, we are isolating putative RNA binding proteins that direct 
the splicing of co-regulated genes and examining the functional differences that arise in these protein isoforms to contribute 
to tissue development. Collectively, our results indicate an important and rich layer of spatio-temporal gene regulation at the 
level of alternative splicing in C. elegans.

42	 Principles	of	mRNA	Cleavage	and	Polyadenylation	in	C. elegans

Anna Schorr1,2, Shannon O’Brien1,2, Po-Lin Chiu1,2, Marco Mangone3 1) Molecular and Cellular Biology Graduate Program, School 
of Life Sciences, Tempe, Arizona 85287; 2) Virginia G. Piper Center for Personalized Diagnostics, The Biodesign Institute at 
Arizona State University, Tempe, Arizona 85281, USA;; 3) Center for Applied Structural Discovery, The Biodesign Institute at 
Arizona State University, Tempe, Arizona 85287, USA.

One of the most fundamental questions in RNA biology is how transcriptional termination is executed in eukaryotes, and how 
the location of the cleavage reaction influences mRNA stability and its expression levels. The mechanism of this process is 
important because determines the length of the 3’ Untranslated Regions (3’UTRs), which are defined as the sequences located 
between the STOP codon and the polyA tail of mature mRNAs. 3’UTRs are targeted by a variety of regulatory factors, including 
miRNAs and RNA Binding Proteins (RBPs).

Here, we have used a genomic approach to map and study 3’UTR data from 1,094 transcriptome datasets downloaded from 
the public SRA repository at the NCBI. These datasets correspond to the entire collection of C. elegans transcriptomes stored 
in this repository from 2015 to 2018, which allowed us to map 3’UTRs with an unprecedented ultra-deep coverage of several 
magnitudes (the average coverage at the mRNA cleavage site is close to 220X). Given the amount of data used in this study, 
to our knowledge this is the most comprehensive and high-resolution analysis of 3’UTRs in a living organism performed 
anywhere to date. We have assigned novel 3›UTR isoforms to ~1,000 protein coding genes, refined and updated 3’UTR 
boundaries for ~23,000 3’UTR isoforms, and performed a detailed comparative genomic analysis of the C. elegans cleavage 
and polyadenylation complex (CPC) performing in vivo studies to probe principles of mRNA cleavage and polyadenylation. We 
found that the CPC in C. elegans is conserved to its human counterpart, with most of the functional domains and critical amino 
acids preserved. While most of the 3’UTRs possess a known Polyadenylation signal element (PAS) localized around -19 nt from 
the cleavage site (AAUAAA), non-canonical PAS 3’UTRs possess a less stringent requirement but preserve the chemical nature 
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of the element which is RRYRRR. The majority of C. elegans 3’UTRs terminate with a terminal Adenosine nucleotide, which we 
speculate is included by the RNA polymerase II during the transcription step, since. This Adenosine nucleotide is required for 
proper cleavage since its removal impacts the location of the cleavage site in vivo.

43	 Critical	contribution	of	3’	non-seed	base	pairing	to	the	in vivo function of the evolutionarily conserved let-7a 
microRNA.

Ye Duan1, Isana Veksler-Lublinsky2, Victor Ambros1 1) UMass Medical School, Worcester, MA; 2) Ben-Gurion University of the 
Negev, Beer-Sheva, Israel.

MicroRNAs (miRNA) are endogenous regulatory non-coding RNA that exist in all multi-cellular organisms. It is well established 
that base pairing to the miRNA seed region (g2-g8 from the 5’ end) is essential for targeting. However, the in vivo biological 
function of 3’ non-seed region (g9-g22) are less well understood, especially for evolutionarily conserved miRNAs such as 
let-7a, whose entire sequence is deeply conserved among bilaterians. Here we report the first systematic investigation of the 
biological functions and targeting principles of the 3’ non-seed nucleotides of miRNA let-7a as an example of evolutionarily 
conserved miRNAs. We used CRISPR/Cas9 genome engineering in C. elegans to show that the 3’ non-seed sequence of let-7a 
determines the specific and essential in vivo function that distinguish let-7a from its family paralogs. We also found that the 
identity of each single nucleotide at g11-g16 (referred to as the “critical non-seed region”) is essential for the in vivo function 
of let-7a. We confirmed that the conserved NHL protein lin-41/TRIM71 is a major functional target that requires the critical 
non-seed pairing of let-7a. Furthermore, by phenotypic assays and ribosome profiling, we found that let-7a has additional in 
vivo targets that require pairing in the critical non-seed region, including heterochronic genes daf-12 and hbl-1. We show that 
the repression mechanisms for these targets can include either translational inhibition, mRNA destabilization or both. Outside 
the critical non-seed region, we found that nucleotides at g17-g22 are less critical for let-7a function; however, we found 
that g17-g22 pairing can contribute to full function for sites with mismatches in the g11-g16 region. Strikingly, despite the 
involvement in compensating for imperfect seed pairing, the 3’ non-seed pairing of let-7a is nevertheless necessarily required 
even in the context of perfect seed complementarity, at least for full repressing efficacy of lin-41. Our research provided 
phenotypic and molecular evidence that for certain miRNA and targets, exemplified by the evolutionarily conserved let-
7a::lin-41 interactions, the specific configuration of the 3’ non-seed base-pairing critically influence miRNA function in vivo.

44 In vivo DNA	Topology	and	Transcriptional	Regulation	in	Caenorhabditis elegans

Bolaji Isiaka1, Jennifer Semple1, Nick Gilbert2, Peter Meister1 1) University of Bern, Switzerland; 2) University of Edinburgh, 
United Kingdom.

DNA is an antiparallel double helix; its transcription requires separating the two strands. This creates supercoils, underwound 
and overwound duplex DNA, which accumulate behind and in front of the transcription bubble, respectively. Overwound 
supercoils are detrimental to helix opening and transcription bubble formation, as they increase the energy necessary to 
separate strands. In vivo, these structures are resolved by the action of topoisomerases which release supercoils from DNA. 
Conversely, the action of condensins, molecular machines creating loops in chromatin, has been shown in vitro to increase 
supercoiling. The interplay between supercoiling, transcription and condensin action could be a powerful regulator of gene 
expression.

To understand this interplay, we mapped supercoiling genome-wide in vivo in L3 larvae using biotinylated 
4,5,8-trimethylpsoralen (bTMP). bTMP preferentially intercalates in negatively supercoiled DNA and is crosslinked to it using 
UV illumination. Using biotin pulldown, we can then enrich for negatively supercoiled DNA before high-throughput sequencing. 
Our results show highly reproducible supercoiling profiles. At chromosome scale, we did not observe a significant difference in 
supercoiling between chromosomes. In contrast, telomeric thirds of autosomes (perinuclear heterochromatic B domains) show 
a lower bTMP enrichment than at central domains (euchromatic A domains), in agreement with higher transcription levels 
in euchromatin. At the gene level, bTMP enrichment shows two peaks, one 5’ of the transcription start site (TSS) and one at 
the transcription end site (TES). This suggests the accumulation of negative supercoils in the promoter region of genes and at 
the end of the transcription units. In agreement with a transcriptional cause, the bTMP enrichment profile along the genes 
correlates with gene expression levels.

In hermaphrodite animals, a variant of condensin I called condensin IDC, is part of the dosage compensation complex which 
downregulates gene expression of X-linked genes. Condensins I/IDC purified from nematodes can induce the formation of 



Abstracts

23rd International C. elegans Conference     |    17

supercoils in vitro. In vivo, we observe differential bTMP enrichment at X-linked TSS, coinciding with the location of the 
condensin IDC. This suggests that supercoiling may link the X-specific transcriptional repression and condensin loading.

45	 Spliceosomal	component	PRP-40	regulates	alternative	splicing	of	microexons.

Bikash Choudhary1, Olivia Marx2, Adam Norris1 1) Southern Methodist University; 2) University College of Medicine, 
Pennsylvania State University.

Alternative splicing plays an important role in cellular diversity and is executed by a specialized splicing machinery, the 
spliceosome. Splicing of very short “microexons” (≤ 51 nucleotides) is a mechanistic challenge for the spliceosome due to their 
short length. Therefore, our understanding of microexon splicing has remained poor. By performing a forward genetic screen 
for regulators of UNC-16/JIP3 alternative splicing, we have identified novel regulators of cassette exon splicing. One candidate, 
prp-40 (Pre-mRNA Processing Factor), encodes an essential component of the U1 snRNP of the spliceosomal complex. We 
show that an interaction between prp-40 and exc-7/ELAV, a RNA binding protein (RBP)-encoding gene, governs the splicing of 
the cassette exon. In addition, through transcriptomic analysis of prp-40 loss-of-function mutants, we determined that prp-40 
affects alternative splicing, but not constitutive spicing. Loss of prp-40 had the strongest effect on microexons. In the absence 
of prp-40, nearly all microexons were reduced to undetectable levels, indicating that prp-40 is a central regulator of microexon 
splicing. Furthermore, gene ontology analysis of genes with altered splicing profiles showed an enrichment of components of 
the neuronal synaptic signaling machinery, indicating a potential role for prp-40 in neurological disorders. Subsequent analyses 
in pursuit of the underlying mechanism revealed that prp-40-mediated microexon splicing is influenced by the length of introns 
flanking the microexon and by the length of the microexon itself. Shortening of the upstream intron or lengthening of the 
microexon leads to a prp-40-independent inclusion of the microexons, establishing that prp-40 regulates microexon splicing in 
a length-dependent manner. Finally, in order to understand if the function of prp-40 is evolutionarily conserved, we performed 
a knockdown of PRPF40A in a mouse neuroblastoma cell line. Indeed, we found that the splicing of a set of microexons 
was perturbed, whereas that of normal-sized exons remained largely unaffected. Thus, prp-40 performs an evolutionarily 
conserved function in alternative splicing.

46	 A	nutrient-dependent	epigenetic	priming	mechanism	by	the	pioneer	factor	BLMP-1	modulates	transactional	output	
to	control	gene	dosage	during	temporal	patterning	in C. elegans.

Kelly Hills-Muckey1, Subham Sahu2, Natalia Stec1, Wolfgang Keil 2, Christopher Hammell 1 1) Cold Spring Harbor Laboratory, Cold 
Spring Harbor, NY ; 2) Laboratoire Physico Chimie Curie, Institut Curie, PSL Research University, Paris, France .

Gere regulatory networks in multicellular eukaryotes operate in a dosage dependent manner. Defects in managing 
transcriptional output of key regulatory genes, even by a subtle factor of two, can induce catastrophic effects during 
development. This is especially true in the gene regulatory networks that control stage-specific patterns of gene expression. 
Recently, we demonstrated that the conserved pioneer factor BLMP-1 modulates the transcriptional output of many cyclically 
expressed target genes during C. elegans development; including several heterochronic microRNAs that program temporal 
patterning. At the molecular level, BLMP-1 is constitutively bound to its target genes where it functions to increase chromatin 
accessibility and promote robust transcriptional output. To determine which features of cyclical transcription BLMP-1 
modulates (i.e., burst amplitude, duration or frequency), we have combined a novel microfluidics-based imaging platform 
with an MS2/MCP-GFP based RNA-localization approach to continuously measure transcriptional dynamics of heterochronic 
microRNA genes in developing lava. These efforts have revealed an unanticipated coordination of precise transcriptional 
patterns in somatic cell-types across the animal. Specifically, lin-4 transcriptional induction occurs in diverse cell types for 
45 min to 1 hour at specific phases of each molting cycle. In addition to in intriguing spatial relationship to firing patterns 
of specific cell types, we will discuss how mutations in blmp-1 modulate transcriptional output and also demonstrate how 
this chromatin remodeling-based mechanism counteracts the activity of the C. elegans Period ortholog, LIN-42, to modulate 
transcriptional dosage in different environments.

47	 Cytoplasmic	polyadenylation	by	TENT-5	regulates	the	innate	immune	response	in	worms

Vladyslava Liudkovska1,2, Paweł S. Krawczyk1,3, Seweryn Mroczek1,2, Dominik Cysewski1,3, Jonathan J. Ewbank4, Krzysztof 
Drabikowski1,3, Andrzej Dziembowski1,2,3 1) International Institute of Molecular and Cell Biology in Warsaw, Warsaw, Poland; 2) 
Institute of Genetics and Biotechnology, Faculty of Biology, University of Warsaw, Warsaw, Poland; 3) Institute of Biochemistry 
and Biophysics, Polish Academy of Sciences, Warsaw, Poland; 4) Aix Marseille Univ, INSERM, CNRS, CIML, Turing Centre for 
Living Systems, Marseille, France.
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Non-canonical poly(A) polymerases (ncPAPs) belong to the family of the terminal nucleotidyltransferases (TENTs) and are 
implicated in a range of physiological processes which they regulate on the post-transcriptional level. In Caenorhabditis 
elegans, cytoplasmic polyadenylation has been mostly studied in the context of gametogenesis, in which ncPAP GLD-2 
elongates the poly(A) tails of many germline mRNAs, thereby promoting their stability. However, cytoplasmic polyadenylation 
may play a much broader role than previously anticipated. In worms, innate immunity is the main mechanism of host defense 
against pathogens, and hence it is tightly regulated at both the transcriptional and post-transcriptional levels. Although 
the role of post-transcriptional regulation of gene expression in innate immunity is well-appreciated, the particular role of 
cytoplasmic polyadenylation in this process has never been addressed. We show that C. elegans protein TENT-5 (PQN-44) is 
an active cytoplasmic ncPAP. Global transcriptome and proteome analyses revealed that TENT-5 is involved in the regulation 
of genes influencing the interaction between C. elegans and bacteria, including many genes encoding secreted proteins with 
antimicrobial activity. The poly(A) tail profiling by direct RNA sequencing on Nanopores showed that TENT-5 polyadenylates 
and stabilizes mRNAs with signal peptide-encoding sequences, that are translated at the endoplasmic reticulum. This aligns 
with TENT-5 localization in the intestine, which in worms serves as one of the major surfaces of host-pathogen interaction, and 
TENT-5 enrichment at the endoplasmic reticulum. Furthermore, loss of tent-5 leads to higher susceptibility of mutant worms 
to infection with pathogenic bacteria. We propose that TENT-5 regulates the stability and modulates the expression of mRNAs 
that encode secreted proteins that ensures an energy-effective and rapid response to infection. Importantly, the role of TENT-5 
in innate immunity is evolutionarily conserved since murine macrophages devoid of TENT5A and TENT5C ncPAPs also exhibit 
defects in polyadenylation of numerous mRNAs some of which are of genes orthologous to C. elegans TENT-5 targets. Taken 
together, our data reveal that cytoplasmic polyadenylation of mRNA encoding innate immunity effector proteins by TENT5 is a 
previously unknown and essential component of the post-transcriptional regulation of innate immunity.

49 Impaired peroxisomal import triggers a peroxisomal retrograde signaling

Elisabeth Rackles1, Ignasi Forné 2, Christian Fischer1, Xing Zhang3, Simon Schrott1, Judith Zacherl1, Michael Witting4,5, Jonathan 
Ewbank3, Christof Osman1, Axel Imhof2, Stephane Rolland1, 6 1) Faculty of Biology, Ludwig-Maximilians-University Munich, 
82152 Martinsried, Germany; 2) Protein Analysis Unit, BioMedical Center, Faculty of Medicine, Ludwig-Maximilians-University 
Munich, Großhadernerstr. 9, 82152 Martinsried, Germany ; 3) Aix Marseille Univ, CNRS, INSERM, CIML, Turing Centre for 
Living Systems, Marseille, France; 4) Research Unit Analytical BioGeoChemistry, Helmholtz Zentrum München, Ingolstädter 
Landstraße 1, 85764 Neuherberg, Germany; 5) Chair of Analytical Food Chemistry, TUM School of Life Sciences, Technical 
University of Munich, Maximus-von-Imhof-Forum 2, 85354 Freising, Germany; 6) current address: Center for Genomic 
Integrity, Institute for Basic Science (IBS), Ulsan 44919, South Korea.

Retrograde signaling pathways between different cellular organelles (such as mitochondria or ER) and the nucleus have been 
identified over the years. These retrograde signaling pathways have been shown to activate the expression of organelle-
specific quality control proteins, in order to maintain the organelles’ function in response to organelle-specific stress. Until 
now, the existence of a retrograde signaling pathway for other organelles such as peroxisomes had remained elusive. Using the 
nematode Caenorhabditis elegans, we identified for the first time such signaling for peroxisomes. Specifically, we showed that 
peroxisomal import stress caused by the knock-down of prx-5, the homolog of the human peroxisomal matrix import receptor 
PEX5, triggers a peroxisomal retrograde signaling (PRS). We show that the PRS is dependent on the transcription factor NHR-
49, the homolog of human PPARα and its co-factor MDT-15, the homolog of human Mediator MED15. Lipidomic analysis 
revealed that prx-5 knock-down causes increased levels of triacylglycerols with longer acyl chains, which are normally broken-
down by peroxisomal β-oxidation. The presence of excess long chain fatty acids could represent the signal that activates the 
PRS. Consistent with this hypothesis, we found that directly perturbing peroxisomal β-oxidation is sufficient to activate the 
PRS. Using transcriptomic/proteomic approaches we found that peroxisomal import stress also induces the up-regulation of 
peroxisomal lipid metabolism, which could represent a mechanism to cope with the reduced β-oxidation. Additionally, proteins 
involved in the immune response are up-regulated, and we found that the PRS is activated upon infection with Pseudomonas 
aeruginosa. The PRS thus may fulfill two functions, maintaining the homeostasis of lipid metabolism and acts as a potential 
surveillance mechanism to protect against pathogens

50	 Deciphering	the	ciliary	extracellular	vesicle	(EV)	proteome

Inna Nikonorova1, Juan Wang1, Alexander Cope1, Kaiden Power1, Jonathon Walsh1, Jyothi Akella1, Premal Shah1, Maureen Barr1 1) 
Rutgers University.

Extracellular vesicles (EVs) are emerging as a universal means of cell-to-cell communication and hold great potential in 
diagnostics and regenerative therapies. However, the EV field lacks a fundamental understanding of biogenesis, cargo content, 
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signaling, and target interactions. EVs that are transmitted by cilia represent a particular challenge due to small volume of the 
organelle. Here, we used our established C. elegans system to determine the composition and explore the function of ciliary 
EVs. We took advantage of the fact that C. elegans releases ciliary EVs from 21 male-specific neurons and 6 core IL2 neurons 
into environment and thus provides a great platform for discovery of evolutionarily conserved ciliary EV cargo. To collect 
ciliary EVs we developed a biochemical enrichment procedure based on buoyant density centrifugation and high-resolution 
fractionation. Using fluorescent-tagged EV cargo PKD-2::GFP and super-resolution microscopy we tracked ciliary EVs in the 
collected fractions and identified two populations of PKD-2 carrying EVs that differ in their densities. Proteomic analysis 
of the PKD-2 EV-enriched fractions revealed 2,888 proteins of C. elegans EVome that likely originate from multiple tissues. 
Top candidates were validated via generation of transgenic or CRISPR reporters and visualization of EV release using super-
resolution microscopy. This strategy revealed that the male reproductive system is a major source of non-ciliary EVs. To extract 
ciliary EV cargoes, we integrated our dataset with published transcriptomic data. We identified new ciliary EV cargo involved 
in nucleotide binding and RNA interference, suggesting that environmentally-released ciliary EVs may also carry nucleic acids. 
Our work serves as a springboard for discoveries in the EV field and will help shed light on the contribution of ciliary EVs to the 
pathophysiology of abnormal EV signaling, including ciliopathies, cancer, and neurodegenerative diseases.

51	 Ectosome	uptake	by	glia	sculpts	Caenorhabditis elegans sensory cilia

Adria Razzauti Sanfeliu1,2, Patrick Laurent1,2 1) Universite Libre de Bruxelles, Department of Neurophysiology, Brussels; 2) ULB 
Neuroscience Institute, Brussels.

The sensory cilia of C. elegans protrude from sensory neurons. Cilia are sensory organelles crowded with the membrane 
receptors and signalling machinery detecting external cues. The composition of cilia is tightly regulated by the IntraFlagellar 
Transport (IFT) machinery. Regulation of traffic in and out of the cilia by IFT is thought to be the main path controlling ciliary 
receptors.

In our work, we show that packing and disposal of ciliary receptors in extracellular vesicles budding from the cilia (=ectosomes) 
complement their retrieval by IFT. In-vivo live recordings show ectosomes formed at the cilia base and/or at the cilia tip of 
a subset of C. elegans sensory neurons. Ectosomes budding from cilia tip are environmentally released, while ectosomes 
produced from the cilia base are concomitantly phagocytosed by the associated glial cells. We identified 2 proteins of the 
Tetraspanin family as ciliary ectosome markers to explore ciliary ectosome biogenesis, export and capture by the associated 
glia. In addition, we show that at least three endogenous ciliary membrane receptors expressed in 2 different neurons are 
packed in ciliary ectosomes and exported to their associated glial cells.

Mutations in the BBSome (bbs-8) and cilia dynein motor (che-3) genes, responsible for IFT retrieval of ciliary receptors, 
increase the export of the salt-sensing receptor GCY-22 from ASER neurons via ectosomes, preventing GCY-22 accumulation in 
ASER cilia. Surprisingly, the daf-19 ciliogenesis mutant, which results in absence of cilia but does not prevent trafficking of GCY-
22 to the distal dendrite, still packs and exports GCY-22 in ectosomes budding from ASER distal dendrite. We conclude that 
local accumulation of GCY-22 by cell trafficking -rather than presence of a cilia- triggers ectosome biogenesis.

The cilia base of most neurons is embedded in supporting glial cells, and ectosomes formed at the cilia base are readily taken 
up by these glial cells. We show that glial phagocytic activity is involved in ectosome uptake by glia. However, these ectosomes 
are still produced in absence of glia, suggesting ectosomes are intrinsically produced by the ciliated neurons. Interestingly, 
disturbing glia phagocytosis by ced-10 mutations or by expression of a dominant negative Dynamin leads to abnormal shape 
of the ciliary base and defects in associated behaviours. We suggest that a neuron-glia coordination exists to remove from the 
cilia surface the ectosomes packed with receptors in order to maintain proper cilia function.

52	 A	three-step	activation	of	autoinhibited	RME-8	controls	recycling	and	degradative	activities	on	the	endosome

Anne Norris1, Collin McManus1, Simon Wang1, Barth Grant1 1) Rutgers University.

Upon endocytosis transmembrane cargo can be recycled for re-use or degraded via the Lysosome. Physically segregated 
microdomains on the sorting endosome direct transmembrane cargo to the appropriate route, and are influenced by stress 
and nutritional status of the cell. Keeping these microdomains physically distinct yet flexible is important for their functions 
and likely key to responding to changes in nutritional status.

RME-8, an Hsc70 co-chaperone is an important endosomal regulator that maintains segregated microdomains and balances 
recycling and degradative activities on the sorting endosome. In the absence of RME-8 microdomains converge and cargo is 
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missorted. Mutations in RME-8 are also associated with neurodegenerative disease in Humans such Parkinson’s disease and 
essential tremors. As the activity of Hsp70 is specified by its cognate DNAJ protein, it has been proposed that RME-8 directs 
the uncoating activity of Hsp70 to limit the degradative domain on endosomes to promote recycling activities.

While RME-8 represents an important endosomal regulator balancing recycling and degradative activities, how RME-8 itself 
is regulated has been unclear. Given the ancient origins of the DNAJ/DNAK pairing we analyzed the evolution of the RME-
8 sequence to provide insight into important functional domains. We found RME-8 and its IWN and DNAJ domains to be 
remarkably conserved throughout Eukarya with notable absences in Fungi and Gymnosperms. Moreover, we identified new 
potential domains of interest. To better understand the mechanism of RME-8’s function in light of the RME-8/SNX-1 interaction 
and potential autoinhibition, we performed structure-function analysis of RME-8. We found that the region between the 
lipid binding domain and the DNAJ domain is important for RME-8 endosomal recruitment from the cytoplasm, while the 
C-terminal IWN3 and IWN4 domains are required for RME-8 microdomain positioning. Using a directed evolution approach, 
we define an intramolecular IWN4/DNAJ-domain interaction that informs RME-8’s interaction with SNX-1 and its uncoating 
activity toward ESCRT-0. We present a model whereby SNX-1 controls the oligomerization status of RME-8, its position on the 
endosome, and productive exposure of the DNAJ domain for uncoating reactions in both the recycling and degradative sorting 
domains.

53	 Super	microscopy	reveals	zinc	dependent	morphological	changes	of	intestinal	gut	granules	and	localization	of	zinc	
transporters in C. elegans

Daniel Herrera1, Adelita Mendoza1, Zachary Payne1, Jennysue Kasiah1, Kerry Kornfeld1 1) Washington University St. Louis.

Zinc plays many important roles in all organisms and its function is involved in a predicted 10% of the human proteome. The 
presence of zinc in both toxic and deficient amounts can lead to human disease. Thus, strict regulation of cellular zinc levels 
is critical for prevention of disease.. In C. elegans, zinc transporters CDF-2 and ZIPT-2.3 regulate zinc trafficking within gut 
granules. cdf-2 and zipt-2.3 mRNA and protein expression are regulated by zinc; in excess levels cdf-2 expression increases, 
while zipt-2.3 decreases. Deficient levels cause increase expression of zipt-2.3 and decreased expression of cdf-2.

Our research goal was to uncover how CDF-2 and ZIPT-2.3 mediate zinc storage/mobilization, and how gut granules are 
capable of accommodating this activity. To detect the localization of these transporters, we used super resolution microscopy 
to obtain images of individual gut granules in zinc replete, deficient, and excess conditions. Animals co- expressing CDF-2::GFP 
and ZIPT-2.3::mCherry were synchronized and exposed to LysoTracker to stain gut granules and FluoZin-3 to detect zinc in 
replete, deficient, or excess conditions for 16 hours.

Images revealed that gut granules adopt unique bi-lobed morphology with specific compartments across all zinc conditions; a 
docking compartment containing CDF-2, but not ZIPT-2.3, and an acidified compartment and a zinc region that is surrounded 
by a membrane containing CDF-2 and ZIPT-2.3.

These results show that the granules create a complex architecture to respond to fluctuating zinc levels in the intestine. In 
addition, our findings show conformational changes prevent futile zinc cycling within granules.

54	 Imaging	of	native	transcription	and	transcriptional	dynamics	in	vivo	using	a	tagged	Argonaute	protein

Amel Toudji-Zouaz1, Vincent Bertrand1, Antoine Barriere1 1) CNRS/IBDM.

We present a novel approach to follow native transcription, with fluorescence microscopy, in live C. elegans. By using the 
fluorescently tagged nuclear Argonaute NRDE-3, programmed by exposure to dsRNA from available RNAi libraries to bind to 
nascent transcripts of the gene of interest, we demonstrate transcript labelling of multiple genes, at the transcription site 
and in the cytoplasm. This approach does not require genetic manipulation, and can be easily adapted to a gene of interest 
by relying on whole-genome dsRNA libraries. We apply this method to image the transcriptional dynamics of several genes: 
transcription factors ttx-3 in embryos and hlh-1 in larvae, and chaperone hsp-4 in larvae.

55	 Loss	of	a	conserved	protease	can	suppress	molting	defects

Braveen Joseph1, Sarina Bernazzani1, Phil Edeen1, David Fay1 1) Department of Molecular Biology, University of Wyoming, 
Laramie, WY.
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Molting is essential for the growth and life cycle of ecdysozoa, a large group of animals that includes arthropods and 
nematodes. During C. elegans molting, a new cuticle is synthesized underneath the old cuticle, which is eventually perforated 
and discarded. Protease activity is thought to be required for the partial degradation and release of the old cuticle, as 
loss of specific proteases can lead to molting defects. Interestingly, peptide protease inhibitors are also necessary for 
nematode molting. This has led to the model that the precisely timed activation and repression of proteases is essential for 
normal molting. In this study we show that clathrin-mediated endocytosis (CME) promotes downregulation of the matrix 
metalloprotease ADM-2/ADAM9/12/19/33, a conserved member of the ADAM (a disintegrin and metalloprotease) family 
of transmembrane metallopeptidases. In previous work we have shown that NEKL-2/NEK8/9 and NEKL-3/NEK6/7, members 
of the highly conserved family of NIMA-related kinases, are required for normal molting in C. elegans. Moreover, defective 
molting in nekl mutants is due to defects in CME, and partial restoration of CME by mutations in the AP2 clathrin-adapter 
complex, also restores normal molting. Through a non-biased genetic screen, we found that loss of ADM-2 function can 
suppress molting defects in nekl mutants. Unlike mutations in genes associated with AP2, however, loss of ADM-2 does not 
correct nekl trafficking defects, indicating that suppression by adm-2 occurs through a novel mechanism. Endogenously tagged 
ADM-2 is expressed in the epidermis and colocalization studies indicate that ADM-2 is trafficked via CME to the lysosome. 
Furthermore, loss of NEKL function leads to increased expression of ADM-2 at the epidermal plasma membrane. Importantly, 
CRISPR-derived mutations targeting the extracellular protease and disintegrin domains of ADM-2 strongly suppress molting 
defects in nekl mutants. Unlike AP2 mutations, however, loss of ADM-2 does not suppress null or strong loss-of-function nekl 
mutants, indicating that a failure to endocytose additional cargo, such as steroid hormone precursors required for molting, 
also contributes to nekl molting defects. Our findings lead to the model that excess ADM-2 activity at the plasma membrane 
impedes normal molting and that NEKL-mediated CME acts to restrict the activity of proteases during the molting process.

56	 PAR	polarity	proteins	buffer	against	epithelial	assaults	to	create	a	continuous	and	functional	intestinal	lumen

Maria Sallee1, Melissa Pickett1, Jessica Feldman1 1) Stanford University.

The ability of epithelia to protect and line our organs and bodies requires continued epithelial integrity through assaults 
like cell division and growth. Epithelia are made of adherent cells that polarize along an apicobasal axis and act as selective 
barriers; the apical surfaces of cells are collectively oriented toward the lumen or exterior and are separated from basolateral 
domains by junctional complexes that adhere neighboring epithelial cells. Tissue integrity, or correct and continued cell 
polarity and adhesion, is essential for epithelial function, but during development, epithelia face assaults on their integrity, 
such as cells dividing or resizing their apical surfaces. The developing C. elegans intestine provides a simple in vivo model 
to study how epithelia overcome these assaults. Intestinal cells polarize with apical surfaces facing a central midline, the 
future lumen. Four cells divide again, and all cells elongate to build a continuous apical surface and lumen and produce a 
functional intestinal tube. To understand what happens to polarized features during epithelial cell division, we live imaged 
cytoskeletal, polarity, and junctional proteins in mitotic intestinal cells. We observed that ACT-5/actin, apical PAR proteins, 
and the junctional proteins HMR-1/E-cadherin and DLG-1/Discs large remained localized during mitosis; in contrast, apical 
microtubules and associated proteins were transiently lost during mitosis and returned to the apical surface following mitotic 
exit. This loss of apical microtubules appeared to be coupled to the building of the microtubule-based mitotic spindle, 
suggesting a functional switch between these structures. Based on our localization findings, we hypothesized that PAR proteins 
actively maintain apical identity and continuity during epithelial assaults, directing the return of apical microtubules after 
mitosis and expanding the apical surface during elongation. Using intestine-specific depletion of PAR-6/Par6 and PKC-3/aPKC, 
we found that apical microtubule organization was indeed disrupted following mitosis and that gaps in apical and junctional 
proteins formed between cells both following mitosis and over time as intestinal cells elongated. When we examined the 
resulting PAR-depleted larval intestines, we found that gaps in apical and junctional proteins were present and correlated 
with luminal constrictions. The consequences of these intestinal defects were larvae that arrested and died with edematous 
intestines that failed to pass food. These experiments reveal a role for PAR proteins in maintaining apical and junctional 
continuity through mitosis and elongation, a critical feature of epithelial integrity across organisms. NIH NIGMS K99

57	 DAPC	and	Wnt	pathways	pattern	distinct	planar-polarized	membrane	domains	in	C. elegans muscles

Alice Peysson1, Noura Zariohi1, Noémie Frébault1, Thomas Boulin1 1) INMG, CNRS UMR5310, Université Claude Bernard Lyon 1, 
Lyon.

The Dystrophin-Associated Protein Complex (DAPC) is a major actor of the relationship between cells and their extracellular 
matrix (ECM). Because this complex can physically connect the actin cytoskeleton and ECM proteins, it is generally assumed 
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that its main function is to ensure Cell cytoskeleton-ECM cohesiveness along muscle sarcolemma. This view is still prevalent to 
explain the pathogenesis of Duchenne Muscular Dystrophy and other muscle diseases resulting from DAPC disruption.

Almost all DAPC components are conserved in C. elegans, however their precise subcellular localization has not been 
systematically investigated so far. Therefore, we generated fluorescently-labeled Dystrophin/DYS-1, Dystroglycan/DGN-1, 
Sarcoglycan/SGCA-1/SGCB-1/SGN-1, Syntrophin/STN-1/STN-2 and Dystrobrevin/DYB-1 knockin strains. First, contrary to 
previous reports but consistent with single-cell RNAseq data, we found that DGN-1 is expressed in body wall muscle cells 
and colocalizes with DYS-1. Next, we discovered that DAPC components are enriched at the surface of muscle cells in two 
topologically-distinct membrane compartments, situated at opposite ends of the cell. Furthermore, diffraction-limited 
microscopy analyses suggested that DAPCs with different compositions exist within a cell, highlighting a further level of 
unsuspected molecular complexity and heterogeneity. Finally, by investigating the subcellular localization of muscle-expressed 
ion channels, we found that some were recruited to even more restricted sub-compartments, likely conferring them distinct 
electrophysiological identities.

The polarized distribution of membrane proteins at the cellular and tissue scale, and along the antero-posterior axis of the 
worm, hinted at the involvement of planar cell polarity pathways. Using a candidate gene approach, we found that mutants 
in DSH-1/Disheveled, the receptor ROR/CAM-1 and the Wnt ligand/EGL-20 altered the asymmetric localization of DAPC 
components and ion channels, rendering their pattern symmetrical along the anteroposterior axis of individual muscle cells.

Taken together these data reveal an entirely unsuspected complexity of the surface of C. elegans body wall muscle cells. Our 
results challenge the simplistic view of a purely sarcolemmal DAPC and suggest that this conserved protein complex may be 
at the heart of cellular mechanisms that precisely define subcellular membrane domains allowing specific functions to be 
compartmentalized within a single cell.

59	 Forgetting	generates	a	novel	brain	state	that	can	reactivate	memory

He Liu1,2, Taihong Wu1,2, Xicotencatl Gracida Canales1,2, Min Wu1,2, Fengyun Duan1,2, Myung-Gyu Choi1,2, John A. Calarco3, Yun 
Zhang1,2 1) Department of Organismic and Evolutionary Biology, Harvard University; 2) Center for Brain Science, Harvard 
University; 3) Department of Cell and Systems Biology, University of Toronto.

Animals generate adaptive behaviors to the changing environment. For example, when some cues are associated with dangers, 
animals form an aversive memory of the cues. If the association is not consolidated or further strengthened, the memory 
dissipates over time and animals forget. However, it is not understood whether the forgetting process is the reverse of the 
learning process and whether the brain state returns to the naive state after forgetting. Here, we address these questions 
by analyzing the forgetting of pathogenic bacteria-induced aversive memory in adult C. elegans. We find that forgetting 
forms a novel brain state that is different from the naïve and the learned states at the levels of behavior, neuronal circuity 
and gene expression. Interestingly, although worms after forgetting respond to the pathogenic bacteria similarly to naïve 
worms, the aversive memory can be acutely reactivated. To understand the circuity and molecular mechanisms of forgetting, 
we performed behavioral assay and in vivo calcium imaging in combination with genetic perturbations. We find that the 
interneuron RIA, which is important for the learning of pathogenic bacteria, also plays a key role in forgetting. Two receptors, 
which are enriched in the pre- and post-synaptic regions of RIA respectively, antagonistically regulate the speed of forgetting. 
Thus, our study for the first time systematically shows that forgetting produces a novel state that can be rapidly induced to 
generate the learned behavior. Our findings on the neuronal mechanisms of forgetting not only better our understanding of 
the cognitive function of the brain, but also shed light on potential defects associated with forgetting-related mental disorders.

60 Sleep is required for odor exposure to consolidate memory and remodel olfactory synapses.

Fernando Muñoz-Lobato11, Fatima Farah2, Rashmi Chandra1, Anirudh Bokka2, Kelli Benedetti1, Chantal Brueggemann1, Fatema 
Saifuddin1, Sarah Nordquist1, Joy Li1, Eric Chang2, Aruna Varshney2, Vanessa Jimenez2, Anjana Baradwaj2, Kristine Andersen2, Julia 
Miller1, Raymond Dunn1, Bryan Tsujimoto2, Alan Tran2, Alex Duong2, Matthew Churgin3, Chris Fang-Yen3, Martina Bremer2, Saul 
Kato1, Miri VanHoven2, Noelle L’Etoile1 1) University of California; 2) San José State University; 3) University of Pennsylvania.

Sleep is not only an essential function of humans but remains conserved across metazoans. Here we demonstrate that wild-
type C. elegans sleep after repeated odor trainings This provides us with a platform to dissect how sleep affects memory 
at a synaptic resolution. We identified that sleep immediately after training is required for the animal to retain a long-term 
memory of the odor. We found that if animals do not sleep in the first two hours after training, memory is not consolidated. 
After identifying the neurons that are required for the memory, we show that the sensory-interneuron connections within 
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the circuit are downscaled after sleep. Therefore, we found a time-specific requirement of sleep that modulates synaptic 
downscaling to preserve memory. Conversely, lack of sleep post-training erases the long-term memory and destabilizes the 
synaptic downscaling, indicating that modulating the amount of sleep is sufficient to modulate memory. These results make 
C. elegans an excellent tool to ask what molecular mechanisms, cell biological processes and circuit level reorganizations are 
engaged during sleep to promote memory. This understanding will provide insights into the functions of sleep that contributes 
to our health and well-being.

61	 Arrestin-mediated	Desensitization	Enables	Olfactory	Discrimination	in	C. elegans

Daniel Merritt1, Isabel MacKay-Clackett2, Sylvia Almeida3, Celina Tran3, Safa Ansar3, Derek van der Kooy1,3 1) University of 
Toronto, Institute of Medical Science; 2) University of Toronto, Institute for the History and Philosophy of Science and 
Technology; 3) University of Toronto, Department of Molecular Genetics.

In the mammalian olfactory system, crosstalk among diverse olfactory signals is minimized through labelled line coding: 
individual neurons express one or few olfactory receptors among those encoded in the genome. The nematode worm C. 
elegans expresses over 1,000 putative olfactory receptors, all of which are 7-transmembrane G-protein coupled receptors, but 
has only approximately 32 chemosensory cells to express them in. With signal transduction through these receptors appearing 
to depend on a small set of approximately 5, partially redundant downstream G-protein alpha subunits, this presents a 
profound problem in signal transduction: how can olfactory cues activating one olfactory receptor be distinguished from those 
activating a different olfactory receptor on the same neuron? We find that olfactory discrimination in C. elegans is mediated 
by arrestin-dependent desensitization. Genetic, pharmacological and behavioural lines of evidence support a model in which 
olfactory cues present at high concentrations result in selective desensitization of their corresponding olfactory receptors, 
allowing for behavioural responses to other, less concentrated olfactory cues sensed by the same neuron. Our findings suggest 
that this process allows C. elegans to maximize responsiveness to rare or novel odors, allowing for behaviorally appropriate 
responses to olfactory stimuli despite the large number of olfactory receptors signaling in single cells. This represents a 
fundamentally different solution to the problem of olfactory discrimination than that evolved in mammals, allowing for 
economic use of an extremely limited number of sensory neurons.

62	 Distinct	neural	circuits	establish	similar	chemosensory	behaviors	across	life	stages	in	C. elegans

Navonil Banerjee1, Pei-Yin Shih2, Elisa Rojas-Palato1, Paul Sternberg2, Elissa Hallem1 1) University of California Los Angeles, CA; 2) 
California Institute of Technology, Pasadena, CA.

Although similar behaviors across species are often established by different neural mechanisms, it is largely assumed that 
within a species, similar behaviors are established by the same neural mechanism. As a result, the possibility of divergent 
neural pathways shaping similar behaviors within a species has been largely unexplored. Here, we challenge this assumption by 
elucidating the neural basis of carbon dioxide (CO2) response in C. elegans across life stages. We previously showed that well-
fed adults are repelled by CO2, while starved adults are attracted to CO2; this behavioral shift is achieved through modulation 
of the response properties of two interneurons in the CO2 microcircuit, RIG and AIY. Like starved adults, developmentally 
arrested dauer larvae are attracted to CO2 despite significant differences in their internal physiology. Using a combination of in 
vivo calcium imaging and behavioral analyses, we show that dauers utilize a different circuit mechanism to establish the same 
behavioral state as that of starved adults. Notably, the AIB and AVE interneurons promote CO2 attraction in dauers but not 
adults, whereas RIG promotes opposite responses to CO2 across the two life stages. Moreover, AIY promotes CO2 attraction in 
starved adults but does not modulate CO2 response in dauers. Our results also highlight the role of dauer-specific changes in 
electrical synaptic connectivity in shaping interneuron activity in the CO2 microcircuit. In addition, we show that distinct sets 
of neuropeptides modulate CO2 attraction in dauers vs. adults, and identify a novel role for the insulin signaling pathway in 
mediating CO2 attraction specifically in dauers. Together, our results demonstrate that distinct intra-species circuit mechanisms 
can establish similar behavioral states across life stages, highlighting an unexpected complexity to chemosensory processing.

63	 Experience-dependent	gene	expression	changes	across	a	defined	neural	circuit	in	C. elegans

Giulio Valperga1,3, Isabel Beets2,3, Mario de Bono1 1) Institute of Science and Technology Austria (IST Austria), Klosterneuburg, 
Austria; 2) Department of Biology, KU Leuven, Leuven, Belgium; 3) These authors contributed equally .

Neurons adapt to sensory experience through mechanisms that couple neural activity to gene expression changes. To 
what extent this mechanism alters behavioral programs, and how activity-dependent changes are coordinated across a 
neural circuit, is unclear. In C. elegans prolonged exposure to low oxygen (O2) levels reprograms O2-escape behavior, sculpts 
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responses to other sensory cues and alters stimulus-evoked Ca2+ responses. To characterize the molecular changes that 
underpin this plasticity, we use cell-type-specific RNA sequencing to profile separate components of the O2-circuit in animals 
grown at either high (21%) or low (7%) O2. In each profiled component, we identify hundreds of experience-regulated 
genes, including neuropeptides, neuropeptide receptors, transcription factors and gap junctions. We show that experience-
dependent regulation of these genes is contingent on O2-evoked activity within the O2-circuit. Across the circuit, transcriptional 
programs initiated by low O2 are mostly different between O2-sensing neurons and downstream interneurons. Despite these 
differences, we identify a large number of neuropeptide genes that show activity-regulated gene expression in both neural 
classes including short uncharacterised peptides which are likely to be secreted. Blocking peptidergic signalling from the RMG 
interneurons prevents animals to fully reprogram their O2-escape behavior. By comparison, blocking synaptic communication 
or peptidergic signalling in O2-sensing neurons has relatively little effect on the experience-dependent plasticity of O2-
responses. These findings suggest a model where information about O2 experience is broadcasted from interneurons using 
neuropeptides to reprogram downstream circuits and behavior. This mechanism could help shed light on how activity-
dependent changes are coordinated across neural circuits.

64	 Mechanosensitive	Piezo	Channel,	PEZO-1,	regulates	food	deglutition	in	C. elegans.

Jihye Yeon1, YeonJi Park1, Do-Young Kim1, Woojung Heo1, Hyeonjeong Hwang1, Seoyoung Jun1, Bai Xiaofei2, Andy Golden2, 
Kyungeun Lee3, Kyuhyung Kim1 1) Department of Brain and Cognitive Sciences, DGIST, Daegu, Korea; 2) National Institute of 
Diabetes and Digestive and Kidney Diseases, National Institutes of Health (NIH), Maryland, USA; 3) Advanced Analysis Center, 
Korea Institute of Science and Technology (KIST), Seoul, Korea.

The PIEZO ion channel is an evolutionarily conserved mechanosensitive channel (Coste et al., 2010). Mammalian genomes 
encode two PIEZO genes, Piezo1 and Piezo2, of which functions have been shown to be involved in mechanosensation (Woo 
et al., 2014, Nonomura et al., 2017, Li et al., 2014, Rode et al., 2017). C. elegans genome has a single PIEZO gene, pezo-1, 
which encodes 14 isoforms (Bai et al., 2020). The molecular function of PEZO-1 in C. elegans has yet to be fully determined. 
To examine pezo-1 function, we grouped 14 isoforms depending on the mRNA length and observed their expression patterns. 
The promoter region of long isoforms is specifically expressed in the pharyngeal-intestinal valve, which is predicted to 
mediate food swallowing (Avery and Thomas, 1997). Next, to examine whether pezo-1 has a role in food swallowing, we 
fed animals with OP50-sized GFP-microsphere and found that pezo-1 mutant animals show excess accumulation of GFP-
microsphere in the anterior part of the intestine lumen. Expression of long isoform PEZO-1 or mouse PIEZO1 under the control 
of valve cell-specific promoter restores the food swallowing defect of pezo-1 mutant animals. We also observed that when 
GFP-microspheres are fully accumulated at the anterior part of the intestine, the pharynx is pulled posteriorly to push GFP-
microspheres down into the posterior intestine. We named this a pharyngeal plunge. We next found that the pharyngeal-
intestinal valve exhibits calcium transient during pharyngeal plunge and the optogenetic activation of valve cells induces the 
pharyngeal plunge. Moreover, elevated pressure in the anterior part of the intestinal lumen by microinjecting buffer solution 
causes pharyngeal plunge, not in pezo-1 mutant but wild-type animals. Moreover, two gap junction genes, inx-2 and inx-20, 
which have been shown to connect the valve cells to the pharyngeal muscles, appear to mediate pharyngeal plunge. Currently, 
we are investigating whether PEZO-1 is activated upon pressure by performing electrophysiology in a heterologous system. 
These results demonstrate that the C. elegans PIEZO channel regulates pharyngeal plunge and provides insights to understand 
the function of the mammalian PIEZO channel shown to be expressed in the esophagus.

65	 Diverse	sensory	cues	and	internal	state	converge	on	AWA	chemoreceptor	expression	to	enhance	sensitivity	to	food	
odors

Ian McLachlan1, Talya Kramer1, Malvika Dua1, Steven Flavell1 1) Picower Institute, Massachusetts Institute of Technology, 
Cambridge, MA.

To behave appropriately in dynamic environments, animals must integrate external stimuli with their recent experience 
and internal state. For example, successful foraging necessitates prioritizing food-related cues when hungry. To investigate 
how sensory experience and internal state can lead to lasting changes in nervous system function, we examined how 
recent experience impacts neuronal gene expression in the context of feeding behaviors. First, we used a ribosome-tagging 
approach to profile whole-nervous system gene expression in fed versus fasted animals. This approach identified 203 neuronal 
genes that are upregulated by fasting. Among these genes, G-protein coupled chemoreceptors putatively expressed in the 
AWA sensory neuron were overrepresented. We generated CRISPR knock-in transcriptional reporters for several of these 
chemoreceptors and confirmed their fasting-dependent upregulation in AWA. Of these, str-44 showed the most robust change 
in expression, so we performed in depth studies of its function and regulation. Strikingly, str-44 expression is influenced 
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by a broad range of internal and external cues: the fed/fasted state of the animal, the presence of bacterial odors, and the 
presence of pathogens and additional stressors. Feeding state-dependent str-44 expression depends on insulin and TGF-beta 
signaling, as it is disrupted in daf-16/FOXO and daf-7/TGF-beta mutants. Experiments with food odors and non-ingestible 
bacteria suggest that, independent of feeding state, volatile food odors also impact str-44 expression. Chemosensory cues that 
influence str-44 expression are detected by AWA itself as well as additional tax-4-expressing neurons. Osmotic stress, heat 
stress, and infection by pathogenic bacteria also suppress the increase in str-44 expression during fasting, indicating that str-44 
expression represents an integration of states rather than strictly nutritional state. AWA calcium responses to bacterial food 
are potentiated in the fasted state relative to the fed state, and this potentiation is reduced by osmotic stress during fasting. 
Preliminary experiments suggest that str-44 expression may be sufficient to confer sensitivity to putative food odors previously 
found to be detected by AWA with as of yet unidentified receptors. Based on these results, we suggest that environmental 
conditions that promote food-seeking behavior converge to regulate chemoreceptor expression in AWA, which in turn controls 
the animal’s sensitivity to bacterial food.

66	 A	genetically	linked	gene	pair	determines	organismal	self-identity	in	predatory	nematodes

James Lightfoot1 1) caesar institute - Center of Advanced European Studies and Research.

The ability to distinguish self and kin from foreign entities has been observed across the natural world and is associated 
with an immensely diverse spectrum of biological processes, including both cooperative and competitive behaviours. While 
behaviours associated with the identification of self and kin are commonplace, understanding the proximate mechanisms 
are challenging due to a lack of genetic, molecular and neurobiological techniques available in many of these organisms. 
Nematodes are a group of organisms without such limitations and have been used as a mainstay of organismal behavioural 
research. Further, the recently discovered self-recognition behaviours in the free-living nematode Pristionchus pacificus 
provides an ideal system to uncover the mechanism involved in unprecedented detail. P. pacificus are omnivorous nematodes 
capable of supplementing their bacterial diet by predating on the larvae of other nematodes. They also display cannibalistic 
behaviours towards conspecifics but do not cannibalise their own self-progeny. This self-recognition system is dependent 
on the small-peptide SELF-1, which contains a hypervariable region and is expressed in all hypodermal cells. While, self-1 
is undoubtably an important component in the self-signal, recent experiments exploring ecologically relevant con-specific 
interactions demonstrated it is not the only factor involved. To identify additional self-recognition elements, we explored 
genes closely linked to self-1, as self-recognition components are often clustered in small genetic intervals. Two genes were 
prioritised due to being lineage specific orphan genes like self-1. CRISPR/Cas9 induced mutations in either gene candidate 
displayed no self-recognition defect. However, a double mutant between self-1 and one gene candidate displayed a self-
recognition defect greater than self-1 alone. This gene was named self-2 and is the second gene in a two gene operon 
located adjacent to self-1. Subsequent analysis of self-2 revealed it consists of 249 amino acids with a signal peptide and 
transmembrane domain. Ongoing experiments seek to clarify any interaction between self-1 and self-2 as well as any 
involvement from the additional operon gene. Furthermore, we are utilising surface-sensitive analytical mass spectrometry 
to determine any influence these mutants may have on cuticle surface coat composition and its effect on the self-recognition 
system.

67	 Toward	the	understanding	of	molecular	mechanism	of	electrical	sensation	and	response

Ling Fei Tee1, Jared Young2, Keisuke Maruyama1, Ryoga Suzuki1, Kotaro Kimura1 1) Graduate School of Science, Nagoya City 
University, Nagoya, Japan; 2) Biology Department, Mills College, USA.

Electricity is sensed by many animal species in addition to other stimuli, such as sound, light, and chemicals. Electricity is 
generally regarded to cause aversive responses, although it is also utilized and sensed for communication, navigation and/
or prey detection not only by the well-known electric fishes but also by platypus, salamander and frog etc. The wide use 
of electricity as a type of environmental signal indicates the importance for animals to sense the world through electricity. 
However, compared to other environmental stimuli, the molecular mechanism(s) of sensing electricity is far less understood. 
The electrical sensor is known only in shark and skate, where the sensors are L-type voltage-gated calcium channels (VGCC) 
(Bellono et al. Nature 2017, 2018). By using a new behavioral paradigm, we are revealing the molecular mechanism of 
electricity sensation in worms. We first discovered that, when worms on food are stimulated by 32 V / 80 mA (4 Hz) AC, the 
worms’ speed of migratory movement suddenly increases more than 2-fold, which persists for several minutes during electrical 
admission (ON response). Interestingly, a different response is observed when a stronger electric stimulus is applied: with 80 V 
/ 200 mA (4 Hz), the speed does not increase on average during the stimulus but does increase immediately after the stimulus 
removal, which lasted for a few minutes (OFF response). This OFF response suggests that the speed increase is likely caused 
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not by direct and/or non-specific motor activation but by activation of a sensory mechanism, probably something like an alert 
system. Genetic candidate analysis demonstrated that tax-2/4, osm-9;ocr-2, mec-4/10, cat-2, and tph-1 mutants showed wild 
type-like response, indicating that the conventional sensory mechanisms and the mechanisms for starvation-dependent speed 
increase are not required. Further, we found that, in addition to the above-mentioned L-type VGCC EGL-19, N-type VGCC UNC-
2 is also involved, suggesting a new mechanism of electrical sensation. Currently, we are analyzing the neurons in which EGL-
19 and/or UNC-2 function, the neurotransmitters required for the response, and the whole brain activities during the response 
(see abstracts by Wen). Combining findings from this series of experiments, we hope to elucidate the underlying molecular as 
well as neural mechanisms of electrical sensation and response which may be evolutionarily conserved across animal species.

69 A novel in vitro Caenorhabiditis elegans transcription system

Jingru Sun1, Phillip Wibisono1, Yiyong Liu1,2 1) Department of Biomedical Sciences, Elson S. Floyd College of Medicine, 
Washington State University, Spokane, WA; 2) Genomics Core, Washington State University, Spokane, WA.

Caenorhabditis elegans is an excellent model organism for biological research, but its contributions to biochemical elucidation 
of eukaryotic transcription mechanisms have been limited. One of the biggest obstacles for C. elegans biochemical studies 
is the high difficulty of obtaining functionally active nuclear extract due to its thick surrounding cuticle. By employing Balch 
homogenization, we achieved effective disruption of larval and adult worms and obtained functionally active nuclear 
extract through subcellular fractionation. In vitro transcription reactions were successfully re-constituted using such nuclear 
extract. Furthermore, a PCR-based non-radioactive detection method was adapted into our system to either qualitatively or 
quantitatively detect transcription. Using this system to assess how pathogen infection affects C. elegans transcription revealed 
that Pseudomonas aeruginosa infection changes transcription activity in a promoter- or gene-specific manner. This in vitro 
system is useful for biochemically studying C. elegans transcription mechanisms and gene expression regulation. The effective 
preparation of functionally active nuclear extract in our system fills a technical gap in biochemical studies of C. elegans and will 
expand the usefulness of this model organism in addressing many biological questions beyond transcription.

70 The purine nucleoside phosphorylase pnp-1 regulates	epithelial	cell	resistance	to	infection	in	C. elegans

Eillen Tecle1, Crystal Chhan1, Latisha Franklin2, Ryan Underwood1, Wendy Hanna-Rose2, Emily Troemel1 1) University of California, 
San Diego, La Jolla, California, United States of America; 2) The Pennsylvania State University, University Park, Pennsylvania, 
United States of America.

The Intracellular Pathogen Response (IPR) was identified as a common host transcriptional response to diverse natural 
intracellular pathogens in C. elegans, including the Orsay virus, as well as Microsporidia, which cause the most commonly 
observed infection in wild-caught C. elegans. IPR genes in C. elegans are distinct from those induced by heat shock and other 
stressors, and several IPR genes encode predicted ubiquitin ligase components. We had previously identified pals-22, a gene 
of unknown biochemical function, as a repressor of the IPR. pals-22 mutants have upregulated IPR gene expression, increased 
thermotolerance and pathogen resistance. Several components of a newly identified cullin-RING ubiquitin ligase mediate the 
increased thermotolerance of pals-22 mutants.

To gain insight into how C. elegans regulates IPR gene expression and related phenotypes, we sought to identify additional 
regulators of the IPR. From a forward genetic screen, we identified pnp-1 as a novel repressor of the IPR, with pnp-1mutants 
showing constitutive expression of IPR genes. pnp-1 encodes the C. elegans ortholog of the vertebrate purine nucleoside 
phosphorylase (PNP), which functions in the purine salvage pathway. Interestingly, in humans mutations in PNP lead to 
immunodeficiency. We used metabolomics to show that pnp-1 in C. elegans appears to function as a PNP, with mutants 
exhibiting higher levels of the nucleoside precursor and lower levels of the base product of the reaction catalyzed by PNP. 
pnp-1mutants have resistance to natural intracellular pathogens and pnp-1 acts in intestinal epithelial cells to regulate 
defense. Interestingly, RNA-seq analysis revealed that pnp-1 not only regulates the expression of IPR associated genes but also 
those induced by bacterial infection and pnp-1 mutants display increased resistance to the extracellular bacterial pathogen 
Pseudomonas aeruginosa. Taken together, out work indicates that not only is pnp-1 a new regulator of the IPR but that pnp-1, 
and host purine levels, may play a broader role in C. elegans immunity.

71	 Hyperactive	SKN-1	drives	an	innate	immune	response	but	inhibits	the	ability	to	learn	pathogen	avoidance

James Nhan1,2, Sean Curran1,2,3 1) Leonard Davis School of Gerontology, University of Southern California, Los Angeles, CA; 2) 
Department of Molecular and Computation Biology, Dornsife College of Letters, Arts, and Sciences, University of Southern 
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California, Los Angeles, CA; 3) Norris Comprehensive Cancer Center, Keck School of Medicine, University of Southern California, 
Los Angeles, CA.

SKN-1, the C.elegans ortholog of mammalian NRF2, is an essential transcription factor required for proper responses to 
oxidative stress and cellular homeostasis. We recently discovered that hyperactivation of SKN-1 activity leads to an age-
dependent lipid dysregulation phenotype and a perceived pathogen infection. This lipid dysregulation phenotype can be 
recapitulated by environmental exposure of wild type worms to the pathogen Pseudomonas aeruginosa (PA14), indicating 
the interconnectedness between metabolism and immune response. The worm’s ability to properly respond to pathogen 
is essential for its survival. Worms are initially attracted to PA14 but can learn to avoid the pathogen after some training. 
Surprisingly, when worms expressing hyperactivated SKN-1, which have an activated innate immune system, are exposed to 
PA14, they behave like naïve wild type worms and do not avoid the pathogen. Additionally, these worms cannot be trained 
to avoid PA14 like their wild type counterparts. This indicates that immune activation by hyperactive SKN-1 leads to the 
physiological consequences of pathogen exposure without the benefit of training and in fact inhibits the ability to learn 
avoidance. We report our investigation of the basis of learning impairment.

72 The alg-1 gene	is	necessary	for	Orsay	virus	infection	of	Caenorhabditis elegans

Ciro Cubillas1, Jon Zielke1, Luis Sandoval1, David Wang1 1) Washington University in St. Louis, School of Medicine.

The discovery of Orsay virus, the first natural virus of C. elegans, has allowed us to better understand potentially evolutionary 
conserved virus-host interaction mechanisms. We developed a forward genetic screen to identify genes critical for Orsay virus 
infection. Specifically, we used a transcriptional GFP fusion reporter of a virus-responsive gene to isolate mutants unable to 
turn on GFP, and then used qRT-PCR to quantify defects in Orsay virus replication. Using this strategy, we previously identified 
multiple genes critical for Orsay infection, including sid-3, viro-2, drl-1, nck-1 and hipr-1. Here, we focused on an independent 
mutant not previously characterized that had a <1000-fold reduction in orsay virus RNA relative to the unmutagenized control 
strain. Using a F2 bulk segregant strategy, an early stop codon mutation in the alg-1 gene was identified as a candidate 
gene responsible for the mutant phenotype. The genetic rescue of such mutant with a fosmid containing the alg-1 gene 
was sufficient to recover the susceptibility of the mutant to the parental levels of infection. Consistent with these results, 
an independent mutant allele in the alg-1 gene, gk214, showed <1000-fold reduction in Orsay virus RNA compared to the 
wild type. The isolated alg-1 mutant was able to induce GFP in response to the intracellular pathogen Nematocida parisii, 
suggesting that alg-1 mutation leads to a virus specific phenotype. alg-1 gene encodes an argonaute-like protein component of 
the microRNA pathway in C. elegans that influences lifespan, regulates gene expression, and is suggested to physically interact 
with RNA. Our results suggest that C. elegans alg-1 gene plays an important role in promoting orsay virus infection. The 
observed pro-viral activity of C. elegans alg-1 contrasts with the reported antiviral activity of its human ortholog AGO2.

73 Rotenone modulates the Caenorhabditis elegans immunometabolism and pathogen susceptibility

Danielle Mello1, Christina Bergemann1, Kinsey Fisher2, Rojin Chitrakar2, Shefali Bijwadia1, Yang Wang1, Alexis Caldwell3, Ryan 
Baugh2, Joel Meyer1 1) Nicholas School of the Environment, Duke University, Durham, NC; 2) Department of Biology, Duke 
University, Durham, NC; 3) Durham School of the Arts, Durham, NC.

Mitochondria are central players in host immunometabolism as they function not only as metabolic hubs but also as signaling 
platforms regulating innate immunity. Environmental exposures to mitochondrial toxicants occur widely and are increasingly 
frequent. Many pesticides target mitochondrial function, including the well-characterized complex I inhibitor, rotenone (Rot). 
Exposures to these mitotoxicants can pose a serious threat to organismal health and the onset of diseases by disrupting 
immunometabolic pathways. Our hypothesis is that Rot can disrupt C. elegans immunometabolism and consequently alter 
pathogen survival. C. elegans eggs were exposed to Rot (0.5 µM) or vehicle (Ctrl - 0.125 uM DMSO) in liquid and harvested 
once they reached the L4 larval stage (which was ~24h later for the Rot treatment, as it caused growth delay). Inhibition of 
mitochondrial respiration by Rot was confirmed by measuring the worm oxygen consumption rate. To explore pathways that 
were modulated by Rot, we performed a transcriptomic analysis and found 179 differentially expressed genes. WormCat 
analysis revealed that the two major broad enriched categories were stress response –which was mostly represented by 
pathogen response and detoxification genes– and metabolism –which was mostly represented by lipid and mitochondrial 
metabolism genes. Next, Ctrl and Rot-exposed worms were depurated for 48h, and further exposed to Pseudomonas 
aeruginosa (PA14), and Salmonella enterica (SL1344). Rot-exposed worms were more resistant to SL1344 but more susceptible 
to PA14. The mitochondrial unfolded protein response (mitoUPR) is a well-known immunometabolic pathway in C. elegans 
which links mitochondria and immunity and provides resistance to pathogen infection. Rot activated the mitoUPR pathway, 
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which was evidenced by increased hsp-6:GFP expression. Activation was also observed after 24h of exposure to PA14 and 
SL1344, however, Ctrl PA14-infected worms displayed lower hsp-6:GFP expression, and Rot rescued its expression only to the 
level of Ctrl OP50-raised worms. Thus, mitoUPR activation could be involved in the increased resistance to SL1344 but the level 
of activation in PA14 worms might not have been sufficient to promote resistance. By further exploring our transcriptomic 
dataset using WormExp and “module-weighted annotations” analysis tools, we identified genes that are known to confer 
resistance to PA14 that were downregulated by the Rot exposure, including HIF-dependent genes, which may underlie the 
increased susceptibility to PA14. Together, these results demonstrate that the mitotoxicant rotenone can modulate important 
pathways associated to the C. elegans immunometabolism and alter pathogen resistance.

74	 NHR-49/PPAR-α	and	HLH-30/TFEB	cooperate	for	C. elegans host defense via a flavin-containing monooxygenase

Khursheed A. Wani1, Debanjan Goswamy1, Stefan Taubert2, Ramesh Ratnappan3, Arjumand Ghazi3, Javier E. Irazoqui1 1) 
University of Massachusetts Medical School, Worcester, MA; 2) University of British Columbia, Vancouver, BC, Canada; 3) 
University of Pittsburgh School of Medicine, Pittsburgh, PA.

During bacterial infection, the host is confronted with multiple overlapping signals that are integrated at the organismal 
level to produce defensive host responses. How multiple infection signals are sensed by the host and how they elicit the 
transcription of host defense genes is much less understood at the whole-animal level than at the cellular level. The model 
organism Caenorhabditis elegans is known to mount transcriptional defense responses against intestinal bacterial infections 
that elicit overlapping starvation and infection responses, but the regulation of such responses is not well understood. Direct 
comparison of C. elegans that were starved or infected with Gram-positive pathogen Staphylococcus aureus revealed a large 
infection-specific transcriptional signature. Both the starvation response and the infection-specific signature were largely 
dependent on the transcription factor, HLH-30/TFEB, highlighting its key role as a transcriptional integrator of organismal stress 
during infection. Interestingly, we identified six genes that were specifically induced during infection even in the absence of 
HLH-30/TFEB, potentially revealing an alternative transcriptional host response signaling pathway. The induction of two of the 
six genes, fmo-2/FMO5 (encodes flavin-containing monooxygenase 2) and K08C7.4 (an uncharacterized gene), was entirely 
dependent on nuclear hormone receptor, NHR-49/PPAR-α. NHR-49/PPAR-α was required non cell-autonomously for fmo-2/
FMO5 induction and host defense against S. aureus. Moreover, functional characterization of FMO-2/FMO5 suggested that its 
enzymatic activity is specifically required for host defense against S. aureus, revealing that FMO-2/FMO5 is a key host defense 
effector. Further, fmo-2/FMO5 was specifically induced by Gram-positive pathogens and Gram-positive natural microbiota of 
C. elegans. These findings for the first time reveal an infection-specific host response to S. aureus, identify HLH-30/TFEB as 
its main regulator, reveal that FMOs are important innate immunity effectors in animals, and identify the mechanism of FMO 
regulation through NHR-49/PPAR-α in C. elegans, with important implications for innate host defense in higher organisms.

75	 Nuclear	hormone	receptors	mediate	adaptive	responses	to	the	mold	Penicillium brevicompactum

Sean Wallace1, Shai Shaham1 1) The Rockefeller University, New York, NY.

Xenobiotic metabolizing enzymes (XMEs) play a major role in detoxification. Previous studies of XMEs in C. elegans 
have primarily revealed a role in the gut. By carrying out transcriptome analysis of amphid sheath (AMsh) glial cells, 
we have found many detoxifying enzymes to be expressed in glia, including cytochrome P450 oxygenases (CYPs), UDP-
glucoronosyltransferases (UGTs) and glutathione-S-transferases (GSTs). Intriguingly, high expression levels of XMEs are also 
observed in the sustentacular glial cells of the mammalian olfactory epithelium, the analogous cell-type to AMsh glia, but the 
functions of these enzymes in olfactory tissues are poorly characterized.

We have found that expression of the cytochrome P450 gene cyp-33C2, in both glia and gut, is induced by exposure to 
Penicillium brevicompactum, a toxin-producing mold. Penicillium species are common laboratory contaminants, and they 
are also found naturally in environments that wild isolates of C. elegans inhabit, yet there have been surprisingly few 
studies exploring the interactions between C. elegans and Penicillium species. We have found that the nuclear hormone 
receptors nhr-45 and nhr-156 are required cell-autonomously for mold-dependent induction of cyp-33C2. nhr-45 has been 
previously implicated in mitochondrial stress induced by the pathogen Pseudomonas aeruginosa. We have found that the 
mold P. brevicompactum causes mitochondrial stress in the gut and that this is greatly enhanced in nhr-45 mutant animals 
that are unable to induce expression of detoxifying enzymes. This elevated mitochondrial stress is accompanied by severe 
developmental defects, which can be rescued by restoring nhr-45 expression in the gut. These findings suggest that nuclear 
hormone receptor-dependent expression of detoxifying enzymes in the gut is required to clear mold toxins. We are currently 
exploring similar mechanisms in AMsh glia.
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The nuclear hormone receptor family has undergone massive expansion and diversification in the C. elegans genome. It has 
been proposed that this expansion allows NHRs to act as receptors for varying environmental cues. Intriguingly, naturally 
occurring polymorphisms in the nhr-156 gene in wild isolates of C. elegans, including the Hawaiian isolate CB4856, result in a 
reduced transcriptional response in AMsh glia upon mold exposure. Remarkably, using CRISPR to substitute the nhr-156 locus 
from CB4856 in to the N2 background is sufficient to generate the observed phenotypic diversity. While the implications of 
these findings are still under investigation, they support the idea that diversification of nuclear hormone receptor sequences in 
C. elegans allows for adaptations to environmental conditions.

76	 A	parental	transcriptional	response	to	microsporidia	infection	induces	inherited	immunity	in	offspring

Alexandra Willis1, Winnie Zhao1, Ronesh Sukhdeo1, Lina Wadi1, Hala Tamim El Jarkass1, Julie Claycomb1, Aaron Reinke1 1) 
University of Toronto.

Inherited immunity is an emerging field with important consequences for our understanding of health and evolution. 
Inherited immunity describes how infected parents can transfer immunity to offspring, promoting progeny survival in the face 
of infection. Critically, the mechanisms underlying inherited immunity are mostly unknown. Microsporidia are intracellular 
parasites that infect almost all animals, including humans; Nematocida parisii is a natural microsporidian pathogen of C. 
elegans. Here, we show that N. parisii-infected worms produce offspring that are resistant to microsporidia infection. We find 
that immunity is induced in a dose dependent manner and lasts for a single generation. Intergenerational immunity prevents 
host cell invasion by N. parisii and also enhances survival to the bacterial pathogen Pseudomonas aeruginosa. Further, we 
show that inherited immunity is triggered by the parental transcriptional response to infection, which can also be induced 
through maternal somatic depletion of negative regulators PALS-22 and the retinoblastoma protein ortholog LIN-35. We show 
that other biotic and abiotic stresses, such as viral infection and cadmium exposure, that induce a similar transcriptional 
response to microsporidia can also induce immunity in progeny. Our results demonstrate that distinct stimuli can induce 
inherited immunity to provide resistance against multiple classes of pathogens. These results show that activation of an innate 
immune response can provide protection against pathogens not only within a generation, but also in the next generation.

77	 Regulation	of	DNA	repair	mechanism	by	NPR-8

Mahamudul Haque1, Durai Sellegounder1, Yiyong Liu1 1) Department of Biomedical Sciences, Elson S. Floyd College of Medicine, 
Washington State University, Spokane, WA.

DNA replication and repair are two crucial biological processes that maintain genomic integiry and health of cells. However, 
very little is known about how these processes are regulated in response to pathogen infection. We have previously shown 
that NPR-8, a neuronal G protein-coupled receptor, functions in amphid sensory neurons to regulate Caenorhabditis elegans 
defense against Pseudomonas aeruginosa infection by controlling collagen expression and the dynamics of cuticle structure 
(Sellegounder et al., Science Advances 2019; 5: eaaw4717). In the current study, we analyzed protein expression in wild-type 
and npr-8 mutant animals [npr-8(ok1439) null animals] using a mass spectrometry-based quantitative proteomics approach. 
In total, 1201 proteins were differentially expressed in npr-8 (ok1439) animals relative to wild-type animals exposed to P. 
aeruginosa, among which 74 and 134 proteins were upregulated and downregulated at least 1.5 fold, respectively. While Gene 
Ontology (GO) analysis of the upregulated genes did not yield any enriched GO terms, GO analysis of the downregulated genes 
identified 22 enriched biological processes and 8 enriched molecular functions, all of which are related to DNA metabolism. 
Twelve proteins with functions in DNA replication and repair contribute to these enrichments. Functional assays revealed that 
P. aeruginosa-infected npr-8 (ok1439) animals possess higher DNA double-strand break repair activity than infected wild-type 
control animals, indicating that NPR-8 suppresses DNA repair activity in wild-type animals in response to infection. How DNA 
replication activity is affected by the npr-8 mutation and P. aeruginosa infection as well as whether DNA replication and repair 
are regulated by the NPR-8-expressing amphid sensory neurons are currently under investigation. Our study suggests that DNA 
replication and repair processes could be modulated by the nervous system in the defense response to pathogen infection.

79	 Chromo	domain	proteins	maintain	germline	immortality	and	restrict	transgenerational	RNAi	inheritance

Victor Lao1, Chengyin Li1, Tammy L. Lee1, Reta Aram1, Arneet L. Saltzman1 1) Department of Cell and Systems Biology, University 
of Toronto, Toronto, ON, Canada.

Mechanisms that preserve germ cell fate and genome stability safeguard the germ cell lineage over generations, thus ensuring 
germline ‘immortality’. In C. elegans, germline immortality and transgenerational epigenetic inheritance (TEI) phenomena 
have shared genetic requirements. In particular, several genes with key roles in small RNA pathways and chromatin regulation 
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are required for maintaining fertility and for RNA interference (RNAi) inheritance, an established model for TEI. However, the 
mechanisms that limit the duration of RNAi inheritance are less well understood. We previously reported a loss of germline 
immortality upon deletion of cec-3 and cec-6, two genes encoding chromo domain proteins that recognize heterochromatin-
associated histone marks (H3K9 and H3K27 methylation). To understand how cec-3 and cec-6 contribute to germline 
immortality, we used several reporter and phenotypic assays for small RNA and chromatin regulation. Unexpectedly, we found 
that cec-3 and cec-6 together limit the transgenerational duration of RNAi inheritance. We also found that cec-3 and cec-6 
differentially affect repetitive transgene regulation and RNAi sensitivity in the germline versus the soma. In cec-3;cec-6 mutant 
animals, we see an enhanced nuclear RNAi and a mildly reduced germline RNAi response. In addition, whereas a repetitive 
transgene was desilenced in the germline of cec-6 mutant animals, it was ectopically silenced in the soma in both cec-6 and 
cec-3 mutant animals. This transgene silencing was partially dependent on the H3K9me2 methyltransferase met-2. We further 
observed changes in the morphology of perinuclear germ granules, which are organizing centers of RNA regulation. Together, 
our data suggest that cec-3 and cec-6 modulate small RNA-directed chromatin regulation to limit TEI and preserve germline 
immortality.

80	 A	novel	sperm-specific	compartment	secures	a	cytoplasmic	Argonaute	protein	for	paternal	epigenetic	inheritance	of	
small RNA-mediated gene silencing

Jan Schreier1, Sabrina Dietz1, Mandy Boermel2, Viola Oorschot2, Ann-Sophie Seistrup1, Antonio Domingues1, Alfred Bronkhorst1, 
Dieu Nguyen3, Carolyn Phillips3, Steven L’Hernault4, Falk Butter1, Rene Ketting1 1) Institute of Molecular Biology, Mainz, 
Germany; 2) European Molecular Biology Laboratory, Heidelberg, Germany; 3) University of Southern California, Los Angeles, 
CA, United States of America; 4) Emory University, Atlanta, GA, United States of America.

Germ cells possess specialized perinuclear, phase-separated compartments, also named condensates. Amongst others, they 
contain the mRNA surveillance machinery responsible for transposon silencing and fertility. In the nematode Caenorhabditis 
elegans, three condensates, P granules, Z granules and Mutator foci, are home to RNA interference-related pathways, driven 
by a highly diversified Argonaute sub-clade (WAGO) that mediates gene silencing. Intriguingly, it has been shown that WAGO-
mediated gene silencing can be inherited via both oocyte and sperm. Especially the inheritance via sperm is remarkable, since 
significant amounts of cellular material, including Argonaute proteins, are expelled from maturing spermatids into so-called 
residual bodies. How then does sperm-mediated inheritance of cytoplasmic RNAi work? We genetically identify WAGO-3 as a 
major Argonaute protein required for the paternal inheritance of endogenous small RNAs. Just like other Argonaute proteins, 
like WAGO-1 and ALG-3, WAGO-3 localizes to P granules in naïve germ cells. During spermatogenesis, however, P granules 
disappear and WAGO-3, but not WAGO-1 and ALG-3, accumulates in a newly identified condensate, the PEI granule. In 
contrast to P granules, PEI granules remain stable during later stages of spermatogenesis. They are retained within maturing 
spermatids and selectively keep WAGO-3 from accumulating in the residual body. Using immunoprecipitation experiments 
followed by label-free quantitative mass spectrometry, we identified two uncharacterized proteins: PEI-1 and PEI-2. Both 
proteins are specifically expressed during spermatogenesis and we dissect their roles in PEI granule transport and function. 
Based on correlative light and electron microscopy (CLEM) and genetic studies, proper segregation of PEI granules in mature 
sperm is coupled, likely via S-palmitoylation, to the myosin-driven transport of membranous organelles. Our results identify 
a new sperm-specific condensate, which we call PEI granules. While not essential for spermatogenesis, PEI granules are 
required for paternal inheritance of small RNAs and we reveal a novel mechanism for the subcellular sorting of condensates 
through coupling to transport of membranous structures. pei-like genes are also found in human and often expressed in testis, 
suggesting that the here identified mechanism of subcellular transport of membraneless organelles may be more broadly 
conserved.

81	 Regulation	of	transgenerational	epigenetic	H3K27me3	inheritance

Isa Ozdemir1, Kamila Delaney1, Joanna Wenda1, Florian Steiner1 1) Department of Molecular Biology, Section of Biology, Faculty 
of Sciences, University of Geneva.

A crucial process in life is the ability of cells to pass on information to their descendants. This transmission can occur at several 
levels from genetics to epigenetics. Epigenetic inheritance refers to the heritable phenotypes affected by gene expression 
without altering the DNA sequence and occurs through various factors including histone modifications. Interruption of this 
transmission process can lead to severe developmental defects and fertility diseases.

Methylation of histone H3 at position 27 (H3K27me3) is an epigenetic mark that is associated with heterochromatin and 
repressed gene expression. Several studies have demonstrated that the genomic patterns of H3K27me3 can be inherited 
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from one generation to the next by depositing H3K27me3 histones and PRC21. However, the limits of this inheritance are 
difficult to test because PRC2 mutants are maternal-effect sterile in C. elegans. We have recently shown that the expression 
of an H3.3K27M mutant acts in a dominant-negative manner and alters genomic H3K27me3 patterns and distribution of PRC2 
and results in infertility phenotypes in C. elegans2. We used this strain to follow the trans-generational inheritance of the 
H3.3K27M-induced phenotypes. Strikingly, we observed that the altered patterning of H3K27me3 and the fertility defects are 
heritable for multiple generations after the H3.3K27M mutation is lost. These findings were also validated in a tetracycline-
inducible system where we can abruptly switch on and off the H3.3K27M expression. We performed a targeted RNAi screen 
in our tetracycline-inducible system and detected several enhancer and suppressor modifiers of H3.3K27M defects such as 
chromatin remodeling complexes, the nuclear RNAi pathway, and histone writer and reader complexes.

Overall, our results revealed that the transmission of H3K27me3 is an epigenetically programmed event that can last for 
generations and that several biological pathways seem to be involved in the regulation of transmission of H3K27me3 patterns 
across generations.

1. L. J. Gaydos, W. Wang, S. Strome. H3K27me and PRC2 transmit a memory of repression across generations and during 
development. Science 345, 1515–1518 American Association for the Advancement of Science (AAAS), 2014.

2. Kamila Delaney, Maude Strobino, Joanna M. Wenda, Andrzej Pankowski, Florian A. Steiner. H3.3K27M-induced chromatin 
changes drive ectopic replication through misregulation of the JNK pathway in C. elegans. Nature Communications 10

Springer Science and Business Media LLC, 2019.

82	 Interrogating	the	role	of	paternally	contributed	tRNA	fragments	in	C. elegans fertilization and development

Olivia Crocker1,2,3, Colin Conine1,2,3 1) Department of Genetics, University of Pennsylvania Perelman School of Medicine, 
Philadelphia, PA; 2) Department of Pediatrics, University of Pennsylvania Perelman School of Medicine, Philadelphia, PA; 3) 
Division of Neonatology, Children›s Hospital of Philadelphia, Philadelphia, PA.

Across organisms, males experiencing environmental stressors contribute non-genetic information to future generations. While 
sperm chromatin retains a small percentage of histones, the overwhelming exchange of histones for protamines in sperm 
paired with the erasure of DNA methylation after fertilization challenges the traditional epigenetic inheritance paradigms as 
mechanisms of intergenerational transmission. Prior work has demonstrated that modulating the diet of mammals has effects 
on the metabolism of offspring by altering the abundance of small RNAs in sperm, particularly the levels of highly abundant 
~28-34 nt tRNA fragments (tRFs). After fertilization, the altered abundance of tRFs correlates with modified embryonic gene 
expression and development. While the potential role of tRFs as a carrier of epigenetic information in sperm is exciting, little 
is known about the molecular functions of tRFs. In mammals there are greater than 10 RnaseA and RnaseT2 enzymes with the 
potential to generate tRFs. Thus, redundancy of murine endonucleases makes it difficult to establish a tractable genetic model 
of tRF function.

Recently, we have identified abundant tRFs in C. elegans males which are specifically enriched in sperm. Fortunately, the C. 
elegans genome encodes only one RnaseT2 (rnst-2) and no RnaseA homologs, allowing for simple genetic manipulation of tRF 
abundance. We have generated several loss-of-function and catalytically dead alleles of rnst-2 which all exhibit developmental 
and male fertility defects. Additionally, by endogenously tagging rnst-2 we have found that it is specifically expressed in sperm 
and in the developing embryo. Finally, rnst-2 regulates the levels of tRFs in male worms, establishing a model to determine 
if tRFs in sperm can transmit epigenetic information to progeny in C. elegans. To support these studies, we have developed 
a method for single embryo RNA-Sequencing in worms, permitting the quantitation of gene expression changes across the 
transcriptome from 2- and 8-cell embryos to determine the first molecular effects of modulating the levels of tRFs in sperm 
and early development.

83	 Concentrates	of	histone	methyltransferase	MET-2	promotes	gene	silencing	independent	of	its	H3K9	
methyltransferase	catalytic	activity

Colin E Delaney1, Jan Padeken1, Stephen P Methot1, Veronique Kalck1, Susan Gasser1,2,3 1) Friedrich Miescher Institute for 
Biomedical Research (FMI); 2) University of Basel, Faculty of Sciences, Basel, CH; 3) Fondation ISREC, Lausanne, CH.

Segregation of genomic regions into accessible euchromatin and inaccessible heterochromatin is essential for temporal and 
tissue-specific gene transcription. In C. elegans, the SETDB1 homolog MET-2 promotes heterochromatic silencing of satellite 
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repeats, transposable elements, and tissue-specific genes by di-methylating histone H3 lysine 9 (H3K9me2). Animals lacking 
met-2 are viable but show defects a loss of fertility, developmental delay, and are short-lived. We previously demonstrated 
that MET-2’s ability to preserve heterochromatin repression requires concentration in nuclear foci through physical interaction 
with the intrinsically disordered protein LIN-65. Here we show that MET-2 foci have a second, non-catalytic function that 
contributes to gene repression. Genetic ablation of met-2 or dispersion of MET-2 foci with heat stress results in loss of silencing 
coincident with an increase in histone acetylation. Restoration of MET-2 foci deficient in methyltransferase activity prevents 
H3K9 and H3K27 hyperacetylation and mitigates gene derepression, infertility, and developmental delay. These results 
demonstrate that foci of a conserved heterochromatin histone methyltransferase are functionally relevant for gene silencing 
and can act in parallel with enzymatic activity.

84	 Dissecting	the	functional	genomic	landscape	of	epidermal	patterning	in	C. elegans using Targeted-DamID.

Dimitris Katsanos1, Mar Ferrando Marco1, Michalis Barkoulas1 1) Imperial College London.

Development is driven by complex patterning events such as cell division, cell fate maintenance and differentiation. Strict 
transcriptional and epigenetic control permits the selective decoding of batteries of genes that assemble within gene 
regulatory networks underlying these developmental decisions. In our lab, we focus on the patterning of the stem cell-like 
seam cells of the C. elegans epidermis as a model to dissect how gene regulatory networks, epigenomic regulation and the 
resulting expression profiles bring about robust developmental outcomes. Here, we tackle these questions by employing the 
multifaceted methodology of Targeted-DamID (TaDa) for the first time in C. elegans. We find that TaDa is capable of effectively 
identifying protein-DNA interactions of interest within a tissue of interest, requiring little starting material and preventing 
Dam-associated toxicity. Using TaDa we identify putative targets of the transcription factors LIN-22 and NHR-25 within the 
epidermis, thereby expanding our understanding of the underlying gene regulatory network and proposing new biological 
functions for these epidermal regulators. We further identify by assaying RNApol occupancy gene expression profiles for 
specific cell types of the epidermis, such as the seam cells and the major hypodermal syncytium hyp7, which reveals novel 
regulators of epidermal fate. Lastly, for those same cell types we probe chromatin accessibility to uncover aspects of the 
epigenomic regulation and identify tissue-specific regulatory elements. Our findings expand our current understanding of the 
genetic regulation of epidermal cell fate patterning and underline the potential value of TaDa to address diverse questions in C. 
elegans.

Keywords: cell fate and patterning, gene regulation, genomics, novel genetic technologies

85	 Condensin	DC	spreads	linearly	and	bidirectionally	from	recruitment	sites	to	create	loop-anchored	TADs	in	C.	elegans

David Jimenez1, Jun Kim1, Bhavana Ragipani1, Bo Zhang2, Lena Street1, Maxwell Kramer1, Sarah Albritton1, Lara Winterkorn1, 
Sevinc Ercan1 1) New York University; 2) Washington University in St. Louis.

Condensins	are	molecular	motors	that	compact	DNA	for	chromosome	segregation	and	gene	regulation.	In	vitro	experiments	
have	begun	to	elucidate	the	mechanics	of	condensin	function	but	how	condensin	loading	and	translocation	along	DNA	
controls	eukaryotic	chromosome	structure	in	vivo	remains	poorly	understood.	To	address	this	question,	we	took	advantage	
of	a	specialized	condensin,	which	organizes	the	3D	conformation	of	X	chromosomes	to	mediate	dosage	compensation	(DC)	
in	C.	elegans.	Condensin	DC	is	recruited	and	spreads	from	a	small	number	of	recruitment	elements	on	the	X	chromosome	
(rex).	We	found	that	ectopic	insertion	of	rex	sites	on	an	autosome	leads	to	bidirectional	spreading	of	the	complex	over	
hundreds	of	kilobases.	On	the	X	chromosome,	strong	rex	sites	contain	multiple	copies	of	a	12-bp	sequence	motif	and	act	as	
TAD	borders.	Inserting	a	strong	rex	site	and	ectopically	recruiting	the	complex	on	the	X	chromosome	or	an	autosome	creates	
a	loop-anchored	TAD.	However,	unlike	the	CTCF	system,	which	controls	TAD	formation	by	cohesin,	direction	of	the	12-bp	
motif	does	not	control	the	specificity	of	loops.	In	an	X;V	fusion	chromosome,	condensin	DC	linearly	spreads	and	increases	
3D	DNA	contacts,	but	fails	to	form	TADs	in	the	absence	of	rex	sites.	Finally,	we	provide	in	vivo	evidence	for	the	loop	
extrusion	hypothesis	by	targeting	multiple	dCas9-Suntag	complexes	to	an	X	chromosome	repeat	region.	Consistent	with	
linear	translocation	along	DNA,	condensin	DC	accumulates	at	the	block	site.	Together,	our	results	support	a	model	whereby	
strong	rex	sites	act	as	insulation	elements	through	recruitment	and	bidirectional	spreading	of	condensin	DC	molecules	and	
form loop-anchored TADs.

86	 Mis-regulation	of	mtDNA	6mdA	methylation	causes	enhanced	oxidative	stress	and	ageing	in	C. elegans

Anne Hahn1, Arnaud Ahier1, Grace Ching Ching Hung1, Tessa Onraet1, Chuan Yang Dai1, Ina Kirmes1, Steven Zuryn1 1) Queensland 
Brain Institute - University of Queensland.
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Cellular energy production, ion balance, innate immunity, and metabolite synthesis are heavily reliant on mitochondrial 
function, which is dependent on the transcription, replication and maintenance of the mitochondrial genome (mtDNA). 
Owing to the compartmentalization of mitochondria and the proteobacterial ancestry of mtDNA, regulatory mechanisms 
applicable to nuclear DNA are not compatible within mitochondria. The most prominent epigenetic modification on 
bacterial DNA is adenosine methylation (m6dA), which is associated with DNA repair and transcriptional regulation. Using 
multiple highly sensitive and sequence-specific assays, we detected m6dA modifications on the C. elegans mtDNA that were 
distributed throughout the genome and enriched within certain regions. We identified potential m6dA methyltransferases 
and demethylases in the C. elegans genome that localize to mitochondria, and when overexpressed, reduce growth rates and 
cause premature ageing. Our results suggest that mis-regulation of mitochondrial m6dA can perturb correct mtDNA expression 
resulting in mito-nuclear protein imbalance, enhanced oxidative stress production, and activation of the mitochondrial 
unfolded protein response. Importantly, we have discovered the presence of mtDNA m6dA in a wide range of animal and plant 
species suggesting that its existence and biological role may be evolutionarily conserved.

87	 C. elegansas a Nestor Guillermo Progeria Syndrome Model

RAQUEL ROMERO BUENO1, PETER ASKJAER1, AGNIESZKA DOBRZYNSKA1, MARTA ROJAS1, CRISTINA AYUSO1, CHRISTIAN RIEDEL2 
1) Centro Andaluz de Biología del Desarrollo, Seville, Spain; 2) Karolinska Institute, Huddinge, Sweden.

BAF-1 (Barrier to Autointegration Factor) is a highly conserved chromatin binding protein implicated in nuclear envelope 
(NE) breakdown, assembly and repair as well as chromatin compaction. It acts as a homodimer and its NE localisation is 
interdependent of lamins and LEM-domain proteins (LAP2, emerin, and MAN1). Nevertheless, BAF-1 is also present in the 
nucleoplasm. Strikingly, a single amino acid substitution in human BAF (A12T) causes Nestor-Guillermo Progeria Syndrome 
(NGPS). This premature ageing illness affects a variety of tissues, leading to growth retardation, severe skeletal defects and 
scoliosis.

We have modified the baf-1 locus in Caenorhabditis elegansto mimic the human NGPS mutation (baf-1(G12T)) to elucidate 
why a mutation in an essential protein expressed throughout development triggers the appearance of symptoms ~2 years after 
birth. We report that NE levels of lamin/LMN-1 and emerin/EMR-1 are reduced in baf-1(G12T) mutants, whereas errors in 
chromosome segregation are increased. Although the baf-1(G12T) mutation does not affect lifespan, age-dependent nuclear 
morphology deterioration is accelerated in mutant animals. Moreover, we found that baf-1(G12T) mutants are hypersensitive 
to NE perturbations, particularly to modifications affecting lamin/LMN-1.

Using Bimolecular Fluorescence Complementation (BiFC), we discovered that the interaction of the BAF-1(G12T) protein with 
itself is weaker when compared to wild type BAF-1 homo-dimerisation. Our BiFC experiments also revealed novel chromatin 
interaction partners.

To explore if the NGPS mutation affects BAF-1’s association with chromatin, we determined the binding profiles for wild type 
and mutant BAF-1 through tissue-specific DamID. Globally, the profiles for the two proteins are very similar, but we also 
identified discrete genomic regions with altered association to BAF-1. We are currently correlating these observations with 
tissue-specific changes in gene expression.

89	 The	Pipeline	CURE:	lowering	institutional	barriers	to	research	by	reiteratively	incorporating	original	C. elegans 
experiments throughout a biology curriculum

David Katz1, Teresa Lee2, Brandon Carpenter1, Karen Schmeichel3 1) Department of Cell Biology, Emory University School of 
Medicine; 2) Department of Biological Sciences, University of Massachusetts Lowell ; 3) Biology Department, Natural Sciences 
Division, Oglethorpe University.

Participation in research provides personal and professional benefits for undergraduates. However, some students face 
institutional barriers that prevent their entry into research, particularly those from underrepresented groups who may stand 
to gain the most from research experiences. Course-based undergraduate research experiences (CUREs) effectively scale 
research availability, but many only last for a single semester, which is rarely enough time for a novice to develop proficiency. 
To address these challenges, we established a Pipeline CURE. The Pipeline CURE integrates C. elegans epigenetics research 
being conducted by the Katz Lab at Emory University throughout the biology curriculum at Oglethorpe University, a nearby 
liberal arts college. Students are introduced to C. elegans with their first course in the major. After revisiting the research 
system in several subsequent courses, students can choose to participate in an upper-level research experience, led by an NIH 
Institutional Research and Academic Career Development Award (IRACDA) postdoctoral fellow from the Katz Lab. Preliminary 
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data taken during implementation of The Pipeline CURE suggests that the reiterative CURE strategy can recapitulate benefits 
of a traditional apprenticeship lab experience entirely within the curriculum in a classroom setting. These benefits associated 
with The Pipeline Cure include including replacing beginner confidence with mastery and resilience via repeated exposure 
to the same research system. As a result, the Pipeline CURE levels the playing field by giving underrepresented students 
the chance to experience original research, and potentially conduct honors thesis research, without having to seek out a 
traditional apprenticeship lab experience. The research experience gained by students can serve as an entry to STEM careers, 
or provide a platform for competing for admission to graduate programs. In addition, the data generated can open new areas 
of research and help facilitate publication of manuscripts. As an added benefit, The Pipeline CURE also exposes postdoctoral 
fellows to challenges that underrepresented groups face in the classroom. Thus, by uniting evidence-based teaching 
methods with ongoing scientific research, the Pipeline CURE provides a new model for overcoming barriers to participation 
in undergraduate research, that is flexible enough to be implemented at a range of institutions using a variety of research 
questions.

90 Strategies to improve equity in faculty hiring

Needhi Bhalla1 1) University of California, Santa Cruz.

Through targeted recruitment and interventions to support their success during training, the fraction of trainees (graduate 
students and postdoctoral fellows) in academic science from historically underrepresented groups has steadily increased. 
However, this trend has not translated to a concomitant increase in the number of faculty from these underrepresented 
groups. Here, I focus on proven strategies that departments and research institutions can develop to increase equity in faculty 
hiring and promotion to address the lack of racial and gender diversity among their faculty.

91	 Building	intentional	networks	and	partnerships	within	and	across	scientific	societies	to	reach	true	diversity,	equity,	
and	inclusion	in	STEM

Pamela Padilla1, Sonia Zárate2 1) Univ North Texas; 2) Howard Hughes Medical Institute.

Studies have shown that scientific discovery and creativity is enhanced when individuals from various backgrounds are 
involved. However, national data shows that specific demographics have been excluded in science. Within the U.S., funding 
agencies such as National Institutes of Health, National Science Foundation and the Howard Hughes Medical Institute 
recognized both the importance of diversity to science and that resources were needed if science was to benefit from the 
potential that diversity holds. For over five decades, funding agencies have provided financial incentives to researchers and 
academic institutes to broaden participation within the science, technology, engineering, math (STEM) fields and to identify 
institutional barriers that negatively impact diversity within STEM. While funders and academic institutions are critical entities 
in the scientific ecosystem, professional scientific organizations also play a role in attracting to and developing talent in STEM. 
While discipline specific scientific organizations were developed to serve the community of scientists writ large, some multi-
disciplinary societies were established to create a dedicated space where marginalized scientists felt that they belonged. An 
example of such as society is the 46-year old inclusive non-profit organization Society for Advancement of Chicano/Native 
Americans in Science (SACNAS). Scientific organizations such as SACNAS focus attention on inclusion and belonging as a way 
to make the scientific enterprise diverse. As a long-term member of GSA and leaders within the SACNAS organization (SACNAS 
Presidential role), we put forward ideas and actionable items of engagement for scientific societies and their members. 
These items include 1) assessments of practices that impact equity, inclusion and diversity, 2) the importance of intentional 
partnerships and communications to collectively form stronger and sustainable networks within and across scientific societies, 
and 3) individual actions that can be taken to promote inclusion within STEM at their home institutes. Aligning these actions 
as funders, academic institutions and scientific organizations will collectively lead to greater engagement and awareness of the 
general public with science, broadening participation within STEM, and advancement in discovery. In this presentation data, 
ideas, concepts, and examples of operational processes will be presented.

93	 Plasticity	of	Argonautes	and	their	associated	small	RNA	pathways	in	nematodes

Jianbin Wang1,2, Maxim Zagoskin1, Giovana Breda Veronezi3, Richard Davis3,4 1) Department of Biochemistry and Cellular and 
Molecular Biology, University of Tennessee, Knoxville; 2) UT-ORNL Graduate School of Genome Science and Technology, 
University of Tennessee, Knoxville; 3) Department of Biochemistry and Molecular Genetics, University of Colorado School of 
Medicine; 4) RNA Bioscience Initiative, University of Colorado School of Medicine.
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Nematoda is a diverse phylum that includes many free-living as well as parasitic species. The model nematode C. elegans has 
a diverse set of small RNAs and an expanded group of Argonautes, particularly the worm-specific clade Argonautes (WAGOs) 
and their endogenous siRNAs that are largely amplified by RNA-dependent RNA Polymerases (RdRPs). Our understanding of 
small RNA types, Argonautes, and pathways in other nematodes is limited. We carried out comparative studies of the small 
RNA pathways in the Clade III parasitic nematode Ascaris. Ascaris has 10 Argonautes. However, a PIWI Argonaute and piRNAs 
are absent. Five of the Argonautes are from the WAGO clade. We generated antibodies against all five Ascaris WAGOs as well 
as AsALG-1 (miRNAs) and AsALG-4 (26G-RNAs) and used them to identify their associated small RNAs in the early embryo, 
ovary, and testis including discrete developmental stages during spermatogenesis. We found that in general, AsALG-4, AsCSR-1 
and AsWAGO-3 small RNAs target mRNAs while AsWAGO-1, AsWAGO-2 and AsNRDE-3 small RNAs target repetitive sequences. 
Notably, AsNRDE-3 small RNAs change their targets from repetitive sequences to mRNAs during male meiosis at the pachytene 
stage. RNA-seq data identified a group of genes expressed at pachytene during spermatogenesis which are rapidly degraded 
at the end of pachytene. Degradation of these mRNAs is associated with AsALG-4 26G-RNAs specifically expressed only in 
late pachytene and diplotene. The timing and expression of AsCSR-1 and AsALG-4 Argonautes and their small RNAs during 
spermatogenesis suggests they likely function independently, with AsCSR-1 and its 22-24G-RNAs fine-tuning expression of 
a broad set of transcripts and AsALG-4 and its 26G-RNAs down-regulating male meiosis-specific mRNAs. Genomic regions 
with transposons and their derivates are in general enriched for H3K9me3 and are targeted by an expansive set of 22G-RNAs 
associated with AsWAGO-1, AsWAGO-2 and AsNRDE-3 throughout development. Overall, there is clear conservation in the 
miRNA, 22G-RNA, and 26G-RNA pathways between the distantly related Ascaris and C. elegans nematodes. However, our data 
demonstrate the complexity and plasticity of small RNA pathways in a Clade III nematode without PIWI and a piRNA pathway 
and provide an in depth of analysis of the dynamics of small RNA pathways throughout spermatogenesis.

94	 A	Systematic	Analysis	of	Argonaute	Proteins	in	C. elegans

Uri Seroussi1, Lina Wadi1, Julia Sobotka1, Andrew Lugoski1, Robert Lau1, Alexandra Willis1, Amanda Charlesworth1, Monica Wu1, 
Aaron Reinke1, Julie Claycomb1 1) University of Toronto.

RNA interference (RNAi) pathways, consisting of Argonaute (AGO) proteins and small RNAs (sRNAs) that provide sequence 
specificity, play key roles in gene regulation across all domains of life. Studies of AGOs in many species have revealed that they 
impact gene expression at nearly every stage in the life cycle of a transcript—from transcription to translation. Due to their 
central role in RNAi and profound impact on development and differentiation in numerous organisms, uncovering new and 
conserved molecular mechanisms of AGOs advances our fundamental knowledge of cellular function and has the potential to 
provide more precise means to manipulate gene expression, relevant for biotechnology and therapeutics.

The C. elegans genome encodes an expanded family of 27 ago genes, 19 of which produce functional proteins. We have 
undertaken a systematic study of every C. elegans AGO to develop a comprehensive portrait of the molecular mechanisms 
of these mostly uncharacterized proteins throughout development. Using CRISPR/Cas9 genome-editing, we epitope-tagged 
each AGO with GFP-3xFLAG. We used confocal microscopy to characterize the expression patterns of each AGO throughout 
development and found that 16 AGOs are expressed in the germline. Of these, eight AGOs localized to phase-separated germ 
granules. High-throughput sequencing of 1) sRNAs associated with each AGO, and 2) total sRNA pools from ago mutants versus 
wild type uncovered the stratification of subsets of AGOs into distinct gene regulatory modules. Phenotypic analyses of ago 
mutants under normal and stressful conditions revealed previously unappreciated phenotypes, including a transgenerational 
loss of fertility known as the Mortal Germline (Mrt) defect, and resistance to the bacterial pathogen Pseudomonas aeruginosa. 
Overall, our systematic and pioneering studies provide an unprecedented view of the sRNA regulatory landscape throughout 
the development of a complex animal.

95	 Arginine	methylation	promotes	siRNA-binding	specificity	for	a	spermatogenesis-specific	isoform	of	the	Argonaute	
protein CSR-1

Dieu An Nguyen1, Carolyn Phillips1 1) University of Southern California, Los Angeles, CA.

RNA silencing is a critically important mechanism through which cells regulate gene expression and protect the genome 
against aberrant RNAs, transposons, and viruses. RNA silencing is mediated by small non-coding RNAs, which are bound by 
Argonaute proteins and regulate complementary mRNAs at the level of transcription, translation, and RNA stability. CSR-1 is an 
essential Argonaute protein in C. elegans that binds to a subclass of small interfering RNAs (siRNAs) targeting most germline-
expressed genes. Here we demonstrate that CSR-1 has two isoforms with distinct expression patterns; CSR-1B is ubiquitously 
expressed throughout the germline and during all stages of development while CSR-1A expression is restricted to germ cells 
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undergoing spermatogenesis. Furthermore, CSR-1A associates preferentially with siRNAs mapping to spermatogenesis-
specific genes whereas CSR-1B-bound siRNAs map predominantly to oogenesis-specific genes. The specificity of the two 
CSR-1 isoforms is interesting, considering they share nearly complete sequence homology and co-localize at the P granule, 
perinuclear germ granules required for RNA regulation and silencing, in both L4 larval and male germlines. We found that 
the exon unique to CSR-1A is modified at arginine/glycine (RG) motifs by dimethylarginine, and loss of the dimethylarginine 
results in the loss of CSR-1A specificity for its preferred spermatogenic small RNA partners, resulting in CSR-1A indiscriminately 
binding to both spermatogenic and oogenic siRNAs. Thus, we have discovered a regulatory mechanism for C. elegans 
Argonaute proteins that allows for specificity of small RNA binding between similar Argonaute proteins with overlapping 
temporal and spatial localization.

96	 Reprogramming	the	piRNA	pathway	for	multiplexed	and	transgenerational	gene	silencing	in	C. elegans

Monika Priyadarshini1, Julie Z. Ni2, Amhed M. Vargas-Velazquez1, Sam G. Gu2, Christian Froekjaer-Jensen1 1) BESE division, 
King Abdullah University for Science and Technology (KAUST), Thuwal, Saudi Arabia; 2) Department of Molecular Biology and 
Biochemistry, Rutgers, The State University of New Jersey, Piscataway, NJ.

Short guide RNAs target Cas proteins to specific genomic loci enabling efficient gene editing in animals and plants. We have 
developed a conceptually similar method, called piRNA interference (piRNAi), where 21nt ‘guide’ piRNAs target the PRG-1 
Argonaute to specific mRNAs for transcriptional and post-transcriptional gene silencing of up to four genes simultaneously. 
Six guide piRNAs are encoded in short synthetic gene fragments and expressed from simple extrachromosomal arrays without 
cloning. We test specific models for piRNA function, targeting requirements, evolutionary conservation, and inherited silencing 
using piRNAi. First, we demonstrate that endogenous genes (him-5, him-8, spe-8, and spe-12) are not protected from piRNA-
mediated silencing. piRNAi can silence a ubiquitously expressed gfp in the female and male germline, with silencing persisting 
through embryogenesis until approximately the 100-cell stage. Silencing requires the piRNA pathway (prg-1 and prde-1), but 
H3K9 methyltransferases (set-25, set-32, met-2), P-granule components (pgl-1, mut-7, znfx-1), and the nuclear RNAi pathway 
(nrde-1, nrde-2, nrde-3, hrde-1) are not required. Second, piRNAi silences genes robustly when targeting exons but not introns 
or untranslated regions. Furthermore, piRNA silencing tolerates 1-2 mismatches in the seed region and up to four mismatches 
overall. Third, we confirm that the piRNA pathway is evolutionarily conserved by silencing a him-5 homolog in C. briggsae using 
C. elegans piRNA transcriptional units. Finally, we use piRNAi to develop a new assay for studying transgenerational silencing. 
Previous studies have demonstrated that piRNAs can semi-permanently silence gfp (RNAe or paramutation). We identify two 
novel genes, him-5 and him-8, that show four and six generations of hrde-1 dependent heritable silencing, respectively, but no 
paramutation. piRNAi should be a useful tool in C. elegans for transient gene silencing in the germline and may be particularly 
suitable for studying piRNA biology and heritable epigenetic silencing.

97	 LOTR-1,	the	C. elegans TDRD5/7	homolog,	helps	maintain	22G	siRNA	distribution	and	fertility

Elisabeth Marnik1,2, Miguel Almeida3, Giselle Cipriani4, Geroge Chung4, Edoardo Caspani3, Emil Karaulanov3, Falk Butler3, 
Catherine Sharp2, Kris Gunsalus4,5, Rene Ketting3, Updike Dustin2 1) Husson University, Bangor, ME; 2) MDI Biological Laboratory, 
Bar Harbor, ME ; 3) Institute of Molecular Biology, Ackermannweg 4, Mainz, Germany; 4) Center for Genomics & Systems 
Biology, New York University, New York, New York, United States of America.; 5) Center for Genomics & Systems Biology, New 
York University Abu Dhabi, Abu Dhabi, United Arab Emirates..

LOTUS and Tudor domain-containing proteins are intrinsic to germline development and are commonly found within germ 
granules. Drosophila versions of these proteins, Tejas and Tapas, localize Vasa to germ granules and play a role in piRNA-
mediated retrotransposon silencing. Mammalian TDRD5 and TDRD7 proteins contain both LOTUS and Tudor domains and 
have essential roles during spermatogenesis. Here we describe D1081.7, the homolog of these proteins in C. elegans, named 
LOTR-1 for its LOTUS and Tudor domains. Within germ granules, LOTR-1 docks next to P granules to colocalize with the 
Z-granule component ZNFX-1. LOTR-1’s Z-granule association requires its Tudor domain, but both LOTUS and Tudor deletions 
affect brood size when coupled with the knockdown of glh-1. The localization of PGL-1, DEPS-1 and GLH-1 to P granules 
is not impacted in lotr-1 mutants; however, LOTR-1 retains both ZNFX-1 and PRG-1 at the nuclear periphery. Quantitative 
LOTR-1 IP-mass spectrometry confirmed the Tudor-dependent association of ZNFX-1, PRG-1, DEPS-1, and other WAGO-class 
Argonautes. Like znfx-1, lotr-1 mutants redistribute the coverage of 22G-RNAs toward the 5’ end of Mutator targets and impact 
transgenerational epigenetic inheritance. Unlike znfx-1, the 5’ shift in 22G-RNA coverage does not extend to CSR-1 targets. We 
hypothesize that LOTR-1 facilitates interactions between PRG-1/WAGO-class Argonautes, ZNFX-1 and target 3’UTRs to balance 
22G-RNA distribution. These key aspects of LOTR-1 in C. elegans provide insight into TDRD5 and TDRD7 function during 
spermatogenesis and potential impact as cancer-testis (CT) antigens.
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98	 Proteolysis	dependent	gene	silencing	in	C.elegans germline

Takao Ishidate1,2, Masaki Shirayama1,2, Yekaterina Makeyeva1, Craig Mello1,2 1) UMass Medical School, Worcester, MA; 2) Howard 
Hughes Medical Institute.

Animal germ cells employ small RNAs and Argonaute proteins to surveil transcripts and silence transposons and foreign genetic 
elements. Here we report that, in C.elegans germline, expression of a transgene encoding codon optimized Cas9 gene fused 
to GFP is silenced via small RNA dependent and small RNA independent mechanisms. Interestingly, small RNA-dependent 
silencing was initiated and small RNAs targeting Cas9::GFP sequence were generated even in the absence of prg-1 activity. 
Furthermore, disarming the small RNA pathway led to Cas9::GFP expression only in the most distal region of the gonad, 
suggesting that a second small RNA-independent silencing mechanism maintains the silencing throughout the pachytene 
region and in oocytes. A forward genetic screen revealed that inactivation of the ubiquitin-proteasome pathway causes full de-
silencing of the CAS9::GFP throughout the germline, suggesting that the second silencing mechanism is mediated by protein 
degradation. Remarkably, insertion of virus derived T2A sequence that causes ribosome skipping, between Cas9 and GFP, 
lead to the expression of the downstream GFP moiety throughout the gonad. This observation suggests that the upstream 
Cas9 ORF is triggering protein degradation and that the mRNA is not degraded and can still encode downstream GFP. Thus 
ribosome subunits are likely not dissociated as in the RQC response to ribosome stalling. We propose that some modification 
within the upstream Cas9 mRNA signals for co-translational ubiquitylation and degradation of the peptide. Interestingly, a Cas9 
transgene that contains multiple extended AT rich introns has been shown to escape this mode of silencing, pointing toward 
mRNA splicing as the triggering event and linking the phenomenon to the recently described intronless gene silencing. We are 
currently investigating the nature of the triggering signal and whether our findings extend to the regulation of endogenous 
targets.

99	 Negative	feedback	between	NHR-23	and	let-7 regulates developmental pace and number of molts in C. elegans

Himani Anand Galagali1, Ruhi Patel2, John Kim1, Alison Frand2 1) Johns Hopkins University; 2) University of California, Los 
Angeles.

The let-7 microRNA was discovered as a regulator of the L4 larval stage to adult transition. let-7 transcription oscillates across 
larval development, with a peak in every stage. But the transcriptional activator of let-7 and functional significance of its 
oscillatory expression are not characterized. Here, we report that the transcription factor NHR-23 activates transcription of let-
7, and in turn, let-7 represses the expression of nhr-23, thus forming a feedback loop

. NHR-23 is the homolog of the Retinoid-related Orphan Receptor (ROR) and is predicted to bind consensus ROR Response 
Elements (RORE) in the promoter of let-7. Chromatin immunoprecipitation of NHR-23 followed by qPCR of the let-7 promoter 
supports direct binding of NHR-23 to the let-7 promoter. Scrambling 2 of the let-7 RORE sites abrogates NHR-23 binding to 
the let-7 promoter. In addition, the let-7 RORE mutants exhibit penetrant defects in vulval development and increased seam 
cell number, consistent with the partial loss of let-7 activity. let-7 targets the 3’UTR of the nhr-23 transcript through let-7 
complementary sequences (LCSs). Expression of a reporter gene fused to the nhr-23 3’UTR is enhanced when one of the LCSs 
is mutated. In the endogenous context, let-7 dampens oscillations of nhr-23 as worms go through development. Mutating 
the nhr-23 LCSs diminishes dampening of nhr-23 transcript oscillations and leads to supernumerary molts. Furthermore, 
overexpressing nhr-23 also leads to aberrant supernumerary molts in adults, similar to let-7 hypomorphs. The NHR-23–
let-7 negative feedback loop also affects the pace of development. let-7 hypomorphs, let-7 RORE mutants, and nhr23 
overexpressing strains all precociously exit quiescent phases between molts (lethargus). RNAi of nhr-23 leads to delayed exit 
from lethargus that is rescued by let-7 mutations. Taken together, these data suggest that the NHR-23—let-7 negative feedback 
loop regulates both the number of molts and the pace of the molting cycle. The negative feedback loop between RORs and let-
7 may be conserved, as evidenced by the presence of homologous cis-regulatory elements in mammalian genes. Transcription 
of a reporter driven by the mouse let-7 promoter in C. elegans is responsive to the levels of nhr-23. LCSs in the 3’UTRs of 
human RORβ and mouse RORα also regulate reporter gene expression in C. elegans. Therefore, the NHR-23–let-7 negative 
feedback loop may represent a conserved genetic oscillator that regulates biological rhythms.

100 Screening by deep sequencing reveals mediators of miRNA tailing in C. elegans

Karl-Frederic Vieux1, Katherine Prothro1, Cameron Palmer1, Isana Veksler-Lublinsky2, Katherine McJunkin1 1) Laboratory of 
Cellular and Developmental Biology, NIDDK Intramural Research Program, National Institutes of Health, Bethesda, MD, USA; 2) 
Ben-Gurion University of the Negev, Be›er Sheva, Israel.
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Most micro-RNAs (miRNA) result from the processing of longer primary transcripts transcribed from miRNA genes by the 
RNA polymerase Pol II. These transcripts harbor hairpin structures which are recognized and processed twice to yield mature 
miRNAs: (1) once in the nucleus by Drosha, with the support of Pasha (PASH -1 in C. elegans) and (2) again in the cytoplasm 
by Dicer. The resulting ~22nt mature miRNAs are effective regulators of gene expression. When loaded onto the RNA-induced 
silencing complex (RISC), mature miRNAs direct RISC activity to transcripts with complementary sequence elements to repress 
their expression. In turn, their levels must also be regulated. Despite this, the processes responsible for miRNA turnover 
remain poorly understood.

In instances where they are turned over, miRNAs are frequently modified by the addition of untemplated nucleotides to 
their 3’ end, but the role of this tailing is often unclear. Here we characterized the prevalence and functional consequences 
of microRNA tailing in vivo, using the C. elegans model. Our data showed that miRNA tailing in C. elegans consists mostly of 
mono-uridylation of mature miRNA species, with rarer mono-adenylation – likely added to microRNA precursors. Through a 
targeted RNAi screen, we discovered that the TUT4/TUT7 gene family member CID-1 is required for uridylation, whereas the 
GLD2 gene family member F31C3.2 is required for adenylation. Thus, the TUT4/TUT7 and GLD2 gene families have broadly 
conserved roles in miRNA modification.

We also examined the role of tailing in turnover in the absence of ongoing miRNA production, using a temperature sensitive 
pash-1 strain. At permissive temperatures, PASH-1 is functional, and biogenesis is uninterrupted. When upshifted to 25°C, 
PASH-1 activity is abrogated, and mature miRNA production ceases. We determined the half-lives of miRNAs after acute 
inactivation of microRNA biogenesis, revealing that half-lives are generally long (median=20.7h), as observed in other systems. 
Despite an increased proportion of tailed species in older microRNAs, we detected no changes to microRNA abundance or 
decay dynamics upon disrupting tailing. Thus, tailing is not a global regulator of miRNA decay in C. elegans. Nonetheless, by 
identifying the responsible enzymes, this work lays the groundwork to explore whether tailing plays more specialized context- 
or miRNA-specific regulatory roles.

101	 Independent	nuclear	and	cytoplasmic	silencing	mechanisms	contribute	to	transgenerational	RNAi

John Paul Ouyang1,2, Lucy Zhang1,2, Geraldine Seydoux1,2 1) The Johns Hopkins University School of Medicine; 2) The Howard 
Hughes Medical Institute, Chevy Chase, MD.

RNA-mediated interference is a conserved mechanism used broadly to regulate gene expression. In C. elegans, RNAi is 
heritable and has been shown to target both nascent transcripts in the nucleus and mature transcripts in the cytoplasm (Billi 
et al., 2014). To explore how targeting of nuclear and cytoplasmic RNAs is coordinated during RNAi, we used fluorescence in 
situ hybridization (FISH) to examine the distribution of germline mRNAs targeted by feeding-induced RNAi. We observed a 
transient increase in nascent transcripts 4-8 hours after the onset of feeding followed by a subsequent decrease. Cytoplasmic 
transcripts accumulated in nuage (perinuclear condensates) and were rapidly turned over in the bulk cytoplasm. In progeny 
of fed mothers, we observed reduced transcript levels at the locus, low levels of RNA present in the nuage, and RNA strongly 
depleted in the bulk cytoplasm. These findings confirm that RNAi affects the accumulation and distribution of nascent and 
cytoplasmic transcripts in both animals exposed to the RNAi trigger and their progeny.

HRDE-1/WAGO-9 is a nuclear Argonaute required for transgenerational RNAi (Buckley et al., 2012). As expected, we found 
that HRDE-1 is required for nascent transcripts to respond to RNAi. Despite no change in nascent transcripts, hrde-1 mutants 
accumulated targeted mRNAs in the nuage in both fed mothers and F1 progeny as in wild-type. ZNFX-1 is a nuage-localized 
SF1 helicase also required for transgenerational inheritance of RNAi (Ishidate et al., 2018; Wan et al., 2018). We found that 
znfx-1 mutants have a phenotype opposite that of hrde-1: a wild-type nuclear response, but a failure in both recruiting RNAs 
to nuage and degrading the RNAs in the cytoplasm. Consistent with HRDE-1 and ZNFX-1 functioning in distinct branches of the 
RNAi pathway, znfx-1; hrde-1 double mutants were defective in both nuclear and cytoplasmic responses and failed to show any 
silencing in F1 progeny. These observations suggest that RNAi triggers two distinct responses required for transgenerational 
RNAi: a nuclear response dependent on hrde-1 that reduces production/accumulation of nascent RNAs at the targeted locus, 
and a cytoplasmic response dependent on znfx-1 that retains targeted mRNAs in nuage and prevents their accumulation in the 
cytoplasm. The nuclear and cytoplasmic responses can be inherited independently of one another, and both are required for 
maximum silencing in progeny.

103	 ELT-3	regulates	cuticle	collagen	expression	in	response	to	environmental	stimuli

Lesley MacNeil1 1) McMaster University.
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The C. elegans cuticle is a collagen-rich structure that acts as a physical barrier to protect the animal from pathogens, 
desiccation, and other stresses. Over 170 cuticular collagens are predicted in the C. elegans genome, but the role of each 
individual collagen is unclear, as is the need for so many collagens. Stage-specific and dauer-specific specialization of the 
cuticle, achieved by modulating collagen gene expression, has been reported, suggesting that the C. elegans cuticle may 
be tailored to the specific needs of the animal during development. We find that there is likely also specialization of the 
cuticle in response to environmental factors. Taking advantage of missense mutations in collagen genes that result in a 
rolling phenotype, we were able to identify environmental factors that result in changes in the cuticle, either enhancing 
or suppressing the effects of these mutations. We find that diet, early developmental arrest, and population density can 
differentially influence the penetrance of rolling in these mutants. These effects are in part due to changes in collagen gene 
expression that are mediated by the GATA family transcription factor ELT-3. We propose a model by which ELT-3 regulates 
collagen gene expression in response to environmental stimuli to promote the assembly of a cuticle specialized to a given 
environment.

104	 A	single	cell	multiomics	approach	to	resolve	genomic	drivers	of	C. elegans development

Martin Fabry1, Servaas van der Burght1, Alex Appert1, Yan Dong1, John Marioni2,3,4, Julie Ahringer1 1) Wellcome Trust/Cancer 
Research UK Gurdon Institute, University of Cambridge, Cambridge, UK; 2) Cancer Research UK Cambridge Institute, University 
of Cambridge, Cambridge, UK; 3) European Molecular Biology Laboratory, European Bioinformatics Institute, Wellcome 
Genome Campus, Cambridge, UK; 4) Wellcome Sanger Institute, Wellcome Genome Campus, Cambridge, UK.

Animals develop from a single totipotent zygote that gives rise to all of the diverse cell types of the organism, which 
are genetically identical. During cell divisions in the embryo, most cells become specified to particular fates and initiate 
differentiation programs. Other cells maintain pluripotency and generate differentiated cells later in life. However, molecular 
events at decision making points when cells either maintain their cellular potency or commit to differentiation programs are 
poorly understood. To understand these processes, we need to determine the step-by-step changes in genomic remodelling 
that drive changes in gene expression from the birth of the pluripotent cell through its period of quiescence, activation, and 
production of different cell types.

We are using 10X genomics single cell technology to jointly measure chromatin accessibility and RNA output in individual cells 
of different C. elegans lineages in order to follow molecular events that drive cell fate commitment and expression at various 
steps of development. Our data reveal differences in DNA accessibility before and after zygotic genome activation (ZGA). 
Following the activation of zygotic transcription, regulatory elements controlling key lineage-defining marker genes become 
accessible in subpopulations of cells and RNA output shows high temporal correlation with chromatin accessibility. Following 
the E lineage as an example revealed dynamic processes that result in the precise activation of specific master transcription 
factors at various steps of the E lineage trajectory.

Using these data, we are developing new computational tools to recapitulate the real-time trajectory of individual cells 
throughout development by mapping cells onto the lineage tree and temporally ordering their age. With these methods we 
will be able to follow the precise molecular events resulting in the commitment of cells to specific developmental programs 
and finally understand and even predict the logic underlying cellular potency in C. elegans.

105	 Oscillatory	expression	of	molting	cycle	genes	is	coordinated	with	pharynx	growth	in	larvae

Joleen Traets1, Timo Louisse1, Yvonne Goos1, Jeroen van Zon1 1) AMOLF, Amsterdam.

During each of the 4 larval stages in C. elegans development the renewal of the cuticle is controlled by the molting cycle. 
Coupled to the molting cycle is oscillatory gene expression of a large and diverse group of genes. It remains an open question 
whether these genes are only involved in molting or also play a role in other developmental processes. Interestingly, growth 
of the pharynx appears to have a cyclical character, indicating a potential link with the molting cycle. Here, we studied the 
interplay between pharynx-specific oscillatory genes and the growth of the pharynx. Using RNA-sequencing, single molecule 
FISH (smFISH) experiments and time-lapse imaging of transcriptional reporters, we identified a group of oscillatory genes 
that are expressed exclusively in the pharynx and peak at the early intermolt. These genes include myo-1, myo-2 and marg-
1, genes that likely play a structural role in pharynx muscle and marginal cells, respectively. Moreover, measuring size of 
the pharynx using time-lapse imaging of larval development revealed that pharyngeal growth was not constant, but, like 
expression of these genes, peaked at the early intermolt. We then used starvation-induced developmental arrest to perturb 
pharynx growth and examine the impact on oscillatory gene expression. In L1-arrested animals, both body and pharynx 
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growth ceased simultaneously. In L3- or L4-arrested animals, however, pharynx growth continued for many hours after the 
arrest of body growth, until it reached a size corresponding to that seen at the time of the subsequent ecdysis during normal 
development. Consistently, in fully arrested animals we found that expression of oscillatory pharynx genes was halted at a 
phase corresponding to ecdysis. Moreover, in time-lapse imaging of transcriptional reporters we observed that continued 
pharynx growth after starvation-induced arrest of body growth is accompanied by one cycle of oscillatory gene expression. 
Overall, the observed coordination between the pharynx growth and expression oscillations of pharynx genes, both during 
normal development and following arrest, suggest that oscillating expression of these genes is functionally linked with organ 
growth.

106	 Analysis	of	OEF-1	as	a	potential	epigenetic	reader	of	H3K36me3	in	the	C.elegans germ line

Mariateresa Mazzetto1, Cassie McManus1, Valeria Reinke1 1) Yale University.

The trimethylation of Lys 36 residue on H3 (H3K36me3) is a signature histone mark for gene expression in the C.elegans 
germline. Its genome distribution is mediated specifically by MES-4 and MET-1 histone methyltransferases. This modification 
regulates several events related to transcription, including promoting splicing, suppressing cryptic transcription initiation, 
and suppressing DNA damage. H3K36me3 is likely linked to these downstream pathways by epigenetic “readers”, proteins 
that bind a specific epigenetic mark and regulate downstream pathways in response. However, H3K36me3 reader proteins 
in the C.elegans germline are poorly characterized. We explored the possibility that Oocyte-Excluded Factor 1 (OEF-1), a 
germline-specific factor discovered in our lab (McManus and Reinke, 2017), might function as a reader of H3K36me3. OEF-1 
has a role in germline progression, binds preferentially to autosomal genes, and co-localizes with H3K36me3. To study the 
functional relationship between OEF-1 and H3K36me3, we developed a computational pipeline comprehensive of ChIP-
seq and RNA-seq experiments, which we then analyzed. ChIP-seq data for H3K27me3 and H3K36me3 in oef-1 mutants and 
wild-type adults were obtained from purified germ nuclei, and binding profiles were then further analyzed. RNA-seq was 
performed from dissected gonads from oef-1 mutant and wild-type young adults and analyzed for gene expression and splicing 
differences. From the ChIP-seq data, we found a strong correlation between OEF-1 and H3K36me3 binding profiles. From the 
RNA-seq data, we found that, even though the loss of OEF-1 has minimal effect on transcript abundance, it greatly increases 
the frequency of retained introns predominantly at the level of autosomal germline-specific genes. Thus, our data to date 
implicates OEF-1 in a role in promoting splicing fidelity in the C.elegans germ line, potentially by its association with H3K36me3 
at germline-expressed genes.

107	 LOTUS-domain	containing	proteins	recruit	C. elegans	Vasa	to	germline	granules	and	control	the	formation	and	size	
of the condensates

Patricia Giselle Cipriani1,2, Olivia Bay1, Vinay Mayya3, John Zinno1, Hin Hark Gan1, Michelle Gutwein1, Hala Fahs2, George Chung1, 
Jiaxuan Chen4, Matthias Selbach4, Thomas Duchaine3, Fabio Piano1,2, Kristin Gunsalus1,2 1) Center for Genomics and Systems 
biology, New York University, New York, NY; 2) Center for Genomics and Systems biology, New York University Abu Dhabi, UAE; 
3) McGill University, Montreal, Canada; 4) Max-Delbrück Center for Molecular Medicine (MDC), Berlin, Germany.

Limkain, Oskar and TUDOR 5 and 7 are LOTUS-domain containing proteins that have been described as important regulators 
of germline development and nucleators of ribonucleoprotein complexes in the germ cells of many metazoans. LOTUS-domain 
proteins have not been previously described in the C. elegans germ line.

MIP-1 and MIP-2 are two previously uncharacterized paralogs that contain two LOTUS domains and extensive intrinsically 
disordered regions. Using co-immunoprecipitation, we found these proteins to be strong interactors of MEG-3, another 
intrinsically disordered protein that is a core component of embryonic P granules, and we named them MEG-3 Interacting 
Proteins 1 and 2. Fluorescently tagged and deletion alleles of the MIPs generated by CRIPSR-Cas9 show that the MIPs are 
constitutive components of germline granules in both embryos and the germ line.

The simultaneous depletion of MIPs produces temperature sensitive sterility, a strong mortal germ line phenotype, and 
defects that affect all major developmental switches in germline development, including germline stem cell maintenance, the 
progression of cells through meiosis, and gametogenesis. The MIPs are jointly required for the condensation of other core P 
granule components, including MEG-3, the C. elegans Vasa homolog GLH-1, and PGL proteins. Interestingly, loss of function of 
either MIP individually affects the distribution and the size of remaining granules in the germ line in complementary ways. In 
oocytes, mip-1 deletion produces larger granules that are mostly cytoplasmic and mip-2 deletion produces smaller granules 
mostly attached to the nuclear membrane. Further biochemical and yeast-two hybrid analyses have shown that the MIPs 
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physically interact with each other by forming homo- and heterodimers, and they directly bind GLH-1 through their N-terminal 
region, which contains the LOTUS domains. We propose that these proteins act as organizing centers in ribonucleoprotein 
networks and form a scaffold that helps recruit and balance essential RNA processing machinery within germline granules to 
regulate key developmental transitions in the germline.

108	 Transgenerational	regulation	of	sex	determination

Matthew Eroglu1,2, Maggie Xiao1,2, Bin Yu2, Calvin Mok1, Michael Schertzberg1, Andrew Fraser1, Aaron Reinke1, Brent Derry1,2 1) 
University of Toronto; 2) Hospital for Sick Children.

Multicellular organisms transmit genetic information through an immortal germ line which must undergo self-renewal at 
each generation. Failure of germ cells to maintain telomeres, small RNA expression, or repair DNA leads to a progressive loss 
of fertility as germ cells become unable to proliferate or enter diapause from accumulation of stress, a phenomenon known 
as germline mortality. We have identified a novel class of mutants that display transgenerational sterility which is unrelated 
to accumulation of stress. Ablation of the ZFAND3/5/6 homologs F22D6.2 and F56F3.4, which we propose to name mstr-1 
and mstr-2 (multigenerational sterility, temperature regulated) leads to a progressive transformation of the nematode male 
germline to female over multiple generations thus causing sterility. Unlike canonical mortal germline mutants, sterile mstr-1; 
mstr-2 mutants are near-fully fertile when outcrossed to wild-type males. In these mutants, the commitment of germ cells to 
spermatogenesis can be rescued by novel mutations in the proteasome or the terminal sex regulating transcription factor GLI/
tra-1. We then show that MSTR-1 coimmunoprecipitates with the mRNA of QKI/GLD-1, a key sex determinant upstream of tra-
1, and spatiotemporally restricts its expression from proximal germ cells fated for spermatogenesis. In mstr-1; mstr-2 mutants, 
each generation of maintenance at 25oC shows accumulation of ectopic GLD-1 expression in spermatogenic cells, which is 
rescued by the proteasomal suppressors. Perplexlingly, gld-1 mRNA expression remains constant over multiple generations 
while its protein product increases. Therefore, we propose a model where MSTR-1 binds to mRNA and targets nascent proteins 
for proteasomal degradation to ensure proper spatial and temporal-generational expression of cell fate determinants. We are 
currently investigating the mechanistic basis of this novel post-transcriptional transgenerational regulation of gene expression. 
Overall, our work shows that in sexually reproducing organisms, germline immortality not only requires the clearance of stress 
but also renewal of germ cell commitment to spermatogenesis every generation.

109	 Defining	the	function	of	EXC-4/CLIC	in	Ga-Rac	signaling	using	TurboID	to	identify	physical	interactors

Anthony Arena1, Daniel Shaye1 1) University of Illinois - Chicago.

Tubulogenesis, the process of biological tube formation and maintenance, is regulated by conserved signaling pathways. We 
use the C. elegans excretory canal (ExCa) cell, a unicellular tube, as a model to identify and study conserved tubulogenesis 
regulators. EXC-4, a C. elegans Chloride Intracellular Channel (CLIC) protein, was first defined for its role in ExCa tubulogenesis 
and subsequent work using human endothelial cells (hEC) and knockout mice showed that the exc-4 orthologs CLIC1 and 
CLIC4 regulate angiogenesis. Our recent collaborative studies (Arena and Shaye, in preparation, Mao et al., in press) show 
that EXC-4/CLICs are conserved regulators of Gα and Rac signaling, but how CLICs function in this pathway remains unknown. 
Previous work showed that EXC-4 constitutively localizes to the ExCa apical plasma membrane, and that an N-terminal 
putative transmembrane domain (PTMD) is necessary and sufficient for this localization, but that the EXC-4 PTMD alone 
does not rescue exc-4 null (0) mutants—indicating that the C-terminus provides functionality. Moreover, it was shown that 
the C-terminus of human CLIC1 can rescue exc-4(0), indicating conserved function, but only when recruited to the apical 
membrane via the EXC-4 PTMD. CLIC1 and CLIC4 are cytoplasmic at steady state in hEC, but they are rapidly recruited, lasting 
<5’, to the plasma membrane upon activation of Gα and Rho/Rac signaling. Therefore, in both C. elegans and human cells, EXC-
4/CLIC membrane localization is critical for their role in Gα-Rho/Rac signaling. To understand how CLICs perform this conserved 
function we want to identify direct EXC-4/CLIC interactors. We hypothesize that functional EXC-4/CLIC-containing complexes 
will be readily identified in the ExCa because EXC-4 is constitutively localized to the membrane in this cell, where Gα-Rho/
Rac signaling is initiated. To identify interactors, we are using TurboID, which rapidly and efficiently biotinylates proteins 
within ~10nm in vivo. Using an ExCa-specific promoter we are expressing various EXC-4::TurboID fusions as “baits” to identify 
interactors, and we have already found that full-length EXC-4::TurboID is functional and well-expressed. We expect to present 
initial results from this approach at the meeting.

110	 The	secreted	modular	calcium	binding	protein	(SMOC-1)	can	function	as	both	a	long-range	and	a	short-range	
modulator	of	BMP	signaling	in	C. elegans
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Melisa DeGroot1, Byron Williams1, Jun Liu1 1) Cornell University.

The bone morphogenetic protein (BMP) pathway is a highly conserved signaling cascade that regulates key developmental and 
homeostatic processes in metazoans. The BMP pathway is conserved in Caenorhabditis elegans, and is known to regulate body 
size and mesoderm development. We have identified the C. elegans SMOC-1 (secreted modular calcium-binding protein-1) 
protein as a positive modulator of the BMP pathway. SMOC-1 is a predicted secreted matricellular protein with two predicted 
functional domains: the thyroglobulin-like type I repeat (TY) domain and the extracellular calcium binding (EC domain). 
Through a series of molecular genetic experiments, we have demonstrated that SMOC-1 functions in a positive feedback loop 
to promote BMP signaling: it acts through the BMP ligand DBL-1 to regulate BMP signaling, and its expression in the intestine 
is positively regulated by BMP signaling. smoc-1 is expressed in multiple tissues. Using cell type specific promoters to drive 
smoc-1 expression, we found that SMOC-1 functions cell non-autonomously to regulate body size. Surprisingly, a membrane-
tethered SMOC-1 driven by the smoc-1 promoter can also partially function. These findings suggest that SMOC-1 can act 
both locally and over a distance to regulate BMP signaling. Intriguingly, the SMOC-1 EC domain alone is sufficient to regulate 
the BMP pathway when freely secreted, but not when membrane tethered. Conversely, the TY domain alone is not sufficient 
to promote BMP signaling, yet this domain is required for SMOC-1 to function locally. Together, these findings suggest that 
the SMOC-1 TY and EC domains contribute to different facets of SMOC-1 functions. We are using immunoprecipation/mass 
spectrometry (IP/MS) to identify interacting partners of the various functional forms of SMOC-1. Comparative analysis of the 
IP/MS results will yield molecular insights on how SMOC-1 promotes the BMP pathway.

111	 COP9	signalosome	component	CSN-5	stabilizes	stem	cell	regulators	FBF-1	and	FBF-2

Emily Osterli1, Mary Ellenbecker1, Mikaya Terzo1, Xiaobo Wang1, Baisen Zeng1, Ekaterina Voronina1 1) University of Montana.

RNA-binding proteins FBF-1 and FBF-2 are required for stem cell maintenance in C. elegans, although the mechanisms by 
which FBF protein levels are regulated remain unknown. Using a yeast two-hybrid screen, we identified an interaction between 
both FBFs and CSN-5, a component of the COP9 (constitutive photomorphogenesis 9) signalosome. This highly conserved 
COP9 complex can affect protein stability through a range of mechanisms including deneddylation, deubiquitination, and 
phosphorylation (Wolf et al., 2003). We discovered that CSN-5 promotes the accumulation of FBF-1 and FBF-2 proteins in C. 
elegans stem and progenitor cells. Phenotypic analysis results were consistent with csn-5 contributing to FBF function since 
csn-5 germlines are masculinized (produce only sperm similar to fbf-1/2 loss of function) and show reduced numbers of 
stem cells. Similar phenotypes were observed in worms mutant for another COP9 holoenzyme component, csn-6. Curiously, 
phenotypes of the csn-2 mutant were clearly distinct, where oocytes were still forming and stem cell numbers were not 
as affected. Additionally, FBF protein levels were not as affected in the csn-2 mutant as observed in the csn-5 mutant. This 
suggests that csn-5’s effect on FBFs might be independent of the COP9 holoenzyme. Mapping protein-protein interactions 
between FBFs and CSN-5 suggested that the MPN (Mpr1/Pad1 N-terminal) metalloprotease domain of CSN-5 interacts with 
the RNA-binding domain of FBFs at physiologically relevant (micromolar) concentrations. Furthermore, these conserved 
domains of the human homologs PUM1 and CSN5 interact as well, thus identifying a protein complex conserved in evolution. 
Investigating CSN-5 contribution to FBF protein activity and stem cell maintenance will have implications for human stem cell 
biology and improve our understanding of diseases like cancer.

113	 An	Electron	Microscopy	Pseudo	Time	Series	of	the	C. elegans	Embryo

Anthony Santella1, Irina Kolotuev2, Zhirong Bao1 1) Sloan Kettering Cancer Center, NY, NY, USA; 2) Université de Lausanne, 
Lausanne, Switzerland.

Advances in Electron Microscopy (EM) bring about the possibility of temporal analysis using staged samples over time as well 
as offering opportunities to gain insights by synthesizing EM with other imaging modalities. We present a pseudo time series of 
C. elegans embryonic development, four volumes covering around 2 hours particularly rich in development between 320 and 
475 minutes post first cleavage. This period encompasses neurulation, neural organogenesis and neuropil formation key events 
that build most of the major structures of the nervous system as well as critical events for many other organ systems. We 
correlate this EM data with florescence data spanning the first eight hours of embryogenesis. Every cell in the florescence data 
is identifiable via lineaging. To correlate these data sets we develop a novel computational method for alignment of identities 
between data sets in the challenging presence of spatial and temporal variation. This approach involves co-optimization of 
spatial alignment and the structure of labeled data based on a model of dynamic anatomy in the form of an adjacency graph 
with expected variation. This model captures both variable elements and consistent spatial proximity relationships. We identify 
every cell in three of the four time points. Identity results are accurate, ranging from 72 to 78 percent correct when assessed 
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against a large set of manual annotations based on position and morphology. This is better than any previously reported 
results for identifying all cells in an organism based on position alone. The resulting single cell level annotation allows efficient 
navigation of this large EM data set. We use the sequence to probe the interactions over time between different components 
within the nerve ring elucidating the relationship between the temporal and spatial location of initial outgrowths into the ring 
and ultimate structure. We also examine the interaction between cells during the formation of the amphid dendrite structure 
providing insight into the timing and succession of events at the inter and intra cellular level. Our observations only scratch the 
surface of the details available in the data set. We will provide the EM data with single-cell level annotation as a resource for 
the community.

114 A retrograde zippering mechanism regulates neurite placement in the C. elegans nerve ring

Titas Sengupta1, Noelle Koonce1, Mark Moyle1, Leighton Duncan1, Nabor Vázquez-Martínez1, Xiaofei Han2, Lin Shao1, Yicong Wu2, 
Anthony Santella3, Li Fan3, Zhirong Bao3, William Mohler5, Hari Shroff2,4, Daniel Colón-Ramos1,4,6 1) Department of Neuroscience 
and Department of Cell Biology, Yale University School of Medicine, New Haven, CT 06536, USA.; 2) Laboratory of High 
Resolution Optical Imaging, National Institute of Biomedical Imaging and Bioengineering, National Institutes of Health, 
Bethesda, MD 20892, USA.; 3) Developmental Biology Program, Sloan Kettering Institute, New York, NY 10065, USA.; 4) MBL 
Fellows, Marine Biological Laboratory, Woods Hole, MA 02543, USA; 5) Department of Genetics and Genome Sciences and 
Center for Cell Analysis and Modeling, University of Connecticut Health Center, Farmington, CT 06030, USA.; 6) Instituto de 
Neurobiología, Recinto de Ciencias Médicas, Universidad de Puerto Rico, San Juan 00901, Puerto Rico. .

A fundamental design principle of nervous systems is the grouping of neuronal contacts into layers within nerve bundles. 
The layered arrangement of neurites requires nanoscale precision in their placement within bundles, and this precision, 
which cannot be exclusively explained by simple tip-directed outgrowth dynamics, underpins synaptic specificity and circuit 
architecture. Here we implement novel imaging methods to document the specific placement of single neurites during the 
assembly of the C. elegans nerve ring. We uncover a retrograde zippering mechanism that controls precise placement of 
neurites along specific layers. Nanoscale precision in neurite placement is orchestrated via temporally-regulated expression of 
Ig adhesion molecule SYG-1. SYG-1 acts as an instructive signal, defining layer boundaries and guiding neurite zippering onto 
target neurons. SYG-1 acts through its canonical ligand SYG-2 and SYG-1 extracellular domains are sufficient for instructing 
neurite placement. Our study suggests that adhesion-mediated retrograde zippering might be an important developmental 
mechanism that coordinates neurite placement and synaptic connectivity within brain neuropil bundles in vivo.

115	 Temporal	Maturation	of	the	C.	elegans	Post-Embryonic	Nervous	System

HaoSheng Sun1, Oliver Hobert1 1) Columbia University.

In most animals, the majority of the nervous system is generated and assembled into neuronal circuits during embryonic 
development. However, during juvenile stages, nervous systems still undergo extensive anatomical and functional changes 
to eventually form a fully mature nervous system by the adult stage. The molecular changes in post-mitotic neurons across 
post-embryonic development and the genetic programs that control these temporal transitions are not well understood. Using 
the model organism C. elegans, we comprehensively characterized the distinct functional states (locomotor behavior) and 
corresponding distinct molecular states (transcriptome) of the post-mitotic nervous system across temporal transitions from 
early post-embryonic periods to adulthood. We observed pervasive changes in gene expression, many of which are controlled 
by the developmental upregulation of the conserved heterochronic miRNA lin-4/mir-125 and the subsequent promotion of a 
mature neuronal transcriptional program through the repression of its target, the transcription factor lin-14. The functional 
relevance of these molecular transitions are exemplified by a temporally regulated target gene of the lin-14 transcription 
factor, nlp-45, a neuropeptide-encoding gene. We found that nlp-45 is required for temporal transitions in exploratory 
activity across larval stages, across sexual maturation, and into a diapause arrest stage. Combined, these studies provide new 
insights into regulatory strategies that control neuron-type specific gene batteries to modulate distinct behaviors states across 
temporal, sex and environmental dimensions of post-embryonic development, and also provide a rich atlas of post-embryonic 
molecular changes to uncover additional regulatory mechanisms.

116	 cAMP	controls	a	trafficking	mechanism	that	directs	the	neuron	specificity	and	subcellular	placement	of	electrical	
synapses

Sierra Palumbos1, Rachel Skelton2, Steve Von Stetina2, Rebecca McWhirter2, David M Miller III2 1) Neuroscience, Vanderbilt 
University, Nashville, TN; 2) Cell and Developmental Biology, Vanderbilt University, Nashville, TN.
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Despite the functional importance of electrical synapses, the molecular mechanisms that direct the formation of neuron-
specific gap junctions remain largely unknown. To address this question, we identified targets of the UNC-4 transcription 
factor that controls connectivity in the C. elegans motor circuit. UNC-4 functions in VA motor neurons to direct the formation 
of gap junctions on the VA axon with the interneuron AVA (VA-AVA). Locomotion is disrupted in unc-4 mutants because VAs 
are miswired with electrical input from the interneuron AVB (VA-AVB) which aberrantly form on the VA soma. Thus, UNC-4 
controls both the specificity and subcellular placement of electrical synapses. We determined that UNC-4 blocks expression 
of two antagonists of cAMP, the phosphodiesterase, PDE-1, and the Go/Gi-coupled GPCR, FRPR-17, to prevent assembly of 
ectopic VA-AVB gap junctions. This finding suggests that cAMP signaling promotes the formation of functional wild-type VA-
AVA gap junctions. We validated this hypothesis by showing that optogenetic elevation of cAMP rescues the Unc-4 movement 
defect and thus restores VA-AVA circuit function. In addition, forced depletion of cAMP in VAs phenocopies unc-4 mutants. 
Because gap junction placement is shifted from the VA axon to cell soma in unc-4 mutants, we reasoned that trafficking of gap 
junction components could be perturbed. Live-cell imaging of the gap junction protein, GFP-UNC-9, confirmed that trafficking 
into the VA axon is strikingly impaired in unc-4 mutants. Genetic activation of cAMP signaling is sufficient to restore GFP-UNC-9 
trafficking in VAs. Thus, we propose that cAMP directs both the specificity and placement of electrical synapses by activating 
mechanisms that transport gap junction components into the VA axonal compartment. Although studies in cultured cells have 
implicated cAMP in gap junction assembly, our in vivo experiments now firmly establish that cAMP regulates the biogenesis of 
electrical synapses in an intact nervous system.

117	 How	do	neurexins	promote	presynaptic	development?

Marcos Schaan Profes1, Peri Kurshan1 1) Albert Einstein College of Medicine.

Synapse development is critical for the formation of neuronal networks while defects in synapse formation lead to 
neurodevelopmental disorders. Cell adhesion molecule signaling plays a prominent role in synapse formation, and strong 
evidence has emerged linking dysfunction of the cell adhesion molecule neurexin to autism spectrum disorders and 
intellectual disability. However, the precise role of this molecule in regulating synapse formation remains elusive. In humans, 
three neurexin genes are expressed as thousands of splice isoforms, all of which share a conserved intracellular domain. 
Understanding the intracellular signaling pathway mediated by neurexin may lead to the development of therapeutics for 
a multitude of neurexin-associated disorders. C. elegans has long been established as a powerful tool for gene discovery. 
To elucidate which proteins interact with neurexin’s intracellular domain (ICD) we are employing a recently developed 
enzyme-catalyzed proximity labeling method called TurboID. In TurboID, a protein of interest is tagged with a promiscuous 
labeling enzyme – the E. coli biotin ligase BirA – which biotinylates neighboring proteins located within a few nanometer 
radius. Biotinylated proteins are pulled down using streptavidin. To determine the appropriate position for insertion of BirA 
within neurexin’s ICD while not interfering with neurexin’s function, we engineered transgenes with various BirA locations. 
Transgenes carrying BirA inserted just before the C-terminal PDZ binding motif fully rescued the synaptic assembly defects 
observed in neurexin null mutants, so we chose this location for endogenous insertion via CRISPR/Cas9. The endogenously-
tagged BirA strain was then validated using our previously developed presynaptic assembly markers and showed no synaptic 
defects when compared to wild-type animals. Streptavidin pull-downs followed by mass spectrometry were performed using 
our endogenously-tagged neurexin-BirA strain and 70 potential neurexin ICD interactors were identified when compared to 
controls (cytosolic BirA and wild type strains). Of those, we are following up on 21 hits that, by gene ontology analysis, include 
cytoskeletal-related, endo/exocytitc, metabolic and adhesion processes. This approach will reveal the signaling pathway 
downstream of neurexin with the potential of identifying therapeutic targets widely applicable to various neurexin-associated 
disorders.

118	 Sensory	cilia	architecture	shapes	olfactory	response	dynamics

Alison Philbrook1, Piali Sengupta1 1) Brandeis University, Waltham, MA.

Structurally and functionally diverse sensory cilia house signal transduction molecules and play essential roles in olfaction, 
hearing, and photoreception. Complex cilia morphologies dictate the concentration and organization of signaling molecules 
within them, and are thus considered critical for precisely shaping sensory responses. However, the contribution of unique cilia 
morphologies to sensory signaling is poorly understood. Chemosensory neurons in C. elegans are specialized to respond to 
unique subsets of chemical and other stimuli and exhibit a range of morphologically distinct cilia. Cilia are built by the process 
of intraflagellar transport (IFT) which traffics structural and signaling components into and out of cilia. Mutations in IFT genes 
result in severe cilia structural defects. We and others have found that while mutations in IFT genes abolish chemical responses 
in a subset of chemosensory neurons, surprisingly, primary odorant responses in neurons containing complex ‘wing’ cilia are 
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unaffected in these mutants. Instead, these neurons exhibit defects in sensory adaptation and desensitization. To decouple the 
contributions of cilia morphology and IFT to odorant responses, we generated a temperature-sensitive mutation in a C. elegans 
kinesin motor protein. Upon shift to the restrictive temperature, IFT is acutely blocked without immediate disruption of cilia 
morphology. We find that a minimal cilium length is required for odorant detection in rod-like simple cilia. However, in wing 
cilia, their morphological complexity shapes desensitization but not adaptation of the sensory response. Instead, regulated 
trafficking of G protein-coupled receptors (GPCRs) may drive adaptation to odorants. Our results suggest that signaling-
dependent removal of GPCRs is mediated by phosphorylation via the G-protein coupled receptor kinase GRK-2, followed by 
BBSome-mediated ciliary exit of GPCRs. We also identify a role for arrestin-mediated endocytosis of GPCRs at the cilia base 
in shaping sensory response dynamics. Together, our work demonstrates how specialized cilia morphologies contribute to 
the unique responses of individual chemosensory neurons in C. elegans, and highlights the importance of ciliary structural 
diversity in shaping sensory behaviors.

119	 Mechanisms	of	selective	neuron-glia	attachment

Leland Wexler1,2, Elizabeth Cebul1,2, Maxwell Heiman1,2 1) Boston Childrens Hospital; 2) Harvard Medical School.

Glial cells form specialized attachments to selective subtypes of neurons, but how such selective neuron-glia pairing occurs 
remains unknown. To address this question, we have focused on two sensory neurons, called URX and BAG, that extend 
dendrites to the nose tip and form exclusive stereotyped attachments to a single glial partner, the lateral ILso glial cell. Using 
forward and candidate genetic screens, we identified several factors that are required during embryogenesis for this neuron-
glia interaction, including the cytoplasmic scaffolding proteins GRDN-1 and MAGI-1 and the adhesion molecules SAX-7 and 
HMR-1. We find that, in wild-type embryos, URX and BAG dendrites attach near the developing nose and stretch to their full 
lengths during embryo elongation, while in mutants the URX and BAG dendrites detach from the nose as early as the two-fold 
stage of embryogenesis, resulting in severely shortened dendrites in mature animals. Interestingly, in two-fold stage embryos, 
the BAG dendrite ending is already adjacent to lateral ILso glia, while the URX dendrite ending is near a different group of glia, 
leading to the hypothesis that the mature attachment of URX to ILso glia develops in a stepwise manner through transient 
interactions with other glia. Consistent with this hypothesis, we find that expression of GRDN-1 in all glia, but not in ILso alone, 
rescues URX dendrite development. We have developed novel imaging tools that enable us to visualize these intermediary 
contacts of URX with other glia. Preliminary data suggest that grdn-1 mutants exhibit expansion of the apical region of glia, 
reminiscent of apical constriction defects that have been reported upon knockdown of the vertebrate homolog of GRDN-1 
in neuroepithelia. Further, we find that glia-specific depletion of the canonical apical polarity determinant PAR-3 causes URX 
dendrite extension defects that recapitulate the defects seen in grdn-1 mutants. Together, these results point to an unexpected 
role for apical polarity pathways in glia being required to guide the URX dendrite to form its mature neuron-glia attachment.

120	 The	optogenetic	voltage	clamp	(OVC)	–	A	closed-loop	all-optical	approach	for	true	optogenetic	control	of	muscles	
and neurons in live animals

Amelie C.F. Bergs1, Jana F. Liewald1, Qiang Liu2, Nadja Zeitzschel1, 3, Hilal Durmaz1, Johannes Vierock4, Cornelia I. Bargmann2, 
Peter Hegemann4, J. Simon Wiegert5, Alexander Gottschalk1 1) Buchmann Institute for Molecular Life Sciences and Institute 
of Biophysical Chemistry, Goethe University, Frankfurt, Germany; 2) Lulu and Anthony Wang Laboratory of Neural Circuits 
and Behavior, The Rockefeller University, New York, USA; 3) present address: Department of Biochemistry and Biophysics, 
Stockholm University, Stockholm, Sweden; 4) Institute for Biology, Experimental Biophysics, Humboldt University Berlin, Berlin, 
Germany; 5) Research Group Synaptic Wiring and Information Processing, Center for Molecular Neurobiology Hamburg, 
University Medical Center Hamburg-Eppendorf, Hamburg, Germany.

Unlike voltage-clamp electrophysiology, optogenetics allows perturbation, but not true control of neural activity. We thus 
established an all-optical optogenetic voltage clamp (OVC), in which fast, live readout of the cell membrane potential is used 
to generate light-based feedback, which is sent to optogenetic actuators for de- or hyperpolarization to clamp the cell at a 
distinct potential. To this end, we combined two opposing rhodopsins with a genetically encoded voltage indicator, embedded 
in a software-based live closed-loop feedback system. This way, the OVC synergistically combines the non-invasive character of 
imaging methods with the control capabilities of electrophysiological methods in live animals.

To probe the performance of the OVC, we used different excitable cell types. First, we established the approach in easily 
accessible muscle cells, where different configurations allowed reliable clamping of their membrane potential. Second, we 
turned to the spontaneously spiking pharyngeal muscle, that produces action potentials at around 4 Hz, and which the OVC 
could follow and clamp in a dynamic fashion. Third, we tested the OVC on cholinergic and GABAergic motor neurons, where 
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it equally reliably allowed to clamp their membrane potential based on the voltage sensor fluorescence. Finally, we tested 
applicability of the OVC in the GABAergic motor neuron DVB, that activates expulsion muscle contraction during the defecation 
motor program, by producing action potential like activity every 45-50 s. Last, we also calibrated fluorescence signals to 
electrically measured membrane voltages.

Live computation of acquired fluorescence data streams allowed achieving a refresh rate of up to 90 Hz, where the OVC 
can reliably clamp relative changes in fluorescence between -5 to 5 % ΔF/F0 in all targeted tissues. An additional version 
of our software enables the live selection of distinct holding values by the experimenter, facilitating an instant response 
to observed activities of the clamped cell. Our software works independent of the combination of optogenetic tools and 
hardware components, thus the OVC approach should be easily transferrable to other organisms, but also to cultured cells. 
Outperforming standard patch-clamp electrophysiology in terms of non-invasiveness, throughput and ease of application, the 
OVC paves the way for true all-optical control of individual neurons in freely behaving animals.

121	 Real-time	volumetric	whole-animal	imaging	at	cellular	resolution	with	SCAPE	microscopy	in	NeuroPAL	worms

Wenwei Richard Yan1, Wenzi Li1, Eviatar Yemini2, Oliver Hobert2, Elizabeth M. C. Hillman1 1) Department of Biomedical 
Engineering, Zuckerman Mind Brain Behavior Institute, Columbia University, New York, NY, USA; 2) Department of Biological 
Sciences, Howard Hughes Medical Institute, Columbia University, New York, NY, USA.

Recording neural activity at single cell resolution during unrestrained behavior holds tremendous potential for investigating 
the C. elegans neural code on a global scale. As fluorescent calcium indicators and 3D microscopy speeds have improved, 
recording from 100’s of cells in moving worms has become feasible. However, 2 problems remain 1) being able to extract 
robust information from individual cells in a moving worm, and 2) knowing the defined identity of each individual tracked 
cell. Recently, a novel C. elegans strain termed NeuroPAL was developed that labels individual neuronal identities via a 
stereotypical multi-color fluorescence map. To harness the power of this worm we developed a high-speed multispectral 
volumetric microscopy platform with sub-cellular resolution, optimized for the NeuroPAL worms. Our SCAPE microscopy-
based approach uses a scanning oblique light sheet which provides low phototoxicity and optical sectioning capabilities in a 
convenient single-objective geometry compatible with common C. elegans sample mounting procedures. The system’s multi-
laser launch, spectral image splitter and high-speed intensified camera make it possible to rapidly acquire a fully 3D NeuroPAL 
image in under 0.3 s. These scans can be interspersed with dual channel imaging of GCaMP and RFP with 0.33 x 0.67 x 0.25 µm 
sampling density over a 310 x 210 µm FEP-covered agarose arena at 13 volumes per second. The resulting data suggests much 
simpler tracking of uniquely identifiable cells throughout the worm, and analysis of the cellular calcium dynamics during free 
behavior.

123	 HPK-1	prevents	the	decline	of	proteostasis	through	neuroendocrine	control	of	the	proteostatic	network

Maria Lazaro-Pena1, Carlos Diaz-Balzac2, Ritika Das1,3,4, Andrew Samuelson1 1) Department of Biomedical Genetics, University 
of Rochester Medical Center, Rochester, New York, USA; 2) Division of Endocrinology, Diabetes and Metabolism, Department 
of Medicine, University of Rochester Medical Center, Rochester, New York, USA ; 3) Department of Biology, University of 
Rochester, Rochester, New York, USA; 4) Department of Cell Biology, Skirball Institute of Biomolecular Medicine, NYU School of 
Medicine, New York, New York, USA.

The progressive decline of cellular proteostasis is a hallmark of normal organismal aging, and is the basis for the onset and 
progression of a growing number of neurodegenerative diseases, such as Alzheimer’s, Parkinson’s, and Huntington’s disease. 
These diseases share a common characteristic: the accumulation of proteotoxic aggregates that result in cellular dysfunction 
and death. Proteotoxic disease is opposed by a cellular proteostatic network (PN) of approximately 1500-2000 proteins, 
which maintain the proteome by balancing rates of protein synthesis, degradation, folding, and sequestration. We have 
identified the transcriptional cofactor HPK-1 (homeodomain-interacting protein kinase) as an important PN component that 
preserves proteostasis and extends longevity. We find HPK-1 is primarily expressed in the nervous system during adulthood. 
Loss of neuronal hpk-1 shortens lifespan, while neuronal overexpression of hpk-1 is sufficient to increase lifespan. Neuronal 
HPK-1 is responsive to both acute heat shock and chronic nutritional stress, suggesting HPK-1 may act within the nervous 
system to integrate diverse signals and coordinate adaptive responses within the PN. We investigated whether HPK-1 acts cell 
autonomously in neurons to mediate stress response and proteostasis, or alternatively functions cell non-autonomously from 
neurons to regulate these processes in peripheral tissues. Neuronal loss of hpk-1 hastens the collapse of both neuronal and 
muscle proteostasis. Conversely, neuronal overexpression of hpk-1 delays the progressive decline of both neuronal and muscle 
proteostasis. Neuronal HPK-1 overexpression produces a paracrine signal to hyper-induce molecular chaperone expression 
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locally and a neuroendocrine signal to induce autophagy in peripheral tissues. To further investigate the non-cell autonomous 
regulation of neuronal HPK-1, we expressed HPK-1 in different types of neurons and found that overexpression of HPK-1 
in serotonergic and GABAergic neurons is sufficient to preserve proteostasis in the muscle. Interestingly, overexpression of 
HPK-1 in serotonergic neurons, but not in GABAergic neurons, is sufficient to increase heat stress resistance, suggesting HPK-1 
exerts a different PN function in these types of neurons to preserve proteostasis. Overexpression of HPK-1 in single types of 
neurons is not sufficient to increase lifespan, suggesting that its combinatorial roles in neuronal cell-types is required to extend 
longevity. Collectively, our results position HPK-1 at a central regulatory node acting from the nervous system, upstream of the 
greater PN, by exerting distinct but complementary roles in different types of neurons.

124 What C. elegans	can	tell	us	about	the	misfolded	tau	toxicity?

Carmina Natale1, Maria Monica Barzago1, Margherita Romeo1, Gloria Vegliante1, Elena Restelli1, Luca Colnaghi1, Luca 
Russo1, Laura Colombo1, Franca Orsini1, Luana Fioriti1, Roberto Chiesa1, Elisa R Zanier1, Luisa Diomede1 1) Istituto di Ricerche 
Farmacologiche Mario Negri IRCCS.

Abnormal tau phosphorylation and aggregation into bundles of filaments in the central nervous system is a common feature 
of a heterogeneous group of pathologies called tauopathies. Similarly to other misfolded proteins, tau oligomers more than 
fibrillar assemblies, have been suggested to be the main responsible of toxicity. Hyperphosphorylated tau is able to spread in 
the brain exerting its toxic function through a non-cell-autonomous mechanism.

With hypothesis that abnormal tau conformers play a causal role in driving toxicity, we conceived an original, integrated 
approach involving the use of recombinant human wild-type (WT) tau or tau carrying P301L mutation, cells overexpressing tau 
P301L, brain homogenates from WT or transgenic mice overexpressing tau P301L and C. elegans. Cerebral homogenates from 
chronic traumatic brain injured (TBI) mice, showing widespread tau pathology, were also employed.

We found that recombinant tau oligomers, but not monomers, induced functional deficits in C. elegans consisting on 
neuromuscular impairment and altered synaptic transmission. Results were similar when worms were exposed to brain 
homogenates from P301L or TBI mice. These defects were not mediated by the C. elegans’ endogenous tau homolog protein 
with tau-like repeats (PTL-1), which has high level of sequence homology with the repeat region of mammalian microtubule 
associated protein (MAP)2, MAP4 and tau, as indicated by experiment performed in ptl-1 knock-out worms.

Harsh protease digestion to eliminate the protein component of the brain homogenates from TBI or P301L mice, pre-
incubation with anti-tau antibodies or tau depletion by immunoprecipitation, abolished the toxicity indicating a pivotal role of 
abnormal tau conformers.

These findings indicate that C. elegans represents a tractable model to investigate in vivo the toxicity of misfolded/
aggregated tau, assessing its impact on neuromuscular function. They support a vital role of abnormal tau species in chronic 
neurodegeneration and set the groundwork for the development of a C. elegans-based platform for screening anti-tau 
compounds to interfere with the consequences of tauopathies.

125	 The	Mitochondrial	Permeability	Transition	Pore	Activates	a	Maladaptive	Mitochondrial	Unfolded	Protein	Response

Suzanne Angeli1, Anna Foulger1, T. Harshani Peiris1, Akos Gerencser1, Manish Chamoli1, Azar Asadi Shahmirzadi1,2, Julie 
Andersen1,2, Gordon Lithgow1,2 1) Buck Institute for Research on Aging, Novato, CA; 2) USC Leonard Davis School of Gerontology, 
University of Southern California, Los Angeles, CA.

Mitochondrial activity determines aging rate and the onset of chronic diseases. The mitochondrial permeability transition 
pore (mPTP) is a pathological channel that forms in the inner mitochondrial membrane in response to excessive cytosolic Ca2+ 
or high ROS conditions. Sustained opening of the mPTP leads to outer mitochondrial membrane rupture, release of Ca2+ into 
the cytosol, and cell death. As mitochondrial function declines with age, the frequency of the mPTP increases. The mPTP is 
central to early-stage pathologies associated with several age-related diseases, including Alzheimer’s and Parkinson’s disease 
(AD, PD) and late-stage pathologies of ischemia-reperfusion injuries, including heart attack and stroke. The mPTP is thought 
to be composed of the F-ATP synthase (complex V) and its membrane-bound H+ rotor is thought to facilitate pore opening. 
Oligomycin sensitivity-conferring protein (OSCP), another subunit of F-ATP synthase, helps protect against the mPTP, while its 
destabilization helps promote the mPTP. We have found that loss of OSCP in the nematode Caenorhabditis elegans initiates the 
mPTP and shortens lifespan specifically during adulthood, in part via initiation of the mitochondrial unfolded protein response 
(UPRmt). Pharmacological or genetic inhibition of the mPTP, including loss the H+ rotor, inhibits the adult UPRmt and restores 
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lifespan. Loss of the H+ rotor during adulthood also extends lifespan, suggesting that the mPTP normally promotes aging. Our 
findings reveal how the mPTP/UPRmt nexus may contribute to aging and age-related diseases and how inhibition of the UPRmt 
may be protective under certain conditions.

126	 TCER-1-regulated	alternative	splicing	promotes	stress	resilience

Francis RG Amrit1, Julia Loose1, Andreas Pfenning2, Hidehito Kuroyanagi3, Arjumand Ghazi1,4 1) School of Medicine, University 
of Pittsburgh, Pittsburgh, PA; 2) Computational Biology Department, Carnegie Mellon University, Pittsburgh, PA; 3) Medical 
Research Institute, Tokyo Medical and Dental University, Tokyo; 4) Departments of Developmental Biology and Cell Biology & 
Physiology, University of Pittsburgh, Pittsburgh, PA.

Alternative RNA splicing augments proteomic biodiversity in eukaryotes, and has an emerging role in regulating longevity. 
This process has been shown to have various roles based on physiological demands including those in response to external 
stimuli. Here, we show that in the nematode Caenorhabiditis elegans, exposure to the Gram-negative pathogen, Pseudomonas 
aeruginosa, induces a shift in alternative splicing. In vivo analysis of transgenic reporters of splicing fidelity showed significant 
splicing changes in multiple tissues. Based on our recent discovery that TCER-1, worm homolog of the human transcription 
elongation and splicing factor, TCERG1, represses innate immunity in worms, we examined the role of TCER-1 in the 
modulation of splicing upon pathogen exposure. tcer-1 mutants exhibited aberrant splicing regulation in multiple tissues, 
and transcriptomic analysis identified 54 exon-skipping and 468 intron retention events upon tcer-1 inactivation. In vivo 
analyses of these events revealed a TCER-1 dependent splicing pattern that correlated with our stress resilience phenotypes. 
Further, CRISPR-mediated recreation of alternative splicing observed in tcer-1 mutants enhanced immunoresistance and 
motor function. Together our findings bring to the forefront the important role of alternative splicing in stress resilience and 
healthspan, and reveal TCER-1- to be a major regulator of this process.

127	 Embryo	Integrity	Regulates	Maternal	Proteostasis	and	Stress	Resilience

Ambre Sala1, Laura Bott1, Renee Brielmann1, Richard Morimoto1 1) Department of Molecular Biosciences, Rice Institute for 
Biomedical Research, Northwestern University, Evanston, USA .

The proteostasis network (PN) comprises the cellular machineries that regulate protein synthesis, folding, and degradation, 
to promote proteome integrity. Reduced functionality of the PN during aging results in the accumulation of misfolded and 
aggregated species that are detrimental for cellular health, and is a hallmark of many age-associated diseases. In multicellular 
organisms, the PN is regulated by transcellular communication to coordinate proteostasis across tissues and organs in response 
to physiological and environmental stimuli. The reproductive system in particular is a critical tissue for proteostasis regulation, 
and signals from the germline initiate the decline of somatic proteostasis and cellular stress responses at reproductive maturity 
in C. elegans. Here we show that stress resilience and proteostasis are also regulated by embryo-to-mother communication 
in reproductive adults. To identify genes that act directly in the reproductive system to influence somatic proteostasis, we 
performed a tissue-targeted RNAi screen for germline modifiers of muscle polyglutamine aggregation. We found that inhibiting 
the formation of the extracellular vitelline layer of the fertilized embryo inside the uterus suppresses aggregation in multiple 
somatic tissues and improves maternal stress resilience in an HSF-1-dependent manner. Damage to the vitelline layer of the 
embryo also prevents the collapse of the heat shock response that normally occurs in early adulthood. This embryo-to-mother 
pathway relies on DAF-16/FOXO activation in vulva tissues to maintain organismal stress resilience, suggesting that the vulva 
senses the integrity of the fertilized embryo to detect damage and initiate the organismal response. Gene expression analysis 
of vitelline layer defective animals using RNA sequencing also revealed that genes involved in lipid metabolism are activated, 
which is accompanied by elevated fat stores, suggesting a link between fat metabolism and proteostasis in these animals. Our 
findings reveal a previously undescribed transcellular pathway that links the integrity of the developing progeny to somatic 
proteostasis regulation and lipid metabolism in the parent. This pathway may serve to reassess commitment to reproduction 
and promote somatic endurance when progeny production is compromised.

128	 A	neuronal	thermostat	controls	membrane	fluidity	in	C. elegans

Laetitia Chauve1, Francesca Hodge1, Sharlene Murdoch1, Fatemeh Masoudzadeh1, Andrea Lopez-Clavijo1, Hanneke Okkenhaug1, 
Greg West1, Anne Segonds-Pichon1, Cheryl Li1, Steven Wingett1, Michael Wakelam1, Hermine Kienberger2, Karin Kleigrewe2, 
Olivia Casanueva1 1) Babraham Institute, Cambridge, United Kingdom; 2) Bavarian Center for Biomolecular Mass Spectometry, 
Freising, Germany.



Abstracts

23rd International C. elegans Conference     |    49

Cells adapt to temperature shifts by adjusting lipid desaturation levels and the fluidity of membranes in a process dependent 
on fatty acid desaturase enzymes, and which is thought to be controlled cell autonomously. We have discovered that subtle, 
step-wise increments in ambient temperature can lead to the conserved heat shock response being activated in head neurons 
of C.elegans. This response is exactly opposite to the expression of the lipid desaturase FAT-7 in the worm’s gut with respect to 
temperature.

We use neuronal overexpression of hsf-1, the master regulator of the heat shock response, as a tool to study the consequences 
of the heat shock response in neurons. We find that over-expression of hsf-1, in neurons, causes extensive fat remodeling to 
occur across tissues. These changes include a decrease in fat-7 desaturase expression and an increase in acid lipase expression 
in the intestine, as well as a shift in the levels of unsaturated fatty acids in the plasma membrane. These shifts are in line with 
membrane fluidity requirements to survive in warmer temperatures. This is further supported by our lifespan data showing 
that neuronal over-expression of hsf-1 is more beneficial at warmer temperatures. Knocking down hsf-1 specifically in neurons 
revealed that endogenous HSF-1 in neurons is not only sufficient, but also partially necessary to control the fat remodellling 
response in distal tissues.

We find that the cGMP receptor, TAX-2/TAX-4, expressed in a subset of at least six sensory neurons, as well as TGF-β/BMP 
signaling, are key players in the transmission of neuronal stress to peripheral tissues. This suggests that a thermostat-based 
mechanism can centrally coordinate membrane fluidity in response to warm temperatures across tissues in multicellular 
animals.

129	 Neuronal	HLH-30/TFEB	Regulates	Longevity	and	Heat	Stress	Resistance	Via	Distinct	Non-Cell	Autonomous	
Mechanisms

Shiquan Wong1, Catherine Ryan1, Louis Lapierre1 1) Brown University.

Transcription factor EB (TFEB) is the central transcriptional activator of the autophagy-lysosomal pathway and is important 
for organismal lifespan regulation and stress resistance. However, the tissue-specific autonomous and non-autonomous 
mechanisms orchestrated by TFEB are not well understood. As neurons constitute an important tissue for coordinating 
organism-wide processes, we investigated the neuronal role of TFEB in stress resistance and longevity. To this end, the C. 
elegans TFEB orthologue, hlh-30, was pan-neuronally expressed against a ubiquitous hlh-30 loss-of-function background. 
Findings indicated that while neuronal HLH-30/TFEB is important for the enhanced longevity of daf-2 insulin/insulin-like 
growth factor receptor signaling (IIS) mutants, it was insufficient to extend the shortened lifespan of hlh-30 loss-of-function 
mutants. Surprisingly, neuronal HLH-30/TFEB reconstitution mediated robust improvements in thermoresistance in hlh-30 
but not daf-2 mutants, suggesting divergent mechanisms of longevity and thermoprotection that can be decoupled with 
the IIS pathway. Since DAF-16/FOXO is the primary transcription factor responsible for the extended lifespan and improved 
thermotolerance of daf-2 IIS mutants, we sought to investigate its non-cell autonomous requirement for neuronal HLH-30/
TFEB-mediated longevity and thermoresistance. Preliminary findings suggest a synergism of neuronal HLH-30/TFEB with 
non-neuronal DAF-16/FOXO in lifespan extension but not thermoresistance. Instead, the uncharacterized gene W06A11.1 was 
identified as a bona fide mediator of thermoresistance which is non-cell autonomously required by neuronal HLH-30/TFEB 
for effecting thermoprotection. Taken together, these findings indicate a decoupling of the longevity and thermoprotective 
mechanisms of neuronal HLH-30/TFEB. As TFEB is an emergent target for the treatment of neurodegenerative and age-related 
diseases, findings herein reveal novel and potentially targetable TFEB-associated mechanisms.

130 Caenorhabditis elegans processes sensory information to choose between freeloading and self-defense strategies

Jodie Schiffer1, Francesco Servello1, William Heath1, Francis Raj Ghandi Amrit2, Stephanie Stumbur1, Matthias Eder3, Olivier 
Martin3, Sean Johnsen1, Julian Stanley1, Hannah Tam1, Sarah Brennan1, Natalie McGowan1, Abigail Vogelaar1, Yuyan Xu1, William 
Serkin1, Arjumand Ghazi2,4, Nicholas Stroustrup3,5, Javier Apfeld1 1) Biology Department, Northeastern University, Boston, MA; 
2) Department of Pediatrics, University of Pittsburgh School of Medicine, Pittsburgh, PA; 3) Centre for Genomic Regulation 
(CRG), The Barcelona Institute of Science and Technology, Barcelona, Spain; 4) Departments of Developmental Biology and 
Cell Biology and Physiology, University of Pittsburgh School of Medicine, Pittsburgh, PA; 5) Universitat Pompeu Fabra (UPF), 
Barcelona, Spain.

Hydrogen peroxide is the preeminent chemical weapon that organisms use for combat. Individual cells rely on conserved 
defenses to prevent and repair peroxide-induced damage, but whether similar defenses might be coordinated across cells 
and tissues in animals remains poorly understood. Here, we screen a collection of sensory neuron genetic ablations in the 
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nematode C. elegans to determine their effects on resistance to peroxide. We identify a neuronal circuit that processes 
information perceived by two of those sensory neurons to control the induction of hydrogen peroxide defenses in the 
organism. In the presence of E. coli, C. elegans’food source, the animal’s neurons signal via TGFb-insulin/IGF1 relay to target 
tissues to repress expression of catalases and other hydrogen peroxide defenses. We found that catalases produced by E. coli 
can compensate for the animal’s downregulation of catalases by depleting hydrogen peroxide from the local environment and 
thereby protecting C. elegans. This adaptive strategy is the first example of a multicellular organism modulating its defenses 
when it expects to freeload from the protection provided by molecularly orthologous defenses from another species.

131	 Inheritance	of	associative	memories	in	C. elegans

Noa Deshe1, Yifat Eliezer,1, Lihi Hoch,1, Eyal Itskovits,1, Shachaf Ben-Ezra1, Alon Zaslaver*1 1) The Hebrew University of Jerusalem.

Organisms often face changing environments; hence, the ability to predict future conditions is essential for survival. 
Associative memories play a central role in this regard, as memory reactivation generates fast physiological responses that 
aid in coping with impending developments. But could these valuable associative memories be transferred to subsequent 
generations? We show that parental associative memories of traumatic experiences are indeed inheritable. We trained 
worms to associate a naturally favorable odor with starvation. Subsequent odor-evoked memory reactivation induced stress. 
Surprisingly, the stressful associative memory was also transmitted to the F1 and F2 generations, even though these animals 
were never exposed to the odorant before. Moreover, the stress responses provided both the parents and the offspring with a 
fitness advantage. The sperm, but not the oocytes, transmitted the associative memory, and a candidate-gene screen revealed 
that H3K9 methylation and the RNAi machinery underlie these heritable responses. Furthermore, activation of a single 
chemosensory neuron (AWCOFF) sufficed to induce a systemic stress response in both the parents and their progeny, suggesting 
that this neuron is part of the memory engram. Our findings provide an important evidence, to the yet debatable idea, that 
associative memories can be inherited

133 Repeated Sampling of Caenorhabditis elegans Across the Hawaiian Islands Reveals Spatiotemporal Patterns of 
Genetic Diversity

Tim Crombie1, Claire Buchanan1, Daniel Cook1,2, Clayton Dilks1,2, Kathryn Evans1,2, Daehan Lee1, Dan Lu1, Lewis Stevens1, Loraina 
Stinson1,2, Robyn Tanny1, Nicole Roberto1, Ye Wang1, Gaotian Zhang1, Stefan Zdraljevic3, Erik Andersen1,2 1) Department of 
Molecular Biosciences, Northwestern University, Evanston, IL 60208, USA; 2) Interdisciplinary Biological Sciences Program, 
Northwestern University, Evanston, IL 60208, USA; 3) Department of Human Genetics and HHMI, University of California, Los 
Angeles, CA.

Caenorhabditis elegans isolated from the Hawaiian Islands are known to harbor a high degree of genetic diversity relative 
to non-Hawaiian isolates. It was recently suggested that Hawaiian C. elegans can be partitioned into at least four genetically 
distinct groups. An analysis of geospatial environmental data further suggested that the genetic groups might associate with 
environmental parameters such as elevation and temperature, although the sample size for that study was small (n = 43 
isolates). To better characterize the niche and genetic diversity of Hawaiian C. elegans and further define the associations of 
genetic groups with environmental parameters, we sampled different substrates and niches across the Hawaiian Islands six 
times over a three-year period. In total, we isolated 7,107 nematodes from 2,400 of 4,506 substrate samples (53% success 
rate). Among the nematodes we isolated, we identified five Caenorhabditis species, including 499 C. elegans, 377 C. briggsae, 
and 55 C. tropicalis isolates. We measured several environmental parameters at each sampling site and combined them 
with environmental parameters from geospatial databases to reveal that C. elegans is typically found in cooler and relatively 
drier climates at higher elevation than the other two selfing Caenorhabditis species. We isolated C. elegans most frequently 
from montane-alpine mesic forest habitat dominated by plant species native to the Hawaiian Islands. When possible, we 
cryopreserved C. elegans isolates and sequenced their genomes. To date, including Hawaiian isolates from collaborators, we 
have sequenced the genomes of 505 Hawaiian C. elegans isolates. With these data, we grouped the isolates into 163 isotypes 
(strains belonging to a single isotype have >0.9997 genome-wide concordance). We found that some of the isotypes were 
collected from the same locations over the three-year sampling period, and most of the collections of the same isotype were 
found within 500 meters of each other. Principal component analysis (PCA) of genetic variation revealed that the 163 isotypes 
fall into seven genetically distinct groups, three more than previously found on the islands with a smaller sample. Taken 
together, our findings begin to outline the spatiotemporal patterns of C. elegans genetic diversity on the Hawaiian Islands 
and raise new questions about evolutionary forces driving the genetic structure we have uncovered. For example, are these 
groups isolated by ecological or geographic distances, or perhaps both, and to what extent do reproductive incompatibilities 
contribute to the structure we have observed?
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134	 Natural	genetic	variation	in	irld genes modifies insulin signaling to influence starvation resistance

Amy Webster1, Rojin Chitrakar1, Maya Powell1, Jingxian Chen1, Kinsey Fisher1, Robyn Tanny2, Lewis Stevens2,3, Kathryn Evans2, 
Igor Antoshechkin4, Erik Andersen2, Ryan Baugh1 1) Duke University, Durham, NC; 2) Northwestern University, Evanston, IL; 3) 
Wellcome Sanger Institute, Hinxton, UK; 4) California Institute of Technology, Pasadena, CA.

The genetic basis of natural variation in starvation resistance is not well understood though it is a fundamental, biomedically 
important trait. We developed a population selection and sequencing approach (MIP-seq) to measure starvation resistance for 
a large number of wild C. elegans strains in a single culture. We identified three quantitative trait loci (QTL) affecting starvation 
resistance. These QTL overlap with hyper-divergent regions and contain multiple members of several large gene families 
involved in environmental interactions. In particular, we identified 16 members of the insulin/EGF receptor-like domain (irld) 
family with variants within starvation resistance QTL. We generated and assayed loss-of-function mutations for four irld family 
members, all of which increased starvation resistance. We show that the transcription factor daf-16/FoxO, a critical effector 
of insulin/insulin-like growth factor signaling (IIS) known to promote starvation resistance, is required for increased resistance 
of irld-39; irld-52 mutants, that these mutants affect DAF-16 target gene expression, and that the IIS receptor daf-2/InsR is 
epistatic to these irld genes. We propose that IRLD proteins bind insulin-like peptides (ILPs) to modify signaling in the sensory 
nervous system thereby affecting organismal physiology. This work demonstrates the efficacy of using population sequencing 
to investigate natural variation of a complex trait, and it identifies irld genes that regulate IIS and starvation resistance. 
Furthermore, it shows that variation in a rapidly evolving large gene family modifies activity of a deeply conserved signaling 
pathway to affect a fitness-proximal trait.

135	 Complex	interactions	among	quantitative	trait	loci	explain	natural	variation	in	C. elegans germ stem cell niche 
activity

Sarah Fausett1, Asma Sandjak2, Bénédicte Billiard2, Christian Braendle2 1) University of North Carolina Wilmington - Wilmington, 
NC, USA; 2) Université Côte d’Azur, CNRS, Inserm, iBV - Nice, France .

A fundamental goal of evolutionary biology is to understand the divergence of genetic and developmental mechanisms 
underlying the great diversity of organismal life histories. Comparison among distant taxa cannot easily address this issue 
due to high complexity; however, it is possible to investigate the quantitative genetic architecture underlying life history 
and developmental phenotypes within species. Here we show that C. elegans wild isolates from around the globe display 
extensive size variation of the germline mitotic zone (MZ), indicative of variation in germline proliferative activity. To learn 
more about the molecular genetic differences underlying such natural variation in the C. elegans germ stem cell niche, we 
focused on two wild isolates, JU1200 and JU751, with strong differences in the size of total germline and mitotic compartment. 
Quantification of MZ size in ~70 F2 recombinant inbred lines (RILs) derived from the parental cross between these two isolates 
and subsequent quantitative trait locus (QTL) mapping identified a large-effect QTL on chromosome II (~7.25 Mb) that acts 
additively with a QTL on chromosome V (~2.6Mb). Together, these two loci explain 32% of the observed phenotypic variation, 
suggesting that there are other small effect loci in the genetic background important in determining MZ size. While efforts to 
identify causal variants in the chromosome II QTL region were unsuccessful, we were able to investigate a promising candidate 
variant within the chromosome V QTL. Through CRISPR-Cas9 gene editing, we demonstrate that this variation, a 150bp 
deletion upstream of lag-2 containing a BHLH-2 binding site, strongly affects MZ size in the JU1200 genetic background but not 
in the JU751 background. We find a similar but weaker interaction between this locus and the chromosome II QTL. Finally, we 
demonstrate surprisingly complex three-way interactions between the genetic background, the chromosome II QTL, and the 
150 bp deletion upstream of lag-2. Together, our results identify a specific molecular variant affecting a cellular process that 
ultimately regulates reproductive potential, and they shed light on the complex, quantitative genetic architecture underlying 
natural variation in a germ stem cell niche.

136 Genomic analysis of natural Stenotrophomonas bacteria and their effects on wild and domesticated C. elegans

Leah Radeke1, Joshua Herr2, Michael Herman1 1) School of Biological Sciences, University of Nebraska-Lincoln, Lincoln, NE; 2) 
Department of Plant Pathology, University of Nebraska-Lincoln, Lincoln, NE.

Natural isolates of Caenorhabditis elegans are found in rotting vegetation in association with a multitude of bacteria (Dirksen 
et al., 2016). Interestingly, the microbiomes of nematodes isolated from different substrates appear to harbor a common set 
of bacterial genera (Zhang et al., 2017). Among these are members of the Stenotrophomonas genus. While not specifically 
identified yet as a component of the C. elegans microbiome, certain strains of Stenotrophomonas maltophilia have been 
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shown to reduce C. elegans survivorship and evade host defense responses (White et al., 2016, Radeke and Herman, 2020). 
We have found that S. maltophilia strains are differentially virulent to C. elegans and show both common and strain-specific 
transcriptomic responses (White et al., 2018, Radeke and Herman, 2020). In addition, comparison of S. maltophilia genomes 
revealed that most S. maltophiliagenes are strain-specific, suggesting that many potential virulence factors are unique.

In order to determine whether these observations reflect natural interactions, we explored the interactions between three 
natural C. elegans strains and 12 Stenotrophomonas sp. previously isolated from the C. elegans microbiomes of each strain 
or surrounding environment (obtained from the Félix, Samuel and Schulenberg laboratories). Survivorship analysis and brood 
counts, used as a measure of fitness, revealed that these natural Stenotrophomonas isolates showed variations in virulence 
and fecundity to the C. elegans natural strains and N2. Moreover, we found variation in survival and fecundity between each 
natural nematode strain and N2 in response to certain Stenotrophomonas isolates. This suggests differential adaptation of the 
C. elegans strains to natural Stenotrophomonas isolates. We determined the genome sequences of all 12 Stenotrophomonas 
strains to discover whether differences in observed pathogenicity between strains can be explained by differences in 
genetic features. Our phylogenetic analysis includes these, and 142 genomes that represent all identified lineages of 
Stenotrophomonas. We are testing for the presence of 48 genes previously characterized as virulence genes in other systems 
and testing whether our C. elegans life history data can aid in finding others. Further analyses of the bacterial genomic 
differences coupled with genome comparison of the nematode strains could help to understand effects of local adaptation to 
organismal-microbiome interactions.

137	 Dissecting	the	Sequential	Evolution	of	a	Selfish	Mitochondrial	Genome	in	Caenorhabditis elegans

Joseph Dubie1, Ulfar Bergthorsson1, Vaishali Katju1 1) Department of Veterinary Integrative Biosciences, College of Veterinary 
Medicine and Biomedical Sciences, Texas A&M University, College Station, TX, USA.

Despite 1.4 billion years of endosymbiosis, selfishly acting mitochondrial genomes occasionally arise, outcompeting 
other mitotypes and increasing their own intracellular frequency despite neutral or deleterious effects on their host cell. 
Unfortunately, mitochondrial genomes are challenging to engineer, preventing experiments aimed at uncovering the factors 
that contribute to the advantage of one mitotype over another. We discovered a selfishly acting mitochondrial genome, 
comprising a large deletion, two indels, and a missense mutation, that arose spontaneously in a line of Caenorhabditis elegans 
following 346 generations of experimental evolution. The regular cryopreservation of the experimental line provided an 
opportunity to dissect the sequential origin and fitness effects of the mutations within this selfish mitochondrial genome. We 
investigated whether subsequent mitochondrial mutations compensate for the deleterious effects of preceding ones, as has 
been seen with mutations associated with dosage compensation and mitonuclear compensation, and whether a particular 
class of mutations confers selfish behavior in mitochondria. We assayed four life-history traits in backcrossed lines with 
wild-type nuclear genomes and heteroplasmic mutation-bearing mitochondrial genomes. The addition of each subsequent 
mitochondrial mutation reduced overall fitness in backcrossed lines. We then propagated ancestral lines containing each 
combination of mutations by bottlenecking to reduce interindividual competition. Tracking the intraindividual frequency 
of heteroplasmy over evolutionary time, we attributed a mean increase in heteroplasmic frequency across replicates to an 
intraindividual selfish drive in three of the four mutations tested. Interestingly the only line that did not show clear evidence of 
selfish drive was a frameshift insertion in nd5, but a subsequent insertion at the same location did behave selfishly. We found 
that selfish drive can be seen in a variety of classes of mitochondrial mutations, but we found no evidence for compensatory 
effects of any subsequent mutations. We were unable to disentangle the contribution of the original deletion from the selfish 
behavior of each subsequent mutation, and it is possible that subsequent mutations lack a selfish drive of their own but serve 
to enhance that of the original deletion.

138	 T-box	radiation:	A	window	into	evolution	in	real	time

Emily Baker1, Alison Woollard1 1) Department of Biochemistry, University of Oxford, OX1 3QU.

Little is known about the genetic changes that catalyse speciation events. While diverging populations are known to 
accumulate genomic variation over time, examples of causative loci that lead to speciation have been seldom characterised. 
This is due, in large part, to how speciation can only be studied retrospectively in most systems. However, naturally occurring 
populations of C. elegans, or wild isolates, diverging for only thousands of years, present a unique opportunity to capture 
processes which may precede new species divergence, thereby uncovering the genetic hallmarks associated with its onset.
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T-box transcription factors are key players in metazoan development and exhibit minimal copy number variation throughout 
the animal kingdom. However, in the Caenorhabditis genus, T-box genes are gained and lost at an unprecedented scale, 
suggestive of their rapid evolution. Among the suite of ten C. elegans specific T-box genes not found in the rest of the genus 
are three paralogue pairs all expressed during embryogenesis. In contrast with N2 which retains both functional paralogues, 
we show that these three pairs display remarkable patterns of mutation accumulation in wild isolates, with one or other genes 
in the pair accumulating loss-of-function mutations, but never both. The phenotypic consequences of this reciprocal pattern of 
mutation accumulation could have far-reaching implications for our understanding of speciation if, for example, such patterns 
led to hybrid inviability. To investigate this, we have characterised the roles of the tbx-35/tbx-36 gene pair.

The reciprocal nature of deleterious mutation accumulation in wild isolates in the tbx-35/tbx-36 gene pair suggests that they 
act redundantly. However, tbx-35 has been shown to be involved in muscle specification during mid-embryogenesis, distinct 
from the role and expression of tbx-36 in early embryos that we describe here. Strikingly however, we find that overlapping 
functionality is indeed revealed when the environmental conditions are changed, suggesting that tbx-36 has in fact retained 
a role in muscle specification that is not necessarily seen under standard laboratory conditions. If the early embryonic role of 
tbx-36 is N2-specific, this could be a lab adaptation, raising the possibility that N2 is on the road to becoming a new species 
due to the lab environment. Thus, the rapidly evolving T-box gene family provides a paradigm for investigating evolution and 
speciation in action in C. elegans populations today.

139	 Genetic	determinants	of	host-microbiome	interactions	in	Caenorhabditis elegans

Dana Blackburn1, Adrien Assié1, Daniela Vidal Vilchis1, Adam Deutschbauer2, Buck Samuel1 1) Baylor College of Medicine, 
Houston, TX; 2) Lawrence Livermore National Labs and University of California at Berkeley, Berkeley, CA.

Microbes shape many aspects of host physiology, development and predisposition to disease. Yet the complexity of host-
associated communities (microbiomes) makes studying host-microbe interactions challenging. As such, we employed 
the Caenorhabditis elegans system to investigate molecular mediators of host-microbial interactions with a simplified 
12-member microbiome (CeMbio). Previous studies showed the microbiome exerts significant influence on the physiology 
and development of C. elegans, but lack of molecular tools has limited the ability to identify the microbial factors responsible. 
To address this challenge, we developed resources to enable genetic manipulation of CeMbio strains. Thus far, we identified 
several genetic determinants of microbe-microbe interactions, host-specific association and impact on physiology in the 
dominant microbiome member Ochrobactrum.

For genetic manipulation of the CeMbio strains, we utilized broad host range vectors to make an effective panel of fluorescent 
reporter strains. We used these strains to test pairwise interactions with other microbiome members both in vitro and within 
the C. elegans gut. Ochrobactrum growth was inhibited by three strains while synergistic with one strain in rich media. In the 
C. elegans gut, however, microbial interactions were often dramatically different. Notably, Myroides suppresses Ochrobactrum 
growth in vitro, while Ochrobactrum benefits from the presence of Myroides to colonize the gut. This suggests that host factors 
may be driving the enrichment for and interactions between members of its microbiome.

To examine the molecular determinants of host association and competition, we developed tools for random transposon 
mutagenesis in Ochrobactrum and several CeMbio strains. We screened a 96-clone mutant library of Ochrobactrum for fitness 
changes relative to the wild-type in ability to colonize C. elegans hosts with and without Myroides. None of the mutants 
altered Myroides inhibition of Ochrobactrum in vitro, but several (12) mutants exhibited host association and inter-microbial 
competition defects. These mutants highlight specific metabolic pathways that Ochrobactrum relies on to colonize and 
compete for nutrients in association with C. elegans. Our work has demonstrated the ability to use broad host range molecular 
tools to manipulate CeMbio strains allowing us to visualize and identify molecular mechanisms underlying microbiome 
assembly and impact upon the C. elegans host.

140	 Commensal	versus	pathogenic	bacterial	adherence	to	the	intestinal	epithelium	of	C. elegans

Dalaena Rivera1, Emily Morgan1, Jonah Faye Longares1, Robert Luallen1, Marie-Anne Felix 2 1) San Diego State University, San 
Diego, CA; 2) Institut de Biologie de l›Ecole Normale Superieure, Paris, France.

Functional and morphological parallels to the intestines of humans, as well as the variety of microbes that make up its natural 
microbiome, have led to the emergence of C. elegans as a model system to study host-microbe interactions in vivo. Through 
ecological sampling, we have identified three bacterial species that bind longitudinally to the intestinal epithelial cells of 
Caenorhabditis isolates. DIC microscopy imaging reveals these adhering bacteria bind in a hair-like pattern along the intestinal 
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wall. We were interested in whether these bacteria had any effects on host fitness when monocolonized in the C. elegans 
lumen. Interestingly, we found adherent bacteria 1 (LUAb1), negatively affects the life span and brood size of C. elegans, 
whereas the two others, adherent bacteria 2 and 3 (LUAb2 and LUAb3), have a neutral effect on C. elegans fitness and are best 
classified as commensal bacteria.

We conducted 16s rRNA sequencing by extracting worm intestines, conducting PCR with universal bacterial primers, and 
Sanger sequencing of the amplicon. This approach revealed all three bacterial isolates to be novel. LUAb1 and LUAb3 belong 
to the Enterobacteriaceae family, whereas LUAb2 belongs to the Alphaproteobacterial class. Fluorescence in situ hybridization 
(FISH) probes were designed to these three bacterial strains to allow for visualization in the intestines. We found LUAb1 
colonized nearly 90% of the anterior-posterior intestinal length in more than 90% of the population. Although LUAb2 and 
LUAb3 colonized the intestines of the worm less than 90% of the intestinal length, the frequency of colonization is the same. 
Moreover, LUAb3 is the only strain currently culturable in vitro. Whole genome sequence of LUAb3 revealed it is not a new 
species, but rather a Gram-negative bacterium Lelliottia jeotgali. Absent from the complete L. jeotgali genome sequence, 
however, was a plasmid encoding a Type IV secretion system, pilins, and adhesins found in LUAb3. We plan to investigate if this 
plasmid facilitates adherence in the C. elegans lumen.

To summarize, we have found three bacterial isolates that exhibit a directional binding phenotype in the intestinal epithelium 
of C. elegans. We plan to elucidate the host and bacterial receptors that facilitate this adherence mechanism through a 
forward genetic screen in C. elegans. This research could expand our current understanding of the C. elegans microbiome and 
inform host-microbe interaction studies in other animals.

141	 A	closer	look	at	cuticle-resident	microbes	and	their	impact	on	host	physiology

Nadia Haghani1,2, Molly Matty1, Sreekanth Chalasani1 1) Salk Institute for Biological Studies, Molecular Neurobiology Lab, La 
Jolla, CA USA; 2) University of California - San Diego, Biological Sciences, San Diego, CA USA.

All animals are in contact with communities of microbes, termed a microbiome. Microbiomes play a large role in the 
determination of host physiology, health, and behavior. While the gut microbiome takes the spotlight of current research, the 
skin microbiome is an unrecognized area of study despite harboring a diverse community of microorganisms. This is the case 
for the model nematode, Caenorhabditis elegans; despite subtle yet convincing implications of surface-adherent bacteria, 
microbial interactions with its cuticle (skin) remain understudied and a “skin microbiome” unacknowledged in literature. C. 
elegans is constantly surrounded by microorganisms in their natural habitat, proven by their common isolation from rotting 
plants filled with microbes. These microbes inevitably come into contact with the worm cuticle and so the adherence of these 
microbes is a likely reality. Existence of these surface-adherent microbes is further supported by the adoption of extensive 
washing protocols which aim to rid the cuticle surface of all residual microbes. We seek to identify, characterize, and define a 
role for these cuticle-resident microbes in C. elegans using a natural model microbiota, CeMbio. Significantly, we characterize 
a discrepancy between the sheer number of bacteria between surface-bleached and unbleached animals via Colony Forming 
Unit (CFU) counts. We demonstrate that a large number of cutaneous bacteria reside on the C. elegans skin. Furthermore, 
our preliminary results suggest that bacterial isolates within CeMbio can be primarily gut- or skin-dominating based on the 
relative bacterial abundances from 16S rRNA sequencing. To understand how skin-dominating bacteria affects host physiology, 
we use Hoechst 34580 uptake to assess how CeMbio variably affects cuticle integrity in mutant animals. From our results, we 
hypothesize that CeMbio bacteria interact with the cuticle structures of C. elegans to impact worm integrity both positively 
and negatively. These studies can provide a deeper understanding of how environmental microbes elicit changes in host 
physiology and explain the role of natural microbes in an animal’s primary defense—the skin.

143	 Cell	fate	plays	critical	roles	in	promoting	collective	cell	movements	in	C. elegans gastrulation and ventral cleft 
closure during embryogenesis

Prativa Amom1, Breana D. Anderson1, Thomas M. Sesterhenn1, Jorin T. Hanson1, Tushar H. Ganjawala1, Amanda L. Zacharias1,2 
1) Divison of Developmental Biology, Cincinnati Children›s Research Foundation, Cincinnati, OH, USA; 2) Department of 
Pediatrics, University of Cincinnati Medical School, Cincinnati, OH, USA.

Wnt signaling can promote cell fate decisions and collective cell movements through distinct mechanisms. In C. elegans 
embryogenesis, Wnt acts primarily through the Wnt/β-catenin asymmetry pathway, which is known to regulate cell fate 
decisions, but it is unclear how this pathway impacts collective cell movements. We examined a cGAL Wnt mis-expression 
mutant by time-lapse fluorescent microscopy and found that left-right axis rotation, gastrulation, and ventral cleft closure 
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were disrupted. To determine whether these defects were due to a direct regulation of collective cell movements by Wnt or an 
indirect disruption of cell fates, we examined embryonic cell movements in fate mutants for five major cell types using a time-
lapse imaging approach with automated lineage reconstruction. We were able to recapitulate previously described disruptions 
to gastrulation in end-1/end-3 intestinal fate mutants, and also observed defects in ventral cleft closure. In hlh-1/unc-120 
muscle fate mutants, we observed that the putative muscle cells underwent gastrulation normally, but the embryos had an 
extrinsic defect in ventral cleft closure. In nhr-25 or elt-1 hypodermal fate mutants, we observed that the putative hypodermal 
cells adopted the correct positions on the dorsal side of the embryo, but on the ventral side, some mesodermal cells failed 
to complete gastrulation and ventral cleft closure failed. In cnd-1/ngn-1/lin-32 neuronal fate mutant embryos, we observed 
failure in ventral cleft closure by the presumptive neuroblasts. In pha-4 pharynx fate mutants, we observed that some of the 
putative pharyngeal cells failed to undergo gastrulation by the end of comma stage. Taken together, these finding indicate that 
cell fate plays key roles in regulating gastrulation and ventral cleft closure, but not left-right axis rotation, indicating that this 
collective cell movement could be directly regulated by Wnt signaling. We found that ventral cleft closure is a complex process 
that depends on intestine, muscle, hypodermal, and neuronal fates, possibly through the regulation of juxtacrine signaling, cell 
adhesion, or extracellular matrix remodeling by the muscle and intestinal cells and long-range signaling from the hypodermal 
cells. Our results also indicate that mesodermal gastrulation is also dependent on long range signals from the hypodermal 
cells. Thus, our results identify two novel roles for the hypodermis in organizing the early embryo prior to ventral enclosure 
and highlight novel intrinsic and extrinsic roles for cell fate regulators in collective cell movements.

144	 A	novel	biosensor	reveals	the	timing	and	dynamics	of	LIN-12/Notch	activation	underlying	resolution	of	the	AC/VU	
decision during gonadogenesis

Justin Shaffer1, Iva Greenwald1 1) Columbia University.

LIN-12/Notch is a transmembrane receptor that is cleaved upon DSL ligand binding, freeing the intracellular domain to 
translocate to the nucleus and activate transcription of target genes. Studying LIN-12 activation in cell fate decisions in live C. 
elegans is difficult because rapid turnover of the intracellular domain in the nucleus reduces detectable output of fluorescent 
translational fusions. Also, target gene transcriptional reporters have intrinsic delays from transcription, translation, and 
fluorescent protein maturation. To circumvent these difficulties, we developed a genetically-encoded, rapid response 
biosensor that uses changes in the subcellular localization of GFP as a readout for Notch activation. This system, “Sensor Able 
to detect Lateral Signaling Activity” (SALSA), accurately reports LIN-12 activity in multiple tissues in C. elegans.

We used SALSA to address questions about the timing and dynamics of Notch activation during a paradigmatic lateral 
specification event in gonadogenesis. During the AC/VU decision in C. elegans, Z1.ppp and Z4.aaa, which we call the «α cells,» 
each have the potential to be the anchor cell (AC) or a ventral uterine precursor cell (VU), and interact with each other via LIN-
12/Notch to resolve their fates. While both cells initially express both LIN-12 and its ligand, LAG-2/DSL, feedback mechanisms 
amplify stochastic differences in LIN-12 activity to restrict LIN-12 expression to the presumptive VU and LAG-2 expression to 
the presumptive AC. Lineage analysis (Attner et al., 2019) revealed that when the interval between the birth of the α cells is 
“long” (greater than ~30 minutes), the first-born α cell is strongly biased towards the VU fate; when the interval is “short,” the 
AC/VU decision appears random with respect to birth order. We used SALSA to investigate how differences in birth order and 
birth time interval affected the rate and extent of LIN-12 activation to create the VU cell fate bias. We found that when there is 
a long birth time interval, the first born α cell has already experienced significant LIN-12 activity prior to the birth of the second 
α cell, thus accounting for the cell fate bias. Furthermore, the α cells do not differ in their relative LIN-12 activity at their births 
or the rate at which LIN-12 activation increases after their birth, indicating that the difference reflects activation of LIN-12 in 
the first-born α cell itself and not in its parent. Thus, SALSA allowed us to demonstrate that the stochastic element of birth 
time is resolved into a deterministic element through the activation of LIN-12 signal transduction upon the birth of the α cell.

145	 Translation-dependent	mRNA	localization	to	Caenorhabditis elegans adherens	junctions

Cristina Tocchini1, Michèle Rohner1, Poulomi Ray1, Stephen E. Von Stetina2, Susan E. Mango1 1) Biozentrum, University of Basel, 
Basel (CH); 2) MIT Media Lab, Cambridge, MA (USA).

mRNA localization is an evolutionarily widespread phenomenon that facilitates sub-cellular protein targeting and the assembly 
of protein complexes. mRNA targeting within cells relies either on “zip codes” within mRNA untranslated regions (UTRs) or 
on translation-dependent cues. While extensive work has focused on UTR-dependent processes, much less is known about 
translation-dependent mRNA localization. We examined mRNA localization in Caenorhabditis elegans embryonic epithelia. 
From an smFISH-based survey, we identified different mRNAs associated with the cell membrane/cortex or apical junctions in a 
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stage- and cell type-specific manner. Mutational analyses for one of these transcripts, dlg-1/discs large, revealed that it relied 
on a translation-dependent process and did not require its 5’ or 3’ UTR. DLG-1 carboxy-terminal sequences were necessary 
and sufficient for mRNA association with the cortex, while amino-terminal sequences were important for its enrichment 
near the junction. The absence of an amino-terminal signal peptide and the persistence of localized mRNA in amino-terminal 
deletion mutants indicated that the translation-dependent localization of dlg-1 mRNA differs from an ER-like signal-sequence 
mechanism. Rather, we suggest a two-step model in which dlg-1 transcripts are first targeted at or near the cell membrane 
through SH3 and, possibly, Hook and GuK domains, and then enriched at the apical junction by L27. These studies identify an 
unconventional mechanism for mRNA localization within developing epithelia and the necessary cis-acting sequences within 
the studied mRNA. Altogether out data provide an alternative prospective through which gene expression can be spatially 
controlled.

146 A folder mechanism ensures size uniformity among C. elegans individuals by coupling growth and development

Benjamin Towbin1, Helge Grosshans2 1) University of Bern; 2) Friedrich Miescher Institute of Biomedical Research (FMI).

Animals increase by orders of magnitude in their volume during development. Hence, even small differences in the growth 
rates between individuals could generate large differences in their adult body size. Yet, such volume divergence among 
individuals is usually not observed in nature.

We combined theory and experiment to understand the mechanisms of body size uniformity. Using live imaging, we measured 
the volume growth of hundreds of individuals of C. elegans over the entire span of their postembryonic development. We find 
that C. elegans grows exponentially in volume with a coefficient of variation of the growth rate of ~7%, but that individuals 
diverge much less in volume than expected from this heterogeneity. The mechanism counteracting size divergence does not 
involve size thresholds for developmental milestones. Instead, an inverse coupling of the growth rate and the duration of 
development produces a constant volume fold change per larval stage.

The duration of larval stages of C. elegans is determined by the period of a developmental oscillator. Using mathematical 
modelling, we show that an anti-correlation between the growth rate and the oscillatory period emerges as an intrinsic 
property of a genetic oscillator. We propose that the robustness of body volume fold change is a hard-wired characteristic of 
the oscillatory circuit and does not require elaborate mechanisms of size control by cellular signalling. Indeed, the coupling 
of growth and development was unaltered by mutation of canonical pathways of growth control. This novel concept of size 
homeostasis may broadly apply to other multicellular systems controlled by genetic oscillators.

147	 The	mitotic	spindle	and	the	cytokinetic	furrow	cooperatively	align	the	dorsoventral	axis	with	embryo	geometry

Teije Middelkoop1,2, Caitlin Cornell3, Lokesh Pimpale1,2, Stephan Grill1,2 1) MPI-CBG, Dresden, Germany; 2) Biotec/TU Dresden, 
Germany; 3) University of California, Berkeley, USA.

Establishment of the major body axes is essential for embryonic development. The C. elegans dorsoventral axis is established 
during the two-cell stage, and its orientation is defined by the division of the anterior AB blastomere. Earlier work in various 
holoblastic animals has shown that embryo geometry strongly affects early embryonic division patterns. However, whether 
and how embryo geometry affects the orientation of the dividing AB cell, and thereby the dorsoventral axis is unknown. To 
study this, we performed quantitative 3D live imaging of the cytoskeletal machinery in dividing AB blastomeres of embryos 
that are compressed perpendicular to the anteroposterior axis. In agreement with previous studies, we find that the AB cell 
division, and therefore the future dorsoventral axis, aligns parallel to the long cellular axis (which is perpendicular to the 
compression direction). Moreover, we show that, when viewed down the anteroposterior axis, the mitotic spindle of the AB 
blastomere is initially oriented randomly with respect to the long axis. During spindle elongation, it undergoes a rapid, large 
scale rotation to finally align parallel with the long axis. This mitotic spindle rotation is accompanied by a rotation of the 
cytokinetic furrow, ultimately resulting in the cell division axis to be aligned with the long cellular axis. Although the molecular 
mechanisms are still topic of debate, the mitotic spindle in many contexts is known to find the long axis of the cell. However, 
by performing conditional genetic perturbations, we find that force generation in the actomyosin layer is required and governs 
the kinetics of alignment of the mitotic spindle along the future DV axis. We speculate that the cooperative action of spindle 
and cortex promotes timely alignment of the cytokinetic machinery in fast-dividing cells.

148	 BBLN-1	is	essential	for	intermediate	filament	organization	and	apical	membrane	morphology
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Sanne Remmelzwaal1, Florian Geisler2, Riccardo Stucchi1, Suzanne van der Horst1, Milena Pasolli1, Jason Kroll1, Olga Jarosinska1, 
Anna Akhmanova1, Christine Richardson3, Maarten Altelaar1, Rudolf Leube2, João Ramalho1, Mike Boxem1 1) Utrecht University; 
2) RWTH Aachen University; 3) Durham University.

Epithelial tubes are essential components of metazoan organ systems that control the flow of fluids and the exchange 
of materials between body compartments and the outside environment. The size and shape of the central lumen confer 
important characteristics to tubular organs and need to be carefully controlled. Here, we identify the small coiled-coil protein 
BBLN-1 as a regulator of lumen morphology in the C. elegans intestine. Loss of BBLN-1 causes the formation of bubble-shaped 
invaginations of the apical membrane into the cytoplasm of intestinal cells, and abnormal aggregation of the subapical 
intermediate filament (IF) network. BBLN-1 interacts with IF proteins and localizes to the IF network in an IF-dependent 
manner. The appearance of invaginations is a result of the abnormal IF aggregation, indicating a direct role for the IF network 
in maintaining lumen homeostasis. Finally, we identify bublin (BBLN) as the mammalian ortholog of BBLN-1. When expressed 
in the C. elegans intestine, bublin recapitulates the localization pattern of BBLN-1 and can compensate for the loss of BBLN-1. 
In mouse intestinal organoids, bublin localizes subapically, together with the IF protein keratin 8. Our results therefore may 
have implications for understanding the role of IFs in regulating epithelial tube morphology in mammals.

149	 Developmentally	programmed	H3	expression	changes	embryonic	plasticity	and	reinforces	cell	fate	specification

Ryan Gleason1, Xin Chen1 1) Johns Hopkins University.

Early embryonic cells are pluripotent, possessing the transient capacity to generate all the cells of an organism. A fundamental 
question in developmental biology concerns identifying the epigenetic factors that underlie this temporary developmental 
plasticity, as well as understanding how commitment to a specific cell lineage is achieved and maintained. Using C. elegans as 
a model to dissect the role of distinct histone incorporation during gametogenesis and embryogenesis, we have uncovered 
an unappreciated developmental regulation of the incorporation of key molecular carriers of epigenetic information, the 
replication-coupled histone H3, and histone variant, H3.3, during gametogenesis that influence the epigenetic organization in 
the early embryo, with a lasting effect on pluripotency and lineage commitment.

To characterize the dynamics of endogenous histones throughout the C. elegans lineage, I have generated knock-in strains 
inserting protein translational tags at the endogenous histone H3 loci (15 copies of H3 are encoded in the C. elegans genome), 
as well as generating knock-out and point-mutations to study the developmental impact of the loss of tissue-specific histone 
incorporation. In doing so, I have uncovered a surprising difference in the epigenome established in the germline, and 
maintained during early embryogenesis, which incorporates low levels of canonical H3 in favor of the histone variant H3.3. 
Unlike somatic cells where all 15 copies of H3 are expressed, germ cells uniquely restrict canonical H3 expression to 4 loci. 
Furthermore, upon cellular differentiation, I have identified a 400-fold increase in canonical H3 incorporation in the somatic 
cell lineage. This onset of canonical H3 incorporation in late-stage embryos correlates with a window of developmental 
plasticity which has been characterized in C. elegans embryonic blastomeres (Yuzyuk et al., 2009). To address the contribution 
of this increased H3 incorporation during gastrulation, I generated an endogenously encoded, mutated histone H3-H113D, to 
genetically alter chromatin assembly by destabilizing the H3-H4 histone tetramer at the onset of gastrulation. Utilizing a cell 
fate challenge assay to measure the degree of embryonic plasticity, we find embryonic plasticity is prolonged in H3-H113D 
mutants. Taken together, the data presented demonstrate H3 incorporation is developmentally programmed to restrict 
plasticity during embryogenesis and reinforce cell fate acquisition.

150	 A	molecular	clock	to	control	skin	regeneration

Yannick Hauser1,2, Milou Meeuse1,2, Dimos Gaidatzis1,3, Kathrin Braun1, Anca Neagu1, Chiara Azzi1,2, Helge Grosshans1,2 1) Friedrich 
Miescher Institute for Biomedical Research (FMI), Basel, CH; 2) University of Basel, CH; 3) Swiss Institute of Bioinformatics, 
Basel, CH.

The skin of C. elegans, composed of a cuticle and the underlying epidermis, undergoes regular cycles of regeneration, the molt. 
These cycles involve extensive rhythmic accumulation of mRNAs, affecting thousands of genes or ~25% of the transcriptome. 
Yet, the ‘molting clock’ that generates rhythmicity and directs timely molts has remained elusive. Here, we provide insight 
into its molecular components and function. We also argue that the molting clock is not a nematode-specific invention but 
that similar mechanisms account for rhythmic skin regeneration across the animal kingdom. Specifically, in a targeted screen, 
we identified BLMP-1 through its defect in molting timing. We show that BLMP-1 accumulates and functions rhythmically 
and that its loss causes slow and asynchronous progression through the molting cycle and impairs cuticular barrier function. 
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These phenotypes result from perturbed oscillatory gene expression. Thus, by combining ChIP-seq and temporally resolved 
gene expression profiling, we identify a set of 250 BLMP-1 target genes of which nearly 90% are oscillating genes. Reflecting 
BLMP-1’s rhythmic activity, these genes exhibit a clear peak phase preference (i.e., their expression peaks at a specific time 
relative to the larval development cycle). A larger set of 1,400 genes is also dysregulated upon loss of BLMP-1 and contains 
>70% oscillating genes, but these are not bound by BLMP-1 and, accordingly, lack such a peak phase signature. We conclude 
that BLMP-1 functions both in generating oscillations, as a putative core clock gene, and in relaying them to a specific set of 
oscillator output genes, among which molting/cuticle genes are vastly overrepresented. These activities ensure timely molting 
and an intact skin barrier.

Strikingly, the blmp-1 orthologue Prdm1/Blimp1 is dynamically expressed in different mouse skin compartments, including hair 
follicles. Postnatal mammalian hair follicles undergo regular regenerative cycles of growth and regression under the control 
of a clock of unknown mechanism, and this rhythmicity, and skin barrier function, are both perturbed in Prdm1 mutant mice. 
Similar observations apply to additional hits from our screen. Hence, we propose that we have identified components of an 
evolutionarily conserved skin regeneration clock. These findings further suggest that despite its simplicity, the C. elegans skin is 
a powerful experimental model of animal skin regeneration.

151	 Conserved	extracellular	proteins	determine	mechanoelectrical	transduction	channel	localization	and	function	in	C. 
elegans touch receptor neurons

Alakananda Das1, Joy A. Franco2, Lingxin Wang1, Dail Chapman1, Lucy M. Wang2, Beth L. Pruitt2,3, Ellen Kuhl2, Miriam B. 
Goodman1 1) Department of Molecular and Cellular Physiology, Stanford University, Stanford, CA; 2) Department of Mechanical 
Engineering, Stanford University, Stanford, CA; 3) Departments of Mechanical Engineering and Molecular, Cellular, & 
Developmental Biology, University of California Santa Barbara, Santa Barbara, CA.

The sense of touch is made possible by neurons that use ion channels to convert mechanical stimuli into electrical signals. 
Many other proteins affect mechanosensation, either through direct force transfer by acting as physical tethers, or indirectly 
by modulating cell stiffness and morphology, protein trafficking, and channel positioning. Subcellular localization of 
mechanosensory ion channels is especially important for localized force sensation, since channels further away from the 
point of stimulation are recruited as stimulus intensity and speed increase. Here we examine the micro-environment of ion 
channels to investigate the molecular basis of channel positioning, leveraging the well-characterized MEC-4 mechanoelectrical 
transduction channel in C. elegans touch receptor neurons (TRNs).

We show that MEC-4 channels localize to punctae distributed along TRN neurites in vivo but not in cultured TRNs in vitro, 
suggesting that in vivo channel localization depends on factors that are absent in vitro. Both time-lapse imaging and 
fluorescence recovery after photobleaching shows that most in vivo MEC-4 puncta are immobile over several minutes, 
suggesting that they are anchored to stable structures. To identify these structures, we screened mutants affecting plasma 
membrane proteins, cytoskeletal proteins, and extracellular matrix (ECM) proteins to investigate what factors regulate the 
positioning and stability of the MEC-4 puncta. In doing so, we discovered that the ECM protein nidogen regulates MEC-4 
puncta distribution and both behavioral and electrical responses to touch. Nidogen associates with laminin networks in 
basement membranes and we show that both nidogen and laminin co-localize with MEC-4 puncta, in a manner that depends 
upon another ECM protein, MEC-1. To learn more about the physiological significance of channel puncta, we modeled 
mechanical strain distribution along a neurite in silico and found that physical attachment of the neurite to the ECM at puncta 
generates localized regions of increased strain. We speculate that this amplifies and focuses the mechanical stimulus for ion 
channel opening. Future experiments will determine whether these ECM proteins physically anchor the MEC-4 channels, 
accounting for the immobility of the MEC-4 puncta, and whether such a physical tether is responsible for ion channel opening 
in response to a mechanical stimulus.

153	 Intracellular	calcium	management	is	key	in	diapause-induced	neuroprotection

Scarlett E. Delgado1, Chiayu Chiu1, Andrea Calixto1 1) Centro Interdisciplinario de Neurociencias de Valparaíso, Facultad de 
Ciencias, Universidad de Valparaiso, Valparaiso, Chile..

Calcium acts as a double-edged sword, playing critical roles in both neuronal degeneration (Goodman et al., 2002; Bianchi 
et al., 2004; O’Hagan et al., 2005; Xu et al., 2001; Calixto et al., 2012) and regeneration (Hammarlund et al., 2009; Tang and 
Chisholm, 2016; Caneo et al., 2019). We previously showed in C. elegans that diapause prevents degeneration and even 
promotes regeneration of Touch Receptor Neurons (TRNs) expressing mutated mec-4d channels (Caneo et al., 2019). In this 
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work, we aim to understand how intracellular calcium is managed during neuroprotection. To monitor calcium, we performed 
2-photon imaging of TRNs expressing GCaMP6m and tagRFP in wild type and mec-4d worms at L2 stage as well as dauers. 
Consistent with a contribution of calcium in mec-4d -induced neurodegeneration, we found an increase in intracellular 
calcium in L2 mec-4d worms compared to WT controls. To our surprise, basal calcium was also increased in diapausing mec-
4d compared to L2 mec-4d animals. This suggests that non-physiological calcium concentrations are maintained in the soma 
while TRNs regenerate. Enhanced calcium buffering by mitochondria may underlie the regenerative capacity in high calcium. 
We next investigated mitochondrial alterations in mec-4d worms using a GFP fused with an MLS in the TRN (Fatouros et al., 
2012). In mec-4d L2 animals, there is a 23% decrease in mitochondrial length along with a 22% reduction in number compared 
to WT L2; in contrast, WT dauers exhibit 15% longer but 16% fewer mitochondria compared to WT L2 animals. Notably, 
mec-4d dauers show an increase of 31% and 36% in mitochondrial length and number, respectively, compared to mec-4d L2 
animals. Taken together, these findings suggest that mec-4d mutation disrupts mitochondrial function, and entering diapause 
compensates for mitochondrial dysfunction. We next wondered whether calcium might be acting in axonal protection. Using 
RNAi, we silenced the calcium transporters sca-1, from the endoplasmic reticulum, and mcu-1, from the mitochondria, in the 
TRNs and assessed axon morphology at 72 hours after hatching. Reducing the expression of sca-1 and mcu-1 resulted in a 
reduction of WT-like axons (p-value=0.0007), suggesting that calcium transport from the cytoplasm into these organelles is key 
for neuronal protection. Thus, our results provide new insights into the calcium-dependent mechanisms that tilt the balance 
between neuronal death and repair.

154	 B-Raf	contribution	to	motoneuron	degeneration

Federica Cieri1,2, Niko Hensel3, Pamela Santonicola1, Giuseppina Zampi1, Peter Claus4,5, Elia Di Schiavi1 1) National Research 
Council of Italy - Institute of Biosciences and Bioresources, Naples, Italy; 2) Department of Biology, University of Naples 
Federico II, Naples, Italy ; 3) Regenerative Medicine Program, Ottawa Hospital Research Institute, Ottawa, Canada; 4) Institute 
of Neuroanatomy and Cell Biology, Hannover Medical School, Hannover, Germany; 5) Center for Systems Neurosciences (ZSN), 
Hannover, Germany.

The B-Raf orthologue lin-45 belongs to MAPK/ERK pathway, is involved in the regulation of cellular proliferation and 
differentiation and shows a Ras GTPase binding activity. Beside its well-known role in vulva formation, lin-45 is also expressed 
in neurons, including motoneurons, and is critical for chemo- and thermo-sensory behaviors and locomotion. Using a phospho-
antibody array combined with a network-biology approach on Spinal Muscular Atrophy (SMA) mice, we identified B-Raf as 
a signaling hub among different dysregulated pathways involved in motor neuron degeneration. In SMA, motor neurons 
degenerate because of mutations in the Survival Motor Neuron 1 (SMN1) gene. We investigated in C. elegans the role of B-Raf/
lin-45 in degenerating motoneurons (MNs) and observed that lin-45 expression is reduced in pre-symptomatic smn-1(KO) 
animals. We rescued the neurodegeneration and locomotion defects caused by smn-1 silencing in D-type MNs by re-expressing 
lin-45 specifically in MNs. We thus demonstrated that lin-45 can play a cell-autonomous neuroprotective role when smn-1 is 
downregulated. Consistently, a hyperactive isoform of lin-45 (S312A), which is devoid of an inhibitory phospho-site, maximized 
the rescue effects. The neurodegeneration caused by smn-1 silencing increases with animal ageing and we were able to 
rescue it by expressing lin-45 from L2 stage, through inducible transgenics. This is important since at L2 stage the degeneration 
has already started and all 19 D-type motoneurons should have been generated, thus suggesting that lin-45 protects from 
motoneuron loss rather than interfering with neurogenesis and can block the degeneration when it is already started. Using 
MAPK pathway drug inhibitors and mek-2 mutants we abrogated the rescue obtained after lin-45 overexpression. Thus, genetic 
and pharmacological approaches showed that lin-45 rescue is mediated by the MAPK/ERK pathway. The central role of B-Raf 
was confirmed in a SMA model of SMA and in patient cells and strongly support a role of B-RAF in neurodegeneration and in 
particular in the Smn1 pathway.

155	 Dendrite	regeneration	in	PVD	neuron	is	controlled	by	the	RAC	GTPase	CED-10	and	the	RhoGEF	TIAM-1

Harjot Kaur Brar1, Swagata Dey1,2, Smriti Bhardwaj1, Devashish Pandey1, Shirshendu Dey3, Anindya Ghosh-Roy1 1) National Brain 
Research Centre; 2) DBT/Wellcome Trust India Alliance Early Career Fellow; 3) Bruker India Scientific Private Ltd., New Delhi, 
India.

Neurons are vulnerable to physical insults which compromise the integrity of both dendrites and axons. Unlike well 
characterized axon regeneration, our knowledge in dendrite regeneration is limited. To understand the mechanisms of 
dendrite regeneration, we used PVD neurons with stereotyped branched dendrites. Using femtosecond laser, we severed the 
primary dendrites and axon of this neuron. After the primary dendrite was severed near the cell body, we observed a sprouting 
of new branches from the cut site within 3 hours. By 24 hours, the primary dendrite regrew to cover the original territory in 
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complex pattern unlike the uninjured dendrites. We quantified the regeneration in broadly two aspects- the territory covered 
and fusion phenomena (Oren-Suissa et al.,2017, Kravtsov et al.,2017).

Axon injury causes a retraction of the severed end followed by a Dual leucine zipper kinase-1(DLK-1) dependent regrowth from 
the severed end or conversion of neighboring dendrite to axon. However, Dendrite regeneration was independent of DLK-1 
and other conventional axon regeneration pathways including cAMP elevation, let-7 miRNA, Akt-1 and Phosphatidyl serine 
exposure/PS.

Among various candidates tested, ced-10 mutants showed a defect in dendrite regeneration. It is a RAC GTPase involved 
in regulation of neuronal cytoskeleton and cell engulfment. Cell-specific rescue experiments suggest that cell-autonomous 
and epidermal expression of CED-10 is required for dendrite regrowth and fusion, respectively. Moreover, the PVD-specific 
expression of an activated version of CED-10 led to both increased branching and fusion. We ventured further to find the 
upstream players which can control the function of RAC GTPase in dendrite regeneration. We found out that the TIAM-1 
RhoGEF is required for dendrite regeneration and the activated CED-10 can bypass the requirement of TIAM-1 in dendrite 
regrowth. Our work provides a framework for understanding the cellular mechanism of dendrite regeneration using PVD 
model.

Reference:

Oren-Suissa, M., T. Gattegno, V. Kravtsov and B. Podbilewicz, 2017 Extrinsic Repair of Injured Dendrites as a Paradigm for 
Regeneration by Fusion in Caenorhabditis elegans. Genetics 206:

215-230.

Kravtsov, V., M. Oren-Suissa and B. Podbilewicz, 2017 The fusogen AFF-1 can rejuvenate the regenerative potential of adult 
dendritic trees by self-fusion. Development 144:

2364-2374.

156	 The	metalloprotease	ADAM17/ADM-4	promotes	regenerative	axonal	fusion	by	stabilising	the	fusogen	EFF-1

Xue Yan Ho1, Sean Coakley1, Rumelo Amor1, Victor Anggono1, Massimo Hilliard1 1) Queensland Brain Institute, The University of 
Queensland, Brisbane, Queensland, Australia.

Axonal damage, such as in nerve injuries, interrupts the communication between a neuron and its target tissue. Functional 
recovery is achieved when the regenerating axon re-innervates its original target tissue. However, intervention to repair such 
damage is still not achievable. Axonal fusion is an efficient means of repair following axonal transection, whereby the proximal 
axon, still attached to the cell body, regrows and re-establishes membrane and cytoplasmic continuity with its own separated 
axonal fragment, restoring neuronal function. The molecular mechanisms of this process are not fully elucidated. In C. elegans, 
a key function has been established for the fusogen EFF-1, which mediates the merging of the plasma membranes of the two 
separated fragments. Using a candidate gene approach, and the C. elegans PLM mechanosensory neurons as a model system, 
we identified ADM-4 as a key regulator of EFF-1-mediated axonal fusion. ADM-4 is a member of the ADAM (A Disintegrin 
and Metalloprotease) family, and ortholog of the human ADAM17/TACE (Tumor necrosis factor Alpha-Converting Enzyme). 
adm-4 loss-of-function leads to a severe reduction of axonal fusion in PLM neurons without affecting axonal regrowth. We 
demonstrate that ADM-4 regulates this process in a cell-autonomous fashion and observe dynamic changes in the subcellular 
localisation of ADM-4 after axotomy. Furthermore, overexpression of ADM-4 selectively in the PLM neurons is sufficient to 
enhance axonal fusion in wild-type animals. We have previously shown that phosphatidylserine (PS) exposure on the damaged 
axon functions as a “save-me” signal to promote fusion. Our recent data show that putative PS-binding sites in ADM-4, as well 
as its metalloprotease activity, are essential for its function. We propose that PS exposure triggered by injury binds ADM-4 and 
activate its proteolytic function. Finally, biochemical analysis reveals that ADM-4 binds and stabilises EFF-1 to promote axonal 
fusion. Our results uncover an essential function for ADM-4 in promoting axonal fusion, and set the foundation for the design 
of novel therapeutics for nerve injuries.

157	 The	extracellular	matrix	protein	MIG-6/papilin	mediates	the	maintenance	of	neuronal	architecture

Malika Nadour1, Marie Biard1, Lise Rivollet1, Andrea Thackeray2, Philippe St-Louis1, Maria Doitsidou3, Claire Bénard1,2 1) 
Université du Québec à Montréal, Canada; 2) Dept Neurobiology, University of Massachusetts Medical School, USA; 3) Center 
for Discoveries Brain Sciences, University of Edinburgh, UK.
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After the initial assembly of the nervous system during embryogenesis, neuronal circuits need to persist lifelong in the face 
of maturation, growth, body movements, and aging. How neuronal organization is protected throughout life is not well 
understood. Our research has demonstrated that molecular mechanisms actively maintain the architecture of the nervous 
system, acting with great cellular specificity (Bénard and Hobert, 2009). sax-7 mutants lack the cell-adhesion molecule SAX-
7/L1CAM, and specific neuronal structures that initially develop normally subsequently become disorganized. Through a 
genetic screen, we uncovered that loss of mig-6/papilin suppresses neuronal disorganization in sax-7 mutants, suggesting 
antagonistic roles for these genes: whereas SAX-7 mediates adhesion among neurons, MIG-6 may confer increased flexibility 
between neurons and their surrounding environment. MIG-6/papilin harbors a papilin cassette, composed of thrombospondin 
type I and lagrin domains, which is shared with ADAMTS metalloproteinases that remodel the extracellular matrix. In 
neuronal maintenance, mig-6 functions post-developmentally, and the short isoform of mig-6 is secreted from muscles into 
the extracellular matrix to non-autonomously impact neuronal maintenance in a mig-17/ADAMTS-dependent manner. Loss 
of mig-6 leads to the accumulation of extracellular collagen type IV/EMB-9 fibrotic-like structures, which do not occur in 
the wild type, nor in sax-7 mutants. Post-developmental depletion of collagen IV reduces these fibrotic-like structures and 
reinstates neuronal maintenance defects in sax-7; mig-6 mutants. Moreover, loss of the collagen-IV-crosslinking-extracellular 
enzyme peroxidasin/PXN-2 also re-establishes sax-7 neuronal maintenance defects in the double mutants sax-7; mig-6, 
and interestingly, PXN-2 is upregulated in mig-6 mutants. Thus, MIG-6 may ensure a state of flexibility of the extracellular 
matrix ensheathing neuronal structures that balances neuron-to-neuron adhesion, enabling neuronal architecture to endure 
lifelong stress. Consistent with this notion, loss of mig-6 bestows enhanced protection of neuronal organization in conditions 
of increased body movements compared to wild type. Understanding general principles of the maintenance of neuronal 
architecture and connectivity may help identify key factors influencing the onset and progression of neurodegenerative 
conditions.

158	 The	nuclear	ubiquitin	ligase	adaptor	SPOP	is	a	conserved	regulator	of	C9orf72	dipeptide	toxicity

Carley Snoznik1, Valentina Medvedeva2, Jelena Mojsilovic-Petrovic2, Paige Rudich1, James Oosten1, Robert Kalb2, Todd Lamitina1 
1) Depts of Pediatrics and Cell Biology, University of Pittsburgh, Pittsburgh, PA; 2) Dept of Neurology, Feinberg School of 
Medicine, Northwestern University, Chicago, IL.

A hexanucleotide repeat expansion in the C9orf72 gene is the most common cause of inherited amyotrophic lateral sclerosis 
(ALS) and frontotemporal dementia (FTD). Unconventional translation of the C9orf72 repeat produces dipeptide repeat 
proteins (DPRs). Previously, we showed that the DPRs (PR)50 and (GR)50 are highly toxic when expressed in C. elegans and 
this toxicity depends on nuclear localization of the DPR. In an unbiased genome-wide RNAi screen for suppressors of (PR)50 
toxicity, we identified 12 genes that consistently suppressed either the developmental arrest and/or paralysis phenotype 
evoked by (PR)50 expression. All of these genes have vertebrate homologs and 7/12 contain predicted nuclear localization 
signals. One of these genes was spop-1, the C. elegans homolog of SPOP, a nuclear localized E3 ubiquitin ligase adaptor only 
found in metazoans. spop-1 is also required for (GR)50 toxicity and functions in a genetic pathway that includes cul-3, which 
is the canonical E3 ligase partner for SPOP. Genetic or pharmacological inhibition of SPOP in mammalian primary spinal cord 
motor neurons suppressed DPR toxicity without affecting DPR expression levels. SPOP is commonly mutated in prostate, 
endometrial, and renal cancer. We find that CRISPR/Cas9 knock-in of two of the most common cancer-causing SPOP missense 
mutations also protect against (PR)50 toxicity, suggesting that similar mechanisms mediate the roles of SPOP in cancer 
and C9 toxicity. Finally, we find that genetic inhibition of bet-1, the C. elegans homolog of the known SPOP ubiquitination 
targets BRD2/3/4, suppresses the protective effect of spop-1 mutations. Together, these data suggest a model in which 
SPOP promotes the DPR-dependent ubiquitination and degradation of BRD proteins. We speculate the pharmacological 
manipulation of this pathway, which is currently underway for multiple cancer subtypes, could also represent a novel entry 
point for therapeutic intervention to treat C9 FTD/ALS.

159	 Neurohormonal	signalling	modulates	polyQ	aggregation	by	controlling	fat	metabolism

Ana Pilar Gómez Escribano1,2,3, Cristina Trujillo del Río1, Julia Tortajada Pérez1, Carlos Mora4, Marta Roca5, Denise Walker6, 
Joaquin Panadero7, María Dolores Sequedo1,2,3, Ratni Saini8, Hans-Joachim Knölker8, José Blanca9, Juan Andrés Burguera10, 
Agustín Lahoz11, Joaquín Cañizares9, José María Millán1,2,3, Nick Burton12, William Schafer6, Rafael Vázquez Manrique1,2,3 1) Health 
research institute La Fe; 2) Centro de Investigación Biomédica en Red de Enfermedades Raras (CIBERER), Valencia, Spain; 3) 
Joint Unit for Rare Diseases IIS La Fe-CIPF, Valencia, Spain; 4) Institute of biotechnology, University of Helsinki, Finland; 5) 
Unidad Analítica, Instituto de Investigación Sanitaria La Fe, Valencia, Spain; 6) MRC Laboratory of Molecular Biology, Cambridge 
Biomedical Campus, Cambridge, United Kingdom; 7) Unidad Genómica- Bioinformática, Instituto de Investigación Sanitaria La 
Fe, Valencia, Spain; 8) Department Chemie, Technische Universität Dresden, Dresden, Germany; 9) Centro de Conservación y 
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Mejora de la Agrodiversidad Valenciana (UPV-COMAV), Valencia, Spain; 10) Department of Neurology, Hospital Universitario 
y Politécnico La Fe, Valencia, Spain; 11) Unidad de Biomarcadores y Medicina de Precisión, Unidad Analítica, Instituto de 
Investigación Sanitaria, Fundación Hospital La Fe, Spain.; 12) Centre for Trophoblast Research, Department of Physiology, 
Development and Neuroscience University of Cambridge, Cambridge, CB2 1HP, UK.

The maintenance of protein homeostasis is essential for organism survival. Misfolded proteins may alter this balance because 
they are susceptible to form toxic aggregates. This pathological context is common in many neurodegenerative disorders 
such as Huntington disease, Alzheimer, Parkinson and ALS. Aggregation dynamics may be monitored in vivo using C. elegans 
that expresses prone-to-aggregation molecules, tagged with fluorescent proteins. We did a random mutagenesis screening 
to isolate modifier genes that modulates protein aggregation of polyglutamines (polyQs). We isolated a mutant allele (vlt10), 
of the electrical synapse modulator unc-1/Stomatin Like protein 3. This allele enhances polyQ aggregation in muscle cells in a 
neuron-specific manner. We show that vlt10 induces an excess of neurohormonal signalling from the cytosolic sulfotransferase 
SSU-1, which functions in ASJ neurons. This hormonal signal targets into the nuclear hormone receptor 1 (NHR-1), which 
appear to regulate genes of the lipid metabolism, which in turns modulate polyQ aggregation. Additionally, we have identified 
an opposite modulator role from another hormonal pathway which leads to DAF-12. Our findings suggest that steroid 
hormones induce changes in fat metabolism that impact over protein homeostasis. Some components of this pathways are 
enzymes or receptors susceptible to be modulated by compounds, and therefore they are potential druggable targets to treat 
neurodegenerative diseases.

160	 Stress-induced	increases	in	neuronal	exopher	extrusion	require	lipid	biosynthesis	and	FGF/RAS/MAPK	signaling

Jason Cooper1, Ryan Guasp1 1) Rutgers University.

In human neurodegenerative diseases, neurons can transfer toxic protein aggregates to surrounding cells, promoting pathology 
via poorly understood mechanisms. In Caenorhabditis elegans, proteo-stressed neurons can expel neurotoxic proteins in large 
membrane-bound vesicles called exophers. We investigated how specific stresses impact neuronal trash expulsion to show 
that neuronal exopher production can be markedly elevated by oxidative and osmotic stress. Unexpectedly, we also found 
that fasting dramatically increases exophergenesis. Mechanistic dissection focused on identifying nonautonomous factors that 
sense and activate the fasting-induced exopher response revealed that DAF- 16/FOXO dependent and independent processes 
are engaged. Fasting-induced exopher elevation requires the intestinal peptide transporter PEPT-1, lipid synthesis transcription 
factors Mediator complex MDT-15 and SBP-1/SREPB1, and fatty acid synthase FASN-1, implicating remotely initiated lipid 
signaling in provoking neuronal trash elimination. A conserved FGF/RAS/MAPK signaling pathway that acts downstream of, or 
in parallel to, lipid signaling also promotes fasting-induced neuronal exopher elevation. Our data define a non-autonomous 
network that links food availability changes to remote, and extreme, neuronal homeostasis responses relevant to aggregate 
transfer biology.

161	 Investigating	The	Phase	Transition	of	EFA-6	and	Its	Role	In	Microtubule	Regulation

Gilberto Gonzalez1, Yishi Jin2, Andrew Chisolm2, Lizhen Chen1 1) Barshop Institute for Longevity and Aging Studies and 
Department of Cell Systems and Anatomy, University of Texas Health Science Center San Antonio, San Antonio, TX; 2) 
Neurobiology Section, Division of Biological Sciences, University of California, San Diego, La Jolla, CA.

The concept of phase separation provides a new framework to understand the role of proteins with intrinsically disordered 
regions (IDRs). We have previously identified the signaling protein Exchange Factor for ARF-6 (EFA-6) as a potent inhibitor of 
axon regrowth. We have also shown that axon injury triggers a rapid redistribution of EFA-6 protein from a generally even 
plasma membrane localization to more discrete puncta within the cytosol. Both the redistribution of EFA-6 and inhibition of 
axon regrowth are mediated by its intrinsically disordered N-terminal domain and requires a conserved 18aa motif at the N 
terminus. We further demonstrated that EFA-6 inhibited axonal microtubule growth and interacted with the MT-associated 
proteins TAC-1 and ZYG-8, both of which are required for axon regeneration. EFA-6 is known to limit microtubule growth at the 
cell cortex. The D. melanogaster ortholog of EFA-6 has also been reported to inhibit microtubule polymerization at the cortex. 
However, how EFA-6 plays its role in regulating microtubules remains unclear. We recently purified recombinant EFA-6 proteins 
and observed that EFA-6 formed liquid-like droplets and phase separated with TAC-1. Interestingly, we found that EFA-6 could 
phase transition from liquid-like droplets to gel-like aggregates, and the transition was dependent on the conserved 18aa 
motif. We are currently investigating whether and how EFA-6 phase transition regulates its function.

163	 A	Large	Family	of	Enzymes	Responsible	for	the	Modular	Architecture	of	Nematode	Pheromones
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Nasser Faghih1, Subhradeep Bhar1, Yue Zhou1, Abdul Rouf Dar1, Kevin Mai1, Laura Bailey1, Kari Basso1, Rebecca Butcher1 1) 
University of Florida.

The nematode Caenorhabditis elegans produces a broad family of pheromones, known as the ascarosides, that are modified 
with a variety of groups derived from primary metabolism. These modifications are essential for the diverse activities of 
the ascarosides in development and various behaviors, including attraction, aggregation, avoidance, and foraging. The 
mechanism by which these different groups are added to the ascarosides is poorly understood. Here, we identify a family of 
over 30 carboxylesterase domain-containing (CEST) enzymes, which are homologous to mammalian carboxylesterase and 
acetylcholinesterase enzymes, and show that a number of these enzymes are responsible for the selective addition of specific 
modifications to the ascarosides. Analysis of ascaroside production in cest-3, cest-9.2, and cest-8 mutant strains shows that 
they specifically do not produce indole-3-carbonyl (IC)-modified (i.e., icas), (E)-2-methyl-2-butenoyl (MB)-modified (i.e., 
mbas), octopamine succinyl (OS)-modified (i.e., osas) ascarosides, respectively. These defects can be rescued through cest 
overexpression. Furthermore, a cest-3[S208A] strain in which the Ser residue in the catalytic triad of CEST-3 was mutated to an 
Ala residue does not produce the IC-ascarosides. This strain is also less likely to localize to a lawn of bacterial food than wild 
type. This result is consistent with the role of the IC-ascarosides in promoting attraction, promoting aggregation on food, and 
suppressing foraging. Through stable isotope-labeled ascaroside feeding experiments, we demonstrate the in vivo activity of 
the CEST enzymes and provide direct evidence that the acyl-CoA synthetase ACS-7, which was previously implicated in the 
attachment of certain modifications to the ascarosides in C. elegans, instead activates the side chains of certain ascarosides 
for shortening through β-oxidation. Our data provide a key to the combinatorial logic that gives rise to different modified 
ascarosides, which should greatly facilitate the exploration of the specific biological functions of these pheromones in the 
worm.

164	 Identification	of	modular	glucoside	in	C. elegans a new class of putative signaling molecules

Jingfang Yu1,2, Chester Wrobel1,2, Henry Le1, Sarah Cohen3, Paul Sternberg3, Frank Schroeder1,2 1) Cornell University; 2) Boyce 
Thompson Institute; 3) California Institute of Technology.

Diverse small-molecule signals have been shown to regulate almost every aspect of C. elegans biology, including ascarosides, 
the polyketide nemamide, or the male-produced developmental accelerator nacq#11-3. Here we present evidence for another 
class of C. elegans signaling molecules, the modular glucosides.

We initially discovered the modular glucosides when comparing the metabolomes of wildtype C. elegans and glo-1 mutants, 
which lack lysosome-related organelles. When analyzing glo-1 worms, we found that they are deficient in the production of 
almost all modular ascaroside pheromones (e.g. the dispersal signal osas#9 and the aggregation signal icas#3)4,5. Unexpectedly, 
we detected another, much larger family of compounds whose biosynthesis was also abolished in glo-1 worms. Follow-up 
analyses via MS and NMR spectroscopy revealed that these glo-1-dependent compounds represent a large class of novel 
modular metabolites that are derived from a glucose scaffold decorated with building blocks from amino acid, nucleoside, and 
fatty-acid metabolism.

Analogous to the biosynthesis of modular ascarosides, enzymes of the carboxylesterase (CEST) family play a central role in 
the assembly of the modular glucosides6. Furthermore, biosynthesis of modular glucosides via CEST enzymes is evolutionarily 
conserved, similar to that of ascaroside pheromones5,7.

Given their highly specific enzymatic assembly, we hypothesize that modular glucosides serve important biological functions. 
Notably, modular glucosides are primarily retained in the worm body, in contrast to ascarosides, which are primarily excreted, 
suggesting that the modular glucosides serve as intra-organismal signaling molecules.

1 Schroeder, F. C. Modular assembly of primary metabolic building blocks: a chemical language in C. elegans. Chem Biol 22, 
7-16, (2015).

2 Shou, Q. Y. et al. A hybrid polyketide-nonribosomal peptide in nematodes that promotes larval survival. Nature Chemical 
Biology 12, 770-772, (2016).

3 Ludewig, A. H. et al. An excreted small molecule promotes C. elegans reproductive development and aging. Nature Chemical 
Biology 15, 838-845, (2019).
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4 Srinivasan, J. et al. A Modular Library of Small Molecule Signals Regulates Social Behaviors in Caenorhabditis elegans. Plos 
Biol 10, (2012).

5 Artyukhin, A. B. et al. Succinylated Octopamine Ascarosides and a New Pathway of Biogenic Amine Metabolism in 
Caenorhabditis elegans. J Biol Chem 288, 18778-18783, (2013).

6 Le, H. H. et al. Modular metabolite assembly in Caenorhabditis elegans depends on carboxylesterases and formation of 
lysosome-related organelles. Elife 9, (2020).

7 von Reuss, S. H. et al. Comparative Metabolomics Reveals Biogenesis of Ascarosides, a Modular Library of Small-Molecule 
Signals in C. elegans. Journal of the American Chemical Society 134, 1817-1824, (2012).

165	 Nutrient-induced	rewiring	of	microbial	metabolic	pathways	modulate	5-fluorouracil	efficacy	in	C. elegans

Tanara Peres1, Daniel Martinez-Martinez1, Leonor Quintaneiro1, Michalina W. Zatorska1, João B. Mokochinski1, Georgios 
Marinos2, Lena Best2, Johannes Zimmermman2, Despoina Chrysostomou3, Julian Marchesi3, Christoph Kaleta2, Holger Kramer1, 
Alexis Barr1,4, Filipe Cabreiro1,4 1) MRC London Institute of Medical Sciences, Du Cane Road, W12 0NN, London, UK ; 2) Institute 
for Experimental Medicine, Kiel University, 24105 Kiel, Germany; 3) Division of Digestive Diseases, Imperial College London, 
Faculty of Medicine, W2 1PE, London, UK; 4) Institute of Clinical Sciences, Imperial College London, Hammersmith Hospital 
Campus, Du Cane Road, W12 0NN, London, UK.

Microbiota derived metabolites have been shown to influence cancer susceptibility, tumour progression and therapy 
outcome. Diet is a major environmental factor influencing gut microbiota composition, dictating the abundance of potential 
oncometabolites. The complex interactions between diet and the microbiota need to be clarified so that dietary intake may 
be shaped to influence disease outcome. Having previously demonstrated the impact of bacterial metabolism in 5-fluorouracil 
(5-FU) cancer drug efficacy, we set out to investigate the role of nutrition in host-microbe responses to this drug, an 
antimetabolite widely used for colorectal cancer (CRC) chemotherapy. Host-microbe-drug-nutrient interaction and its influence 
on drug efficacy were assessed using a high-throughput 4-way screening approach. To understand gene-nutrient interactions 
at the bacterial level that regulate the effect of a drug on host physiology, genetically modified E. coli from the Keio deletion 
library were used to probe the role of bacterial metabolic pathways in 5-FU effects in a nutrient-dependent manner. We found 
that glycolytic nutrients, including sugars, importantly antagonise the toxic effects of 5-FU action on the host. Sugars induce a 
shift in metabolic pathways that favour the production of nucleotides, specifically UMP and UTP derived from the activation of 
pyrimidine de novo biosynthesis pathway in bacteria, counteracting pro-drug activation through the salvage pathway. We also 
found that bacterial mutations in the TCA cycle and pyruvate metabolism decrease drug efficacy in amino acid-based media. 
A combination of bacterial genetic work and metabolomics has revealed the presence of a novel bacterial metabolite with 
the capacity to increase 5-FU drug efficacy in both C. elegans and human cancer cells. Importantly, flux balance analysis of the 
cancer associated microbiota predicts an increased production of this metabolite in several organs. In particular, investigations 
of the gut microbiome from four independent human CRC cohorts shows an increased production of this metabolite, 
compared to healthy patients, further implicating this metabolite in drug cancer therapy. These findings highlight the potential 
of manipulating gut microbiota through diet to improve cancer therapy outcome.

166 Interkingdom transfer of molybdenum cofactor from bacteria to C. elegans

Kurt Warnhoff1,2, Thomas Hercher3, Ralf Mendel3, Gary Ruvkun1,2 1) Department of Molecular Biology, Massachusetts General 
Hospital, Boston, MA 02114; 2) Department of Genetics, Harvard Medical School, Boston, MA 02115; 3) Braunschweig 
University of Technology, Braunschweig, Germany 38106.

The molybdenum cofactor (Moco) is a 520 dalton prosthetic group that is synthesized in a multi-step enzymatic pathway 
present in Archaea, Bacteria, and Eukarya. In animals, four oxidases (among them sulfite oxidase) use Moco as a prosthetic 
group. Moco is essential in animals; humans with mutations in genes that encode Moco-biosynthetic enzymes display lethal 
neurological and developmental defects. Moco supplementation seems a logical therapy, however free Moco is too fragile to 
be purified and administered therapeutically. Surprisingly, Moco biosynthesis is not essential in the nematode Caenorhabditis 
elegans if they are fed bacteria that synthesize Moco. Our genetic and biochemical studies demonstrate that protein-bound 
Moco is the stable, bioavailable species of Moco taken up by C. elegans from bacteria and is an effective dietary supplement 
in a C. elegans model of Moco deficiency. These findings establish an animal pathway for Moco transport and suggest a novel 
therapeutic strategy for Moco deficiency.
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167	 Interneuron	Control	of	Diapause	Entry

Mahdi Torkashvand1, Cynthia Chai2, Vivek Venkatachalam1, Paul Sternberg2 1) Northeastern University, Boston, MA; 2) California 
Institute of Technology, Pasadena, CA .

To maximize fitness, animals integrate various external stimuli to sculpt their physiological and behavioral responses 
throughout development. Under adverse environmental conditions, C. elegans larvae can choose to enter an alternate stress-
resistant diapause state. C. elegans constitutively secretes dauer larvae-inducing pheromone, which serves as a proxy for 
high conspecific density. This information about local competition is integrated with other inputs to assess the environment’s 
suitability for future reproductive growth. Although the roles of sensory neurons have been studied, little is known about the 
function of other neuron classes in this developmental paradigm.

Here, we show that the AIA interneurons integrate pheromone cues from multiple sensory neuron classes and propagate 
this information via neuropeptidergic pathways to regulate the diapause entry decision. Pre- vious studies have shown that 
FMRFamide-like neuropeptide flp-2 null mutants are significantly more likely to enter diapause compared to wild-type animals. 
A flp-2 GFP reporter expressed in AIA, and AIA-specific flp-2 cDNA expression is sufficient to rescue the flp-2 mutant diapause 
entry phenotype. We also show that chemogenetic inhibition of AIA recapitulates the flp-2 mutant phenotype. AIA is the major 
postsynaptic partner of the glutamatergic ASK and ADL pheromone-sensing neurons. To investigate the link between the AIA 
ac- tivity and input signals from these pheromone sensing neurons, we used a microfluidic device to deliver crude pheromone 
extract in a controlled environment. While ASK and ADL are activated by acute pheromone pre- sentation, we find that AIA is 
inhibited likely through glutamate-gated chloride channels. To further confirm the dependency of the flp-2 expression on the 
AIA activity, and that the inhibition of AIA during the L1 larval stage initiates the diapause entry, we’ve performed periodic 
imaging of activity in AIA as worms proceed through development in microchambers subject to either dauer-inducing or 
reproductive chemical environments. Us- ing this platform, we show that AIA is quiescent under dauer-inducing conditions but 
active under reproductive growth conditions.

Identification of a key stimulus integrator in this developmental decision provides an opportunity to further probe its 
underlying computational processes.

168	 The	CHARGE	syndrome	gene	chd-7 plays	a	role	in	dauer	formation	and	longevity

Diego Martín Jofré1, Dane Kristian Hoffman2,6, Mckenzie Grundy2, Sijung Yun3, Francis Amrit Ghandi5, Donna Beer Stolz4, Esteban 
Salvatore1, Arjumand Ghazi5, Judith Yanowitz2, Daniel Hochbaum1 1) Departamento de Biodiversidad y Biología Experimental. 
FCEN. Universidad de Buenos Aires. Buenos Aires, Argentina.; 2) Department of Obstetrics, Gynecology & Reproductive 
Sciences, University of Pittsburgh. Pittsburgh, PA, USA.; 3) Laboratory of Molecular Biology, National Institute of Diabetes 
and Digestive and Kidney Diseases, National Institutes of Health, Bethesda, Maryland, USA.; 4) Center for Biologic Imaging, 
University of Pittsburgh Medical School. Pittsburgh, PA, USA.; 5) Departments of Developmental Biology and Cell Biology & 
Physiology, University of Pittsburgh School of Medicine. Pittsburgh, PA, USA.; 6) Department of Cancer & Cell Biology. Baylor 
College of Medicine. Houston, Texas, USA..

CHARGE syndrome is a complex developmental disorder caused by mutations in the chromodomain helicase DNA-binding 
protein-7 (Chd7) and characterized by retarded growth and malformations in the heart and nervous system tissues. 
However, despite the public health relevance of this disorder, relevant targets of CHD7 that relate to disease pathology are 
still poorly understood. Here we report that chd-7, the nematode ortholog of Chd7, is required for dauer morphogenesis, 
lifespan determination, and stress response. Genetic epistasis places chd-7 in the DAF-7/TGF-b pathway. Consistent with our 
discoveries, we found chd-7 to be allelic to scd-3, a previously identified dauer suppressor from the DAF-7/TGF-b pathway. 
Interestingly, DAF-12 transcriptionally regulates chd-7, which is necessary to repress daf-9 for execution of the dauer program. 
Transcriptomics analysis comparing chd-7–defective and normal dauers show multiple collagen genes, consistent with a 
conserved role for the TGF-b pathway in expression of the extracellular matrix. To validate a conserved function for chd-7 in 
vertebrates, we used Xenopus laevis embryos, an established model to study CHARGE syndrome’s features.

169 The kynurenine pathway and biosynthesis of NAD+ and Rhodoquinone in worms

Rosina Comas1, Jennifer N. Shepherd2, Luisa Berná3, Gustavo Salinas4 1) Worm Biology Lab, Universidad de la República–Institut 
Pasteur de Montevideo, Montevideo, Uruguay; 2) Department of Chemistry and Biochemistry, Gonzaga University, Spokane, 
USA; 3) Bioinformatics Unit, Institut Pasteur de Montevideo, Montevideo, Uruguay; 4) Worm Biology Lab, Universidad de la 
República–Institut Pasteur de Montevideo, Montevideo, Uruguay.
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The kynurenine pathway, also known as the main degradation route of tryptophan (Trp), has stood out since 1853 for its 
role in the novo synthesis of NAD+, the universal redox cofactor. Moreover, recent studies have revealed its importance for 
the biosynthesis of Rhodoquinone (RQ), a prenylated benzoquinone structurally related to Ubiquinone, present in anaerobic 
facultative animals such as helminths and essential to harvest energy under hypoxic conditions. Thus, in some lineages, the 
kynurenine pathway is at the core of energy metabolism.

In order to gain information about the kynurenine pathway genes and the biosynthesis of RQ and NAD+ in helminths, we 
analyzed genomes of seven platyhelminths and nine nematodes, including parasites and free-living organisms.

We found that of all the enzymes analyzed only the kynureninase (KYNU) is encoded in all genomes. This finding supports the 
discovery that this enzyme is essential for RQ biosynthesis in C. elegans. Additionally, the analysis revealed that the first step of 
the pathway in helminths is catalyzed by either indolamine dioxygenase, IDO or tryptophan dioxygenase, TDO. This mutually 
exclusive pattern contrasts the presence of both enzymes in mammals. Interestingly, the formamidase (AFMD) and kynurenine 
monooxygenase (KMO) genes, encoding enzymes upstream of KYNU in the pathway, were not present in all helminth lineages. 
These results, together with the presence in these lineages of a specific polyprenyltransferase isoform that uses arylamines 
from the kynurenine pathway, suggest that a complete kynurenine pathway is not needed for RQ biosynthesis in helminths. 
Indeed, we determined that the parasitic platyhelminth Mesocestoides corti that lacks AFMD and KMO can synthesize large 
amounts of RQ. Nitrogen-labeled Trp in this helminth will allow us to confirm the amine group of RQ derives from this amino 
acid.

Recent studies performed in C. elegans demonstrated that the enzyme Uridine monophosphate synthetase (UMPS), and not 
the missing quinolinate phosphoribosyl transferase (QPRT), was responsible for de novo biosynthesis of NAD+, catalyzing the 
conversion of quinolinic acid to nicotinamide mononucleotide in the NAD+ branch of the kynurenine pathway. Although we 
determined that UMPS is encoded in all the genomes analyzed, most helminth lineages lack key enzymes that are necessary 
for the NAD+ biosynthetic pathway.

To assess the de novo NAD+ biosynthesis from Trp in organisms that do not encode a complete kynurenine pathway, we will use 
deuterated Trp in M. corti and examined the presence of deuterated NAD+. Finally, examination of the NAD+ salvage pathway in 
helminths suggests that recycling of nicotinamide is used for NAD+ biosynthesis in helminths

170	 Glycerol-3-phosphate	phosphatase	/	PGPH:	a	novel	calorie	restriction	mimetic	enzyme	in	C. elegans.

Elite Possik1,2, Clemence Schmitt1,2, Anfal Al-Mass1,2, Joanne Morin1,2, Heidi Erb1,2, Wahab Kahloan1,2, Alex Parker3, S.R. Murthy 
Madiraju1,2, Marc Prentki1,2 1) Department of Nutrition, CrCHUM, University of Montreal; 2) Montreal Diabetes Research 
Center; 3) Department of Neurosciences, CRCHUM, University of Montreal.

Metabolic stress due to nutrient excess and lipid accumulation is at the root of many age-associated disorders and the 
identification of therapeutic targets that mimic the beneficial effects of calorie restriction has clinical importance. Here, 
using C. elegans as a model organism, we studied the roles of a recently discovered enzyme at the heart of metabolism in 
mammalian cells, glycerol 3-phosphate phosphatase (G3PP) (gene name Pgp) that hydrolyzes glucose-derived glycerol-3-
phosphate (Gro3P) to glycerol. Gro3P is a key metabolite that regulates flux of various metabolic pathways and particularly, the 
glycerolipid/fatty acid (GL/FA) cycle associated with obesity, type-2-diabetes, and cardiometabolic disorders. We identify three 
Pgp homologues in C. elegans (pgph1, pgph-2, and pgph-3) and demonstrate in vivo that their protein products have G3PP 
activity, essential for glycerol synthesis and contributes to stress responses and healthy aging. Hyperosmotic and high glucose 
stresses induce pgph transcripts, glycerol production, and salt stress adaptation in a PGPH-dependent manner. Using targeted 
metabolomics, we find that Gro3P accumulates in pgph mutant animals in basal conditions and more prominently following 
salt and glucose stresses, while most intermediary metabolites are rarely altered by PGPH loss. Using an unbiased transcription 
factors RNAi screen, we further identify transcriptional regulators of pgph-2 and pgph-3 salt-mediated expression. Loss of 
PGPH increases fat deposition, exacerbates glucotoxicity, decreases resistance to various stresses, shortens median lifespan 
and decreases healthspan parameters. Importantly, pgph-2 overexpression reduces fat deposition with age at basal and 
glucose excess conditions without restricting animal feeding or decreasing reproduction. Overexpression of pgph-2 improves 
healthspan and protects from glucotoxicity retarding age-related locomotor decline in normal and high glucose conditions. 
Strikingly, our data suggest that the overexpression of pgph-2 partly mimics the beneficial effects of dietary restriction. Overall, 
the results demonstrate that G3PP/PGP is a novel evolutionary conserved regulator of glucose and fat metabolism that 
protects against nutrient and environmental stresses and is involved in glucose detoxification and healthy aging.
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171	 The	SR	protein	RSP-2	regulates	the	expression	and	physiological	responses	of	the	truncated	DAF-2	isoform

Bryan Martinez1, Matthew Gill1 1) The Scripps Research Institute-Florida.

We have previously characterized a truncated isoform of the worm insulin receptor, DAF-2B which alters insulin signaling 
phenotypes via sequestration of insulin-like peptides. The DAF-2B isoform is generated by alternative splicing, whereby 
inclusion of exon 11.5 is followed by a failure to splice to exon 12, leading to the retention of a short in-frame intronic 
sequence. However, the factors which control these splicing events are not known. In C. elegans, rsp genes encode members 
of the SR protein family which control both constitutive and alternative splicing. To determine if SR-proteins play a role in 
regulation of the DAF-2B isoform, we examined the effect of RNAi against rsp genes in a fluorescent daf-2b splicing reporter 
strain. We found that knockdown of the SRp40 homologue, rsp-2 significantly increased fluorescence expression in all 
larval stages, most prominently in early larval stages. Increased reporter expression, as well as increased expression of the 
endogenous daf-2b transcript, was confirmed using a deletion mutation, rsp-2(Δ). These observations suggest that the normal 
function of RSP-2 is to inhibit expression of the daf-2b transcript.

Since rsp-2(Δ) is associated with higher daf-2b expression, we hypothesized that rsp-2(Δ) would mimic phenotypes associated 
with high expression of DAF-2B, such as increased dauer entry and reduced dauer exit. Consistent with this, we found that 
rsp-2(Δ); pdk-1 double mutant animals had higher rates of dauer formation and reduced dauer recovery. Epistasis experiments 
between daf-2b and rsp-2 in the pdk-1 background show that daf-2b is downstream of rsp-2 but only partially required, 
suggesting that RSP-2 may more broadly be a target of the insulin signaling pathway. To investigate this link, we used CRISPR/
Cas9 to generate mutations that target a predicted Akt phosphorylation site in rsp-2. Animals bearing a phosphorylation 
deficient mutation showed enhanced dauer entry and higher daf-2b expression whereas a phosphorylation mimetic mutation 
showed reduced dauer entry and no change in daf-2b. Therefore, RSP-2 regulation of DAF-2B appears to be linked to the 
phosphorylation cascade of the insulin-signaling pathway.

172A	 Deciphering	how	the	Ubiquitin	Proteasome	System	executes	Linker	Cell-type	Death

Lauren Bayer Horowitz1, Jennifer A. Malin1, Mohammed Alam1, Dani Keahi1, Shai Shaham1 1) Rockefeller University.

Programmed cell death is essential for animal development and homeostasis, and its disruption is associated with many 
disorders including neurodegeneration and cancer. Apoptosis is a prominent cell death form, however mutations in key 
apoptotic regulators only cause minor developmental defects in vertebrates. Non-apoptotic programs also exist, but their 
molecular basis remains poorly understood. Linker Cell-type Death (LCD) is a non-apoptotic and caspase-independent 
cell death program operating in C. elegans development. Remarkably, the morphological hallmarks of LCD are observed 
throughout vertebrate development, suggesting LCD is conserved. The Ubiquitin Proteasome System (UPS) is a key effector of 
LCD. The heat shock factor HSF-1 stimulates transcription of the E2 ligase let-70/Ube2D2. LET-70/UBE2D2 functions with Cullin 
Ring E3 ubiquitin ligases comprising the substrate recognition subunit BTBD-2 and other proteins to stimulate proteasome 
activity and effect LCD. The proteolytic targets of the UPS during LCD, however, and how their degradation trigger linker cell 
demise are unknown. To identify candidate targets of the UPS, we performed a yeast 2-hybrid screen against the substrate 
recognition subunit BTBD-2. Our preliminary evidence suggests that BTBD-2 interacts with an enzyme required for cellular 
methylation. Importantly, loss of this enzyme restores LCD to animals lacking the E2 ligase let-70, suggesting that this gene 
is a bona fide UPS target during LCD. To determine how loss of this enzyme precipitates LCD, we will confirm that the gene 
is degraded by the UPS, determine the role of its enzymatic activity in LCD, and assess similar genes and known interacting 
partners for a role in LCD. In parallel to these studies, we have found that EBAX-1, a substrate recognition subunit of Cul2-
based E3 ligases, is also required for LCD. Two independent ebax-1 loss of function mutations display inappropriate linker 
cell survival, and these defects are rescued by expression of wild-type ebax-1 genomic clones. Furthermore, an endogenous 
translational reporter for ebax-1 is expressed throughout the lifetime of the linker cell. To determine how ebax-1 promotes 
LCD, we are performing epistasis studies with other LCD genes and are identifying its target substrates. Together these studies 
will reveal mechanisms that execute non-apoptotic cell death that can elucidate the etiology of associated disorders and 
eventually identify novel therapeutic targets.

173B	 Dietary	Composition	Modulates	Neurodegeneration	in	a	C. elegans	Parkinson’s	Disease	Model

Anthony Gaeta1, Luke McKay1, Candice Keogh1, Kim Caldwell1, Guy Caldwell1 1) University of Alabama.

The diet of any organism is crucial in providing the energy necessary to not only exist and persist in the environment, 
but to overcome stress when challenged. One such type of stress comes in the form of Parkinson’s disease (PD), which is 



Abstracts

23rd International C. elegans Conference     |    68

characterized by the progressive loss of dopaminergic (DA) neuron function and integrity. Although it has been reported and 
observed that diet type has wide ranging effects on phenotypes in both humans and animal models, the effect that diet has 
on the progression of DA neuron loss in PD is largely unknown. However, evidence supporting a connection between the 
brain and the gut microbiome has become increasingly relevant to neurodegenerative diseases. Furthermore, the effect of 
parental diet on attributes of PD in subsequent generations has not been adequately investigated. The findings of this study 
indicate that a non-standard diet for Caenorhabditis elegans (C. elegans) has an impact on PD-associated pathology in this 
animal, in a transgenerational manner. Specifically, feeding worms an alternative bacterial diet of HB101 E. coli, as opposed 
to the laboratory standard OP50 E. coli, promotes significant, transgenerational protection of DA neurons in response to the 
stressor and pathological hallmark of PD, a-synuclein (a-syn) overexpression and accumulation. This protection is shown to be 
dependent on the normal function of Systemic RNA Interference Defective (SID) proteins, including SID-1, SID-2, and SID-3. 
These proteins are involved in the ability of double-stranded RNAs (dsRNAs) to traverse cellular boundaries, systemically, and 
silence target genes in C. elegans to varying degrees. Comparative transcriptomic analysis between worms reared on OP50 
vs. HB101 E. coli in an a-syn model background has revealed genes and pathways associated with a wide range of processes. 
These included genes encoding proteins involved in metabolism, cell signaling, development, transcription, stress responses, 
and transmembrane transport, all of which were observed to be differentially expressed in worms reared on HB101 E. 
coli. Subsequent functional analysis of select targets by RNA interference revealed the contribution of individual genes to 
neuroprotection against a-syn-mediated neurodegeneration. This research lays a foundation for future investigation of the 
subtle distinctions in diet that can impact conserved pathways modulating neuron survival in response to stress.

174C	 Organismal	death	triggered	by	oyster	mushrooms	via	mitochondrial	dysfunction

Ching-Han Lee1,2,3, Yen-Ping Hsueh1,2,3,4 1) Institute of Molecular Biology, Academia Sinica; 2) Molecular and Cell Biology, Taiwan 
International Graduate Program, Academia Sinica; 3) Taiwan International Graduate Program, National Defense Medical 
Center; 4) Department of Biochemical Science and Technology, National Taiwan University.

The oyster mushroom Pleurotus ostreatus is a nematophagous basidiomycete that produces toxins to paralyze nematodes. 
We previously reported that P. ostreatus triggers a massive calcium influx and rapid cell necrosis in the neuromuscular system 
of C. elegans via its sensory cilia. However, how do the mushroom hyphae trigger rapid cell necrosis remains unclear. Here, 
we show that P. ostreatus induced calcium influx in the mitochondrial matrix, resulting in massive mitochondria enlargement 
within five minutes of hyphal contact. In addition, the ATP level dropped promptly in the pharyngeal muscle cells of the 
paralyzed nematodes. Moreover, we observed a calcium wave propagated across the mitochondria of hypodermis. Mutants 
exhibited muscle contraction defects restricted the calcium wave, suggesting that body wall muscle contraction contributed 
to the propagation of calcium wave in hypodermis. Furthermore, C. elegans mutants with disrupted ER-mitochondria contacts 
decreased the calcium influx in the mitochondria of pharyngeal muscle cells. Our findings illustrate that Pleurotus toxins trigger 
drastically ion imbalance and disrupt mitochondrial function, leading to energy failure and cell necrosis throughout the entire 
animal.

175A	 Depletion	of	cdc-25.2 in the intestine induces mitochondrial oxidative stress and germ cell apoptosis through a cep-
1-dependent pathway

Mijin Lee1, Hyemin Min1, Yhong-Hee Shim1 1) Konkuk University, Seoul.

A CDC25 phosphatase is essential for animal development as a cell cycle regulator by removing inhibitory phosphates from 
the cyclin-dependent kinase. However, we found that expression of CDC-25.2 remained in the somatic tissues at the post-
developmental stage, suggesting a non-canonical role of CDC-25.2. At the adult stage, cdc-25.2(g52) mutant increased 
production of intracellular reactive oxygen species (ROS) and germ cell apoptosis (GA) which were suppressed by antioxidant, 
N-acetyl-L-cysteine treatment. These results suggest that GA was induced by intracellular ROS produced in the cdc-25.2(g52) 
mutants. Furthermore, we found that intestine-specific cdc-25.2 RNAi induced both the high levels of mitochondrial ROS 
production and GA, and intestine-specific overexpression of cdc-25.2 in cdc-25.2(g52) mutants suppressed mitochondrial 
ROS production and GA. Therefore, these findings indicate that CDC-25.2 in the intestine is required for the control of GA by 
modulating ROS production. Interestingly, this process was somatic CEP-1 dependent because depletion of cep-1 in the soma 
by soma-biased RNAi did not increase both levels of ROS production and GA in the cdc-25.2(g52) mutants. Based on these 
findings, we suggest a non-canonical role of cdc-25.2 in the intestine, that is, cdc-25.2 controls mitochondrial oxidative stress 
in the soma to protect cell death in the germ line in which somatic CEP-1 activity is required. This study was supported by 
NRF2018R1A2B6007915 and NRF2021R1A2C1011658.
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176B	 Investigation	of	the	In	vivo	and	In	vitro	effects	of	Essiac®	Liquid	Herbal	Extract	on	Health	and	Cancer

Sylvia Lopez-Vetrone1, Jimena Ruiz1, Imran Javaid1, Martin Olmos1 1) Whittier College.

Essiac® is an herbal compound that has been widely used as a dietary supplement for health and immune system support, 
as well as a homeopathic cancer treatment. Despite multiple studies aiming to demonstrate its touted benefits, the results 
have been inconclusive. Some studies have shown Essiac® to impart gastroenterological protection, combat reactive oxygen 
species (ROS), increase immune cell subsets, and reduce in vitro cancer cell numbers, other studies have not been able to 
show reduced cancer load in vivo. Therefore, in this study using the fully-prepared proprietary blend, Essiac® Liquid Herbal 
Extract (LHE), we thoroughly explored its health benefits using the nematode animal model, Caenorhabditis elegans (C. 
elegans), as well as assess its antiproliferative abilities against three non-adherent (myeloma, lymphoma, and leukemia) and 
two adherent tumor forming (breast and prostate) cancer cell lines. Our findings show that when C. elegans were exposed 
to the recommended dosage of Essiac® LHE, there was an increase in their overall lifespan, and an increase in their ability to 
withstand oxidative stress induced mortality when challenged. Additionally, our work demonstrated that a 24% exposure of 
Essiac® LHE induced a significant decrease in cell viability and proliferation within all five cancer cell lines (RPMI 8226, Jurkat, 
CML, LNCaP, and MCF7). Furthermore, our results indicate that the anti-proliferative effects of Essiac® LHE are not being 
mediated through the induction of intrinsic apoptosis, but through an alternative cellular mechanism. Taken together, these in 
vitro and in vivo findings lend support to the overall health benefits and antiproliferative abilities of Essiac® LHE.

177C The loss of psf-2 GINS leads to the inappropriate survival of cells programmed to die during C. elegans development

Nadin Memar1,4, Ryan Sherrard1, Eric Lambie1,4, Ralf Schnabel2, Barbara Conradt1,3,4 1) Faculty of Biology, LMU Munich, 
82152 Planegg-Martinsried, Germany; 2) Institut für Genetik, TU Braunschweig, Braunschweig, Germany; 3) Center for 
Integrated Protein Science, LMU Munich, 82152 Planegg-Martinsried, Germany; 4) Present address: Department of Cell and 
Developmental Biology, University College London, London, UK.

The genetic pathway required for programmed cell death during C. elegans development is highly conserved. The key activator 
of this pathway is the pro-apoptotic BH3-only gene egl-1. Earlier studies showed that egl-1 activity is controlled at the level 
of gene expression. Specifically, egl-1 expression is controlled both at the transcriptional level through lineage-specific 
transcription factors and at the post-transcriptional level through microRNAs. In this study, we present evidence that egl-1 
expression is controlled at an additional level. The gene psf-2 encodes a subunit of the GINS complex, which is essential for 
DNA replication. We identified a temperature-sensitive loss-of-function mutation of psf-2, t3443ts, and found that it does not 
only cause a cell cycle defect but a general block in cell death i.e. a Ced phenotype. Furthermore, we provide evidence that 
the Ced phenotype exhibited by psf-2(t3443ts) mutants is independent of these animals’ cell cycle defects. Based on these 
observations we propose that psf-2 GINS is required for programmed cell death during C. elegans development. To determine 
whether psf-2(t3443ts) affects the expression of egl-1, we quantified the number of egl-1 transcripts in cell death lineages 
i.e. lineages in which a cell death occurs. We found that psf-2(t3443ts) abolishes a spike in the number of egl-1 transcripts 
normally observed in cells programmed to die. This suggests that the loss of psf-2 GINS blocks programmed cell death by 
abolishing the transcriptional up-regulation of egl-1in cells programmed to die. Based on our findings, we propose that the 
GINS complex is necessary for changes in chromatin state at the egl-1 locus that permit the transcriptional up-regulation of the 
egl-1 gene in cells programmed to die.

178A	 Autophagy	and	the	degradation	of	apoptotic	cells

Omar Pena-Ramos1, Xianghua Liu1, Lucia Chiao1, Tianyou Yao1, Lidan Gao1, Ying Wang1, Henry He1, Zheng Zhou1 1) Baylor College 
of Medicine.

The autophagy pathway generates autophagosomes, double-membrane structures responsible for degrading protein 
aggregates, intracellular organelles, and other cellular components. This intracellular trafficking process is essential for the 
cell stress response, recycling the degraded material for use in different cellular processes. During C. elegans embryonic 
development, 113 somatic cells undergo apoptosis; these cells are then swiftly internalized by neighboring engulfing cells 
through phagocytosis, generating phagosomes. The newly formed phagosome then enters a maturation process during 
which acidic vesicles are fused to the phagosome promoting its degradation. Components of the autophagy pathway have 
previously been linked to phagosome maturation in mammalian cells in a process called LC3-associated phagocytosis (LAP). 
The autophagy machinery generates a single membrane-vesicle to conjugate LC3 directly onto the phagosome membrane 
promoting phagosome-lysosome fusion. Using live imaging on developing C. elegans embryos, we discovered that LC3-labeled 
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puncta generated in engulfing cells are recruited to the surface of phagosomes and subsequently fuse to them, depositing 
their content into the phagosomal lumen. The observed fusion pattern suggests that the puncta are of a double-membrane 
nature, indicative of double-membranous autophagosomes and not single-membrane LAP vesicles. We also observed that 
these autophagosomes form two distinct populations, those that are labeled with LGG-1 and those marked with LGG-2, both 
homologs of yeast Atg8 and mammalian LC3. Lacking either group of autophagosomes significantly delay the degradation 
of apoptotic cells, indicating that both LGG-1 and LGG-2 function in the clearance of apoptotic cells. Finally, we identified 
that a signaling pathway with a previously known role in phagosome-lysosome fusion also facilitates the integration of 
autophagosomes to phagosomes. Our findings have collectively added autophagosomes to the list of intracellular organelles 
involved in phagosome maturation. Furthermore, we have demonstrated that in C. elegans, it is autophagosomes, not LAP 
vesicles, that facilitate phagosome maturation, and we have revealed a novel function of the autophagy pathway in the 
clearance of apoptotic cells.

179B	 The	cytoskeletal	regulator	UNC-53/Nav2	controls	cell	death	processes	in	Caenorhabditis elegans

Caroline Lehman1, Melissa Kinkaid1, Sylvia Mast1, Donatine Afful1, Mecca Baker1, Jessie Landis1, Anna Paetkau1, Benjamin 
Wright1, Kristopher Schmidt1 1) Eastern mennonite university.

C. elegans is used to unravel the complex signalling processes that control apoptosis and cell corpse engulfment. Apoptosis 
is partly directed by a pathway using CED-3/Caspase and CED-4/Apaf1 while the distinct process of corpse engulfment is 
mediated by pathways that include: (i) CED-1/SREC, CED-6/GULP, CED-7/ABC1, DYN-1/Dynamin and (ii) CED-2/CrkII, CED-5/
DOCK180, CED-10/RAC, CED-12/ELMO and (iii) ABI-1/ABI and ABL-1/ABL. UNC-53/Nav2 is a cytoskeletal binding protein 
that controls cell migration and interacts with ABI-1 and UNC-73/TRIO. UNC-53 is homologous to the Neuron Navigator 
(Nav) genes, a gene family with diverse functions, including the growth and development of tumorigenic cells. To study a 
potential role for UNC-53 in cell death processes we first compared the number of residual cell corpses in the pharynxes of 
newly hatched L1 single mutants of ced-1, ced-2, ced-5, and ced-10 to corresponding double mutants with unc-53. unc-53 
loss suppressed cell corpse engulfment of ced-1, ced-2, and ced-10 but not ced-5 mutants, placing unc-53 outside of a ced-1 
pathway but not independent of ced-2 and ced-5. unc-53 suppressed the distal tip cell guidance defects frequently observed in 
these mutants and had a striking effect on ced-10 and mig-2/RHO animals, reducing the frequency of anteroposterior polarity 
reversals. unc-53 loss also increased the amount of CED-10 as measured by increased GFP in unc-53 (n152); CED-10::GFP 
strains compared to animals carrying the CED-10::GFP integrated array alone. We next used time-lapse microscopy to see if 
unc-53 affected the timing, number or morphology of cell corpses. Morphology and timing were normal in unc-53, but we 
found that unc-53 (n152) null mutants had significantly fewer apoptotic corpses from the comma stage through to the 3-fold 
stage of embryogenesis. This latter observation suggests that unc-53 may influence cell apoptosis directly. We next tested for 
a role for unc-53 (n152) in the apoptosis of neuronal cells. unc-53 (n152) enhanced the weak allele ced-3 (n2427) and blocked 
neuronal cell death in cells normally fated to die (P2.aap, P9-12.aap). unc-53 (n152) also significantly blocks CED-3 and CED-4 
mediated killing when these proteins are ectopically expressed in the mechanosensory neurons. Our experiments suggest that 
unc-53 impacts cell death directly through a pathway involving CED-3/CED-4 but may have an additional role in cell corpse 
engulfment.

180C	 Genetic	Control	of	Caspase-mediated	and	Caspase-independent	Cell	Elimination	in	C. elegans

Nolan Tucker1,2, Vivek Dwivedi1,2, Bob Horvitz1,2 1) Massachusetts Institute of Technoloogy ; 2) Howard Hughes Medical Institute .

The programmed elimination of unwanted or unneeded cells during animal development is a conserved process essential for 
proper development and tissue homeostasis. Insufficient or excessive cell elimination can result in diseases such as cancer and 
neurodegenerative disorders, respectively. While caspase-mediated apoptosis is the best characterized form of programmed 
cell elimination, other mechanisms, such as cell extrusion, also exist. Cell extrusion occurs in a wide range of metazoans, 
including mammals, fish, insects and nematodes. In C. elegans, at least eight embryonic cells, including the cell ABplpappap, 
normally fated for caspase-mediated apoptosis undergo extrusion in the absence of ced-3 caspase activity.

To investigate the mechanisms underlying cell extrusion, we performed an F1 EMS mutagenesis screen of 15,000 haploid 
genomes using a ced-3(lf) caspase-deficient genetic background searching for mutants defective in the cell extrusion of 
ABplpappap. From this screen we isolated a mutant showing 64% penetrance of ABplpappap survival. Interestingly, this mutant 
also allows 30% penetrance of ABplpappap survival of caspase-mediated apoptosis in the presence of ced-3(+) caspase activity. 
These findings suggest that this gene controls two apparently distinct forms of programmed cell elimination of ABplpappap: 
cell extrusion and caspase-mediated apoptosis. To identify more genes involved in both of these processes we performed 
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an RNAi screen that identified 7 additional genes which, when knocked down, were capable of blocking both the caspase-
mediated apoptosis of ABplpappap and the extrusion of ABplpappap in a caspase-deficient background.

By characterizing the role of these genes in the elimination of ABplpappap, we hope to elucidate new processes that 
contribute to programmed cell elimination. We hope that these studies will provide insight into diseases resulting from the 
perturbation of caspase-mediated apoptosis and cell extrusion, such as cancer.

181A	 cep-1/p53	mediated	DNA	damage	response	-	understanding	apoptosis	in	Caenorhabditis elegans germ cells

Pavana Lakshmi Vaddavalli1, David Meyer1, Björn Schumacher1 1) University of Cologne - CECAD Research Centre.

The DNA damage response (DDR) is an elaborate system that functions to preserve genome integrity. The DDR is initiated by 
DNA damage checkpoint pathways which halt cell cycle progression to allow DNA repair to precede or trigger programmed cell 
death (apoptosis) depending on the cell type and the extent of the damage. The tumor suppressor p53 is a central regulator of 
the DDR and regulates apoptosis by transcriptionally inducing pro-apoptotic genes. p53 is the most commonly mutated gene 
in human cancers. Most cancer-associated p53 mutations are missense mutations that compromise the tumour suppressive 
transcriptional activity. Consequently, damaged cells fail to undergo apoptosis, leading to uncontrolled proliferation and cancer 
formation.

In this study, we employ Caenorhabditis elegans, to gain a deeper understanding of the mechanisms through which the DNA 
damage checkpoint signaling pathways impact the apoptotic DNA damage response. The core apoptotic pathway is distinctly 
conserved in C. elegans, where C. elegans p53-like, CEP-1, transcriptionally induces the BH3-only domain pro-apoptosis 
factors to trigger the apoptosome upon DNA damage. This model provides distinct advantages for the genetic investigation 
of apoptosis –the germline of the worm shows a specific and easy to visualize apoptotic response to DNA damage, enabling 
quantifiable evaluation of genetic and chemical interventions.

We recapitulated the most prevalent p53 hotspot mutation in the worm, and generated a genetic tool for high throughput 
screening of novel regulators of cep-1/p53 dependent apoptosis in whole live organism. Ionizing radiation-induced apoptosis is 
abrogated in worms with the hotspot mutation, and in the forward genetic screen performed, we were able to isolate mutant 
worms which showed restored apoptosis despite a mutated p53. Our data indicate that the restored apoptotic response 
occurs in a delayed manner and involve a dysregulated ERK/MAPK signaling pathway. Overall, our preliminary findings point 
towards a secondary delayed wave of DNA damage response that is set in motion if the primary response regulated by cep-1/
p53 fails when it is mutated.

182B	 Identifying	the	key	players	of	phosphatidylserine	externalization	in	non-apoptotic	dying	cells

Julia Frondoni1, Lisa Jörg2, Maurice Stetter2, Ann Wehman1 1) University of Denver, Denver, CO, USA; 2) University of Würzburg, 
Würzburg, Germany.

Throughout development, cells are programmed to die for homeostatic control. Corpse clearance is key for animals to avoid 
inflammation and auto-immune disease. To better understand the “eat me” signal of phosphatidylserine (PS) exposure for cell 
clearance, we are attempting to disrupt the externalization of PS on C. elegans polar bodies. The second polar body undergoes 
a non-apoptotic form of cell death, externalizes PS, and is cleared by embryonic cells during early development. PS exposure is 
known to be caused by lipid scramblases, enzymes present in the plasma membrane that translocate phospholipids between 
the leaflets of the lipid bilayer. However, the scramblases that regulate PS exposure in non-apoptotic dying cells are unknown.

A combination of RNAi and the ced-8(n1891) loss-of-function allele suggested that the scramblase CED-8 plays a redundant 
role in externalizing PS on polar bodies with the mitochondrial factor WAH-1 as well as the scramblases SCRM-1, SCRM-2, and 
SCRM-3. As CED-8, WAH-1, and SCRM-1 are involved in PS externalization during apoptosis, we tested whether PS exposure 
depends upon the apoptotic caspase CED-3. However, PS was still externalized on polar bodies in ced-3(n717) mutants, 
confirming that scramblase activation is independent of the apoptotic pathway.

To confirm the role of the redundant scramblases, we generated a scrm-4 scrm-1 scrm-2; scrm-3; ced-8 quintuple scramblase 
mutant strain. These mutants still externalized PS on polar bodies, indicating that there are other ways to externalize PS on 
these cells. We are currently testing other scramblase proteins, including SCRM-6, SCRM-7, SCRM-8, and CED-7. Thus, we will 
define the molecular players in the regulation of PS exposure for non-apoptotic cell death, which will allow us to define the 
role of PS in phagocytic uptake as well as later steps of phagosome maturation.
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183C	 Calcium	Ions	Trigger	the	Exposure	of	Phosphatidylserine	on	the	Surfaces	of	Necrotic	Cells

Yoshitaka Furuta1,2, Omar Pena-Ramos1, Zao Li1, Lucia Chiao1, Zheng Zhou1 1) Baylor College of Medicine; 2) Kanazawa University.

Intracellular Ca2+ level is under strict regulation through calcium channels and storage pools including the endoplasmic 
reticulum (ER). Mutations in certain ion channel subunits, which cause mis-regulated Ca2+ influx, induce the excitotoxic 
necrosis of neurons. In the nematode Caenorhabditis elegans, dominant mutations in the DEG/ENaC sodium channel subunit 
MEC-4 induce six mechanosensory (touch) neurons to undergo excitotoxic necrosis. Dominant mutations in other channel 
components induce the necrosis of various neurons. These necrotic neurons are subsequently engulfed and digested by 
neighboring hypodermal cells. We previously reported that necrotic touch neurons actively expose phosphatidylserine (PS), an 
“eat-me” signal, to attract engulfing cells. However, the upstream signal that triggers PS externalization remained elusive.

We constructed the GCaMP5 Ca2+ reporter that is specifically expressed in touch neurons and and the MFG-E8::mCherry 
reporter for PS on cell surfaces. After monitoring the cytoplasmic Ca2+ signal simultaneously with the PS signal on the 
surfaces of touch neurons in real time during embryonic development, we report that a robust and transient increase of 
cytoplasmic Ca2+ level occurs prior to the exposure of PS on necrotic touch neurons. Inhibiting the release of Ca2+ from the ER, 
either pharmacologically or genetically, specifically impairs PS exposure on necrotic but not apoptotic cells. On the contrary, 
inhibiting the reuptake of cytoplasmic Ca2+ into the ER induces ectopic necrosis and PS exposure. Remarkably, PS exposure 
occurs independently of other necrosis events. Furthermore, unlike in mutants of DEG/ENaC channels, in dominant mutants 
of two Ca2+ channels, PS exposure on necrotic neurons does not rely on the ER Ca2+ pool. Our findings indicate that high levels 
of cytoplasmic Ca2+ are necessary and sufficient for PS exposure. They further reveal two Ca2+-dependent, necrosis-specific 
pathways that promote PS exposure, a “two-step” pathway initiated by a modest influx of Ca2+ and further boosted by the 
release of Ca2+ from the ER, and another, ER-independent, pathway. Moreover, our observations suggest that both the ER-
mediated and ER-independent Ca2+ pathways promote PS externalization through activating ANOH-1, the worm homolog of 
mammalian phospholipid scramblase TMEM16F. Our work has revealed a novel Ca2+-triggered PS exposure mechanism active 
in necrotic neurons, a mechanism different from the caspase-activated PS exposure mechanism employed by apoptotic cells. 
We propose that this mechanism might be conserved in other organisms including mammals.

184A	 The	role	of	the	Insulin	Signaling	Pathway	in	C. elegans Germline Stem Cell Mitosis

Eric Cheng1, Abigail Gerhold1 1) McGill University .

The spindle assembly checkpoint (SAC) monitors kinetochore-microtubule attachments and halts mitotic progression in the 
presence of unattached or incorrectly attached chromosomes. The SAC ensures the fidelity of chromosome segregation during 
mitosis by guarding against chromosome mis-segregation and aneuploidy. While the events and mechanisms that control 
the SAC are relatively well understood, how they are influenced by developmental and environmental signaling networks 
remains unclear. The insulin signaling (IIS) pathway is a universally important and highly conserved pathway that integrates 
cell proliferation and development in many organisms. We are using C. elegans germline stem cells (GSCs) to ask how the IIS 
pathway affects mitotic duration and fidelity in vivo via the in situ live imaging of these mitotically dividing cells. This pathway 
has a known role in cell cycle progression, with daf-2 mutants having fewer germ cells and a lower mitotic index, compared 
to stage-matched N2 animals, due primarily to a delay in the G2 phase of the cell cycle. Removal of daf-18 or daf-16 restores 
normal germ cell numbers suggesting canonical signaling from DAF-2 to DAF-16 affecting the rate of cell cycle progression. 
While clear links have been established between IIS and GSC proliferation, IIS involvement in events during mitosis, including 
the SAC, remains unclear. Evidence from cell culture models suggests that IIS may play a role during mitosis; however, it is not 
clear whether this occurs under in vivo physiological conditions.

We have found that daf-2 mutants have an increased duration of mitosis and decreased number of cells entering mitosis. Both 
effects can be rescued by subsequent deletion of daf-18 or daf-16. In addition, daf-2 mutants have an increased incidence of 
chromosome segregation errors when the SAC is compromised, suggesting impairment of spindle assembly. Ongoing work 
will assess whether these effects are cell autonomous and will determine the underlying cause of the observed increase in 
chromosome segregation errors.

185B	 Investigating	the	regulation	of	CDC-20	recruitment	to	kinetochores

Jack Houston1, Pablo Lara-Gonzalez1, Karen Oegema1, Taekyung Kim2, Arshad Desai1 1) University of California, San Diego; La 
Jolla, CA, USA; 2) Pusan National University; Busan, South Korea.
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The WD-40 repeat protein CDC-20 is the co-activator of the Anaphase Promoting Complex/Cyclosome (APC/C), the E3 
ubiquitin ligase responsible for mitotic exit, as well as a core subunit of the mitotic checkpoint complex that restrains APC/C 
activity when chromosomes are not yet attached to the mitotic spindle. CDC-20 rapidly fluxes through the kinetochore region 
of chromosomes via association with a conserved binding motif, known as the ABBA motif, in BUB-1. CDC-20 flux through 
kinetochores is essential for mitotic checkpoint activation, which delays anaphase onset until all chromosomes attach to 
microtubules, and for promoting anaphase onset following kinetochore-microtubule attachment (Kim and Lara-Gonzalez et al, 
2017, Genes and Development 31:1089–1094). Here, we investigate the regulation of BUB-1-dependent recruitment of CDC-
20 to kinetochores. We found that mutating a conserved Polo-like Kinase 1 (PLK-1) docking site in BUB-1 eliminated CDC-20 
kinetochore recruitment to the same extent as mutating the ABBA motif; in addition, the peak kinetochore recruitment of the 
mutant BUB-1 was reduced to ~50% of wildtype levels, likely due to a role for BUB-1-bound PLK-1 in promoting kinetochore 
recruitment of BUB-1. To address if the defect in CDC-20 kinetochore recruitment was a consequence of reduced BUB-1 
kinetochore localization or was due to BUB-1-docked PLK-1 regulating the ABBA motif-CDC-20 interaction, we selectively 
mutated the BUB-1-associated protein BUB-3 to impair its recognition of the phosphorylated kinetochore scaffold KNL-1. 
The BUB-3 phospho-recognition mutant reduced peak BUB-1 kinetochore recruitment to ~30% of wildtype levels; however 
the consequences on anaphase onset and CDC-20 kinetochore localization were significantly less severe than observed for 
PLK-1-docking mutant BUB-1. These observations support a model in which BUB-1-associated PLK-1 is essential for CDC-20 
kinetochore recruitment, either by direct phospho-regulation of the ABBA motif or by controlling access of the ABBA motif to 
CDC-20. Our current experiments are focused on distinguishing between these two potential mechanisms.

186C	 Interactions	between	the	PAM-1	aminopeptidase	and	the	cell-cycle	machinery	during	oocyte	maturation	and	early	
development

Sophie Lear1, Quaran Davis1, Nareen Babaian1, Eva Jaeger1, Rebecca Lyczak1 1) Ursinus College.

The cell cycle is a tightly regulated process controlled by the transient activation of cyclin-dependent kinases (CDKs). 
Activation and deactivation of CDKs is coordinated by its associated cyclin as well as other kinases, phosphatases, and the 
degradation machinery. Coordination of these complexes drives the cell through each stage of the cell cycle and is necessary 
for development, tissue maintenance, and fertility. Puromycin-sensitive aminopeptidases (PSAs) are highly conserved 
metalloproteases implicated in cell-cycle regulation in numerous organisms. Despite widespread roles in this process, the 
mechanism by which PSAs interact with the cyclin/CDKs and other cell-cycle machinery is poorly understood. A key goal of our 
project is to uncover these interactions in the C. elegans model. The C. elegans PSA homolog, PAM-1, plays a role in meiotic 
exit regulation, sister chromatid separation and anterior-posterior axis establishment and when mutated, results in embryonic 
lethality. In a screen for suppressors of pam-1, we identified a mutation in wee-1.3 that rescues the lethality of pam-1 mutants. 
WEE-1.3 is an inhibitory kinase that negatively regulates CDK-1, part of the maturation promoting complex. pam-1 and wee-
1.3 genetically interact in polarity establishment as the presence of the suppressor rescues many polarity landmarks in pam-
1 mutants. Since WEE-1.3 has been implicated in oocyte maturation we went on to test if the two proteins interact in this 
process. We found that pam-1 mutants are protected from the precocious oocyte maturation defect associated with loss of 
WEE-1.3, suggesting PAM-1 and WEE-1.3 interact in more than one process. To further look at the role of PAM-1 in the cell 
cycle, we are closely examining meiotic and mitotic defects in pam-1 mutants as compared to pam-1 in combination with the 
loss of cell-cycle components such as WEE-1.3 and the cyclin dependent kinases. We are also examining the localization of the 
proteins in pam-1 mutants. We expect to gain a new understanding of how PAM-1 regulates that cell cycle and how it interacts 
with known regulators that is likely to be applicable to other systems.

187A	 Role	of	Cohesin	in	Chromosome-Dependent	Meiotic	Spindle	Assembly

Francis McNally1, Karen McNally1 1) Univ California, Davis, Davis, CA.

Accurate chromosome segregation during mitosis or meiosis requires a bipolar array of microtubules with microtubule plus 
ends oriented toward chromosomes and microtubule minus ends oriented toward the poles. Mutants that assemble spindles 
which contain more than or fewer than two poles typically produce aneuploid progeny. During mitosis and male meiosis, 
bipolar spindle formation is initiated by the duplication of the centrosomes. Because female meiotic spindles in C. elegans 
and vertebrates do not have centrosomes, we asked whether the discrete bipolar structure of bivalents is instead required 
for the initiation of bipolar spindle assembly. To address this question, we conducted time-lapse imaging of spindle assembly 
using GFP::tubulin or the spindle pole markers GFP::ASPM-1 or GFP::LIN-5 in cohesin mutants that have single chromatids 
during segregation stages of meiosis. Severson and Meyer (eLife.03467) previously reported that rec-8, spo-11 double mutants 
and rec-8, spo-11, coh-3, coh-4 quadruple mutants both have single chromatids at metaphase I and metaphase II. Our results 
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revealed that bipolar spindles assemble around rec-8, spo-11 metaphase I single chromatids but not around rec-8, spo-11, coh-
3, coh-4 metaphase I single chromatids nor any of the metaphase II single chromatids. These results suggest that chromosome 
bipolarity is not required for bipolar spindle assembly and further suggest that non-cohesive cohesin can promote bipolar 
spindle assembly. To address how non-cohesive cohesin might promote bipolar spindle assembly, we monitored chromosome-
associated AIR-2. AIR-2 normally concentrates in a ring between homologous chromosomes at metaphase I and between sister 
chromatids at metaphase II. We found intense labeling of AIR-2 on the assembly-competent metaphase I single chromatids of 
rec-8, spo-11 mutants but minimal GFP::AIR-2 was associated with any of the assembly-incompetent single chromatids. We are 
currently asking whether AIR-2 is the only spindle assembly factor recruited by cohesin and trying to identify the downstream 
effectors of AIR-2.

188B	 Dissecting	cell	cycle	entry:	Insights	from	a	cdk-4 allele with a sex myoblast-specific proliferation defect

Frances Moore1, Rebecca Adikes 1, Michael Martinez1, Anya Fang1, Onnonah Ahmed1, Taylor Medwig-Kinney1, Michael Stern2, 
David Matus1 1) Stony Brook University, Stony Brook, NY; 2) Northeastern Illinois University, Chicago, IL.

Exit from G0 and entry into the cell cycle is tightly regulated during metazoan development. During G1, cells respond to various 
microenvironmental cues that control their decision to either proliferate or enter G0. After the G1 restriction point is passed, 
cells are committed to another round of division. The sole C. elegans cyclin/CDK orthologs, CYD-1/CDK-4 and CYE-1/CDK-2, are 
required for the initiation and progression of cells through G1 into S. The highly invariant C. elegans sex myoblast (SM) lineage 
provides a genetically tractable and visually accessible in vivo model to study cell cycle control and its effect on cell fate. During 
larval development, two bilaterally symmetrical SM cells are born and undergo a 65-micron migration to flank the center of 
the gonad. These cells proceed to undergo three rounds of division differentiating into the vulval and uterine muscle cells of 
the egg-laying apparatus. Our laboratory has recently discovered that a 769-base pair deletion in the cdk-4 promoter results 
in a G0-arrested SM cell that is capable of migrating, but is no longer able to divide regardless of developmental stage. Using a 
novel translocation-based kinase sensor, we show that the cell-cycle arrested SM cell appears devoid of CDK-4 activity. We also 
demonstrate that a temperature-sensitive allele of cyd-1(q626) phenocopies cdk-4(n1382). Further, in cdk-4(n1382) mutants 
lacking CKI-1, the primary C. elegans ortholog of p21/p27, we partially suppress the SM cell division defect. Our findings 
support a model in which CDK-4 deactivates CKI-1, preventing the inhibition of CDK-2. Thus, in the absence of CDK-4 and CKI-1, 
CDK-2 is sufficient to drive cell cycle progression. Taken together, these data provide new insights into how cells transition from 
quiescence-to-proliferation-to-terminal differentiation during animal development.

189C	 The	Chromatin	Remodeling	Protein	CHD-1	and	the	EFL-1/DPL-1	Transcription	Factor	Cooperatively	Down	Regulate	
CDK-2	to	Control	SAS-6	Levels	and	Centriole	Number

Jyoti Iyer2, Lindsey Gentry1, Mary Bergwell2, Amy Smith2, Sarah Guargliardo1, Peter Kropp1, Prabhu Sankaralingam1, Yan Liu1, 
Bruce Bowerman3, Kevin O’Connell1 1) Laboratory of Biochemistry and Genetics, National Institutes of Diabetes and Digestive 
and Kidney Diseases, NIH, Bethesda, MD 20892; 2) Department of Chemistry and Biochemistry, University of Tulsa, Tulsa, OK 
74104; 3) Institute of Molecular Biology, University of Oregon, Eugene, OR 97403.

Centrioles are submicron-scale, barrel-shaped organelles typically found in pairs, and play important roles in ciliogenesis and 
bipolar spindle assembly. In general, successful execution of centriole-dependent processes is highly reliant on the ability of 
the cell to stringently control centriole number. This in turn is mainly achieved through the precise duplication of centrioles 
during each S phase. Aberrations in centriole duplication disrupt spindle assembly and cilia based signaling and have been 
linked to cancer, primary microcephaly and a variety of growth disorders. Studies aimed at understanding how centriole 
duplication is controlled have mainly focused on the post-translation regulation of two key components of this pathway: the 
master regulatory kinase ZYG-1/Plk4 and the scaffold component SAS-6. In contrast, how transcriptional control mechanisms 
might contribute to this process have not been well explored. Here we show that the chromatin remodeling protein CHD-
1 contributes to the regulation of centriole duplication in the C. elegans embryo. Specifically, we find that loss of CHD-1 or 
inactivation of its ATPase activity can restore embryonic viability and centriole duplication to a strain expressing insufficient 
ZYG-1 activity. Interestingly, loss of CHD-1 is associated with increases in the levels of two ZYG-1-binding partners: SPD-2, the 
centriole receptor for ZYG-1 and SAS-6. Finally, we explore transcriptional regulatory networks governing centriole duplication 
and find that CHD-1 and a second transcription factor, EFL-1/DPL-1 cooperate to down regulate expression of CDK-2, which 
in term promotes SAS-6 protein levels. Disruption of this transcriptional regulatory network results in the production of extra 
centrioles.
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190A	 The	conserved	histone	deacetylase,	HDA-1,	functions	in	cell	cycle-dependent	and	independent	roles	to	promote	
invasive	differentiation

Nicholas Palmisano1, Michael A. Q. Martinez1, Taylor Medwig-Kinney1, Frances E. Q. Moore1, Joanne Saldanha1, Sydney S. 
Sirota1, Jayson Smith1, Wan Zhang1, David Q. Matus1 1) Stony Brook University.

Cell invasion occurs naturally during development; however, it also contributes to tumor progression. Although understudied, 
data from different cancer subtypes suggests that a dichotomy exists between invasive and proliferative behavior. Our lab 
uses the C. elegans anchor cell (AC) to study this proliferative-invasive switch during uterine-vulval development. Post-
embryonically, the AC invades into the vulval epithelium to form the mature vulva. We have shown that the AC exists in G0/
G1-cell cycle arrest during invasion, which requires the nuclear hormone transcription factor, nhr-67 (tailless/Tlx). Loss of 
nhr-67 results in mitotic, non-invasive ACs. nhr-67 maintains AC arrest by regulating the expression of the cyclin-dependent 
kinase inhibitor, cki-1 (p21/p27). Induced expression of CKI-1 is sufficient to restore invasion in an nhr-67-depleted background, 
suggesting that the G1/G0 state is required for invasive activity. Differentiation of invasive behavior is also regulated by 
chromatin modifiers that act downstream and/or parallel to G0/G1 arrest. We have found that the histone deacetylase, hda-
1, promotes AC invasion by positively regulating pro-invasive gene expression; however, whether hda-1 regulates invasion 
by controlling cell cycle arrest is unknown. We and others have recently shown that key pro-invasive transcription factors, 
nhr-67/Tlx, hlh-2/E, fos-1a/Fos, and egl-43/Evi1, maintain the AC in a post-mitotic, pro-invasive state by acting as part of 
gene regulatory network composed of two subcircuits. nhr-67, egl-43, and hlh-2 function in a type 1 coherent loop with 
positive feedback to maintain the AC in a post-mitotic state and facilitate invasion, while fos-1 acts in a cell cycle-independent 
subcircuit to promote invasion. Using genetic approaches, CRISPR-Cas9 genome engineering and high-resolution imaging, we 
explored the regulatory relationships between HDA-1 and these key transcription factors. We find that hda-1 functions in the 
AC to maintain G1/G0 arrest, and that loss and depletion of hda-1 results in mitotic, non-invasive ACs. We show that in the AC, 
hda-1 regulates the activity of NHR-67, FOS-1a, and HLH-2. Interestingly, induced expression of CKI-1 fails to restore invasion 
in hda-1-deficient ACs, but is able to rescue the mitotic defect of hda-1-depleted animals. These results suggest that hda-1 
functions in both cell cycle-dependent and independent subcircuits to maintain the post-mitotic, pro-invasive state of the AC.

191B	 Multiple	Phosphorylation	Events	Regulate	Centriole	Assembly.

prabhu sankaralingam1, Kevin O’Connell1 1) National Institutes of Health.

Centrioles are microtubule-based cylindrical structures that recruit a proteinaceous matrix called pericentriolar matrix 
(PCM). Together these two entities constitute a centrosome that serves as a microtubule-organizing center. In mitotic cells, 
centrosome form the poles of the spindle and in some terminally differentiated cells, centrioles serve as basal bodies to 
template sensory or motile cilia. Maintaining proper centriole number is critically important for spindle assembly and cilia 
function and is achieved through a highly regulated duplication process that occurs once per cell cycle. Too many or too 
few centrioles manifest in various human diseases such as cancer, primordial dwarfism and primary microcephaly. Studies 
in C. elegans have identified the conserved proteins – SAS-7, SPD-2, ZYG-1, SAS-6, SAS-5 and SAS-4 as indispensable for 
centriole biogenesis. The kinase ZYG-1, a homolog of human Plk4, is considered the master regulator of centriole assembly 
but the identity of its critical substrates and the cascade that triggers centriole assembly in vivo are not completely 
understood. A major hurdle in addressing this and other questions is the difficulty in obtaining functional recombinant 
centriole proteins. Using a novel method, we were successful in obtaining sufficient amounts of recombinant full-length 
proteins from E. coli. Using these proteins, we could show that ZYG-1 phosphorylates SAS-5 extensively in vitro and that 
most of phosphorylated residues in SAS-5 were conserved in nematodes. Interestingly, a few of these residues formed a 
part of a larger highly conserved 25 amino acid motif. Surprisingly, we found that phosphorylation of the residues in this 
motif modulate phosphorylation elsewhere in SAS-5. We also show that this motif is required for both ZYG-1 and SAS-4 
to bind SAS-5. Using phosphomimetic mutations within the motif, we find that a specific array of mutations dictates the 
choice of binding partner. Our results indicate that phosphorylation of this region aids in establishing a mutually exclusive 
interaction pattern of SAS-5 with either ZYG-1 or SAS-4. We have also used CRISPR/Cas9 to systematically analyze the effect of 
knocking out phosphorylation sites in endogenous SAS-5 and have found that while many of these mutation impact centriole 
assembly, none of them complete block this process. Our work suggests that ZYG-1 does not regulate SAS-5 through a single 
phosphorylation event but rather controls multiple functions of SAS-5 that collectively are required to ensure the formation of 
a new centriole.

192C Asymmetric mitochondrial inheritance in the context of a C. elegans cell death lineage
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IOANNIS SEGOS1, BARBARA CONRADT1, NIKHIL MISHRA2 1) University College London; 2) IST Austria, Institute of Science and 
Technology Austria.

Mitochondria cannot be generated de novo and therefore are partitioned in a regulated manner during cell division to 
ensure that both daughter cells inherit these essential organelles. Recently, it was reported that during certain cell divisions, 
mitochondria are partitioned asymmetrically; however, the mechanisms and functions of this asymmetric inheritance remain 
to be elucidated. Asymmetric mitochondrial inheritance is best understood in the budding yeast S. cerevisiae, but technical 
challenges have so far limited progress on its analysis in higher eukaryotes. The highly reproducible development, genetic 
tractability and optical accessibility of C. elegans provide a unique opportunity to systematically study this process at single-cell 
resolution in a developing animal.

Through super-resolution live imaging, we discovered that mitochondria are asymmetrically partitioned by quantity during the 
asymmetric division of the neuroblast QL.p in L1 larvae. QL.p divides to generate a smaller cell fated to die, QL.pp, and a larger 
cell fated to survive, QL.pa. During QL.p division, most of the mitochondria are inherited by the surviving QL.pa daughter, 
resulting in increased mitochondrial density in QL.pa and decreased mitochondrial density in QL.pp. We have evidence that 
mitochondria are asymmetrically partitioned also by morphology. Whereas mitochondria inherited by the surviving QL.pa 
appear to be elongated and connected, mitochondria inherited by QL.pp frequently are fragmented and not connected. Based 
on these observations, we propose that mechanisms exist that control mitochondrial morphology, partitioning and transport 
during QL.p division, thereby enabling asymmetric mitochondrial inheritance.

Using various mutants as well as photo-convertible fluorescent proteins, we are currently testing the hypothesis that 
mitochondrial fusion and fission, tethering and active and/or passive transport contribute to asymmetric mitochondrial 
inheritance during QL.p division. In addition, we are developing a protocol for the rendering and 3D segmentation of 
mitochondria in conjunction with live imaging. The ultimate goals of this project are to obtain a mechanistic understanding of 
asymmetric mitochondrial inheritance during animal development and to determine how this process can influence daughter 
cell fates.

193A	 Reciprocal	interactions	between	the	apoptosis	pathway	and	cell	size

Aditya Sethi1,2, Hai Wei2, Nikhil Mishra2, Ioannis Segos1, 2, Barbara Conradt1, 2 1) University College London, London, United 
Kingdom; 2) LMU, Munich, Germany.

Caspases, a family of conserved proteases, are required for apoptosis in all metazoans but play roles in processes other 
than apoptosis; however, the molecular mechanisms and physiological functions of many of these ‘non-canonical roles’ 
remain largely unknown. Most of the cells that are fated to die through apoptosis during C. elegans development are the 
smaller daughter of a ‘mother’ cell that divides asymmetrically by size and fate. In a recent study, we reported that the loss 
of C. elegans ced-3caspase compromises the asymmetric division of such mother cells and causes the daughters fated to die 
to increase in size. Thus, we uncovered a novel non-canonical role of ced-3caspase in asymmetric cell division (Mishra et al., 
2018). To elucidate the molecular mechanism through which ced-3caspase promotes asymmetric cell division, we screened for 
physical interactors of CED-3 protein and identified the conserved RhoGEF ECT-2. ECT-2 activates the small GTPase RHO-1 
and thereby promotes contractility of the actomyosin network. Our genetic data suggests that ced-3 caspase acts upstream of 
ect-2RhoGEF in mother cells to promote daughter cell size asymmetry. We also provide evidence that prior to metaphase, ECT-
2RhoGEF is asymmetrically localised in mother cells, and that this is dependent on ced-3caspase. Thus, we hypothesize that CED-3caspase 
promotes local activation of ECT-2RhoGEF, thereby allowing asymmetric cortical contractility, which is necessary for unequal 
mother cell division. Finally, it has previously been reported that increasing the size of cells fated to die compromises the 
ability of these cells to undergo apoptosis. We now demonstrate that, conversely, decreasing the size of cells fated to die 
promotes their ability to undergo apoptosis and suppresses the cell death abnormal (Ced) phenotype caused by partial ced-
3caspase loss-of-function mutations but not a putative ced-3caspase null mutation. Based on these observations, we propose that 
the non-canonical role of ced-3caspase in asymmetric mother cell division ensures that the sizes of cells fated to die are below a 
critical ‘lethal’ size, necessary for efficient apoptosis execution. Hence, we have discovered reciprocal interactions between the 
apoptosis pathway and cell size in the context of apoptotic cell death during C. elegans development.

References: Mishra, N., Wei, H. & Conradt, B. Caenorhabditis elegans ced-3 Caspase Is Required for Asymmetric Divisions That 
Generate Cells Programmed To Die. Genetics 210,	

983–998 (2018).
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194B	 The	SWI/SNF	chromatin	remodeling	assemblies	BAF	and	PBAF	differentially	regulate	cell	cycle	exit	and	cellular	
invasion in vivo

Jayson Smith1, Yutong Xiao1, Nithin Parsan2, Michael Martinez1, Frances Moore1, Nicholas Palmisano1, Abraham Kohrman1,3, 
Mana Chondhok Delos Reyes1,4, Rebecca Adikes1, Taylor Medwig-Kinney1, Simeiyun Liu1,5, Sydney Bracht1,6, Wan Zhang1, Kailong 
Wen7,8, Paschalis Kratsios7,8, David Matus1 1) Department of Biochemistry & Cell Biology, Stony Brook University, Stony Brook, 
NY; 2) Massachusetts Institute of Technology, Cambridge, MA; 3) Department of Molecular Biology, Princeton University, 
Princeton, NJ; 4) Somerville, MA; 5) Department of Biology, Stanford University, Stanford, CA; 6) Department of Cell Biology, 
Johns Hopkins University, Baltimore, MD; 7) The Grossman Institute for Neuroscience, Quantitative Biology, and Human 
Behavior, University of Chicago, Chicago, IL; 8) Department of Neurobiology, University of Chicago, Chicago, IL.

Chromatin remodeling complexes, such as the SWItching defective/Sucrose Non-Fermenting (SWI/SNF) ATP-dependent 
chromatin remodeling complex, coordinate metazoan development through broad regulation of chromatin accessibility and 
transcription, ensuring normal cell cycle control and cellular differentiation in a lineage-specific and temporally restricted 
manner. Mutations in the structural subunits of chromatin, such as histone subunits, and chromatin regulating factors (CRFs) 
are associated with a variety of diseases including cancer metastasis, which co-opts cellular invasion programs functioning 
in healthy cells during development. Here we utilize Caenorhabditis elegans anchor cell (AC) invasion as an in vivo model to 
identify the suite of chromatin agents and CRFs that promote cellular invasiveness. We demonstrate that the SWI/SNF ATP-
dependent chromatin remodeling complex is a critical regulator of AC invasion, with pleiotropic effects on both G0 cell cycle 
arrest and activation of invasive machinery. Using targeted protein degradation and RNA interference (RNAi), we show that 
SWI/SNF contributes to AC invasion in a dose-dependent fashion, with lower levels of activity in the AC corresponding to 
aberrant cell cycle entry and increased loss of invasion. Specifically, we implicate the SWI/SNF BAF assembly in the regulation 
of the cell cycle, whereas our data suggests that the SWI/SNF PBAF assembly promotes AC attachment to the basement 
membrane (BM) and promotes the activation of the invasive machinery. Together these findings demonstrate that the SWI/
SNF complex is necessary for two essential components of AC invasion: arresting cell cycle progression and remodeling the 
BM. The work here provides valuable single-cell mechanistic insight into how the SWI/SNF assemblies differentially contribute 
to cellular invasion and how SWI/SNF subunit-specific disruptions may contribute to tumorigeneses and cancer metastasis.

195C	 Elucidating	the	Role	of	Securin	in	Regulating	Separase	during	Cortical	Granule	Exocytosis

Christopher Turpin1, Joshua Bembenek2 1) University of Tennessee; 2) University of Michigan.

Meiosis is a tightly regulated series of events leading to gamete formation. A key player in this process is the protease 
Separase. Known for its role in chromosome segregation, we have defined a role for Separase in vesicular trafficking during 
cell division. Securin is an inhibitory chaperone of Separase that is degraded at anaphase onset after ubiquitination by 
the Anaphase Promoting Complex/Cyclosome (APC/C). After Securin degradation, activated Separase cleaves a subunit of 
cohesin to allow chromosome segregation. Separase also shows dynamic localization during the cell cycle. In prometaphase, 
Separase localizes to kinetochores and mysterious cortical filaments. During anaphase I, Separase transfers to the midbivalent 
between homologous chromosomes where cohesin localizes, and concurrently appears on vesicles, called cortical granules, 
in the cortex. How the dynamic localization of Separase is regulated is currently unknown. Here, we investigated how APC/C 
and Securin regulate Separase during meiosis I. First, we observed that Securin is degraded by anaphase I and is not present 
on vesicles. Second, APC/C activity is required for Separase to localize to vesicles. apc/c RNAi results in arrested embryos 
with Separase and Securin remaining localized to cortical filaments. Third, partial securin RNAi causes precocious Separase 
vesicle localization. These observations suggest that Securin degradation is required for Separase to localize to vesicles during 
anaphase. To further test this, we made Non-Degradable Securin fused to GFP (SecurinDM::GFP). SecurinDM::GFP is stably 
expressed during anaphase I and causes embryonic lethality. SecurinDM::GFP causes chromosome segregation defects, polar 
body extrusion failure and inhibits cortical granule exocytosis. Importantly, expression of SecurinDM::GFP causes a reduced 
and delayed localization of Separase to vesicles during anaphase I. We conclude that degradation of Securin regulates the 
localization of Separase to vesicles to coordinate exocytosis with chromosome segregation. Our findings suggest a novel 
role for the APC/C and Securin in controlling the localization of Separase, in addition to regulating its protease activity for 
chromosome segregation and cortical granule exocytosis during anaphase I.

196A The role of CDK-4 in cell size and metabolism

Rachel Webster1,2, Ceryl Tan1,2, Miriam Ginzberg1, Seshu Iyengar2, Shixuan Liu3, David Papadopoli4, John Concannon5, Yuan Wang5, 
Douglas Auld5, Jeremy Jenkins5, Hannes Rost2, Ivan Topisirovic4, Andreas Hilfinger2, W. Brent Derry1,2, Nish Patel1, Ran Kafri1,2 1) 
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The Hospital for Sick Children, Toronto, Canada; 2) University of Toronto, Toronto, Canada; 3) Stanford University, California, 
USA; 4) University of McGill, Montreal, Canada; 5) Novartis Institutes for Biomedical Research, Cambridge, USA.

The cell cycle is driven by the tightly-choreographed activity of cyclins and their catalytic partners, cyclin-dependent kinases 
(CDKs). While the roles of these complexes in cell cycle progression have been thoroughly characterized, more recent work has 
identified distinct functions of cyclins and CDKs in cellular processes such as differentiation, DNA repair, and metabolism. I am 
interested in understanding how cell size is regulated, and how a cell knows what size to be. In mammals, cell size is largely 
controlled through the coordination between growth rate and time spent in the G1 phase of the cell cycle. However, we have 
recently shown that CDK4, acting in G1, asserts a unique influence by which it dictates the size to which a cell aims to grow, 
or its target size, an ability not shared by other G1 CDKs. Inhibition of CDK4 results in a population of cells with uniformly 
increased size, while increased CDK4 activity causes cells to be uniformly small. To investigate the physiological implications of 
this phenomenon, we have turned to the tractability and wealth of genetic tools offered in C. elegans.

Knockdown of the C. elegans CDK4 homolog cdk-4 or its conjugate cyclin cyd-1 is sufficient to increase the size of both the 
nucleus and nucleolus in seam cells, used here as a proxy for cell size due to the scaling of these organelles with cell size 
through development. Preliminary work also suggests that while overall metabolism is increased, fat stores are depleted in 
worms with reduced CDK-4 activity. We seek to understand the mechanisms behind this accumulation of cell mass, and the 
consequences of our observed changes in metabolism on the adult worm.

197B	 Linking	centromeric	factors	to	chromosome	condensation	in	C. elegans embryos

Joanna Wenda1, Reinier Prosee1, Caroline Gabus1, Florian Steiner1 1) University of Geneva, Geneva, Switzerland.

The centromere is a chromosomal region that recruits the kinetochore, a large multi-subunit complex that binds spindle 
microtubules enabling chromosome segregation. Centromeric chromatin is therefore placed on the surface of condensed 
chromosomes, and specifically adapted to withstand the spindle pulling forces. The cross-talk between centromeres and 
condensation machinery is an area of active study.

In contrast to other commonly studied model organisms, C. elegans is a holocentric species: its centromeres are placed along 
the chromosome axis, which makes it an attractive model to study centromere organisation. Depletion of the centromeric 
histone H3 variant CENP-A (HCP-3 in C. elegans) and its main loading factor KNL-2 in embryos results in defective chromosome 
formation. However, little is known about the mechanism of their action and the temporal regulation.

Using an immunoprecipitation followed by mass spectrometry, we identified regulatory phosphosites on KNL-2 that are 
targeted by CDK-1 kinase. Mutation of these residues to alanines to prevent their phosphorylation leads to defects in cell 
division and an increase in embryonic lethality. We show that compromised chromosome formation is underlying these 
phenotypes. Mutant embryos exhibit delayed prophase condensation, and the prometaphase chromosomes lack rigidity and 
twist around their axis. Interestingly, centromeric chromatin seems properly maintained, as evidenced by unchanged CENP-A 
genomic distribution and proper kinetochore recruitment in the mutant strain. We further found that condensin II levels are 
reduced on metaphase chromosomes in the mutant embryos, indicating that that KNL-2 may act through condensin II complex 
recruitment. We conclude that KNL-2 orchestrates centromeric chromatin maintenance as well as the establishment of the 
proper chromosome structure, and that these processes are independently regulated.

198C	 A	polarity	pathway	for	exocyst-dependent	intracellular	tube	extension

Joshua Abrams1, Jeremy Nance2 1) NYU School of Medicine, Skirball Institute; 2) NYU School of Medicine, Department of Cell 
Biology.

Organs are comprised of various tubes with distinct cellular compositions. The smallest of these tubes are made up of just 
a single cell and can form intracellularly, with a lumen extending through the center of the cytoplasm. Lumen extension in 
intracellular tubes can occur by the directed fusion of vesicles with an invading apical membrane domain, but the molecular 
events that regulate this polarized vesicle delivery remain unknown. Within the C. elegans excretory cell, which contains an 
intracellular tube, the exocyst vesicle-tethering complex is enriched at the lumenal membrane domain and is required for tube 
formation, suggesting that it targets vesicles needed for lumen extension. Here, we identify a polarity pathway that promotes 
intracellular tube formation by enriching the exocyst at the lumenal membrane. We show that the PAR polarity proteins PAR-6 
and PKC-3/aPKC localize to the lumenal membrane domain and function within the excretory cell to promote lumen extension, 
similar to exocyst component SEC-5 and exocyst regulator RAL-1. After acute protein depletion using the ZF1 degron, we find 
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that PAR-6 is required to recruit the exocyst to the lumenal membrane domain, whereas PAR-3, which functions as an exocyst 
receptor in mammalian cells, appears to be dispensable for exocyst localization and lumen extension. Finally, we show that the 
Rho GTPase CDC-42 and the RhoGEF EXC-5/FGD act as upstream regulators of lumen formation by recruiting PAR-6 and PKC-3 
to the lumenal membrane. Our findings reveal a molecular pathway that connects Rho GTPase signaling, cell polarity, and 
vesicle-tethering proteins to promote lumen extension in intracellular tubes.

199A	 The	dynamic	partnered	dance	between	PLK-1	and	MEX-5:	interpreting	gradient	formation	with	computational	
modelling.

Sofia Barbieri1, Aparna Nurni Ravi2, Erik E. Griffin2, Monica Gotta1 1) University of Geneva (CH); 2) Department of Biological 
Sciences, Dartmouth College, Hanover, NH (USA).

In C. elegans embryos, PLK-1 is pivotal for cell division and it orchestrates polarity establishment together with its binding 
partner, MEX-5. To achieve this, their localization/activity must be precisely regulated. MEX-5 enrichment at the anterior 
cytoplasm results from a change in its diffusivity following uneven phosphorylation along the embryo axis. We know PLK-1 
relocalization to the anterior depends on MEX-5. However, the biological and physical mechanisms behind the dynamics of this 
protein are still poorly described.

To address this, PLK-1 and MEX-5 gradient formation was measured in two CRISPR strains and significant discrepancies were 
revealed between the two proteins in terms of: 1) gradient steepness, as PLK-1 forms a less steep gradient compared to MEX-
5; 2) dynamics, with PLK-1 gradient establishment delayed and slower; 3) diffusivity, as PLK-1 diffusion coefficient does not 
correspond to MEX-5’s one from anterior to posterior.

To shed light on PLK-1 dynamics, and how it is intertwined to MEX-5, we developed a novel Monte Carlo simulation framework 
able to recreate the protein motions in the C. elegans one-cell embryo. Thanks to our computational approach, we were 
able to postulate on the biological mechanisms behind MEX-5 and PLK-1 dynamics during the whole cell division, from early 
embryos to the steady-state before cytokinesis.

The simulations succeed in reproducing PLK-1 gradient formation, in agreement with experimental measurements, if: 1) PLK-1 
binds to phosphorylated MEX-5; 2) the binding is triggered after a defined time delay; 3) PLK-1 dynamically interacts with MEX-
5, leading to a continuous replenishment of a pool of unbound PLK-1.

The Monte Carlo framework we propose can eventually be applied to other polarity-related factors or mutants in which 
polarization is perturbed, to understand if it can be traced back to a failure in PLK-1 localization. Finally, conditions where 
gradient formation is altered, like after stress, can be simulated.

200B	 A	GSP-2/PKC-3	balance	is	required	for	polarity	establishment	in	C. Elegans

Ida Calvi1, Monica Gotta1 1) University of Geneva.

Cell polarity is a fundamental property of many cells and proper establishment of polarity is required for the development of 
organisms and for the function and integrity of cells and tissues. The one-cell C. elegans embryo is polarized along the anterior-
posterior axis and this is essential for asymmetric cell division, a specialized division that results in two cells with a different 
size and fate.

PAR proteins, a network of highly dynamic proteins with scaffold and/or enzyme function, are the main actors involved in cell 
polarity in the one-cell C. elegans embryos.

Just after the fertilization, the anterior PAR proteins (aPARs), PAR-3/PAR-6/PKC-3, are uniformly distributed at the cortex, 
whereas the posterior PAR proteins (pPARs), PAR-1/PAR-2, are in the cytoplasm. Uniform cortical PKC-3 phosphorylates PAR-2 
inhibiting its posterior localization and polarity establishment. A cortical flow, triggered by the sperm, initiates the segregation 
of the aPARs to the anterior side of the embryo and liberates the posterior pole, allowing the loading of PAR-2 (and PAR-1) 
at the posterior. How PAR-2 is relieved from PKC-3 phosphorylation to ensure PAR-2 cortical localization and hence polarity 
establishment is not known.

We find that the PP1 phosphatase GSP-2 antagonizes PKC-3 phosphorylation, allowing PAR-2 posterior cortical localization 
and polarity establishment. Depletion of GSP-2 via RNAi rescues the PAR-2 localization in the pkc-3 (ts) strain, suggesting that 
PKC-3 and GSP-2 are involved in the same process, but with opposing function. Moreover, mutation of the PP1 binding site 
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in PAR-2 abolishes the interaction between PAR-2 and GSP-2 in the Y2H system. We are now introducing the mutation in the 
endogenous PAR-2 to investigate its localization in the C. elegans embryo.

Our data unravel how the phosphorylation state of PAR-2 is properly balanced in the one-cell C. elegans embryo to ensure 
robust establishment and maintenance of polarity.

201C	 Intestinal-rectal	valve	cells	form	an	epithelial	bridge	between	two	different	tissues

Lauren Cote1, Jessica Feldman1 1) Stanford University, Stanford, CA.

Epithelial cells are specialized to protect our bodies and tissues and interface with the outside environment. During both 
development and malignant transformation into carcinomas, a crucial yet poorly understood facet of epithelial cell biology 
is how different epithelial tissues connect to and align with their neighboring epithelial tissues. For circulating cancer cells, 
productive attachment to foreign tissues is a rate-limiting step in metastasis formation. For the developing luminal epithelia 
that line internal organs, forming an epithelial bridge to the epithelia on the outside of the body is necessary for viability. 
In particular, alignment of the apicobasal axis and cell-cell adhesion complexes between neighboring cells is essential. The 
development of the C. elegans digestive tract involves the formation of such epithelial bridges, including the two rectal valve 
cells that bridge between the intestinal and rectal cells that derive from two different lineages (E and ABp). This connection 
between the intestine and the rectum completes a toroid of epithelial cells that encases and protects the worm. Despite their 
importance in forming the connection between the developing intestine and the invaginating rectal epithelium, little is known 
about the cellular organization and morphogenesis of the rectal valve cells. My preliminary work suggests that the polarization 
of apicobasal proteins within the valve cells may be key to forming this epithelial bridge. During their morphogenesis, valve 
cells possess one anterior puncta and one posterior puncta of conserved apical proteins, which were previously unable to 
be visualized separately from surrounding intestinal and rectal signal. Ablation of the posterior intestinal cells disrupts the 
formation of the anterior valve cell apical puncta. In addition, the activity of the conserved adhesion protein HMR-1/E-
cadherin, but not components of the apical PAR complex, specifically within the posterior intestinal cells is required to form 
the anterior valve cell apical puncta. I am further exploring the hypothesis that intestinal adhesion complexes instruct valve 
cell polarization. In addition, I am currently generating tools to enable better cell-type specific protein depletions within the 
intestine and different populations of rectal cells with the aim of testing how polarity and adhesion complexes within these 
cells affect their epithelial neighbors. Together, these data will improve our understanding of epithelial cell organization in 
different in vivo contexts ranging from morphogenesis to tubule formation, from metastatic colonization to wound healing. 
How spatial information derived from the polarization of one epithelia tissue is able to instruct the polarization of another, 
neighboring epithelial tissue has broad implications for explaining how epithelial neighbors meet and align to form functional 
organ systems.

202A	 Positioning	of	organelles	during	the	polarization	of	intestinal	epithelial	cells

Greg Hermann1, James Brandt1, Fiona Rambo1, Jackson Thein1, Laura Voss1, Katelyn Nicholson1, Lydia Fairchild1, Danielia Lewis1, 
Logan Harper1, Lali Guevara-Hernandez1, Luca Sax1 1) Lewis & Clark College.

During organogenesis of the C. elegans intestine, gut cells segregate the cell cortex, which includes both the plasma membrane 
and underlying cytoplasm, into distinct apical, lateral, and basal domains. Concomitant with this the cytoplasm becomes 
highly polarized; nuclei migrate and localize near the apical cell surface, while other organelles including gut granules, yolk 
platelets, lipid droplets, the Golgi, and mitochondria become basally polarized. By analyzing unc-83(-) mutants, which disrupt 
the apical migration of nuclei, we find that nuclear exclusion from the apical domain leads to the basal positioning of all of 
these organelles except for lipid droplets, whose polarization is independent of nuclear positioning. Organelles composing 
the conventional endosomal pathway, including early endosomes, late endosomes, and lysosomes are polarized apically via 
a process independent of nuclear migration. The Par polarity pathway controls the asymmetric distribution of organelles 
in the 1 cell embryo and the epithelial polarization of intestinal cells. However, par-3(-) mutants do not disrupt the apical 
polarization of nuclei and endosomes or the basal positioning of gut granules. We identified wht-2(-) in ongoing screens for 
mutants disrupting gut granule biogenesis, pisitionig, and morphology. In wht-2(-) mutants, gut granules become apically 
polarized, while the positioning of other organelles remains unchanged. RAB-7 function is required for the apical localization 
of gut granules in wht-2(-), however gut granules in wht-2(-) mutants do not obviously take on characteristics of conventional 
endosomes. WHT-2 is a “half” ABCG transporter and we identify WHT-7 as a likely WHT-2 interacting protein and provide 
evidence that a WHT-2/WHT-7 heterodimer functions as a transporter to impact gut granule positioning. At the time that 
organelles become asymmetrically localized, wht-2(-) mutants disrupt the accumulation of GLO-1 on gut granules. Ectopic 



Abstracts

23rd International C. elegans Conference     |    81

expression of GLO-1(+) and a GLO-1(GTP-locked) point mutant, but not a GLO-1(GDP-locked) point mutant, suppresses gut 
granule mispositioning in wht-2(-) and wht-7(-) mutants. The targeted degradation of GLO-1 leads to the apical mislocalization 
of gut granules, consistent with this Rab functioning in the polarized distribution of gut granules.

203B	 Investigating	the	symmetry	breaking	cue	and	mechanism	of	polarity	reestablishment	in	the	C. elegans P1 cell.

Laurel Koch1, Lesilee Rose1 1) University of California, Davis.

Asymmetric cell division is the process in which one cell divides to give rise to cells with different cell fate determinants. This 
process is conserved throughout animals and is important for generating different cell types. To divide asymmetrically, a 
cell must first polarize. In many organisms, the polarity axis is established by the PAR proteins, which accumulate in distinct 
mutually exclusive domains in response to a symmetry breaking cue. In the one-cell C. elegans embryo, the centrosome-
associated Aurora A kinase, AIR-1, is the cue that specifies the posterior region of the cell. AIR-1 inhibits actomyosin 
contractility, resulting in cortical flow from the posterior to the anterior. This flow moves the anterior PARs (aPARs), which are 
initially uniform around the cortex, towards the anterior pole. Posterior PARs (pPARs) then move onto the posterior cortex. 
Polarity establishment and maintenance at the one-cell stage have been well studied, but how polarity is reestablished in 
the P1 and subsequent germline cells is still unknown. The P1 cell begins with pPARs all around the cortex, and then they 
must clear from the anterior of the cell. Prior work revealed a movement of the nuclear centrosome complex towards the 
posterior of the P1 cell and anteriorly directed actomyosin flow, suggesting that P1 polarity establishment could involve a 
similar mechanism as seen in the one cell. To test this possibility, we are using live imaging of fluorescently tagged proteins to 
determine when the pPARs clear from the anterior of the cell in relation to where the centrosome is located. Our preliminary 
results suggest that the pPAR domain forms before the nuclear-centrosome complex moves posteriorly. We are now 
comparing the kinetics of pPAR domain formation to the timing of actomyosin flow. We also plan to use a fast-inactivating 
temperature sensitive mutant for non-muscle myosin to directly test the role of actomyosin flow in polarity in the P1 cell. 
As a first step to determine if AIR-1 could be the polarity cue in the P1 cell, we examined AIR-1::GFP localization and found 
that AIR-1 is present on the centrosomes early in the P1 cell cycle, when the pPAR domain is forming. We are currently using 
temperature sensitive mutants that inhibit centrosome maturation to try to deplete AIR-1 from the centrosome and test for 
effects on symmetry breaking in the P1 cell.

204C	 Growth	Cone-Localized	Microtubule	Organizing	Center	Establishes	Microtubule	Orientation	in	Dendrites

Xing Liang1,2, Marcela Kokes1,2, Richard Fetter2, Maria Sallee1, Adrian Moore3, Jessica Feldman1, Kang Shen1,2 1) Department of 
Biology, Stanford University, Stanford, CA; 2) Howard Hughes Medical Institute, Stanford University, Stanford, CA; 3) RIKEN 
Center for Brain Science, Wako, Saitama.

A polarized arrangement of neuronal microtubule arrays is the foundation of membrane trafficking and subcellular 
compartmentalization. Conserved among both invertebrates and vertebrates, axons contain exclusively “plus-end-out” 
microtubules while dendrites contain a high percentage of “minus-end-out” microtubules, the origins of which have been a 
mystery. Here we show that in Caenorhabditis elegans the dendritic growth cone contains a non-centrosomal microtubule 
organizing center, which generates minus-end-out microtubules along outgrowing dendrites and plus-end-out microtubules 
in the growth cone. RAB-11-positive endosomes accumulate in this region and co-migrate with the microtubule nucleation 
complex γ-TuRC. The MTOC tracks the extending growth cone by kinesin-1/UNC-116-mediated endosome movements on distal 
plus-end-out microtubules and dynein clusters this advancing MTOC. Critically, perturbation of the function or localization of 
the MTOC causes reversed microtubule polarity in dendrites. These findings unveil the endosome-localized dendritic MTOC as 
a critical organelle for establishing axon-dendrite polarity.

205A	 The	BAG2	co-chaperone	UNC-23	regulates	amphid	sensory	morphology

Cecilia Martin1, Aakanksha Singhvi1, 2 1) Fred Hutchinson Cancer Research Center; 2) University of Washington.

Cell shape and cell-cell contacts are established during development and then maintained through animal life. More 
specifically, coordinated multi-tissue regulation is needed for proper organ function, but how this is maintained across 
cell types is not well understood. To study cell-shape maintenance, we focused on a single neuron in C. elegans, the AFD 
thermosensory neuron. The neuron receptive ending (NRE) of the AFD is made of many microvilli and a single cilium, both of 
which are essential for neuron activity. A forward genetic screen for mutants with defective AFD-NRE shape identified a role 
for UNC-23, the BAG2/Hsp70 co-chaperone. unc-23 mutants have overgrown AFD NRE, a phenotype we term meander. These 
defects begin as the animal reaches adulthood and are progressive with animal age.
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The AFD NRE is embedded in the surrounding AMsh glia apical end and we have found similar meander of this apical ending 
and other glia associated NREs. Intriguingly, cell-specific rescue studies revealed that UNC-23’s function is required not in AFD 
or AMsh, but non-autonomously in the overlying epidermis. Thus, regulation of proteostasis in skin helps maintain sensory 
glia-neuron shape.

Growth of unc-23 mutants in liquid culture and mutations that result in loss of movement both rescue the AFD NRE meander. 
This suggests that epidermal UNC-23 is dependent on external forces experienced by the worm. Further, unc-23 mutants 
have expanded epidermal and AMsh apical domains as well as aberrant positioning of junctional markers, AJM-1 and DLG-1. 
Additionally, the basolateral α-integrin, INA-1, is lost from the anterior head region. Finally, mutations in the FGF receptor, 
EGL-15, or ligand, EGL-17, suppress unc-23 NRE defects. Since integrins regulate apical polarity and FGF signaling, we favor the 
model where integrin-dependent epidermal polarity and mechanical tension dictates associated glia-neuron shape.

Intriguingly, we also found that reduced AFD neuron activity causes meanders and increasing AFD activity rescues the unc-
23 meandering defects. Thus, our working model is that skin UNC-23 dictates epidermal apicobasal polarity, causing altered 
neuron activity and thereby glia-neuron shape. These findings make the exciting implication that coordinated proteostasis 
maintenance of epidermal polarity regulates associated glia-neuron shape and sensorineural decline with aging

206B	 Global	regulation	of	cell	polarization	by	two	Wnt	receptors,	Frizzled/MOM-5	and	Ror1/CAM-1	in	C. elegans mid-
stage embryo

Takefumi Negishi1,2, Sohei Nakayama1, Misato Matsuo1, Hitoshi Sawa1,2 1) Multicellular Organization Laboratory, National 
Institute of Genetics; 2) Department of Genetics, School of Life Science, SOKENDAI (The Graduate University for Advanced 
Studies).

Asymmetric cell division contributes to cell diversity in embryos and the maintenance of various stem cells, and hence, is 
critical for making multicellular organisms. Asymmetric cell division requires cellular polarization which is often regulated by 
extracellular signals including Wnt proteins. However, exact roles of Wnts in cell polarity remain elusive.

In C. elegans the mid-stage embryo, blastomeres stereotypically and sequentially divide along the anterior-posterior axis. 
During the divisions, TCF/POP-1 protein, the downstream transcription factor of the Wnt pathway, accumulates higher in the 
anterior than the posterior daughter cell nuclei. The polarization in these asymmetric divisions occurs globally, including the 
blastomeres far from the Wnt source cells. Although the previous study using isolated blastomeres shows the involvement 
of the Wnt ligand, MOM-2, and the Frizzled type receptor, MOM-5 in establishing POP-1 polarity (Park & Priess 2003). Since 
mom-2 and mom-5 intact embryos show normal POP-1 polarity, however, their roles in mid-stage embryos are not clear.

In this study, we found the POP-1 polarity was not established in the mom-5 null mutant with the simultaneous knocking down 
of CAM-1 that is the ROR type Wnt receptor. Further, we performed the precise deletion of the Wnt-binding domain (CRD) of 
MOM-5 by genome editing. In the cam-1 mutant lacking CRD of MOM-5, we found that polarity orientation is randomized, 
unlike double receptor-deficient embryo that shows loss-of polarity. The results suggest that the intracellular domain of mom-
5 facilitates the establishment of the polarity, and the Wnt ligands control polarity orientation. We will discuss how the Wnt 
receptors establish the cell polarity by interaction with the ligands in the mid-stage embryo.

207C	 PP1/SDS-22	phosphatase	is	required	for	germ	plasm	segregation	in	the	one-cell	C. elegans embryo

Aparna Nurni Ravi1, Bingjie Han1, Amelia Kim1, Stephanie Miller1, Alison Araten1, Erik Griffin1 1) Dartmouth College, Hanover.

We are interested in understanding the mechanisms that control the polarization of cytoplasmic factors during asymmetric cell 
division. During the asymmetric division of the C. elegans zygote, the RNA-binding protein MEX-5 recruits PLK-1 kinase to the 
anterior cytoplasm (Nishi, 2008). In turn PLK-1 phosphorylates the RNA-binding protein POS-1, inhibiting POS-1 retention in 
the anterior cytoplasm (Han, 2018). As a result, POS-1 is retained and accumulates in the posterior cytoplasm, likely reflecting 
the activity of a phosphatase that counteracts PLK-1 phosphorylation.

Through an RNAi screen to identify the phosphatase that enables POS-1 retention in the posterior, we identified the catalytic 
subunits (GSP-1 and GSP-2) and a regulatory subunit (SDS-22) of PP1 phosphatase. In sds-22(RNAi) embryos, MEX-5, PLK-1 and 
upstream PAR polarities are established normally. In contrast, POS-1 retention in the posterior cytoplasm is reduced in sds-
22(RNAi) embryos, causing a weakening and delay in POS-1 segregation. Strikingly, we find that SDS-22 is similarly required 
for PIE-1 segregation and for P granule formation/stability, suggesting to a central role in germplasm organization. Whereas 



Abstracts

23rd International C. elegans Conference     |    83

PLK-1 is enriched in the anterior, endogenously-tagged SDS-22::GFP is symmetrically distributed throughout the cytoplasm. 
We propose that PLK-1 kinase and PP1/SDS-22 phosphatase act in opposition to control germ plasm retention and that spatial 
variation in their relative activities drives the segregation of factors such as POS-1 to the posterior cytoplasm.

208A	 PAR-3	independent	mechanisms	contribute	to	apico-basolateral	polarity	establishment	in	the	embryonic	C. elegans 
intestinal epithelium

Melissa Pickett1, Victor Naturale1, Maria Sallee1, Deniz Akpinaroglu2, Jessica Feldman1 1) Stanford University; 2) University of 
California, Merced.

Apico-basolateral polarization is essential for epithelial cells to function as selective barriers and transporters and to provide 
mechanical resiliency to organs. Different epithelia use divergent mechanisms to establish polarity, which are only beginning to 
be understood. Here, we use the C. elegans embryonic intestine to investigate how epithelial cells establish apico-basolateral 
polarity in vivo. PAR-3 was previously identified as the most upstream polarity regulator in this organ (Achilleos et al 2010), 
but worms arrested in embryonic stages due to the essential role of PAR-3 in other tissues, precluding study of the role of 
intestinal PAR-3 for later developmental stages. Therefore, we depleted PAR-3 specifically from the embryonic intestine 
(PAR-3gut(-)) without affecting the function of PAR-3 in other tissues. PAR-3gut(-) worms all arrested at the L1 larval stage, with 
edematous intestines that lacked continuous lumens. Consistent with prior work, we found that PAR-3 is required for the 
localization of the apical kinase, PKC-3, in the intestine. However, proteins associated with the apical actin brush border still 
localize in discreet patches in PAR-3gut(-) embryos. Adherens junction proteins (HMR-1, AFD-1) organize into rings in PAR-3gut(-) 
embryonic intestines, and the septate-like junctional protein, DLG-1, formed similar rings slightly later in embryogenesis. 
Junctional proteins often encircled the actin-associated patches, indicating that some aspects of apical-basolateral polarity 
are established in the absence of PAR-3. Additionally, while PAR-3 is required for the localization of the basolateral protein, 
LGL-1, the basolateral protein, LET-413/Scribble is still excluded from specific regions of the cell membrane in PAR-3gut(-) 
intestines. Together, these data are consistent with the existence of a PAR-3 independent apical-basolateral establishment 
pathway. In other tissues, adherens junction proteins play upstream roles in apico-basolateral polarity establishment. To 
determine if junctional proteins act in parallel with PAR-3, we are currently depleting adherens junction proteins specifically 
from the intestine alone or in combination with PAR-3 depletion. While aspects of apico-basolateral polarity are established 
in PAR-3gut(-) worms, a continuous apical surface is never established, suggesting that PAR-3 is required for coordinating polarity 
establishment across the intestinal tissue.

210C Single-embryo expression-phenotype mapping reveals highly canalized response of asymmetric division to 
perturbation	of	PAR	protein	balance

Nelio Rodrigues1, Tom Bland1, KangBo Ng1, Nate Goehring1 1) Francis Crick Institute.

C. elegans embryogenesis relies on the ability of early blastomeres to polarize and divide asymmetrically to specify distinct 
cell fates. Cell polarity is best understood in the zygote, where PAR proteins orchestrate a characteristic asymmetric division 
that results in a reproducible difference in the size and fate of daughter cells AB and P1. PAR polarity depends on the balance 
between two antagonistic sets of PAR proteins – anterior (a)PARs and posterior (p)PARs. These competing sets of proteins 
segregate into two distinct domains on the plasma membrane prior to cell division through a mutually antagonistic feedback. 
As predicted by this competition model, RNAi and genetic suppression experiments show that polarity is sensitive to the 
relative balance between aPARs and pPARs. Yet, at the same time, par heterozygotes are viable, suggesting that mechanisms 
must exist to ensure robust development in the face of gene dosage changes. We hypothesized that this robustness could 
arise either through the homeostatic control of PAR protein levels (i.e. dosage compensation), through an intrinsic robustness 
of the polarity network itself or in how PAR polarity is interpreted by downstream pathways. One challenge in testing these 
hypotheses is the inability to directly assess protein abundance in individual zygotes. We have developed a simple microscopy-
based method for protein dosage quantification in embryos expressing fluorescently-tagged proteins, enabling direct protein 
abundance-to-phenotype mapping on an embryo-to-embryo basis. Our data argue against dosage compensation as an 
explanation for robustness to perturbations in gene expression. Rather, our data reveal a highly nonlinear dosage-phenotype 
relationship such that network output is robust to changes in PAR protein balance and further suggest that robustness is 
encoded at multiple levels of the asymmetric division programme.

211A	 Epithelial	apical/basal	polarity	requires	WAVE-dependent	transport	of	E-Cadherin/HMR-1
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Martha Soto1, Luigy Cordova-Burgos1, Sofya Borinskaya1, 2, Shashikala Sasidharan1, Deepti Rao1, Rachel Lee Headman2, Adonnis 
Lexus Brock-Murray2 1) Rutgers - RWJMS, Piscatway, NJ; 2) Saint Elizabeth University, Morristown, NJ.

We are developing the adult C. elegans intestine as a system to study how branched actin polarizes Cadherin distribution and 
dynamics. Since changes in Cadherin distribution and membrane enrichment underlie morphogenesis, and the progression 
of diseases, including cancers, identifying mechanisms for Cadherin membrane polarization is an essential goal. Surprisingly, 
it is still controversial whether or not branched actin is needed to promote trafficking events at mature epithelia, and the 
nature of the forces driving Cadherin transport are not described. Here we investigate a mechanism for Cadherin regulation 
by testing our model that the branched actin regulator, WAVE, promotes polarized Cadherin protein transport. Our results 
show WAVE regulates Cadherin accumulation at recycling endosomes. Endogenously tagged WAVE localizes at or near to 
RAB-10, RAB-11, and RME-1 endosomal proteins, and in subsets of the Golgi ministacks. Further, live imaging demonstrates 
that recycling endosomes undergo dynamic apicobasally directed movements, and that these movements and distribution 
depend on branched actin. This in vivo analysis of Cadherin distribution and endosome association strongly suggests that the 
WAVE complex has an under-appreciated role in cell-cell adhesion and polarity through the promotion of Cadherin transport, 
including transport into and through recycling endosomes.

212B	 Identification	of	aPKC	substrates	and	interactors	in	the	early	C. elegans embryo to elaborate a model for anterior 
PAR	protein	cooperation

Iolo Squires1, Josana Rodriguez1 1) Newcastle University.

The first division of the C.elegans embryo is asymmetric; this requires forming an anterior and posterior domain along the long 
axis of the embryo. The only signaling component of the anterior domain is the kinase, aPKC. Our lab has found that making 
an anterior domain of active aPKC requires its interaction with two complexes: one is responsible for aPKC’s localization (the 
localization complex) and the other to activate aPKC (the activation complex). Intriguingly, aPKC’s kinase activity is required 
for these interactions. Due to the kinase dependency of these interactions, we hypothesize that they require a substrate or 
interactor of aPKC, which we will identify.

To identify aPKC’s substrates and interactors, we plan to use a combination of analogue sensitive kinase assays, 
phosphoproteomic profiling, and BioID. Once we have generated a list of candidate substrates and interactors, we shall confirm 
that they have roles in embryo polarization by RNAi knockdown. For candidates with roles in the embryo, phosphomimetic 
and non-phosphorylatable mutants will be generated for selected substrates. We will analyze these mutants for alterations to 
aPKC’s interaction with the localization and activation complexes.

Identification of aPKC’s substrates and interactors will find mechanisms responsible for the dynamic interaction between the 
localization and activation complexes, which is key for the polarization of the embryo. Also, we will identify aPKC substrates 
and interactors governing other aspects of polarity and embryonic development, providing a rich resource for future study.

213C The bli-4/proprotein	convertase	genetically	interacts	with	pmr-1/calcium	ATPase	during	cell	migration	in	
Caenorhabditis elegans 

Stephany Dos Santos1, Vida Praitis1, Sarah Weltz1, Alyssa Hyndman1 1) Grinnell College.

pmr-1 encodes a Secretory Protein Calcium ATPase required for migration of cells on the embryo surface in C. elegans (Praitis, 
et al 2013). To identify other genes involved in cell migration, we carried out an RNAi suppressor screen. We found that 
bli-4(RNAi) significantly suppresses embryonic lethality in pmr-(ru5) mutant lines. BLI-4 is a calcium-dependent proprotein 
convertase gene that functions in cuticle development (Thacker, et al 2000). While we found neither bli-4(e937) nor bli-4(RNAi) 
had embryonic phenotypes, Thacker, et al (2000), showed that bli-4(h520), which carries a genetic change that disrupts a 
predicted substrate binding site, is an embryonic lethal allele. When we examined bli-4(h520) embryos, we found phenotypes, 
including displaced cells, that were similar to pmr-1(ru5) embryos. To further explore the genetic interaction between the 
genes, we crossed the pmr-1(ru5) into an sDp2 balanced bli-4(h520) line. The sDp2 balanced bli-4(h520) and pmr-1(ru5) double 
mutant line showed slight, but not significantly increased viability compared to the single mutant lines. While both pmr-1(ru5) 
and bli-4(h520) are embryonic lethal alleles, we obtained sick but viable individuals homozygous for both alleles that had 
lost sDp2, confirming an interaction between the two genes. To better understand how the two genes interact, we examined 
bli-4 expression patterns in embryos. Fluorescence studies showed bli-4::GFP is expressed in leading cells during enclosure 
and in several other unidentified cells. We utilized the Packer, et al (2019) embryonic transcriptome database to examine the 
endogenous expression of bli-4 RNA in developing embryos. While we did not observe significant changes in gene expression 
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in cells undergoing surface migrations, we discovered that bli-4 is upregulated in many of these lineages once migration events 
are complete. Our current model is that pmr-1 activity is critical for migratory behavior and that bli-4 expression may be 
important for the transition of cells from migratory to epithelial. Because defects in pmr-1 reduce migration rates, delays in the 
migratory-to-epithelial transition caused by disruption of bli-4 could permit additional time for cells to be properly positioned 
during embryogenesis resulting in restored viability.

214A	 Identifying	the	In	Vivo	Role	of	Non-centrosomal	Microtubule	Organizing	Centers	During	Cell	Migration

James Ferguson1, Alexandros Papagiannakis1, Christine Jacobs-Wagner1, Jessica Feldman1 1) Stanford University.

The microtubule (MT) cytoskeleton plays key roles in cell migration via intracellular signaling and modulating cell adhesions 
and polarity. Within a cell, MTs emanate and grow from microtubule organizing centers (MTOCs), and the localization of an 
MTOC helps drive specific MT functions. In cultured migratory cells, the MTOC is canonically located at the centrosome with 
MTs growing towards the leading edge of the cell. in vivo cell migration studies, however, have identified variations in the 
MTOC site and MT organization, such as MTs radiating towards the trailing edge of the cell from the centrosome, or a broad 
MTOC at the trailing edge with MTs radiating towards the leading edge. The molecular factors governing MTOC site, and the 
impact of MT organization on the migratory functions, in vivo is unclear. During C. elegans development, the Sex Myoblasts 
(SM) are a pair of cells that undergo a long distance migration to the gonad. Utilizing the SM cells as an in vivo model, we are 
investigating the presence and function of non-centrosomal MTOCs in cell migration via live confocal imaging of intact animals. 
Through SM-specific, temporal and spatial MT degradation, we have found an essential role for MTs in SM cell migration. 
Upon MT degradation, the SM cells fail to fully migrate to the gonad. In addition, directional analysis of growing MTs has 
identified arrays of MTs running parallel to migration and a MTOC localized near the leading edge of the cell. In contrast to 
the canonical MT organization, this leading edge MTOC does not appear to be associated with the centrosome. These results 
highlight a MTOC and pattern of MT organization not typically associated with migratory cells. Further investigation into the 
significance of the MTs at the leading edge in association with cell adhesions and polarity proteins will provide insights into the 
mechanisms governing migration in vivo.

215B	 Perturbed	intermediate	filament	regulation	causes	aggregate	toxicity

Florian Geisler1, Sanne Remmelzwaal2, Christine Richardson3, Mike Boxem2, Rudolf Leube1 1) Institute of Molecular and Cellular 
Anatomy, RWTH Aachen University, Aachen, Germany; 2) Institute of Biodynamics and Biocomplexity, Utrecht University, 
Utrecht, The Netherlands; 3) School of Biological and Biomedical Sciences, Durham University, Durham, United Kingdom.

Intermediate filaments are major components of the metazoan cytoskeleton. A long-standing debate concerns the question 
whether intermediate filament network organization only reflects or also determines cell and tissue function and dysfunction. 
This is particularly relevant for aggregate-forming diseases involving intermediate filaments. Using C. elegans as a genetic 
model organism, we have recently described mutants of signaling and stress response pathways with perturbed intermediate 
filament network organization. In a mutagenesis screen, we now identify the intermediate filament polypeptide IFB-2 as a 
highly efficient suppressor of these phenotypes restoring not only intestinal morphology but also rescuing compromised 
development, growth, reproduction and stress resilience. Ultrastructural analyses show that downregulation of IFB-2 leads 
to depletion of the aggregated intermediate filaments. The findings provide compelling evidence for the toxic function of 
deranged intermediate filaments and reveal novel insights into the cross talk between signaling and structural functions of the 
intermediate filament cytoskeleton.

216C	 The	RGD	(Arg-Gly-Asp)	is	a	potential	cell-binding	motif	of	UNC-52/PERLECAN	mediating	interaction	to	βPAT-3	
integrin

Myeongwoo Lee1, Rachel Wilsey1, Zhongqiang Qiu1, Jon Beard1 1) Baylor Univ, Biology, One Bear Place 97388, Waco, TX 76798.

In C. elegans, the unc-52 gene encodes for the protein UNC-52/perlecan, which is a basement membrane proteoglycan that 
plays a role in cell attachment, organ formation, and cell motility. The null mutation of unc-52 causes severe embryonic arrest 
and lethality. Within the UNC-52 protein, two RGD (Arg – Gly – Asp) motifs are located at the 748 amino acid position of exon 
7 and the 2023 amino acid position of exon 19. The RGD motif is a known potential cell-binding site for β integrins. However, 
the complete role of RGD in unc-52 has not previously been characterized. In this experiment, the 746RGD748 and 2021RGD2023 motifs 
had two separate mutations performed on each motif: mutation of the RGD to RGE and deletion of the entire RGD motif. 
Both the RGD to RGE mutation and the deletion of the RGD motif in RGD748 resulted in minor motility defects. However, the 
RGD to RGE mutation in RGD2023 resulted in a severe Unc phenotype, and the RGD deletion caused a Pat phenotype, which is 
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the same phenotype caused by pat-3 β-integrin mutations. Further analysis revealed that the RGD to RGE mutation in RGD2023 
also caused defective actin filaments and disrupted localization of PAT-3 β integrin and TLN-1/talin. A double mutant for the 
RGD to RGE mutations of RGD748 and RGD2023 was created to further examine the role of each RGD motif. Double mutants 
showed significantly decreased motility compared to either single mutant and also showed additive effects on the disrupted 
localization of pat-3 β integrin. Since RGD748 mutations failed to produce severe defects, it is likely that this RGD is either not 
a cell-binding motif or is an alternative binding site. However, the severity of the defects caused by both mutations to RGD2023 
suggests that this RGD motif is essential to UNC-52 function. Current work is being performed to rescue the lethal RGD 
deletion in RGD2023. Additional work will be performed to add cell-binding domains from human RGD containing proteins to the 
unc-52 RGD domains.

217A	 The	mutation	analysis	of	RGD	(Arg-Gly-Glu)	cell-binding	motifs	in	the	nematode	Caenorhabditis elegans

Myeongwoo Lee1, Aileen Park1 1) Baylor Univ, Biology, Waco, Texas 76798.

The interaction between integrin receptor and the extracellular matrix (ECM) proteins is essential for tissue organization. 
The mammalian system showed that RGD (Arg-Gly-Asp) motifs are the cell-binding sites of ECM proteins and known to 
interact with cell surface receptors of the ECM, integrins. These RGD motifs have shown to play essential roles in cell-matrix 
interaction, but the role of the RGD motifs beyond the mammalian system was not very well understood. The Caenorhabditis 
elegans genome contains approximately three thousand RGD motif-containing proteins, but of these proteins, ten were 
identified as containing RGD motifs in the basement membrane, a special ECM structure. These ten genes are DIG-1, LON-2/
glypican, B0393.5/SNED1, CLE-1/collagen XVIII, EMB-9/collagen type IV, HIM-4/hemicentin, LAM-3/laminin α, LET-2/collagen 
IV, NID-1/nidogen, and UNC-52/perlecan. To study the role of the RGD motifs in the basement membrane proteins, we created 
mutations in the RGD motifs in these ten genes using the CRISPR-Cas9 system. To date, the RGE (Arg-Gly-Glu) mutations 
in him-4/hemicentin failed to show a discernible behavioral or morphological phenotype. The effects of deleting the RGD 
motifs in lam-3/laminin α and nid-1/nidogen also failed to show significant defects other than mild motility defects. A similar 
approach on the other genes as mentioned above is currently underway. Through the study of RGD mutations in C. elegans 
extracellular matrix binding proteins, we hope to gain further knowledge as to the role of the RGD motif in C. elegans and 
other invertebrate species

218B	 Nuclear	lamina	cooperates	with	inner	nuclear	membrane	proteins	to	counteract	LINC-mediated	forces	during	
oogenesis in C. elegans

Chenshu Liu1,2, Zoe Lung2, John Wang2, Fan Wu2, Abby F. Dernburg1,2,3 1) University of California Berkeley, Berkeley, CA; 2) Howard 
Hughes Medical Institute, Chevy Chase, MD; 3) Department of Genome Sciences, Life Sciences Division, Lawrence Berkeley 
National Laboratory, Berkeley, CA.

The nuclear lamina is essential to protect genome integrity from mechanical stress. This requirement is more stringent in 
some tissues and developmental events. During oogenesis, meiotic nuclei are situated in a stressful environment filled with 
cytoskeletons. The nuclear lamina, consisting of the lamin proteins, is a conserved component of the nuclear envelope that 
can confer mechanical rigidity to the meiotic nuclei. C.elegans expresses a single lamin protein, LMN-1, which is similar to 
mammalian B-type lamin. Loss of LMN-1 results in near-complete sterility, with hypercondensed chromatin observed in many 
germline nuclei. The exact functions of LMN-1 in meiotic nuclei during oogenesis, however, remains unclear.

Using the auxin-inducible degradation system, we found that acute depletion of LMN-1 in C.elegans germline recapitulated 
nuclear collapse seen in lmn-1 homozygotes during late stages of meiotic prophase. LMN-1 depletion also led to persistent 
DNA double strand breaks and elevated apoptosis, but germline apoptosis is neither sufficient nor required for nuclear 
collapse. We further observed prolonged and excessive clustering of the LINC complex proteins SUN-1 and ZYG-12 at the 
nuclear envelope (NE) upon LMN-1 acute depletion. Importantly, co-depletion of SUN-1 or ZYG-12, or inhibition of dynein-
mediated forces, rescued the nuclear collapse triggered by acute LMN-1 depletion. By contrast, co-depletion of the inner 
nuclear membrane proteins EMR-1/LEM-2 or SAMP-1 rendered nuclei susceptible to collapse even earlier, at the time of 
meiotic entry. Live imaging demonstrated that shrinkage of the NE preceded chromosome hypercondensation during nuclear 
collapse, and that before NE shrinkage happened, LINC complex asymmetrically redistribute to one side of the NE in a dynein-
dependent manner. Finally, the connection between the pairing center regions of the chromosomes and the NE, albeit being 
important for LINC complex function during homolog pairing, is dispensable for nuclear collapse caused by LMN-1 depletion. 
Together our results suggest that lamin cooperates with additional inner nuclear membrane proteins to protect meiotic nuclei 
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from collapse by antagonizing forces exerted by dynein and transmitted through the LINC complex during oogenesis. Our work 
has also established an inducible system for modeling laminopathy.

219C	 MTOC	function	at	the	centrosome	and	the	ciliary	base	is	driven	by	specific	PCM	protein

Jeremy Magescas1, Sani Eskinazi1, Michael Tran1, Jessica Feldman1 1) Stanford University.

During development, the centrosome acts as a microtubule organizing center (MTOC) in mitotic cells, forming radial arrays 
essential to separate cellular components between daughter cells. Microtubules are organized at the centrosome by 
pericentriolar material (PCM) complexes. After mitosis, during cell differentiation the fate of the centrosome is going to be 
diverse depending of cell fate. In differentiated epithelial cells, the centrosome is inactivated, losing its PCM and having the 
MTOC function redirected to other cellular components, in contrast, other ciliated cells have the centrosome and its centrioles 
repurposed into basal bodies to ciliary structures. We are using C. elegans as a model to characterize MTOC recruitment and 
regulation at the centrosome. In C. elegans, the PCM is organized around the centrioles in a partial concentric overlay of 
protein spheres, in which the two main scaffolding protein, SPD-2/CEP192 and SPD-5 which localize the microtubule nucleating 
complex ɣ-TuRC to the centrosome, partially overlap delimiting two main body – an inner sphere with both partner and an 
outer sphere with SPD-5 (Magescas et al 2019). Upon differentiation centrosome lose their PCM, leaving ‘naked’ centrioles, 
like in intestinal cells. Interestingly, analysis of SPD-5 and ɣ-TuRC proteins revealed that ciliated sensory neurons, SPD-5 and 
most MTOC proteins remains at the ciliary base while centriolar protein and SPD-2 are lost. Those complexes organize the 
MTOC function at the base of cilia and are critical for ciliogenesis, as depletion of SPD-5 produces aberrant cilia. Interestingly, 
contrary to the current model, similar loss of SPD-2 in cycling intestinal cells prior to differentiation doesn’t result in the loss 
of SPD-5 at the centrosome, nor it impairs centrosomal function. Based on our data we propose that the PCM is composed of 
different subcomplexes revolving around SPD-5 that are differently regulated, working in parallel to drive the MTOC function.

220A	 Study	of	the	relation	between	molecular	content,	actin	architectures	and	cell	identity	throught	C.	elegans early 
embryogenesis

Grégoire Mathonnet1, Roxane Benoit1, Suhner Delphine1, Théo Hecquet1, Nadine Arbogast1, Anne-Cécile Reymann1 1) IGBMC.

C. elegans embryogenesis follows a well-defined developmental pattern in which cell polarization, asymmetric or symmetric 
divisions or intercellular signaling events give rise to a collection of differentiated blastomeres. In the team, we rather focus 
on the specific role of actin architectures during cell identity acquisition. Actin is organized in a variety of functional structures 
such as the thin actomyosin cortex attached to the plasma membrane, cytokinesis rings or filopodia. The regulation of these 
actin networks is orchestrated by a plethora of Actin Binding Proteins (ABPs) that change the 3D organization and the dynamics 
of these specific structures. Their physical properties can affect the process of cell commitment and gene expression profiles 
and can therefore feedback into cell fate acquisition.

My project main objective is to reveal cell specific actin content and organization in the early C. elegans embryo. Published 
single cell transcriptomics data in the early embryos already show cell content singularities for some ABPs. On our side, we 
aim to verify at the protein level these observations and answer the following questions: Are ABPs equally distributed between 
sister cells? How does these protein imbalances impact actin architectures? Are the actin cortical properties inheritable? 
How is the actin nucleation machinery spatiotemporally controlled? The long-term goal is to show how these actin related 
differences impact cell commitment in the early embryo.

With the help of CRISPR GFP Knock-In strains, Spinning Disk Microscopy and quantitative image analysis, I am following two of 
the mains actin nucleators (Arp2/3 complex and the formin CYK-1) which have inter and intra cell-specific distribution patterns 
along the lineage. I also focus on specific subcellular structures the filopodia. One of our first goal is to question whether all 
cells are equal in terms of actin related content and nucleation capacity.

221B	 Distinct	properties	of	broadly-expressed	and	tissue-specific	tubulin	isotypes	examined	by	ectopic	and	heterologous	
expression

Kei Nishida1, Kenta Tsuchiya1,2, Yu Honda1, Hiroyuki Obinata1, Shizuka Onodera1, Nami Haruta1, Masanori Ikeda3, Kozo Tanaka3, 
Asako Sugimoto1 1) Laboratory of Developmental Dynamics, Graduate School of Life Sciences, Tohoku University; 2) Graduate 
School of Science, Nagoya University; 3) Institute of Development, Aging and Cancer, Tohoku University.
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Most organisms have multiple α- and β-tubulin isotypes that likely contribute to the diversity of microtubule (MT) functions. 
To understand the functional differences of tubulin isotypes in Caenorhabditis elegans, which has nine α-tubulin isotypes 
and six β-tubulin isotypes, we systematically constructed null mutants and GFP-fusion strains for all tubulin isotypes with the 
CRISPR/Cas9 system and quantitatively analyzed their expression patterns and levels in adult hermaphrodites. Four isotypes—
a-tubulins TBA-1 and TBA-2 and b-tubulins TBB-1 and TBB-2—were expressed in virtually all tissues, with a distinct tissue-
specific spectrum. Other isotypes were expressed in specific tissues or cell types at significantly lower levels than the broadly 
expressed isotypes. Thus, MTs in C. elegans are mainly composed of four broadly expressed tubulin isotypes, and incorporation 
of a small amount of tissue-specific isotypes may contribute to tissue-specific MT properties.

Three α-tubulin isotypes (TBA-5, TBA-6, TBA-9) and one β-tubulin isotype (TBB-4) were expressed in different subsets of 
ciliated sensory neurons. When each of the ciliated neuron-specific isotypes was ectopically expressed in early embryos, 
they were less efficiently incorporated into mitotic spindle MTs than broadly-expressed isotypes and affected MT dynamics. 
The low incorporation efficiency was slightly improved when the ciliated neuron-specific α-tubulins were co-expressed with 
TBB-4, implying that some specific combinations of α- and β-tubulin isotypes form heterodimers preferably incorporated into 
MTs. The lower MT incorporation efficiencies of these ciliated neuron-specific tubulin isotypes were also observed by their 
heterologous expression in human cultured cells. Taken together, we speculate that a small amount of ciliated neuron-specific 
tubulins isotypes is incorporated into MTs mainly formed by broadly-expressed isotypes, which contribute to the cell-type-
specific MT properties.

222C	 Kinetic	Control	of	the	Temporal	Dynamics	of	a	RhoA	Signaling	Cascade

Serena Prigent Garcia1, Camille Plancke1, Loan Bourdon1, Francois Robin1 1) Institute for Biology Paris-Seine.

Cascades of activation are defined by a succession of sequential activation of signaling proteins. This leads to the activation 
of a downstream effector, with a precise intensity and timing, to control a specific biological function. Failure in proper timing 
generally leads to failure in setting up the biological function. Here, we propose to analyze the unfolding of a simple cascade in 
the early embryonic development of a metazoan, using the example of RhoA activation cascade as a canonical example. In this 
context, we can measure, at a specific location of the cell cortex, a stereotypical delay between the activation of the upstream 
regulator and the recruitment and activation of the downstream effector. First, we proceeded to a careful characterization of 
the dynamics of two sequential steps of the cascade. Using TIRF microscopy, we focused on the different steps of the RhoA 
activation cascade, using the Myosin as a landmark to measure the delay within the cascade at the cortex of C. elegans early 
embryos. Second, using single-molecule imaging, we focused on the last step of this cascade and measured the dynamic 
modulation of the binding (Kon) and the unbinding rate (Koff) of the Myosin. We then developed and, functionally challenged, a 
simple numerical model that takes advantage of the dynamic measurements of Kon and Koff to predict the temporal evolution of 
this cascade. We propose that this simple and generic model – which can in essence fit any activation cascade – offers a simple 
mathematical framework to understand the temporal dynamics of signaling cascades, and the delay and change in the shape 
of the response which can be observed between the input and the output of a cascade.

223A	 Probing	formin	FHOD-1	contributions	to	body-wall	muscle	structure	and	function

Sumana Sundaramurthy1, Curtis Yingling1, Ryan Littlefield2, Leila Lesanpezeshki3, Siva Vanapalli3, David Pruyne1 1) SUNY Upstate 
Medical University, Syracuse, NY; 2) University of South Alabama, Mobile, AL; 3) Texas Tech University, Lubbock, TX.

In mammalian striated muscle, six actin-organizing formin proteins have been shown to influence sarcomere organization, but 
their precise molecular roles in this process remain obscure. In C. elegans, only the formin FHOD-1 works in a muscle cell-
autonomous manner to influence sarcomere structure in body-wall muscle (BWM), providing a simpler system to determine 
the mechanism by which these highly conserved proteins influence the muscle cytoskeleton. Worms bearing a fhod-1 allele 
that is a putative null for effects on actin organization display modest defects in BWM strength, cell growth and sarcomere 
assembly, arguing against a primary role in assembling the actin-based sarcomeric thin filaments. However, fhod-1 muscle cells 
assemble fewer sarcomeres, and the muscle-specific myosin heavy chain MYO-3 is subject to elevated proteasome-dependent 
proteolysis. Moreover, the dense bodies that serve as thin filament-anchoring sites in BWM are malformed. Comparison of the 
distribution of immature and mature dense bodies in wild-type and fhod-1 BWM cells, and the spatial relationship of FHOD-1 
to those structures, suggests FHOD-1 accumulates at specific foci in the BWM cell to assist the formation of new dense bodies 
there.

224B	 Regulation	of	syncytial	germline	mechanics	by	the	actin	capping	protein	CAP-1
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Shinjini Ray1, Priti Agarwal2, Ronen Zaidel-Bar2 1) Mechanobiology Institute, National University of Singapore; 2) Tel-Aviv 
university, Israel.

Actin cytoskeleton remodelling is important for executing dynamic cellular processes during tissue morphogenesis and 
physiology. Actin filaments in the cytoskeletal network are dynamic structures that polymerise in a regulated manner. The actin 
filament barbed end, a hotspot of filament assembly, is regulated by competition among actin nucleators, elongation factors 
and capping protein, which in turn control filament length and network stability and is also capable of generating force by 
pushing against other structures. Although actin nucleation and elongation factors have been relatively well studied, the role 
of actin capping proteins in-vivo remains poorly understood.

We investigated the role of the actin capping protein CAP-1 in the C. elegans germline, a contractile tissue. Our observations 
show that endogenously tagged CAP-1 colocalises with the actin cytoskeleton along cell boundaries and rachis bridges in the 
germline. CAP-1 knockdown in the germline exhibits a disrupted structure characterised by a narrow and meandering rachis, 
as well as multinucleate germ cells and abnormal oocytes. Further, we observed an increase in levels of F-actin and also in 
the levels of the actin nucleators CYK-1 and ARX-2. In order to investigate if the structural changes observed in the rachis are 
accompanied by changes in contractility, we checked the levels of absolute and phosphorylated myosin II and observed their 
levels to be elevated in CAP-1 depleted background as compared with control, indicating an increase in contractility. The 
increase in contractility is likely responsible for the constricted and meandering rachis, pulling at the membranes and also 
resulting in multinucleate cells, in regions where the connecting membrane detached. In conclusion, we show that CAP-1 is 
essential for maintenance of germline function, it regulates actomyosin structure and levels to maintain the structural integrity 
of the germline.

225C The kinase pig-1/MELK is a conserved cytoskeletal regulator in C. elegans tubulogenesis and in human endothelial 
cells.

Alexandra Socovich1, Daniel Shaye1 1) University of Illinois at Chicago.

Tubulogenesis, the process by which organisms form biological tubes, plays an integral role in blood vessel formation and 
function. Defects in tubulogenesis can lead to congenital vascular disease, and dysregulated tubulogenesis associated with 
tumor-induced angiogenesis promotes cancer progression. Kinases are critical regulators of conserved cellular functions, 
signal transduction pathways, and are attractive targets for therapeutic development. Therefore, finding kinases involved in 
vascular tubulogenesis is an important translational research goal. The C. elegans excretory canal (ExCa), a large single-celled 
tube, provides a tractable model to study tubulogenesis. Moreover, human orthologs of several genes that regulate ExCa 
tubulogenesis have been implicated in vascular development and disease. We performed an RNAi screen to find conserved 
kinase regulators of ExCa tubulogenesis and identified four that were not previously implicated in this process. Notably, 
we found that orthologs of these four kinases are expressed in human umbilical vein endothelial cells (HUVEC), a canonical 
model for studying angiogenesis in vitro, consistent with their possible role in vascular development (Socovich and Shaye, in 
preparation). We are focusing on the kinase pig-1 and its human ortholog MELK, because despite the fact that little is known 
about its physiological function, MELK has been the focus of great interest due to it being highly upregulated in various 
aggressive cancers. Our work defines a novel mode of PIG-1/MELK regulation that is independent of canonical upstream 
activators like PAR-4/LKB and STRD-1/STRAD. We also discovered a new role for pig-1 in regulating the conserved formin EXC-
6/INF2 and cytoskeletal components (F-actin and microtubules) in the ExCa. Both MELK and INF2 are expressed in HUVEC, 
and shRNA-mediated knockdown of these proteins caused cell migration phenotypes consistent with cytoskeletal defects. 
Based on these results we propose a novel conserved PIG-1/MELK and EXC-6/INF2 pathway that regulates the cytoskeleton in 
tubulogenesis.

226A	 Nuclear	deformation	during	P-cell	nuclear	migration

Jamie Ho1, Linda Ma1, Ellen Gregory1, Diana Libuda2, Daniel Starr1 1) UC Davis; 2) U Oregon.

Cell migration through constricted spaces is critical for developmental and disease processes, including immune cell 
intravasation and cancer metastasis, but is limited by nuclear deformation. During C. elegans development, larval P-cell 
nuclei migrate through a constriction between the muscle and cuticle that is ~5% of the resting diameter of the nucleus. 
Null mutations in the LINC pathway, consisting of SUN (unc-84), KASH (unc-83), and motors (dynein), disrupt about 50% of 
P-cell nuclear migrations at restrictive temperatures, but at permissive temperatures most P-cell nuclei migrate normally 
without LINC complexes. We hypothesized that additional pathways function parallel to the LINC pathway. In support of this 
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hypothesis, a forward genetic screen for enhancers of the nuclear migration defect of unc-83/84 (emu) mutants identified toca-
1, cgef-1, and fln-2. Knockdown of the Arp2/3 complex component arx-3 in unc-84 null mutants at the permissive temperature 
caused a significant nuclear migration defect. Under the same conditions, we observe a similar nuclear migration defect when 
cdc-42 was knocked down, indicating that both the Arp2/3 complex and CDC-42 are required for nuclear migration in the 
absence of SUN-KASH. In our model, the F-bar domain protein TOCA-1 binds to the nuclear membrane and recruits CDC-42, 
a small G-protein which is activated by CGEF-1. CDC-42 in turn activates WAVE/WASP and Arp2/3 to generate branched actin, 
with the help of FLN-2 acting as either an actin bundler or crosslinker. We hypothesize that these proteins form an actin-based 
pathway that generates a network of branched actin to compress the nucleus. Additionally, the cgef-1; unc-84; cec-4 triple 
mutant resulted in complete nuclear migration failure at the permissive temperature. CEC-4 is an inner nuclear membrane 
protein that tethers H3K9 methylated chromatin to the inner nuclear envelope and is therefore predicted to affect the ability 
of the nucleus to deform. Altogether, these studies support a model where multiple pathways responsible for modulating 
nuclear deformation play important roles in nuclear migration through constricted spaces.

227B	 A	good	GEF	gone	GAP:	investigating	the	mechanism	that	switches	the	Rac1/CED-10	GEF,	CED-5/CED-12,	into	an	
inhibitor	of	F-actin	formation	during	ventral	enclosure

Thejasvi Venkatachalam1, Luigy Cordova-Burgos1, Sophia Philippe2, Martha Soto1 1) Rutgers - RWJMS; 2) New Jersey City 
University, NJ.

Branched actin promotes cell migrations in the developing C. elegans epidermis that result in the movements of 
morphogenesis, including ventral enclosure. Our genetic screens identified the branched-actin promoting WAVE complex 
as the major activator of Arp2/3 to promote these movements. WAVE is activated by the small GTPase, CED-10/Rac1. Since 
branched actin regulators like WAVE must assemble at the correct time and place, one important question is how they are 
recruited. We therefore investigated the guanine exchange factors (GEFs) that activate Rac1/CED-10, which in turn activates 
WAVE and Arp2/3 during epidermal morphogenesis. Analysis of the proposed CED-10 GEF, CED-5/CED-12, homologous to 
DOCK-180/ELMO, uncovered a surprising role for this bipartite GEF. As expected, null alleles in this GEF resulted in reduced 
F-actin around corpses being engulfed by the embryonic epidermis. In contrast, these loss of function, null mutations resulted 
in elevated F-actin at the leading edge of epidermal cells during ventral enclosure. We are investigating two proposed 
mechanisms that would allow one GEF to have two opposing effects on F-actin enrichment, during two events, occurring in 
the same epidermal cells. Especially intriguing was our discovery that CED-12/ELMO appears to encode a cryptic GAP domain. 
CRISPR mutations that alter the key catalytic Arginine in the proposed GAP domain are being used to test the cryptic GAP 
inside the GEF hypothesis. In addition, live imaging and FRAP studies are being used to characterize the stability of F-actin 
around corpses vs. at the leading edge, and the dependence of these two populations of F-actin on CED-5/CED-12. These 
studies suggest that individual GEFs can acquire different, and in this particular case, opposite activities even within the same 
cell.

228C	 The	proteasome	is	not	only	about	degradation-	using	the	C. elegans germ line to study proteasome assembly 
dynamics and subunit specific germ line functions in vivo

Anna Allen1, Lourds Fernando1 1) Howard University, Washington, DC.

The 26S proteasome is a multi-subunit protein complex that is canonically known for its ability to degrade proteins in cells 
and maintain protein homeostasis. It is composed of highly conserved protein subunits arranged into two 19S regulatory 
particles (RP) capping a 20S core catalytic particle (CP). Recent evidence shows specific proteasome subunits play tissue 
specific and/or non-proteolytic roles in various organisms. Historically, models such as yeast and mammalian cell lines 
have been used to characterize proteasome assembly and function. However, these unicellular models have limitations 
in comprehensively understanding the wide range of roles that various proteasome subunits might be playing in different 
tissues and developmental stages. We have identified specific 19S RP proteasome subunits in C. elegans that play previously 
unknown roles in the germ line. We will show that certain 19S RP subunits genetically interact with a major C. elegans meiotic 
kinase, WEE-1.3, and are required for proper germ line localization of WEE-1.3. Importantly we demonstrate that this role 
in WEE-1.3 localization is not related to the proteolytic function of the proteasome. To help elucidate individual proteasome 
subunits functions, we have endogenously tagged 19S RP lid subunits with GFP or OLLAS using CRISPR. This has revealed 
many novel results, including identification of subunit tissue specificity and the dynamics of proteasome assembly. We will 
show that the two isoforms of the essential 19S RP proteasome subunit RPN-6.1 are expressed in a tissue specific manner 
in the hermaphrodite. We will also demonstrate that the 19S RP subunits RPN-6.1 and RPN-7 are crucial for the nuclear 
localization of the lid subunits RPN-8 and RPN-9 in C. elegans oocytes. Collectively, our data supports the premise that certain 
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19S RP proteasome subunits are playing tissue specific roles, especially in the germ line. We propose C. elegans as a versatile 
multicellular model to study the diverse proteolytic and non-proteolytic roles that proteasome subunits play in vivo.

229A	 The	role	of	ATX-2	and	VPR-1	in	sperm	positioning	within	the	C. elegans meiotic embryo

Cynthia Bailey1, Francis McNally 1 1) University of California Davis .

Fertilization occurs during female meiosis in most animals, which raises the question of what prevents the sperm body (DNA, 
centrioles, and organelles) from interacting with the meiotic spindle. In C. elegans, the meiotic spindle and sperm body are 
maintained in opposite thirds of the ellipsoid zygote despite vigorous cytoplasmic streaming. In a previous study (Panzica et 
al. 2017. J Cell Biol 216: 2273), the sperm body was relatively stationary in control cells but moved long distances with the 
yolk granules when actin was depolymerized, resulting in sperm DNA within 2 µm of the meiotic spindle. This result led to the 
idea that the sperm body is anchored at the site of fertilization by cortical actin while maternal organelles move freely with 
cytoplasmic streaming. Simultaneous live imaging of paternal mitochondria, maternal ER and maternal yolk granules, however, 
revealed episodes with all these organelles moving together. In agreement with Kimura (2020. Mol Biol Cell 31:1765) we 
observed long range excursions of the sperm contents even in control embryos. These movements, however, were mostly in 
the short axis of the embryo. Long-distance excursions of the sperm contents toward the meiotic spindle were infrequent and 
followed by a return to the original spindle distal position. We are currently exploring the possibility that contacts between the 
maternal ER, paternal mitochondria, and cortical F-actin may play a role in restricting the movement of the sperm body to the 
future posterior end of the embryo. To begin, we have first defined the cell-cycle changes in ER structure by filming meiotic 
embryos within mKate::tubulin GFP::SP12 hermaphrodites and the cell-cycle changes in cytoplasmic streaming by filming 
embryos within GFP::SP12 hermaphrodites mated with mCherry::MEV-1 males. We are now using this baseline to analyze ER 
structure and movement of ER and paternal mitochondria in embryos depleted of maternal ATX-2, VPR-1, HSP-4, PFN-1 and 
other candidates predicted to disrupt sheet-like ER.

230B	 Characterization	of	sperm	components	required	for	female	meiosis	II	in	C. elegans

RUDRA Banerjee1, Jens Herzog1, Martin Srayko1 1) University of Alberta.

Prior to fertilization, the C. elegans oocyte responds to an external, sperm-derived signal provided by major sperm protein 
(MSP). This signal releases the oocyte from its G2 arrest, initiating the meiosis I division (MI). In the absence of sperm entry, 
MSP-stimulated oocytes abort anaphase I, skip meiosis II (MII) and enter mitosis, suggesting a second signal provided upon 
sperm entry is required for the MII program. We discovered three similar paralogs, memi-1, 2, and 3 (meiosis-to-mitosis 
transition), which encode oocyte components, that are required for completion of MI and entry into MII. Loss of all three 
paralogs results in a skipped-MII phenotype, however, a gain-of-function mutation, memi-1(sb41ts), results in fertilized 
embryos that complete MI, enter MII, but do not exit MII properly. Through whole genome RNAi screening, we previously 
identified a sperm-specific PP1 phosphatase, gsp-3/4, as a suppressor of memi-1(sb41).

A subsequent EMS-based suppressor screen recovered alleles of gsp-4 and additional genes in this pathway. One of these, 
R03D7.5, encodes a putative GSK3 protein kinase. R03D7.5 mutants exhibit paternal-effect suppression of memi-1(sb41), 
suggesting that this GSK3 has some role in the sperm. R03D7.5 deletion homozygotes appear wild type, however, double-
deletion analysis revealed functional redundancy with one other GSK3 member. The double-deletion hermaphrodites exhibit 
45% embryonic lethality, which is completely rescued by mating to wild-type males. Approximately 35% of GSK-3 double-
deletion fertilized embryos exhibited defects in MII, including cell-cycle delays and failed polar body extrusion. Together, this 
suggested that these genes encode sperm-specific components that have roles in the early embryo.

Western blotting of FLAG- and Ollas-tagged worms revealed that both GSK3 homologs are detected in sperm-only fem-
3(q20gf) worms but not in oocyte-only fem-1(hc17lf) females. Immunostaining for both proteins revealed a strong signal in 
sperm, which resembled the intracellular localization observed with anti-GSP-3/4 antibodies. Interestingly, R03D7.5 gsp-4 
double mutants exhibit synthetic embryonic lethality (28%), and a triple-deletion (both gsk3 genes and gsp-4) produce 70% 
dead embryos, some of which skip female MII, similar to memi-1/2/3(RNAi). Further characterization of the double GSK3 
mutants revealed sister chromatid non-disjunction in 20% of male MII. GSK3 double-deletion sperm also exhibited reduced 
sperm motility in vivo and altered sperm morphology and slow pseudopod formation in vitro. Pseudopod treadmilling 
rates were also reduced in GSK3 double-deletion sperm. This work suggests that these GSK3s play a pivotal role during 
spermatogenesis and sperm motility, similar to GSP-3/4, and that these factors also participate in the MEMI pathway to 
regulate female MII.
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231C	 Investigating	the	role	of	5’-tyrosyl-DNA	phosphodiesterase	2	(tdpt-1) Mediated Suppression of DNA Topoisomerase 
2 (top-2) during meiosis in C. elegans

Nirajan Bhandari1, Harold E Smith2, Andy Golden2, Aimee Jaramillo-Lambert1 1) University of Delaware, Newark, DE ; 2) 
National Institute of Diabetes and Kidney Diseases, NIH, Bethesda , MD.

Meiosis, a specialized cell division involving a single cycle of DNA replication followed by two cycles of chromosome 
segregation, is a highly coordinated event. Chromosome segregation errors during meiosis have hazardous consequences 
such as birth defects, genetic diseases, infertility and malignancy. DNA Topoisomerase II (TOP-2) is required to relieve the 
topological stress associated with the unwinding of DNA during replication, recombination and sister chromatid segregation. 
In addition, TOP-2 has been also found to maintain chromosome structure. The role of TOP-2 has been studied well in mitosis 
but is not very well defined in meiosis. However, our lab recently characterized an allele of top-2 [top-2(it7)] in C. elegans with 
a male meiosis-specific phenotype. top-2(it7) is a temperature sensitive (ts) allele and top-2(it7ts) sperm that develop at the 
restrictive temperature of 24°C have chromosome segregation defects at anaphase I of meiosis, which results in embryonic 
lethality after fertilization. In a genetic suppressor screen on top-2(it7ts animals, we identified 11 suppressors of top-2(it7) 
induced embryonic lethality. Interestingly, seven of the 11 suppressors identified had different point mutations in the same 
gene 5›-tyrosyl-DNA phosphodiesterase two (Tdp2, C. elegans tdpt-1). Tdp2 is involved in the removal of trapped Top-2-DNA 
complexes. Currently, our lab is focused on elucidating the mechanism of tdpt-1 mutant-mediated suppression of top-2(it7ts) 
embryonic lethality. Our data suggest that the tdpt-1 suppressing mutations rescue the embryonic lethality of top-2(it7ts) to 
near wild-type levels, ameliorate the chromosome segregation defects of top-2(it7ts) worms and restore TOP-2 protein level 
to various degrees. We have validated and confirmed tdpt-1 suppressing mutation to be a loss of function mutation using 
RNAi and CRISPR/Cas9. Similarly, we have found that tdpt-1 mutations do not have a phenotype independently of top-2(it7) 
in meiosis. To unravel the molecular mechanism of TDPT-1 in the context of TOP-2 mutation for ensuring proper chromosome 
segregation during male gamete formation, we are currently examining if TDPT-1 is required to process TOP-2 induced 
DNA breaks during meiosis. Further, we plan to examine biochemical properties of TDPT-1, perform TDPT-1 expression and 
localization studies in relation to TOP-2 in the male germ line, and investigate TOP-2 as a potential binding partner of TDPT-1 
during meiosis.

232A	 GLH	protein	at	the	heart	of	P	granule	network

James Bosco1, Ekaterina Voronina1 1) Univserity of Montana.

Germ granules are cytoplasmic ribonucleoprotein assemblies conserved across the vast majority of metazoans from worms 
to humans. One key component of germ granules are Vasa-family DEAD box RNA helicases. Vasa mutation or knockdown 
compromises germ cell specification, survival and function leading to sterility in various organisms. C. elegans has four Vasa 
homologs, GLH-1, GLH-2, GLH-3, and GLH-4, all of which localize to germ granules called P granules. GLH proteins contribute to 
the integrity of P granules in the C. elegans germline (Kuznicki et al., 2000; Spike et al., 2008; Marnik et al., 2019). We asked if 
this function of GLH family proteins might be related to an ability to directly bind some core or transient P granule components 
by testing protein-protein interactions in vitro. Surprisingly, we found a diverse protein-protein interaction network for GLH-4 
that includes binding to all four GLH family members, other core P granule components (PGL-1 and PGL-3) as well as P granule 
associated proteins FBF-2 and DLC-1. Taken as an aggregate, these results demonstrate a network of protein interaction within 
P granules that puts GLH-4 at the nexus for P granule organization and function.

233B	 Models	predicting	the	partitioning	of	phosphorylated	domains	on	C. elegans fusion chromosomes

Carlos Rodriguez1, Aya Sato-Carlton1, Peter Carlton1,2 1) Graduate School of Biostudies, Kyoto University Kyoto, Japan; 2) 
Radiation Biology Center, Kyoto University, Kyoto, Japan.

To carry out the two successive chromosome disjunction events of meiosis, the holocentric chromosomes of C. elegans use 
the position of the single off-center meiotic crossover to define two functional domains: the short arm, which loses cohesion 
in meiosis I, and the long arm, which loses cohesion in meiosis II. These two domains must be detected and defined on each 
chromosome at each meiosis, since crossovers can occur anywhere. The domains accumulate distinct sets of proteins or 
protein modifications, whose roles in mediating the timing of cohesion loss have recently begun to be uncovered. In contrast 
to the downstream mechanisms that lead to cohesin loss or protection, the mechanisms that initially sense the length 
difference of the two domains remains less well-understood.
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We have previously shown that the accumulation of the synaptonemal complex (SC) central element protein SYP-1 
phosphorylated at T452 on the short arm during the pachynema stage is one of the earliest signs of distinction between the 
short and long arms (Sato-Carlton et al. 2018). Phosphorylated SYP-1 localizes to the entire SC at the beginning of meiotic 
prophase and quickly accumulates on the short arm upon crossover designation, while departing the long arm entirely. In 
order to understand the mechanism of this short arm confinement, we have tagged non-phosphorylatable SYP-1 with an 
HA tag and compared its localization with phosphorylated SYP-1. We found that non-phosphorylatable SYP-1 also becomes 
enriched on the short arm, but does so more slowly than phosphorylated SYP-1. To gain further insight into the principles 
determining short arms, we have analyzed the formation of short arm-like domains enriched for phospho-SYP-1 on the fusion 
chromosome meT7 (Hillers and Villeneuve 2003; Martinez-Perez et al. 2008), a “megasome” that combines chromosomes III, 
X, and IV, and which frequently receives two or three crossovers. On meT7 chromosomes with two crossover designation sites 
at pachynema, domains of phospho-SYP-1 can occur in one of three modes: (1) a short arm domain at each end; (2) a single 
short arm domain in the middle segment, and (3) one short arm domain at one end, and one short arm domain in a small part 
of the middle segment. We present a model that predicts these outcomes from the strength of a putative accumulating signal 
emanating bidirectionally from crossover designation sites.

Hillers K. J., and A. M. Villeneuve, 2003 Curr. Biol. 13: 1641–1647.

Martinez-Perez E., M. Schvarzstein, C. Barroso, J. Lightfoot, A. F. Dernburg, et al., 2008 Genes Dev. 22: 2886–2901.

Sato-Carlton A., C. Nakamura-Tabuchi, S. K. Chartrand, T. Uchino, and P. M. Carlton, 2018 J. Cell Biol. 217: 555–570.

234C	 Characterization	of	the	transition	between	meiosis	I	and	meiosis	II	during	spermatogenesis	in	Caenorhabditis 
elegans

Yu-Hao Chen1 1) Department of Clinical Laboratory Sciences and Medical Biotechnology, National Taiwan University.

Male meiosis exhibits two consecutive chromosome separation events in M phase. Thus, the division machinery has to re-
organize between two divisions. Because proteasome-dependent degradation is important for the first division, we examined 
whether replenishment of cellular factors is necessary for progression into the next division event. When treated with 
translation inhibitors, we found that primary spermatocytes divided normally at meiosis I but failed to initiate the second 
division. To gain insights on how protein synthesis regulates the transition between two divisions, we first inspected the 
dynamics of chromosomes, kinetochore, centrosomes and microtubules during male meiosis when translation is inhibited. 
Perturbation of translation lead to failure of chromosome re-orientation after meiosis I. We found the levels of the outer 
kinetochore protein BUB-1 and HCP-1 dropped drastically at metaphase I and slowly regained before metaphase II. Inhibition 
of translation slightly reduced meiosis I chromosome separation rates and the departure of BUB-1, and the BUB-1 signal did 
not recover. Interestingly, other outer kinetochore proteins such as NDC-80, HIM-10 and ROD-1 appeared to remain associated 
with chromosome throughout the two male meiotic divisions, and the levels were not affected by translation inhibitors. 
Therefore, protein synthesis is required for reassembly of part of the kinetochore between two divisions. Furthermore, we 
found that although centrosome splitting took place timely during meiosis I, they failed to mature after completion of meiosis I 
with translation inhibition. We are currently looking for the key factors that need to be translated during meiosis I.

235A	 A	screen	to	identify	new	genes	involved	in	homeostatic	regulation	of	germline	stem	cell	proliferation

Alexandre Clouet1, Matthieu Valet1, Benjamin Dufour1, Patrick Narbonne1 1) Département de Biologie Médicale, Université du 
Québec à Trois-Rivières, Trois-Rivières Québec, Canada.

The control of stem cell proliferation is crucial during the whole life of an organism. In fact, stem cells are at the origin of 
every differentiated cell types populating tissues and organs, ensuring their proper development, function, and homeostasis. 
Defects in stem cell regulation can lead to developmental disorders and pathologies like cancer. Two factors are known to 
control germline stem cell (GSC) proliferation in C. elegans: nutrient uptake and the quantity of mature oocytes present in 
the proximal gonad. In the latter, oocyte accumulation promotes GSC quiescence, to prevent oocyte hyperaccumulation. 
Although we have identified DAF-18/PTEN, PAR-4/LKB-1 and AAK-1/AMPK as effectors of this negative feedback loop, other 
effectors are likely missing to join them together in a complete molecular cascade. That cascade somehow needs to sense 
oocyte abundancy and signal across several cells to modulate GSC proliferation. Here, we used an oma-1; oma-2 background 
to trigger oocyte accumulation and homeostatic inhibition of GSC proliferation. We then screened for mutants that caused 
oocyte hyperaccumulation, and thus phenocopied aak-1; oma-1; oma-2 homeostatic-defective triple mutants. We screened 
approximately 8 000 haploid genomes over two separate screens, and isolated 17 candidates. Using whole-genome 
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sequencing and bioinformatics tools, we identified a list of genes that had severe mutations in two or more of the isolated 
mutants. Among this list was aak-1, which was severely disrupted in two of the candidates, demonstrating that the screening 
strategy was effective at isolating mutations that disrupt homeostatic signalling. We will next use RNAi to knockdown the 
remaining genes on our list and identify those that will cause a hyperaccumulation of oocytes upon RNAi inactivation. Positive 
clones will likely represent new genes involved in homeostatic regulation of GSC proliferation, and the corresponding genes 
will be further functionally investigated. Hence, our results will provide new insights into the mechanisms of homeostatic 
control of GSC proliferation.

236B	 Regulation	of	oocyte	number	in	C.elegans:	Counting	on	RAS/ERK	pathway

Debabrata Das1, Shin-Yu Chen1, Swathi Arur1 1) University of Texas MD Anderson Cancer Center.

Oocyte numbers, a critical determinant of female reproductive fitness, are highly regulated, yet the mechanisms underlying 
this regulation remain largely undefined. In the Caenorhabditis elegans gonad, RAS/extracellular signal–regulated kinase (ERK) 
signaling regulates oocyte numbers; mechanisms are unknown. We show that the RAS/ERK pathway phosphorylates meiotic 
chromosome axis protein HTP-1 at serine-325 to control chromosome dynamics and regulate oocyte number. Phosphorylated 
HTP-1(S325) accumulates in vivo in an ERK-dependent manner in early-mid pachytene stage germ cells and is necessary for 
synaptonemal complex extension and/or maintenance. Lack of HTP-1 phosphorylation leads to asynapsis and persistence of 
meiotic double-strand breaks, causing delayed meiotic progression and reduced oocyte number. In contrast, early onset of ERK 
activation causes precocious meiotic progression, resulting in increased oocyte number, which is reversed by removal of HTP-1 
phosphorylation. The RAS/ERK/HTP-1 signaling cascade thus functions to monitor formation and maintenance of synapsis for 
timely resolution of double-strand breaks, oocyte production, and reproductive fitness.

237C	 Meiosis	modifications	at	the	origin	of	asexuality	in	Mesorhabditis pseudogamous nematodes

Caroline Blanc1,2,3, Nathanaelle Saclier4, Nicolas Galtier4, Carine Rey1,2,3, Marie Delattre1, 2, 3 1) University of Lyon, France; 2) Centre 
National pour la Recherche Scientifique, France; 3) Ecole Normale Supérieure de Lyon, France; 4) ISEM, Montpellier, France.

Sexuality is widespread and asexuality is a derived character. Despite the recognized costs associated with sex, asexuals remain 
rare, which constitutes one of the most intriguing paradox in evolutionary biology. To understand the adaptative value of sex, 
there is clearly a need for further exploration of the asexual world, and in particular of the transition to asexuality.

We recently characterized the nematode genus Mesorhabditis, in which regular sexual species are found, as well as species 
featuring progressive loss of males and sexuality. These pseudo-sexual species are composed of 90% females and only 10% 
males. Males and sperm are needed for most eggs to develop by gynogenesis (the sperm is needed to activate the oocytes 
but its DNA is not used, i.e pseudogamy). In the few cases where the sperm DNA is incorporated, the eggs develop as males, 
because only the Y-bearing sperm of males are competent to fertilize (Grosmaire & al. Science 2019; Launay & al. BMC Evol 
Bio 2020). In this intriguing system, females are thus produced asexually whereas males are produced sexually. Mesorhabditis 
nematodes represent an ideal system to study the evolutionary consequences of transition to asexuality in closely related 
species and to explore the molecular origins of asexuality.

There are many ways to lose sex. Here we asked which modifications to meiosis led to the production of diploid oocytes in 
asexuals. Using cytological descriptions, we found that meiosis of asexual females is similar to sexual species up to anaphase I. 
Chromosome pairing and crossing-over occur and bivalent forming chiasmata are present in diakinesis. Next, the first meiotic 
spindle forms and bivalent chromosomes initiate their segregation. However, chromosome segregation eventually stops and 
all univalents realign at metaphase of meiosis II. Meiosis II then proceeds normally with the segregation of sister chromatids 
and formation of the single polar body. Hence, meiosis in these asexuals is characterized by the maintenance of recombination 
and the assortment of non-sister chromatids in the diploid oocyte. In parallel, we are comparing the level of recombination in 
the sexual and asexual species of this genus. For that, we have sequenced the genome of a dozen strain for one sexual and one 
asexual species, to measure linkage desequilibrium. The theoretical consequence of such modified meiosis is genome-wide 
homozygosity, except maintenance of heterozygosity on chromosome centers. This will be contrasted with the actual measure 
of heterozygosity.

238A	 DAF-18/PTEN	functions	in	the	muscles	and	proximal	somatic	gonad	to	couple	to	promote	oocyte	arrest	in	the	
absence of sperm
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Jichao Deng1, Olivier Gagné1, Patrick Narbonne1 1) Département de Biologie Médicale, Université du Québec à Trois-Rivières, 
Trois-Rivières, Québec, Canada..

DAF-18/PTEN is an important tumour suppressor, and loss of PTEN activity is associated with various types of cancers. In C. 
elegans hermaphrodites that lack sperm, such as fog-1 mutants, DAF-18 is required for oocytes to arrest and accumulate in 
the proximal gonad. As such, fog-1; daf-18 double mutants lay unfertilised oocytes, and fail to downregulate germline stem 
cell (GSC) proliferation. However, the tissue(s) in which DAF-18 acts to permit oocyte arrest and accumulation in the absence 
of sperm, and to eventually suppress GSC proliferation, is still unknown. Here, we transgenically rescued daf-18, specifically 
in the gut, neurons, hypodermis, muscles, proximal somatic gonad, and germline, of fog-1; daf-18 null mutants. Interestingly, 
we found that daf-18 expression in the muscles, or in the proximal somatic gonad, was sufficient to allow unfertilized oocytes 
to arrest and accumulate in the proximal gonad of fog-1;daf-18 double mutants. DAF-18 is also required to suppress the 
proliferation of germ and somatic gonadal cells during dauer formation, wherein DAF-18 acts in the somatic gonadal cells. 
Using our germline-specific DAF-18 transgene, we further show that maternally-provided DAF-18 is sufficient to rescue the 
dauer phenotype of daf-18(-) mutants, but not the arrest of unfertilized oocytes in spermless adults. Overall, our results 
demonstrate that DAF-18 can act from at least two separate tissues to non-autonomously mediate the arrest of oocytes in the 
absence of sperm, and allow for their accumulation in the proximal gonad. These results may provide new insights into the 
how PTEN prevents tumour formation.

239B	 Characterizing	the	Role	of	Sperm-Supplied	Proteins,	SPE-11	and	F07A5.2,	during	Spermatogenesis	and	the	Early	
Embryonic	Development	in	C.elegans

Nancy Marian Duker1, Ji Kent Kwah1, Frank Döring2, Aimee Jaramillo-Lambert1 1) University of Delaware, Delaware; 2) University 
of Kiel, Germany.

Haploid genomes from sperm and oocyte are required to form a diploid zygote during fertilization. Competent genes 
from these specialized cells are essential for the success of both molecular and physiological events from fertilization to 
embryogenesis. So far spe-11 is the only sperm-specific gene required for the early events of embryonic development in 
C.elegans. C. elegans embryos fertilized by spe-11 mutant gene do not complete meiosis, form a weak eggshell, and do not 
orient correctly at the first mitotic spindle. These embryos also do not undergo cytokinesis. C.elegans embryos carrying 
homozygous non-conditional allele hc90 show phenotypic effects of this paternal-effect embryonic lethal gene. Research 
has shown that SPE-11 localizes around distinct regions of the nucleus during spermatogenesis by forming a fenestrated ring 
around the DNA. In addition to this important sperm gene, we have found that two proteins F07A5.2 and OOPS-1 interact with 
SPE-11 through yeast hybrid experiment and through immunoprecipitation and mass spectrometry experiments. Like SPE-11, 
F07A5.2 is a potential sperm protein. We have found that a deletion of allele F07A5.2 reduces brood viability. Currently, I am 
performing experiments to determine if wildtype sperm can rescue deletions of the F07A5.2 gene. In addition, I will examine if 
the F07A5.2 protein is involved in the correct localization of the SPE-11protein in sperm meiosis. This will help determine the 
potential roles these sperm genes play in the events required for successful embryogenesis in C.elegans.

240C	 The	role	of	MAP	Kinase	in	modulating	condensation	of	RNA	binding	proteins	in	the	germ	line

Mohamed Elaswad1, Neeke Busette1, Grace Richmond1, Ashley D’Amour1, Shaughna Langerak1, Megan Wood1, Jennifer Schisa1 
1) Central Michigan University.

The mitogen-activated protein kinase (MAPK) signaling pathway regulates numerous cellular processes in the C. elegansgerm 
line. In young hermaphrodites, di-phosphorylated MAPK is detected at high levels in late pachytene and in the proximal 
oocytes; however, when meiotic maturation is arrested for extended time in fog-2 females, activated MAPK is not detected. 
Interestingly, the activation of MAPK is inversely correlated with the assembly of large RNP granules in oocytes. In this study, 
we are addressing the hypothesis that MAPK inhibits the condensation of RNA-binding proteins (RBPs) into RNP granules. It 
is critical to understand how the assembly of RNP granules is regulated as they are hypothesized to maintain oocyte quality 
during extended meiotic arrest and other stress conditions. First, we used RNAi to knockdown mpk-1 in GFP::MEX-3 worms, 
and we detected ectopic condensation of MEX-3 into granules in oocytes. Since CAR-1 condenses into large granules in 
response to heat stress, we next asked if activated MAPK levels decrease in proximal oocytes after 1.5 hours at 31°C. We 
observed reduced levels of anti-diP-MAPK and the assembly of CAR-1 granules in oocytes. In parallel, to examine the effects of 
decreased mpk-1 expression on CAR-1 protein condensation, we used the temperature-sensitive allele mpk-1(ga111). At the 
permissive temperature, MAPK levels were high in oocytes, similar to wild-type worms, and CAR-1 was diffusely distributed in 
the oocyte cytoplasm. At the restrictive temperature, we observed reduced MAPK levels and increased CAR-1 condensation 
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into granules. Wild-type worms at the restrictive temperature of 25°C had a similar phenotype as mpk-1(ga111) at the 
permissive temperature; therefore, the assembly of CAR-1 granules in mpk-1(ga111) is not due to mild heat stress. Current 
experiments are testing the effect of mpk-1(RNAi) in GFP::CAR-1 and GFP::CGH-1 worms. Our findings to date, support the 
hypothesis that MAPK activity inhibits the assembly of RNP granules; however, the mechanism by which MAPK may modulate 
the condensation of RNA binding proteins is not known. We plan to investigate if MAPK directly phosphorylates one or more 
RBPs, or if MAPK acts indirectly on RBP condensation, perhaps via the CCT chaperonin.

241A	 C.	elegans	maximize	the	number	of	euploid	progeny	from	zim-2	parents	with	crossover	failure	on	chromosome	V.

Ting Gong1, Francis McNally1, Thuy-Linh Tran1 1) Department of Molecular and Cellular Biology, University of California Davis, 
Davis, CA.

Gametes with incorrect chromosome number can lead to embryonic lethality and developmental deficiency if inherited. 
Parental trisomy or crossover failure are two conditions expected to yield random meiotic segregation and 25% trisomy among 
offspring. We previously demonstrated that parental trisomy of the X can be corrected among progeny by preferentially 
placing the extra chromosome in the first polar body (Cortes, eLife.06056). If 100% efficient, such a univalent elimination 
mechanism would generate 100% lethal monosomy among progeny of parents with crossover failure. However, high viability 
rates have been reported among progeny of him-8 mutants (crossover failure on X) (Hodgkin, Genetics 91:67), zim-2 mutants 
(crossover failure on V) and zim-1 mutants (crossover failure on II and III) (Jaramillo-Lambert, Curr Biol 20:2078), suggesting 
the possible existence of a distributive segregation mechanism that is more efficient during spermatogenesis than during 
oogenesis. Here we directly measured the frequency of monosomy, disomy and trisomy among the progeny of zim-1 mutants 
and zim-2 mutants mated to wild type using PCR polymorphisms that differ between three strain backgrounds. Zim-1 
hermaphrodites mated to wild-type males produced 72% disomy II progeny (n=33) and 57% disomy III progeny (n=54). This 
difference from the 50% expected from random segregation was not significant. Zim-2 hermaphrodites mated with wild-type 
males produced 73% disomy V progeny (n=65) which was not significantly different than random segregation when corrected 
for 24% (n=42) crossovers on V observed by counting diakinesis bivalents in oocytes. In striking contrast, zim-2 males mated 
to wild-type hermaphrodites produced 95% disomy V progeny (n=94) which is significantly higher than random segregation. 
We are currently testing whether this is due to a high frequency of crossovers on V in zim-2 males, more efficient fertilization 
by euploid sperm, or a genuine distributive segregation system during male meiosis. A side benefit of our approach is that we 
can determine the phenotypes of most single chromosome aneuploidies. We have thus far observed monosomies of II, III, or V 
only in dead embryos and have observed trisomies of II, III, or V only among hatched larvae.

242B	 DAF-16/FoxO	are	necessary	to	induce	Germ	Cell	apoptosis	under	starvation

Alan Gonzalez Rangel1, Jane E Hubbard2, Felix Recillas-Targa1, Rosa E. Navarro Gonzalez1 1) Instituto de Fisiologia Celular; 2) 
Skirball Institute of Biomolecular Medicine.

1Departamento de Biología Celular y Desarrollo. Instituto de Fisiología Celular, UNAM, Circuito Exterior s/n, Ciudad 
Universitaria, México D.F. 04510.

2Skirball Institute of Biomolecular Medicine, Departments of Cell Biology and Pathology, New York University School of 
Medicine, New York 10016.

Correspondence: rnavarro@ifc.unam.mx

Apoptosis is a conserved processe necesary to kept the homeostasis tissues, in the adult C. elegans germline nearly 50% of 
germ cells are eliminated by apoptosis in physiological conditions. Fuetheremore different kinds of stress such as heat shock or 
starvation increases germ cell apoptosis. LIN-35/Rb, the closest retinoblastoma homolog in the C. elegans genome, regulates 
germ cell apoptosis during normal and starvation conditions by downregulating ced-9/Bcl2 expression. Upon starvation, the 
expression of lin-35/Rb is up regulated at the gene and protein level. Our main goal is to understand how lin-35/Rb expression 
is regulated during starvation. We Use MODENCODE database to identified some transcription factors that probably bind to 
lin-35/Rb´s putative promoter and we are testing if they might regulated its expression under stress. Among the transcription 
factors that we have found is DAF-16 the worm FoxO homolog. We found that DAF-16/FoxO is important to induce germ cell 
apoptosis upon fasting. By qPCR, we observed that daf-16/FoxO mutant animals show low levels of lin-35 expression under 
stress suggesting that this transcription factor might be important to regulate its expression under this condition. Using a 
transgene that expresses daf-16 specifically in the germline (mex-3::daf-16::gfp) in a daf-16 mutant background, we observed 
that daf-16 expression in the gonad is sufficient to induce germ cell apoptosis under starvation demonstrating that DAF-16 
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controls germ cell apoptosis in an autonomously manner. By immunoprecipitation, we would like to demonstrate that daf-
16 binds lin-35 promoter. Our findings suggest an important role of DAF-16/FoxO in the gonad under stress by control the 
expression of LIN-35/Rb as key players of starvation-induced germ cell apoptosis.

243C	 Chromosome	pairing	and	segregation	during	meiosis	require	the	nuclear	envelope	protein	MJL-1	in	C. elegans

Jun Kim1, Abby Dernburg1,2 1) Department of Molecular and Cell Biology, University of California, Berkeley, Berkeley, United 
States; 2) Howard Hughes Medical Institute, Chevy Chase, United States.

During meiosis, homologous chromosomes pair, synapse, and undergo recombination to produce haploid gametes. In 
diverse species, telomere-led rapid movements of chromosomes promote homologous chromosome pairing during early 
meiotic prophase. These movements are generated by the tethering of telomeres to “LINC” (Linker of Nucleoskeleton and 
Cytoskeleton) complexes in the nuclear envelope (NE), which transmit cytoskeletal forces across the NE. In C. elegans, 
specialized chromosome regions known as Pairing Centers (PCs) recruit meiosis-specific zinc finger proteins, HIM-8, ZIM-
1, ZIM-2, and ZIM-3, and associate with a LINC complex to generate chromosome movements instead of telomere-led 
movements. Loss of the zinc finger proteins abrogates the connection between PCs and LINC complex and leads to failures in 
homologous chromosome pairing, while mutations in an inner NE component of LINC complex, SUN-1, result in unregulated 
synapsis between non-homologous chromosomes. However, we do not yet understand the architecture of the connections 
between the zinc finger proteins and the NE, or how these connections regulate synapsis.

Through a genetic screen for meiotic defects, we identified an uncharacterized gene that encodes a small, poorly conserved 
protein with a single transmembrane domain. We find that the protein localizes to the NE specifically during meiosis and 
is strongly enriched at the “patches” where the PCs interact with the LINC complex. We have named the protein MJL-1 
(Majin-Like-1), based on its similarity to Majin, an inner NE protein that bridges the interaction between telomeres and LINC 
complex during meiosis in most metazoans. Mutations in MJL-1 abrogate the connection of PCs and LINC complex, and result 
in unregulated non-homolog synapsis, similar to mutations in sun-1. MJL-1 is thus essential for the tethering of PCs to LINC 
complex and rapid chromosome movements during meiotic prophase that regulate synapsis. Further investigation of MJL-1 
will help to reveal how synapsis is regulated to ensure faithful recombination and segregation of homologous chromosomes 
during meiosis.

244A Role of spe-11 and oops-1 in early embryogenesis and eggshell formation

Ji Kent Kwah1, Tatsuya Tsukamoto2, David Greenstein2, Aimee Jaramillio-Lambert1 1) University of Delaware, Newark, DE; 2) 
University of Minnesota, Minneapolis, MN.

Gametes provide a variety of cellular and genetic materials during their fusion to form a zygote. Although the majority of 
proteins required for embryogenesis are maternally provided and present in the oocyte, sperm contributions are also essential 
to this process. In the model organism C. elegans, SPE-11 is a sperm protein identified to be paternal-effect embryonic lethal. 
It was experimentally shown that homozygous mutant sperm (from hermaphrodite or male) will always lead to non-viable 
embryos regardless of the source of oocyte. However, oocytes from a spe-11 mutant can be successfully fertilized when sperm 
from a wild type male is provided therefore confirming SPE-11 function can only be provided by the paternal gamete. spe-11 
mutant single cell embryos are defective in a myriad of ways such as inability to complete the meiotic divisions and cytokinesis, 
improper spindle formation, and weak eggshell formation. Currently, little is known about the role and function of the SPE-11 
protein as it has no known homology to any known domains. Recently, an interacting partner of SPE-11 was identified and 
given the name oocyte partner of SPE-11 (OOPS-1). As these two proteins were found to physically interact, we asked if mutant 
versions had similar phenotypes. Similar to spe-11 mutants, we found that deletion mutants of oops-1 are embryonic lethal 
indicating that the OOPS-1 protein is required for the embryogenesis process. We are using fluorescently labeled histones 
and meiotic spindles to image oocyte meiosis in vivo in wild-type, spe-11(hc90), and oops-1(tn1898) strains. Interestingly, 
while both spe-11 and oops-1 mutants have defects in oocyte meiosis, the two mutants have slightly different phenotypes. As 
previously published, in spe-11(hc90) mutant embryos, the chromosomes segregate at anaphase I and II but fail to form polar 
bodies. In contrast, it appears that oops-1(tn1898) can complete meiosis I but cannot enter anaphase II. The exact timing and 
the analysis of other meiotic division phenotypes is still ongoing. Alongside this, we are also investigating the integrity of the 
embryo eggshell in these mutants.

245B	 An	Exploration	of	the	protein	FIGL-1	in	the	Caenorhabditis elegans Germline and Insights into its role in 
Homologous Recombination
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Zachary Leydig1, Judith Yanowitz2 1) University of Pittsburgh, Pittsburgh, PA; 2) Magee Womens Research Institute, Dept 
OBGYN, School Medicine, Pittsburgh, PA.

Repair of damaged DNA is crucial for the survival of both the individual organism and species. Double-strand breaks (DSB) are 
the most cytotoxic lesions. Homologous recombination (HR) is a high fidelity DSB repair pathway that relies on an undamaged 
homologous template. HR is especially important during meiosis prophase I, as it is a pathway that can repair programmed 
DSBs as crossovers (COs). CO homeostasis is a process that prevents either too few or too many COs between homologous 
chromosomes and without it, genome instability may ensue. In part, CO homeostasis is achieved by the mutual antagonism 
between HR/CO-promoting and HR/CO-inhibiting factors. The recombinase RAD-51 is central to HR as it coats the ssDNA 
filament to promote strand exchange. The anti-recombinase, FIGL-1 (Fidgetin-like protein 1), was shown in humans, mice, and 
plants to antagonize HR by directly interacting with RAD-51. Studies of how figl-1 functions in the germ line of Caenorhabditis 
elegans have been lacking in part because knockout of figl-1 is embryonic lethal. To determine if the interactions between 
RAD-51 and FIGL-1 are conserved in worms, I have been performing a yeast two-hybrid (Y2H) with the full-length proteins. If 
an interaction exists, interaction motifs will be mapped through a series of amino acid deletions and substitutions. It will be 
particularly interesting to determine whether the partially conserved FIGL1-RAD51 binding domain (FRBD) functions similarly 
in figl-1. CRISPR-Cas9 genome editing will be employed to introduce the mapped mutations into the figl-1 locus to observe the 
phenotypic effects in vivo. Additionally, plans to introduce targeted missense mutations into the highly conserved Walker A 
and B motifs, which are known to be important for ATP hydrolysis in FIGL-1, are underway. Interestingly, previous results have 
suggested that FIGL-1’s ATP hydrolysis activity is independent of its anti-recombinase activity, suggesting that these mutations 
may result in separation-of-function mutants. Through these studies, specific domains within worm figl-1 will be scrutinized to 
shed more light on its function in the germ line as well its role in HR.

246C	 The	HECD-1	ubiquitin	ligase	acts	with	the	STRIPAK	complex	to	regulate	MEI-1/katanin	microtubule-severing	in	
meiosis and mitosis

Tammy Lu1, Hanifa Soueid 1, Ryan Smit1, Paul Mains 1 1) University of Calgary.

Microtubule-severing plays important roles in development, including for cell structure and division. Katanin, encoded by 
mei-1 and mei-2, is a microtubule-severing complex required for the assembly of the meiotic spindle and then must be 
downregulated in the span of 20 minutes, to allow for formation of the mitotic spindle. Cullin-based ubiquitin ligases (CUL-2, 
CUL-3) control katanin levels during this transition, while other complexes like protein phosphatase 4 (PPFR-1) and the Hect E3 
ubiquitin ligase (HECD-1/HectD1) control katanin activity through non-degradative means. Interestingly, HECD-1 switches from 
activating to inhibiting katanin in meiosis and mitosis, respectively.

Although mammalian HECTD1 affects protein localization of its targets, mutant worm HECD-1 did not affect localization of 
known katanin regulators (PPFR-1, MEI-2, MEL-26), suggesting that HECD-1 is acting through novel partners. In mammals, 
HECD-1 interacts with the striatin-interacting phosphatase (STRIPAK) complex. This complex (without HECD-1) is known to 
be involved in tubule formation and endocytosis in C. elegans. I found that STRIPAK components genetically interacted with 
katanin and different components interacted with katanin differently. Generally, the STRIPAK core components (LET-92, GCK-1, 
CASH-1, FARL-11) acted as katanin activators in meiosis and inhibitors in mitosis, similar to the variable component HECD-1. 
The core component cerebral cavernous malformations (CCM-3) was an inhibitor of katanin at both divisions. In contrast, 
variable components (M4.1, OTUB-2) acted as activators of katanin, implying they are inhibitors of the STRIPAK complex. Other 
components (MOB-4, C49H3.6) were not involved in katanin microtubule-severing. I also used CRISPR flag-tagged HECD-1 and 
found that HECD-1 is ubiquitously expressed in wild type and mel-26 mutants (which result in ectopic katanin in mitosis) rather 
than colocalizing with katanin or microtubules. Additional genetic interactions indicate that the link between STRIPAK and 
katanin may be through the centralspindlin component ZEN-4 and the tubulin chaperone TBCD-1. My results elucidated the 
interactions of nearly all of the STIRPAK complex components in a single system and revealed its role in katanin microtubule 
severing and cell division.

247A	 CCAR-1	regulates	reproduction,	lifespan,	and	apoptosis	in	Caenorhabditis elegans

Doreen Lugano1 1) University of South Florida.

The CCAR-1 family consists of a dynamic group of genes known to regulate key physiological functions such as cancer, 
metabolism, apoptosis, and stress response. The dynamic nature of the CCAR family stems from the occurrence of conserved 
domains in its structure, which likely allow a diverse range of interactions. We use whole transcriptome RNA-sequencing to 
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examine CCAR-1 transcriptional regulation in Caenorhabditis elegans. From our dataset, we uncover a novel role of C. elegans 
CCAR-1 in the germline transcriptional regulation. We also show the involvement of CCAR-1 in key physiological processes such 
as reproduction, lifespan, and DNA-damage-induced apoptosis. Together, these results uncover a novel function of CCAR-1 in 
the C. elegans germline, which are relevant in the study of the CCAR-1 family of genes.

248B	 GRAS-1	is	a	conserved	novel	regulator	of	early	chromosome	dynamics	during	meiosis	in	C. elegans.

Marina Martinez-Garcia1, Pedro Robles Naharro1, Saravanapriah Nadarajan1, Nara Shin1, Carlos G. Silva-Garcia2, Takamune 
Saito1, Sara Beese-Sims1, Ana Castañer1, Enrique Martinez-Perez3, Monica P. Colaiacovo1 1) Department of Genetics, Blavatnik 
Institute, Harvard Medical School, Boston, MA, USA.; 2) Department of Genetics and Complex Diseases, Harvard T. H. Chan 
School of Public Health, Harvard University, Boston, MA, USA.; 3) MRC London Institute of Medical Sciences, London W12 0NN, 
UK.

Meiosis is a specialized cell division program resulting in the production of haploid gametes (eggs and sperm) from diploid 
germ cells. Errors in achieving accurate chromosome segregation during meiosis can result in infertility, miscarriages and 
birth defects such as Down syndrome. Therefore, understanding the mechanisms underlying accurate meiotic chromosome 
segregation is of tremendous importance for human reproductive health. Here, we uncovered a role for GRAS-1, the worm 
homolog of mammalian GRASP and CYTIP proteins, in coordinating early meiotic events with cytoskeletal forces outside 
the nucleus. GRAS-1/GRASP/CYTIP contains PDZ and coiled-coil domains and in mammals has been implicated in docking 
cytoskeleton components and in endosomal trafficking. A role for GRAS-1/GRASP/CYTIP during meiosis has not been previously 
demonstrated. gras-1 expression starts upon entrance into meiosis and GRAS-1 localizes in close proximity to the nuclear 
envelope (NE)-associated protein SUN-1 starting at early prophase I. GRAS-1 IPs and MS analysis reveal it interacts with 
other NE and cytoskeleton proteins. gras-1 mutants show an extended transition zone (leptotene/zygotene stage), a delay 
in achieving homologous pairing, the formation of aggregates with SC central region proteins that persist into pachytene 
while chromosome axes appear unaltered, and impaired DNA double-strand break repair progression. Importantly, these 
defects are partially rescued by expression of mammalian CYTIP in gras-1 mutants, supporting functional conservation. These 
defects likely stem from a role for GRAS-1 in regulating chromosome dynamics given that gras-1 mutants show accelerated 
chromosome movement during early prophase I. Moreover, in a dhc-1 depleted background, gras-1 mutants exhibit new and 
additional phenotypes, indicating that gras-1 regulation of chromosome movement acts in parallel to the previously described 
LINC-controlled pathway. Finally, GRAS-1 undergoes phosphorylation, and analysis of a phosphodead mutant reveals that this 
post-translational modification is required for regulating GRAS-1 function during meiosis. We propose that GRAS-1 serves as a 
scaffold for a multi-protein complex coordinating the early steps of homolog search and licensing of SC assembly by regulating 
the pace of chromosome movement in early prophase I.

249C Deciphering the mechanisms of temperature-induced DNA damage in C. elegans spermatocytes

Alice Naftaly1, Diana Libuda1 1) University of Oregon, Eugene, OR.

Spermatogenesis and oogenesis create genetically unique haploid gametes in most sexually reproducing organisms. 
In comparison to oogenesis, spermatogenesis must occur in a narrow temperature range, typically 2-7°C below body 
temperature. In mammalian spermatocytes subjected to acute thermal stress, an increase in DNA damage occurs as well as a 
reduction in fertility. Despite these well documented effects on genome integrity and fertility, the exact mechanisms that cause 
temperature-induced heat stress in spermatogenesis remain unclear. Recent work in Caenorhabditis elegans revealed a large 
increase in DNA double-strand breaks (DSBs) marked by the recombinase protein RAD-51 when spermatocytes are exposed 
to a two-hour heat shock at 34°C. The temperature-induced DSBs are SPO-11 independent, suggesting other mechanisms are 
responsible for DSB formation. While a small portion of the temperature-induced DSBs were attributed to the transposition 
of the DNA transposable element Tc1, the origin of the remaining DSBs are unclear. To determine the other mechanisms that 
generate the temperature-induced DSBs, we will use RAD-51 chromatin immunoprecipitation followed by sequencing (ChIP-
seq) on C. elegans males before and after heat-shock. From these experiments, we will define the wild type DSB landscape in 
C. elegans males. Also, we will determine where temperature-induced DSBs are found across the genome, therefore indicating 
how these DSBs are formed, including whether other transposable elements are activated upon heat shock. In addition, 
we will investigate the repair pathways required for resolving temperature-induced DSBs. In hermaphrodites, interhomolog 
recombination requires the protein RAD-50 to load RAD-51 onto DSB sites. To determine if interhomolog recombination 
is required to repair temperature-induced DSBs in males, we are utilizing a rad-50 null mutation. Immunofluorescence of 
RAD-51 in rad-50 mutant males before and after heat-shock will determine whether males require RAD-50 dependent RAD-
51 loading during meiotic prophase I and if the RAD-50 pathway is required for repair of temperature-induced DNA damage 
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in spermatocytes. Together, this work will establish the DSB landscape in C. elegans males and provide insight into how 
temperature-induced DSBs are both formed and repaired.

250A	 Post-translational	modifications	of	the	synaptonemal	complex	protein	SYP-4	C-terminus	are	involved	in	the	
regulation	of	crossover	interference	in	C. elegans meiosis

Ana Rita Neves1,2, Simone Koehler1 1) Cell Biology and Biophysics Unit, European Molecular Biology Laboratory, Heidelberg, 
Heidelberg, Germany ; 2) Collaboration for joint PhD degree between EMBL and Heidelberg University, Faculty of Biosciences, 
Heidelberg, Germany.

Meiosis is a germ cell-specialised cell division process consisting of two consecutive cell divisions, meiosis I and meiosis II, 
which leads to the production of gametes. Thereby, parental homologous chromosomes must segregate into different cells in 
meiosis I. The success of this first division depends on the accuracy of homologous chromosome pairing and in the formation 
of crossovers between the homologs. The latter is regulated by two mechanisms: crossover assurance, which ensures that 
each pair of homologous chromosomes gets at least one crossover, and crossover interference, which ensures a non-random 
distribution of crossovers along the chromosomes. In C. elegans, this give rise to the formation of a single crossover event per 
pair of homologous chromosomes in wild-type animals.

In most sexually reproducing organisms, the assembly of the synaptonemal complex between homologous chromosomes 
during meiotic prophase I is essential for the accurate segregation of the homologs by stabilising homologous pairing. In recent 
years, several studies have identified an additional function of the synaptonemal complex in crossover regulation. However, 
the question of how the synaptonemal complex regulates crossover formation still remains unsolved.

Our data now reveals that the C-terminus of SYP-4 is a critical regulator of crossover formation within the synaptonemal 
complex of C. elegans. We show that deletion of the C-terminus of SYP-4 preserves the ability to assemble the synaptonemal 
complex but severely impairs the regulation of crossover events along chromosomes and diminishes the viability of the 
progeny. We therefore hypothesised that the C-terminus of SYP-4 is the central hub for crossover regulation within the 
synaptonemal complex. More specifically, we hypothesised that post-translational modifications within this region are 
responsible for regulating this process. Indeed, our preliminary results using mass-spectrometry to identify such modifications 
suggest that the C-terminus of SYP-4 carries several potential phosphorylation sites. Using genome editing to generate 
phospho-null and phospho-mimetic SYP-4 mutants we can show that inhibiting or mimicking the phosphorylation of 
these sites indeed impairs crossover interference while crossover assurance and synaptonemal complex assembly remain 
unaffected. Thus, our results suggest that the number of crossover events along individual chromosomes is limited by post-
translational modifications within the C-terminus of SYP-4. Building on these findings, we now aim to identify the regulatory 
network surrounding the SYP-4 C-terminus that ensures the tight regulation of crossover formation, which is essential for the 
production of healthy and viable progeny.

251B	 The	CCT	chaperonin	selectively	regulates	phase	transitions	in	the C. elegans germline

Chloe Pestrue1, Elizabeth Breton1, Brooklynne Watkins1, Mohamed Elaswad1, Katherine Sharp1, Jennifer Schisa1 1) Central 
Michigan University, Mt. Pleasant, MI.

When phase transitions of proteins are not properly regulated, proteins sometimes condense into aggregates that disrupt 
normal physiological function and lead to disease. Other times, condensation of RNA-binding proteins into ribonucleoprotein 
(RNP) granules is associated with homeostasis. The regulation of such phase transitions has been a topic of much inquiry but 
is still not completely understood. We are currently exploring the role of the Chaperone-Containing TCP1 (CCT) chaperonin 
in regulating RNP granule assembly in the C. elegans germline. Genetic screens performed by our lab and others initially 
identified several CCT subunits as promoters of PGL-1 granule assembly in embryos, and of MEX-3 granule assembly during 
extended meiotic arrest. In contrast, CCT inhibits stress granule and P-body assembly. Therefore, our goal was to carefully 
examine the role of CCT in regulating phase transitions of RNA-binding proteins in different developmental contexts. We 
used RNA interference (RNAi) to knockdown the expression of cct subunits in adult worms and imaged several GFP-tagged 
RNA-binding proteins using confocal microscopy. We find that in arrested oocytes in the fog-2 background, CCT inhibits 
the condensation of the P-body protein CGH-1. However, CCT does not appear to strongly regulate the condensation of 
the P-granule protein MEG-3. We are in the process of analyzing effects on additional RNA-binding proteins. We also find 
that in young, wild-type hermaphrodites CCT inhibits the condensation of the P-body proteins CAR-1 and CGH-1 in oocytes. 
However, CCT does not appear to affect the condensation of MEX-3, the P-granule proteins PGL-1 and MEG-3, or the stress 
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granule proteins PAB-1 and TIAR-2. Taken together, we conclude that the CCT chaperonin selectively modulates RNA-binding 
proteins in the germline. Our results suggest that improper folding by CCT of one or more substrates in the germline, leads 
to aggregation for a subset of RNA-binding proteins. Possible models to explain our results include CAR-1 and CGH-1 as 
substrates directly folded by CCT, or alternatively, an indirect regulator of RNA-binding proteins may be a CCT substrate. We are 
currently testing whether subunits of Prefoldin, a co-chaperone of CCT, have similar roles as CCT subunits on CAR-1 and CGH-1 
condensation.

252C	 Proteasome	non-ATPase	subunits	regulate	timing	and	polymerization	of	synaptonemal	complex	proteins	in	C.	
elegans

Cristina Quesada-Candela1,2, Judith L. Yanowitz1,2 1) Magee-Womens Research Institute; 2) University of Pittsburgh.

The 26S proteasome is a large multi-subunit protease that plays a key role in cellular proteostasis and is ubiquitous in 
eukaryotic cells. This molecular machine, which consists of one 20S proteolytic core complex capped by two 19S regulatory 
complexes, is capable of degrading proteins in the nucleus and cytoplasm. The 19S cap complex, divided into two additional 
subcomplexes, the base and the lid, regulates proteasome function by identification, binding, deubiquitination, unfolding 
and translocation of substrates to the proteolytic chamber of the core particle. The assembly of the base complex consists of 
six regulatory particle AAA ATPase subunits (Rpt1-Rpt6), organized into a ring, as well as four regulatory particle non-ATPase 
subunits (Rpn1, Rpn2, Rpn10 and Rpn13). Rpn1, Rpn10, and Rpn13 serve as ubiquitin receptors, recognizing substrates 
targeted to the proteasome. The lid’s main function is deubiquitination of incoming substrates and it is formed by nine 
different Rpn subunits (Rpn3, Rpn5-9, Rpn11, Rpn12 and Rpn15 (Dss1/Sem1)), which form a horseshoe-shaped structure.

Previous work from our group and others has shown that a structurally-compromised proteasome core complex results in 
severe defects in synaptonemal complex (SC) dynamics and premature reorganization of the SC prior in late pachytene. Based 
on these results, we wanted to interrogate how these events are affected when the 19S regulatory complex, and in particular 
the non-ATPase subunits, are absent. Our results reveal that RNAi knockdown of the genes rpn-1, rpn-2, rpn-3, rpn-5, rpn-6.1, 
rpn-7, rpn-8 or rpn-11, resulted in both the formation of SYP-1 polycomplexes and also the premature polarization of SYP onto 
the short arm of the chromosomes during late pachytene. In all these cases, knockdown of these proteasome subunits caused 
embryonic lethality and cell cycle defects, readily seen by altered nuclear sizes in the mitotic tips of the germ line. In contrast 
to the robust phenotypes described above, the knockdown of the rest of non-ATPase subunits (rpn-9, rpn-10, rpn-12, rpn-13 
or rpn-15/dss-1) did not produce embryonic lethality and the synaptonemal complex phenotype was absent, with the fully 
polymerization of the SC and at the correct timing. While rpn-10 and rpn-12 have been shown to function redundantly for 
aspects of germ cell function (Takahashi M et al. 2002), these studies raise the possibility that the 19S proteasome may adopt a 
unique configuration and have unique protein partners within the C. elegans germ line.

253A	 Characterization	of	the	meiotic	double-strand	break	complex	and	its	sensitivity	to	maternal	age

Marilina Raices1, Natasha Bowman3, McKenzie Grundy2, Wei Li1, Fabiola Balmir1, Dane Hoffman1, Kara Bernstein2, Sarit 
Smolikove3, Judith Yanowitz1 1) U. Pittsburgh/ MWRI; 2) U. Pittsburgh/ Hillman Cancer Center; 3) University of Iowa.

For most diploid organisms, the formation of haploid gametes relies on crossover (CO) recombination between homologous 
chromosomes for accurate chromosome segregation. Defects in CO formation can trigger errors in the correct number 
of chromosomes in the gametes. Recombination initiates with a double-strand break (DSB), introduced by the conserved 
topoisomerase like enzyme SPO11 but the timing, placement and number of COs depends on the activity of accessory factors. 
While these proteins have been well characterized in budding yeast, our understanding of the conserved complexes that 
regulate SPO11 are still poorly understood.

In C. elegans, dsb-1, him-17, mre-11, and rad-50 are required for DSBs formation. xnd-1 and him-5 influence DSB formation 
mainly on the X chromosome. dsb-2 impacts breaks on all chromosomes and becomes essential in older animals. rec-1 
influences CO placement and cep-1, lin-35, and parg-1 contribute to break induction. We are investigating the relationship 
between these DSB factors in order to uncover the regulatory events that promote DSB formation. To this end, we are taking 
a multi-pronged approach using genetic epistasis with partial loss-of-function alleles, rescue with ectopically expressed 
transgenes and yeast-2-hybrid analyses. These studies are allowing us to construct a pathway for the recruitment and 
activation of SPO-11.

We are also interested in understanding why the loss of the SPO-11 accessory factors shows exacerbated phenotypes in older 
animals. Indeed in otherwise wild type worms, an increase of achiasmate chromosomes is seen at diakinesis starting at day 4 
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of adulthood, the end of their peak reproductive phase. This correlates with an increase in males and altered CO distribution. 
In this study, we show that both DSB formation and repair are inherently sensitive to maternal age.

254B	 Depletion	of	Cdc48	homologs	during	meiotic	prophase	results	in	synaptonemal	complex	defects	in	C. elegans

Carlos Mario Rodriguez Reza1, Takaya Hashimoto1, Aya Sato-Carlton1, Peter Carlton1 1) Graduate School of Biostudies, Kyoto 
University.

Recombination and segregation of chromosomes in meiosis depend critically on the proper assembly and disassembly of the 
synaptonemal complex (SC), a protein polymer that links homologous chromosomes together. The SC is composed of axial 
elements localizing to each homologous chromosome, including the HORMA domain-containing protein HTP-1, and central 
elements localizing between the axial elements. During meiotic prophase in Caenorhabditis elegans, each pair of homologous 
chromosomes acquires a single off-centered crossover designation site. This crossover location divides the chromosome 
into two distinct regions of unequal length referred to as the long arm and the short arm. After crossover designation, HTP-
1 disassembles from the short arm of the chromosome but persists at the long arm region, as part of a process known as 
chromosome partitioning (Martinez-Perez et al., 2008). Restriction of HTP-1 to the long arm of the chromosome locally 
antagonizes the Aurora Kinase homolog AIR-2 (Ferrandiz et al., 2018), which in turn is restricted to the short arm region 
of partitioned chromosomes. Improper chromosome partitioning and AIR-2 restriction defects can lead to inadequate 
chromosome segregation.

In other organisms, the AAA+ ATPase Pch2/TRIP13 is able to disassemble HORMA domain proteins from the synaptonemal 
complex during meiosis (Wojtasz et al., 2009). Another AAA+ ATPase, Cdc48, is an essential protein present in most 
eukaryotes. It has been reported that cdc-48.1 and cdc-48.2, homologs of cdc48 in C. elegans, are required for appropriate 
AIR-2 localization prior to cell division in Meiosis I (Sasagawa et al., 2012), implying they may be involved in chromosome 
partitioning. We therefore decided to test the role of cdc-48.1 and cdc-48.2 in SC assembly and disassembly in meiotic 
prophase. Our results show that in cdc-48.1 null mutants combined with cdc-48.2 RNAi, synapsis initiation is delayed, resulting 
in conglomerations of SC central elements called polycomplexes. While SC does eventually assemble correctly in these 
mutants, its disassembly is also perturbed, as central elements form large foci near the crossover site on each chromosome 
in late prophase. Our results thus show that Cdc48 homologs play critical roles in the function of C. elegans meiotic 
chromosomes.

Ferrandiz, N., et al., (2018). Nature Communications, 9(1), 834.

Martinez-Perez, E., et al., (2008). Genes & Development, 22(20), 2886–2901.

Sasagawa, Y., et al., (2012). Journal of Structural Biology, 179(2), 104–111.

Wojtasz, L., et al., (2009). PLoS Genetics, 5(10), e1000702.

255C	 Characterizing	the	Sexually	Dimorphic	Role	of	Topoisomerase	II	During	the	Sister	Chromatid	Cohesion	Release	
Pathway

Christine Rourke1, Aimee Jaramillo-Lambert1 1) University of Delaware.

The specialized cell division of meiosis results in the production of haploid gametes from diploid gamete precursor cells. The 
success of meiosis I is dependent on the proper pairing of homologous chromosomes, synapsis, and recombination. Failure to 
complete these steps properly results in gamete aneuploidy, which is the leading cause of in infertility, progeny inviability, and 
birth defects. DNA topoisomerase II (Topo II) is a conserved enzyme crucial for chromosome fidelity by alleviating topological 
stresses in DNA. Topo II also plays a critical role in maintaining mitotic chromosome structure. Although the role of Topo II has 
been extensively characterized in mitosis, its role in meiosis has not been well defined. Previously, we identified a temperature 
sensitive allele of C. elegans Topo II, top-2(it7). At the nonpermissive temperature of 24°C, homologous chromosomes fail 
to segregate resulting in aneuploid sperm and embryonic lethality after fertilization. Interestingly, homologous chromosome 
segregation during oogenesis is unaffected in this mutant even though at the nonpermissive temperature TOP-2 fails to localize 
to chromosomes in both spermatogenesis and oogenesis. If TOP-2 localization is disrupted in both sexes, why is chromosome 
segregation only disrupted during spermatogenesis? One major difference between oogenesis and spermatogenesis is the 
chromosomal morphology after pachytene. I hypothesize that TOP-2 is involved in chromosome remodeling during late meiotic 
prophase, facilitating homologous chromosome segregation during spermatogenesis. I found that REC-8, a meiosis-specific 
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sister chromatid cohesin and chromosome axis component, is prematurely removed from chromosomes in top-2(it7) during 
spermatogenesis. Furthermore, I discovered that AIR-2, which phosphorylates REC-8 for removal from the chromosomes, is 
ectopically localized in spermatogenesis, as well as phosphorylation of Histone H3 on Thr3 (H3pT3), which spatially recruits 
AIR-2 to the chromosomes. In addition, a lateral chromosome structural component, HTP-1/2, is prematurely removed. 
However, during oogenesis HTP-1/2 and H3pT3 localization is not disrupted. AIR-2 spatial localization is wild type, but its 
localization is delayed during oogenesis, which suggests that TOP-2 plays a temporal role in the recruitment of AIR-2. Currently, 
we are investigating the localization and regulation of additional proteins involved in the sister chromatid cohesion release 
pathway.

256A	 Meiotic	roles	of	FANCM-related	helicases	in	C. elegans

Kyosuke Torimaru1, Karin Matsushita1, Takamune Saito1 1) Department of Genetic Engineering, Faculty of Biology-Oriented 
Science and Technology, Kindai University, Kinokawa, Wakayama, Japan.

Meiosis is a special type of cell division to generate haploid gametes from diploid parental cells. Crossover formation between 
a homologous chromosome pair is essential for proper chromosome segregation during first meiotic division. Crossover 
formation of C. elegans is regulated as only single DNA double-strand break is directed to form a crossover from nearly 10 DNA 
double-strand breaks along chromosomes. The location bias is also observed, that is a single crossover has a strongly tendency 
to locate in one of each arm region of chromosomes.

Fanconi anemia is a congenital disorder which causes defects of DNA replication and repair in born marrow. It is known that 
one of Fanconi anemia genes, FANCM, is required for limit crossover formation in plants and yeast to disrupt D-loop formation 
after the step of single-end invasion during homologous recombination. Specially FANCM homologs in plants and fission yeast 
are involved in inhibition of class II crossovers which are formed not through crossover designation and interference.

C. elegans has two FANCM related helicases, DRH-3 and FNCM-1. Here we present the basic phenotypes of drh-3(fj52) and 
fncm-1(tm3148) mutants. drh-3 mutants are sterile and have small gonads with extended transition zone and less pachytene 
cells. No cross-progenies were observed by crossing drh-3/drh-3hermaphrodite with wild-type male and drh-3/drh-3 male with 
wild-type hermaphrodite respectively. Because immunostaining of major sperm protein was positive in drh-3 hermaphrodite 
gonads, spermatogenesis itself occurs in drh-3 mutants. These results suggest that both oogenesis in hermaphrodite and 
spermatogenesis in male are defective in drh-3 mutants. No obvious defects regarding plate phenotypes showed in fncm-
1(tm3148) mutants, so far. We are trying to measur and observe the crossover type, frequency and distribution in the mutants 
by SNP genotyping and cytology of procrossover factors.

257B	 Knockdown	of	Bora	homolog	spat-1 results in crossover and synapsis defects in C. elegans meiotic prophase

Carlos Rodriguez1, Aya Sato-Carlton1, Peter Carlton1 1) Graduate School of Biostudies, Kyoto University.

Chromosomes that have undergone crossing over in meiotic prophase must maintain sister chromatid cohesion somewhere 
along their length between the first and second meiotic divisions. To accomplish this, the holocentric organism Caenorhabditis 
elegans creates two chromosome domains of unequal length termed the short arm and long arm, which become the first 
and second site of cohesion loss at meiosis I and II. The mechanisms that confer distinct functions to the short and long arm 
domains remain poorly understood. Previously we and others have shown that phosphorylation of SYP-1, a central element 
of the synaptonemal complex (SC), at Thr452 provides a binding site for a Polo-like kinase PLK-2, and phosphorylated SYP-1 
and PLK-2 cooperatively localize to the short arm to guide downstream factors triggering cohesin degradation at the short arm 
(Sato-Carlton et al. 2017; Brandt et al. 2020). Previous studies have shown that Polo kinase is activated via phosphorylation 
of its activation loop by Aurora kinase, and this interaction is promoted by Bora/SPAT-1 in mitosis (Tavernier et al. 2015). To 
understand the mode of Polo-like kinase regulation during meiotic prophase, we examined the effect of spat-1 knockdown 
during oogenesis. We found that PLK-2 failed to spread to short arms but instead was confined at crossover designation sites 
in spat-1 RNAi gonads. In addition, we found that homologous chromosome synapsis and crossover formation are impaired 
in spat-1 RNAi animals. Interestingly, excess crossover designation, ranging from 6 to 13 sites per nucleus, was found in spat-1 
RNAi animals. Computational tracing of three-dimensional chromosome images revealed the presence of multiple crossover 
designation sites on the same chromosome, suggesting that crossover interference is impaired. These observations are 
reminiscent of plk-2 mutant phenotypes, and suggest the possibility that SPAT-1 regulates PLK-2 during meiotic prophase.

Brandt J. N., K. A. Hussey, and Y. Kim, 2020 Spatial and temporal control of targeting Polo-like kinase during meiotic prophase. 
J. Cell Biol. 219
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Sato-Carlton A, Nakamura-Tabuchi C, Chartrand SK, Uchino T, Carlton PM (2018) Phosphorylation of the synaptonemal complex 
protein SYP-1 promotes meiotic chromosome segregation. J Cell Biol 217:555–570

Tavernier N., A. Noatynska, C. Panbianco, L. Martino, L. Van Hove, et al., 2015 Cdk1 phosphorylates SPAT-1/Bora to trigger PLK-
1 activation and drive mitotic entry in C. elegans embryos. J. Cell Biol. 208: 661–669.

258C	 DNA	replication	and	chromosome	decondensation	occur	concurrently	in	C. elegans germ cells

Hannah Seidel1 1) Eastern Michigan University.

The abbreviated cell cycle is a form of the mitotic cell cycle in which cells pass quickly and constitutively through the G1 
phase. Rapid passage through G1 is notable because it causes increased genome instability when induced aberrantly in cells 
without abbreviated cell cycles, as well as in cancerous cells. How cells that normally rely on the abbreviated cell cycle avoid 
this increased genome instability is unclear. Here we examined passage through G1 in cells with an extreme form of the 
abbreviated cell cycle: C. elegans mitotically dividing germ cells. We report that C. elegans germ cells pass through G1 without 
decondensing their chromosomes. Chromosomes remain condensed throughout G1 and only decondense in S phase, once 
chromosomes begin to replicate. This pattern mirrors the cell-cycle program in the early embryo. This work suggests that 
C. elegans germ cells might avoid genome instability by retaining features of the mitotic cell cycle characteristic of the early 
embryo.

259A	 RACK-1	is	required	for	proper	GLD-1	sub-cellular	localization	and	function

Kara Vanden Broek1, Chris Wang1,2, Dave Hansen1 1) University of Calgary, Calgary, Alberta, Canada; 2) Ambrose University, 
Calgary, Alberta, Canada.

Stem cells are central to the development of multi-cellular organisms, including C. elegans and humans. Key to their function is 
their ability to differentiate into specialized cells or proliferate to maintain their population for future use. We are focusing on 
identifying the molecular mechanisms that regulate the proliferation/differentiation decision of stem cells using the C. elegans 
germ line as a model. C. elegans’ germline stem cells (GSCs) proliferate to maintain the stem cell pool and differentiate to 
produce gametes. The conserved STAR family, RNA binding protein, GLD-1/Quaking, promotes differentiation and is required 
to maintain a proper balance between proliferation and differentiation. When gld-1 activity is lost, along with gld-2 activity, 
which functions redundantly with gld-1 to promote differentiation, a germline tumour of proliferating stem cells is formed. 
Previous research has shown that the pattern of GLD-1 germline accumulation is key to controlling its activity. We have found 
that GLD-1 subcellular localization is likely also involved in regulating GLD-1’s activity. We identified rack-1 as a regulator of 
GLD-1 subcellular localization. rack-1 mutants have a severe disruption in GLD-1’s subcellular localization; while wild-type GLD-
1 is cytoplasmic, in rack-1 mutants GLD-1 localizes to germ granules. This disruption in localization appears to impact GLD-1’s 
activity, as a loss of rack-1 phenocopies a reduction, or loss, of gld-1 activity in various genetic backgrounds. Our research is 
revealing a novel mechanism where the activity of GLD-1 is regulated by its subcellular localization. This provides an additional 
layer of regulation in the proliferation/differentiation decision of C. elegans GSCs.

260B	 Characterization	of	stress-induced	phase	transitions	in	the	C. elegans germline

Brooklynne Watkins1, Mohamed Elaswad1, Katherine Sharp1, Chloe Pestrue1, Elizabeth Breton1, Jennifer Schisa1 1) Central 
Michigan University, Mount Pleasant, MI.

Many RNAs and RNA-binding proteins undergo condensation to form ribonucleoprotein (RNP) granules in the germline. The 
triggers and regulation of condensate dynamics are not yet well understood; however, stresses such as extended meiotic arrest 
can affect condensate size. During our investigation of regulators of RNA-binding protein (RBP) condensation, we observed 
unexpected dispersal of PGL-1 protein in control experiments. Using the DAF-16::GFP stress reporter, we determined that 
our imaging methods were inadvertently inducing a stress response. When worms were imaged immediately after slide 
preparation, DAF-16 remained cytosolic; however, extended time on agarose pads induced nuclear translocation of DAF-16. 
Our preliminary results indicate this imaging stress induces condensation of MEX-3 and CGH-1, dispersal of PGL-1 and GLH-1, 
and has no effect on TIAR-2, PAB-1, and MEG-3. In arrested oocytes, this stress results in dispersal of PGL-1, but not of MEX-
3 and CGH-1. As a start to characterize the imaging stress, a time course study revealed that DAF-16 trans-locates to nuclei 
within 20 minutes; therefore, we conclude researchers studying condensation of RBPs need to be cautious and rigorous in 
their imaging methods. We are currently testing additional stress reporters to further characterize the type of stress inducing 
phase transitions. We have also begun investigating the question of why RNA binding proteins in arrested oocytes respond 
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differently to stress by characterizing their properties. Our preliminary results suggest the large PGL-1 granules in arrested 
oocytes, but not MEX-3 or CGH-1 granules, are sensitive to hexanediol, indicating hydrophobic interactions are required for 
PGL-1 granule integrity. In heat stress experiments, MEX-3 condensation increases in both arrested and non-arrested oocytes. 
However, PGL-1 becomes dispersed in non-arrested oocytes. We are also currently performing FRAP experiments to determine 
the mobility of these RBPs in large RNP granules. Taken together, we conclude that heat stress and our inadvertent imaging 
stress differentially affect the condensation of RNA-binding proteins in the germline. The differences among RBPs correlate 
with the degree of their liquid-like properties based on preliminary hexanediol data. Our results also suggest that the large 
RNP granules in arrested oocytes may contain multiple phases, similar to what has been observed for P granules in embryos.

261C	 Characterizing	the	function	of	the	histone	H3	kinase	HASP-1	in	the germline

David Wynne1, Jommel Macaraeg1, Danielle Carmeci1, Isaac Reinhard1, Matthew Ward1, Amy Moore1 1) University of Portland.

Haspin is a protein kinase that phosphorylates histone H3 at threonine 3 during mitosis and meiosis. Together with the 
activity of another histone kinase Bub1, haspin-dependent histone phosphorylation (H3T3ph) promotes recruitment of the 
Chromosomal Passenger Complex (CPC) to chromosomes, which activates the Aurora B kinase subunit of the CPC. The function 
and regulation of haspin outside of mitosis remains less well characterized. It is not known whether the mechanism by which 
haspin is activated that was established in vertebrate systems is used in a wide variety of cell types and it is unclear how 
the activities of Bub1 and haspin are coordinated in the context of meiotic chromosome and kinetochore structure. Haspin 
inhibition in mouse oocytes has been shown to reduce the recruitment of the CPC to chromosome axes but not kinetochores, 
suggesting that there are two pools of CPC recruited to meiotic chromosomes by distinct mechanisms (Nguyen et al. 2014). 
In C. elegans, depletion of the haspin homolog hasp-1 has been shown to reduce the CPC to undetectable levels in diakinesis 
oocytes (Ferrandiz et al. 2018), suggesting that C. elegans BUB-1 activity may play a less important role in CPC recruitment to 
meiotic chromosomes in oocytes. To better understand the coordination between Bub1 and haspin, we are investigating the 
roles of hasp-1 in CPC recruitment in the different types of cell divisions in the C. elegans germline. We generated a conditional 
hasp-1 allele using the auxin-inducible degron system (Zhang et al. 2015), which allows us to distinguish the effects of hasp-
1 depletion during mitosis in germline stem cells, oocyte meiosis, and spermatogenesis. We found that phenotypes caused 
by hasp-1 depletion during oocyte meiosis are much more severe than during spermatogenesis or stem cell proliferation, 
suggesting that bub-1 is able to compensate for hasp-1 loss in mitosis and in spermatocyte meiosis. We are testing this 
hypothesis by combining hasp-1 depletion with mutations expected to reduce bub-1 function and monitoring the effects on 
CPC recruitment and chromosome segregation in the germline.

262A	 Revealing	hidden	roles	of	RAD-54.B	during	meiotic	prophase

Kei Yamaya1, Bin Wang2, Alexander Woglar3, Anne Villeneuve1, Anton Gartner4 1) Department of Developmental Biology, 
Stanford University, Stanford, CA; 2) National Engineering Research Center for Non-Food Biorefinery, Guangxi Academy of 
Sciences, Nanning, China; 3) Swiss Institute for Experimental Cancer Research, School of Life Sciences, Swiss Federal Institute 
of Technology Lausanne (EPFL), Lausanne, Switzerland; 4) IBS Center for Genomic Integrity, Ulsan National Institute of Science 
and Technology, Ulsan, Korea.

In meiosis, efficient repair of programmed double-strand breaks (DSBs) is crucial for genome integrity and faithful 
chromosome segregation. We identified RAD-54.B as factor important for normal survival following radiation exposure, 
and we are investigating its functions during meiotic prophase. RAD-54.B is a member of the SNF-2/SWI-2 ATPase/helicase 
protein family, and its paralog RAD-54.L is essential for repair of meiotic DSBs. Whereas rad-54.L mutants exhibit 100% 
progeny lethality, reflecting failure to remove recombinase RAD-51 from processed meiotic DSBs and failure to form post-
strand-exchange recombination intermediates, rad-54.B mutants exhibit nearly wild-type (WT) progeny viability, reflecting 
successful formation of crossovers (COs) between homologous chromosomes. However, there are two notable abnormal 
features of the meiotic program in rad-54.B mutants. First, rad-54.B mutants exhibit hyperaccumulation of RAD-51 foci during 
the early pachytene stage. Despite highly elevated levels of chromosome-associated RAD-51, however, post-strand-exchange 
recombination intermediates marked by MSH-5 occur with timing and numbers comparable to WT, and in contrast to rad-
54.L mutants, transition to the late pachytene stage occurs with normal timing in a rad-54.B mutant and is accompanied 
by disappearance of hyperaccumulated RAD-51. Second, CO distribution as assayed genetically is altered in a rad-54.B 
mutant; however, cytological measurement of positions of late pachytene COSA-1 foci along chromosome axes suggest 
that CO designation and CO interference are normal. Immunofluorescence analysis reveals that endogenously-tagged RAD-
54.B::GFP localizes to chromosome-associated foci in early pachytene, sometimes colocalizing with markers of inter-homolog 
recombination intermediates; RAD-54.B::GFP foci diminish in number upon exit from early pachytene and are absent from CO-
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designated sites in late pachytene. We are currently testing the hypothesis that RAD-54.B antagonizes association of RAD-51 
with unbroken double-stranded DNA, a function that RAD-54.L may be able to carry out if meiotic DSBs are absent. In addition, 
we hypothesize that RAD-54.B also functions at meiotic DSB repair sites in cooperation and/or competition with RAD-54.L to 
influence the structure of DSB repair intermediates and repair outcomes.

(*KY and BW contributed equally)

263B	 Meiotic	cell	cycle	progression	requires	adaptation	to	a	constitutive	DNA	damage	signal

Liangyu Zhang1,2,3,4, John Wang1,2, Andrew Ziesel5, Zhouliang Yu1,2,3,4, Weston Stauffer1,2, Nancy Hollingsworth5, Abby Dernburg1,2,3,4 
1) University of California, Berkeley, Berkeley, United States; 2) Howard Hughes Medical Institute, Chevy Chase, United States; 
3) Lawrence Berkeley National Laboratory, Berkeley, United States; 4) California Institute for Quantitative Biosciences, Berkeley, 
United States; 5) Stony Brook University, Stony Brook, New York, United States.

Defects in crossover formation lead to chromosome missegregation during meiosis. The mechanisms that ensure crossover 
formation and coordinate crossover designation with meiotic progression remain poorly understood. In C. elegans, defects in 
homolog pairing, synapsis, or recombination delay meiotic progression and prolong the activity of CHK-2, a meiosis-specific 
ortholog of the canonical DNA damage checkpoint kinase that plays essential roles during early prophase. We have now 
found that CHK-2 activity is both necessary and sufficient to inhibit crossover designation. CHK-2 is normally inactivated at 
mid-pachytene, but persists under conditions that prevent or delay the establishment of crossover precursors on one or more 
chromosomes. The pathway that mediates CHK-2 inactivation in wild-type or crossover-deficient conditions has not been 
established.

We find that CHK-2 is inactivated and destabilized through inhibitory phosphorylation by Polo-like kinases (PLKs), a 
mechanism previously implicated in adaptation to DNA damage checkpoint signaling in proliferating cells. Recruitment to the 
synaptonemal complex and establishment of crossover precursors activate PLKs to phosphorylate CHK-2 and drive meiotic 
progression. Additionally, we find that stepwise reduction of CHK-2 activity enables the rapid, concerted designation of 
crossover sites on all chromosomes at mid-pachytene.

These findings reveal that a key transition during the meiotic cell cycle occurs through adaptation to a “constitutive” DNA 
damage response pathway that is implemented at meiotic entry. Evidence from budding yeast suggests that the Polo-like 
kinase Cdc5 may similarly promote inactivation and degradation of Mek1, a CHK-2 ortholog, and data from mice are also 
consistent with such a mechanism. Our work further clarifies the signaling network that coordinates chromosome dynamics, 
double-strand break formation, and recombination during meiotic prophase.

264C	 Removal	of	cell	body	haze	with	inverse	square	fit

Sabrina Civale1, Chi Zhang1, Yao Wang1, Samuel Chung1 1) Northeastern University, Boston, MA.

Unwanted background fluorescence in microscopy can occur when light emitted by fluorescent structures is scattered by 
nearby tissues. In our in vivo imaging of green fluorescent protein (GFP)-tagged neurons in the roundworm C. elegans, 
scattered light produces a haze surrounding the cell body that can obscure the imaging of target structures, such as an axon 
or dendrite. The thin fibers appear dimmer than the much larger cell body and cannot be clearly visualized due to the low 
contrast between it and the bright background.

Here, we describe a method to model and remove the cell body haze utilizing an inverse square intensity distribution. Such 
distributions are common in nature and can describe the intensity of light that emanates away from a point or sphere, such as 
a fluorescent cell body. Assuming that scattering is proportional to intensity, it follows that an inverse square distribution also 
describes the intensity of the scattered light.

Utilizing this model, we have developed a post processing procedure to subtract background from an image. Removal of the 
haze surrounding the bright cell body enhances contrast of the dim axon, particularly in the region close to the cell body. 
Preliminary algorithms demonstrate a signal to background ratio improvement of >5x. This improvement in image quality 
allows us to more clearly visualize the axon.

We intend to broadly disseminate this technique via an ImageJ extension and in MATLAB. We may further release our fitting 
technique on other imaging platforms. We are also investigating methods to accelerate the computations for real-time image 
improvement.
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266B	 Autonomous	Adaptive	Data	Acquisition	for	Scanning	Hyperspectral	Imaging	in	Caenorhabditis elegans

Elizabeth Holman1, Yuan-Sheng Fang2,3, Liang Chen2, Michael DeWeese3, Hoi-Ying Holman2, Paul Sternberg1 1) California Institute 
of Technology, Pasadena, CA; 2) Lawrence Berkeley National Laboratory, Berkeley, CA; 3) University of California, Berkeley, 
Berkeley, CA.

Non-invasive and label-free spectral microscopy (spectromicroscopy) techniques can provide quantitative biochemical 
information complementary to genomic sequencing, transcriptomic profiling, and proteomic analyses. However, 
spectromicroscopy techniques generate high-dimensional data; acquisition of a single spectral image can range from tens of 
minutes to hours, depending on the desired spatial resolution and the image size. This substantially limits the timescales of 
observable transient biological processes. To address this challenge and move spectromicroscopy towards efficient real-time 
spatiochemical imaging, we developed a grid-less autonomous adaptive sampling method. Our method substantially decreases 
image acquisition time while increasing sampling density in regions of steeper physico-chemical gradients. When implemented 
with scanning Fourier Transform infrared spectromicroscopy experiments, this grid-less adaptive sampling approach 
outperformed standard uniform grid sampling in a two-component chemical model system and in a complex biological sample, 
Caenorhabditis elegans. We quantitatively and qualitatively assess the efficiency of data acquisition using performance metrics 
and multivariate infrared spectral analysis, respectively.

267C	 Light-induced	protein	clustering	to	study	protein-protein	interactions	in	C. elegans

Jason Kroll1, Sanne Remmelzwaal1, Mike Boxem1 1) Utrecht University, Utrecht, Netherlands.

Interactions among proteins are fundamental for life, and misregulation of them can lead to diseases such as cancer. We 
adapted the light-activated reversible inhibition by assembled trap (LARIAT) system and the light-induced co-clustering 
assay for use in C. elegans. This assay can rapidly and unambiguously identify protein-protein interactions between pairs of 
fluorescently tagged proteins. In the LARIAT protein-protein interaction assay, cryptochrome 2 (CRY2) and cryptochrome-
interacting bHLH 1 (CIB1) bind each other in a blue-light dependent manner, forming small but densely packed protein clusters 
within the cell. Fusion of an anti-GFP nanobody to the CRY2 protein traps any GFP-tagged protein in the clusters. Co-clustering 
of a mCherry/mScarlet fluorescent protein can be monitored for inclusion in the CRY2/GFP clusters, indicating an interaction 
between the two fluorescently tagged proteins. We tested the system in C. elegans with an array of positive and negative 
reference protein pairs, using endogenously tagged GFP and mCherry/mScarlet alleles. CRY2/CIB1 proteins were expressed 
from extrachromosomal arrays since genome integration is unnecessary for the assay. Light-induced clusters form rapidly 
within seconds in multiple tissue types. Assay performance was extremely robust with no false positives detected in the 
negative reference pairs, and no lethality associated with the clustering, even with proteins essential for development and cell 
polarity. We have generated a toolkit containing plasmids with different promoters, an anti-mCherry nanobody variant, and 
a plasmid with an empty promoter module to enable one-step cloning of any particular promoter using SapTrap assembly. 
The light induced co-clustering assay is a powerful and rapid technique that will be valuable for the C. elegans community, 
especially due to the fact that the assay uses a universal plasmid for every protein pair, and existing fluorescently tagged 
strains can be used without need for additional cloning or genetic modification of the genome.

268A	 High-throughput	phenotypic	screening	to	identify	neurotoxic	chemicals	causing	neuro-degeneration

Yunki Lim1, Adam Laing1, Evan Hegarty1, Jacob Moore1, Konstantinos Kagias2, Sudip Mondal1, Adela Ben-Yakar1,2 1) Newormics 
LLC, Austin, TX; 2) Department of Mechanical Engineering, The University of Texas at Austin, Austin, TX.

Direct exposure of humans to different chemicals becomes more prevalent as society is progressing further into 
industrialization. In addition, an increasing number of medical drugs are being developed at different non-clinical and clinical 
stages aiming to treat a variety of conditions. In order to protect the public from potential deleterious effects of these 
chemicals, toxicology analysis is necessary to ensure early identification of toxic effects. The most common type of chemically-
induced toxicity is neurotoxicity. Therefore, screening for chemical compounds, which can cause specific neuronal damage, 
can help identify toxic chemicals and potentially help elucidate specific neurodegeneration mechanisms, which can lead to 
the development of novel targeted therapeutic approaches. Current neurotoxicity assays rely mainly on mammalian models’ 
mortality tests and are associated with high screening costs and long experimental times. To overcome these limitations, we 
developed a high throughput in vivo neurotoxicity assay using C. elegans. We screened animals treated with a number of 
well-characterized reference chemicals using Newormics’ proprietary microfluidic device (vivoChip®), which enabled us to 
perform high-resolution imaging and multi-parametric structural analysis of GFP-labeled neurons in a high-throughput manner. 
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We characterized the chemical-induced neurotoxicity in the dopaminergic, cholinergic, GABAergic, and serotonergic neurons 
generating a complete set of imaging data for each reference chemical. Semi-automatic analysis of this dataset identified the 
cellular and sub-cellular neuronal defects and created neuron-specific degeneration metrics for the reference chemicals. We 
hope to gain valuable insights into potential mechanisms of action for these neurotoxic compounds while at the same time 
progressing towards a more complete screen through an increasing number of chemicals using our high-content and high-
throughput system.

269B	 A	simple	and	inexpensive	add-on	enables	confocal	imaging	capacity	on	a	widefield	microscope

Yao Wang1, Noa Grooms1, Sabrina Civale1, Samuel Chung1 1) Department of Bioengineering, Northeastern University, Boston, 
MA.

Widefield microscopes are commonly used in many biological laboratories. However, their inability to reject scattered 
or out-of-focus light often produces images with obscured thin or dim structures when there are some bright structures 
nearby. Scanning microscopes like confocal microscopes and multiphoton microscopes can solve this problem, but they are 
comparatively slower and much more expensive. We developed an inexpensive way to empower confocal imaging capacity 
on a widefield microscope, by inserting a spatial light modulator (SLM) into the field stop of the widefield microscope and 
customizing the illumination pattern and acquisition methods. We assessed the performance of this SLM-inserted setup 
by comparing images taken at our widefield microscope, our widefield microscope with the SLM-inserted setup, and a 
commercial confocal microscope. While a widefield microscope showed no sectioning capability, our SLM-inserted setup 
showed 0.85 ± 0.04 μm and the commercial confocal showed 0.68 ± 0.04 μm optical sectioning capability. Additionally 
comparing images of the FLP neuron and the tightly bundled amphid neurons in C. elegans taken by the widefield, SLM-
inserted setup, and confocal microscopes, we confirmed that the SLM-inserted setup greatly reduces haze from the bright cell 
body, allowing visualization of dim axons and dendrites nearby. Our SLM-inserted setup identified 96% of the dim neuronal 
fibers seen in confocal images while the widefield microscope only identified 50% of the same fibers. Our SLM-inserted 
setup represents a very simple (2-component) and inexpensive (<$600) approach to enable confocal capacity on a widefield 
microscope. This SLM-inserted setup can be broadly employed by labs that are using widefield microscopes, with minimum 
expense and modification.

270C	 The	role	of	novel	identified	regulator,	SFXN-1.2	in	mitochondrial	dynamics	in	neurons	and	establishing	linked	
neurological disease models

Syed Nooruzuha Barmaver1, Odvogmed Bayansan1, Oliver Wagner1 1) Institute of Molecular and Cellular Biology, National Tsing 
Hua University.

Various neurological diseases are linked to changes in mitochondrial dynamics in neurons. Thus, it is critical to understand how 
the dynamics of mitochondria are regulated on the molecular level. From a candidate screen (95 genes), we have identified a 
novel gene called sfxn-1.2 (ortholog of human Sideroflexin 1/3), a mitochondrial protein enriched in neurons associated with 
Alzheimer’s disease and Parkinson’s disease. SFXN1 also interacts with Cx32, a protein associated with Charcot-Marie-Tooth 
motor neuron disease. Since the function of sfxn-1.2 in mitochondrial transport at the molecular level is unknown, we aim to 
dissect the function and the molecular pathways of SFXN-1.2 in mitochondrial dynamics and its effects on worm behavior and 
neurodegeneration. Through cluster analysis and Kymograph assays, we observed that SFXN-1.2 is associated with significant 
changes in mitochondrial morphology and trafficking in neurons. Our results suggest a possible direct interaction between 
UNC-104 and mitochondria. The role of UNC-104 (KIF1A) in mitochondrial transport will have a strong impact because since 
decades it is thought that KIF5 and KIF1Bα are the only transporters of mitochondria. A crucial result is that the effect of sfxn-
1.2 seems to be indeed specific for mitochondria such as this mutation did not affect the transport of SNB-1 (synaptobrevin-1), 
a common marker for “synaptic transport vesicles” and we provide clues that kinesin-1 and kinesin-3 may cooperate in 
transporting mitochondria. Our findings also suggest the relation between sfxn-1.2 and unc-104 at genetic and protein levels. 
Our results indicate that no genetic relation exists between sfnx-1.2 and fusion/fission genes as well as that sfxn-1.2 does 
not affect mitochondrial respiration. Neurodegeneration is common in Alzheimer’s disease and Parkinson’s disease; our data 
reveal possible motor neuron defects and sensory neuron defects in sfxn-1.2 mutants. Thus, these investigations will aid to 
develop novel drugs to target neurological diseases based on defects in mitochondrial transport.

271A	 Oxidative	regulation	of	cholesterol	transport	in	Caenorhabditis elegans



Abstracts

23rd International C. elegans Conference     |    109

Bernabe Battista1, Franco Agustín Biglione1, Andrés Binolfi1,2, Diego de Mendoza1,3 1) Instituto de Biología Molecular y Celular de 
Rosario; 2) PLABEM; 3) FbioyF UNR.

Cholesterol is an essential metabolite present in virtually all eukaryotic organisms in which mediates highly relevant biological 
processes such as the regulation of membrane fluidity and the synthesis of steroid hormones and bile acids. Therefore, proper 
trafficking of this molecule to different subcellular locations is crucial for cell viability and correct organism functioning. In 
this sense, non-vesicular cholesterol transport is mediated by a multi-domain membrane protein called STARD3 that binds 
cholesterol through its cytosolic domain (START). While there is a significant amount of information related to the physiological 
processes associated with cholesterol metabolism, the regulatory events responsible for STARD3-mediated transport remain 
unknown. Recently, it has been reported that STARD3 co-localizes and interacts with methionine sulfoxide reductase A, an 
enzyme that reduces methionine sulfoxide side-chains, suggesting that methionine oxidation could modulate the sterol 
binding properties of the START domain and cholesterol transport. These findings have been obtained in cultured mammalian 
cells which lack the complex tissue context present in higher organisms and all its associated biological activities, emphasizing 
the need for an animal model to understand these biological processes in vivo. We are using the nematode Caenorhabditis 
elegans to study the molecular events associated with the regulation of cholesterol mobilization mediated by STARD3 and its 
interaction with MSRA. First, we devised an NMR-based assay to monitor methionine sulfoxide reductase activity in C. elegans 
extracts and established that these extracts have prominent MSRA activity. Next, we titrated cholesterol to 15N isotopically-
enriched START and followed the interaction by 1H-15N HSQC NMR experiments. Our results clearly showed the formation of 
a high-affinity complex, confirming that cholesterol binding to STARD3 is conserved in C. elegans. We will use this set of tools 
to characterize with high-resolution the interaction between MSRA and START in vitro and in worm extracts. Complementary 
genetic and biochemical experiments will allow us to dissect the role of START and MSRA in non-vesicular cholesterol 
mobilization.

272B	 Insight	into	the	effect	of	tubulin	post-translational	modifications	on	axonal	transport

Odvogmed Bayansan1, Oliver Wagner1 1) Molecular Biology and Celullar Biology,.

A remarkable number of post-translational modifications (PTMs) on tubulin and microtubules (MTs) have been identified that 
affect MT dynamic, stability, organization, and its interaction with motor proteins (such as kinesin and dynein) in neurons. 
Dysfunctional axonal transport has a large impact on synaptic transmission affecting memory and synaptic plasticity often 
leading to neurological disorders. I investigate the role of three different PTMs glutamylation, tyrosination, and acetylation on 
axonal transport of UNC-104 (kinesin-3/KIF1A) and its cargo RAB-3, used C. elegans as a model organism, used motor motility 
assays, in situ immunostaining, co-immunoprecipitation assays, and in vivo protein-interaction assays (BiFC), etc.

For statistical analysis, I used one-way ANOVA and t-test to analyze the results. In polyglutamulase mutants (TTLL-11) worm’s 
velocities and run lengths of both UNC-104 and its cargo RAB-3 were significantly reduced as compared to wildtype. Further, 
tubulin polyglutamylation in worm lysates after TTLL-11 knockout consistent with reduced fluorescence in whole-mount 
staining using Poly E GT335( Sigma) antibodies. On the other hand, knocking out deglutamylase CCPP-1 does neither affect 
motility for both motor and its cargo. Interestingly, UNC-104 interacts with glutamylase enzymes in ccpp-1 mutant worm 
lysates when employing in co-IP assays. Additionally, in worms carrying a mutation in tyrosine ligase TTLL-12, kinesin-3 UNC-
104 and its cargo RAB-3 exhibit reduced motility and increased pausing times compared to wildtype. Similarly, in acetylation 
mutant worm’s mec-17 the velocity and run lengths of both UNC-104 and its cargo RAB-3 were also significantly reduced 
consistent with observations on kinesin-1 by others.

We hypothesize that these changes in axonal transport efficiencies are related to differentially post-translational modified 
tubulins. We believe that our basic research will provide important mechanistic insights important for drug design to prevent 
or cure neuronal diseases such as tubulinopathies.

273C	 A	new	role	for	the	conserved	G-protein	regulator	RIC-8/Synembryn	in	primary	cilia	biogenesis

Christina Campagna1, Inna Nechipurenko1 1) Worcester Polytechnic Institute, Worcester, MA.

Primary cilia are conserved microtubule-based organelles that protrude from the surface of most metazoan cell types including 
neurons. They house molecular machinery of all major signaling pathways and play central roles in embryonic development, 
sensory signal transduction, and adult tissue homeostasis. Due to the central role of cilia in signaling, defects in cilia structure 
and/or function manifest in multisystemic genetic disorders called ciliopathies. Ciliopathy patients commonly present with 
neurological deficits that include intellectual disability, anatomical brain abnormalities, and impaired sensory functions. 
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Likewise, cilia and ciliary gene products have been recently associated with neurodevelopmental disorders such as autism 
spectrum disorder, thereby highlighting the critically important role of cilia in the nervous system.

Proteomic and genomic approaches in different models have contributed to the assembly of the ciliary proteome; however, 
the mechanisms, by which most of the predicted cilia genes modulate cilia function or cellular properties in neurons remain 
elusive. In a pilot bioinformatics screen for signaling mechanisms of neuronal cilia assembly, we identified the resistance to 
inhibitors of cholinesterase-8 (ric-8/Synembryn) – a known regulator of G protein α biology in species ranging from fungi to 
vertebrates. We find that ric-8 mutants exhibit marked defects in morphology of complex wing cilia and mild to no defects in 
assembly of the simple rod-like cilia. Therefore, RIC-8 likely possesses neuron-type-specific functions in ciliogenesis. In line 
with this hypothesis, GFP-tagged RIC-8 exhibits cell-specific differences in intra-ciliary localization. For example, in PHA/PHB 
neurons, RIC-8::GFP is detected in the proximal ciliary segment similarly to NPHP-2/inversin. In contrast, RIC-8::GFP appears to 
be distributed throughout the sensory cilium in the PQR neuron. Here, we will present our ongoing efforts to characterize the 
role of ric-8 in regulating neuronal cilia morphology in C. elegans.

274A	 Identification	of	novel	regulators	involved	in	transport	of	synaptic	vesicle	proteins

Sucheta Kulkarni2, Badal Singh Chauhan1 1) Tata Institute of fundamental research; 2) National Center of Biological Sciences.

Neurons function to process and transmit information to target cells through the release of neurotransmitters, which are 
packaged into small secretory vesicles known as synaptic vesicles (SVs). Various neurological disorders, such as Charcot-Marie 
Tooth, Parkinson’s, etc., are correlated with dysregulation of synaptic vesicle protein trafficking. It is known that pre-synaptic 
vesicle (pre-SV) proteins are dependent on a Kinesin-3 motor KIF1A/UNC-104 to exit from the cell body. We are attempting to 
identify additional players in this pathway by cloning genes that genetically interact with unc-104. To identify the regulator(s) 
involved in UNC-104 dependent pre-SV trafficking, we performed an enhancer screen in the background of mild cargo binding 
defective allele unc-104(e1265tb120), in which animals are behaviorally slightly uncoordinated, and pre-SV proteins are 
elevated in the cell body. After EMS-based mutagenesis, animals were isolated based on both worsened behavior and more 
pre-SV proteins stuck in the cell body of touch receptor neurons. A total of 16 enhancer mutants in different complementation 
groups have been isolated from the screen.

One such enhancer, tb210 shows uncoordinated behavior and reduced accumulation of pre-SV proteins at the touch neuron 
synapse. 50% of the tb210 animals shows the absence of the synaptic branch in the posterior touch receptor neurons. 
Immunostaining against UNC-104 shows reduced levels in the sublateral neuron in tb210 animals compared to wild type. 
tb210 was mapped to the X-chromosome, and whole-genome sequencing (WGS) analysis suggest some possible candidate. I 
will present the phenotypic characterization of this mutant and its genetic interactions with other known regulators of synaptic 
vesicle protein trafficking.

275B	 Intraflagellar	transport	is	required	for	enrichment	of	CLHM-1	into	a	distinct	subpopulation	of	extracellular	vesicles	
released from ciliated sensory neurons

Michael Clupper1, Rachael Gill1, Malek Elsayyid1, Denis Touroutine1, Jessica Tanis1 1) Department of Biological Sciences, 
University of Delaware, Newark, DE.

Extracellular vesicles (EVs) are membrane-wrapped particles that mediate cell-cell communication by transporting proteins, 
nucleic acids, and metabolites through biological fluids. EVs play roles in many physiological and pathophysiological 
processes, and their precise function is dependent on molecular cargo and parent cell type. A single cell can release distinct 
subpopulations of EVs enriched with different molecular cargo, which adds complexity to elucidating cargo sorting and 
biogenesis mechanisms. In the nematode C. elegans, EVs bud from male sensory neuron cilia and are released into the 
hermaphrodite vulva during mating and the environment to mediate animal communication. We discovered that the calcium 
homeostasis modulator ion channel CLHM-1 localizes to cilia of EV-releasing neurons and is cargo in EVs released from males 
and hermaphrodites. Using total internal reflection fluorescence (TIRF) microscopy, we imaged EVs released from animals 
co-expressing tdTomato-tagged CLHM-1 and GFP-tagged PKD-2, a known EV cargo, in the same male sensory neurons, 
and observed that CLHM-1 and PKD-2 are significantly enriched in distinct subpopulations. Furthermore, release of these 
subpopulations is dependent on different sensory cues, as culturing males in the absence of hermaphrodites significantly 
increased the release of PKD-2::GFP EVs from adult males, but did not affect the number of CLHM-1::tdTomato EVs released. 
As CLHM-1::tdTomato and PKD-2::GFP do not completely colocalize in neuron cilia, we hypothesize that maintaining discrete 
separation of these proteins in the cilia is required for their enrichment into distinct EV subpopulations. Intraflagellar 
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transport (IFT) is required for movement of proteins along the length of the cilia. Anterograde IFT is driven by kinesin motors, 
including homodimeric kinesin-II OSM-3, kinesin-III KLP-6, and a heterotrimeric kinesin-II complex containing KLP-11. In osm-3 
mutants, colocalization between CLHM-1::tdTomato and PKD-2::GFP in EVs significantly increases, indicating that EV protein 
cargo enrichment is dependent on OSM-3. Environmental release – but not biogenesis – of both CLHM-1 and PKD-2 EVs is 
dependent on KLP-6. Currently, we are investigating the role of KLP-11 and the heterotrimeric kinesin-II in EV subpopulation 
cargo enrichment. In conclusion, our results show that IFT is required for proper packaging and release of ciliary EVs.

276C Analysis of endomembrane-resident zinc transporter mutants that suppress the systemic RNAi defects of rsd-3 
mutant

Katsufumi Dejima1, Rieko Imae1, Yuji Suehiro1, Shohei Mitani1 1) Tokyo Women›s Medical University.

Functional RNAs including double-stranded RNA (dsRNA) modulate gene expression in a sequence-dependent manner. In C. 
elegans, experimentally introduced dsRNA spreads over the body and leads to RNA silencing systemically. To date, several 
genes acting in systemic RNAi have been genetically identified. However, cellular pathways and molecules that mediate RNA 
transport between cells remain largely unknown. We previously reported that RSD-3/EpsinR is involved in import of silencing 
RNA. In this presentation, we show an analysis of suppressors for RNAi defects in the rsd-3 mutants. Through the analysis of 
the suppressors, we found that a zinc transporter functions as a negative regulator for dsRNA import. Several experiments 
support the idea that its zinc transport activity is required for negative regulation of systemic RNAi. However, while the C. 
elegans genome contains 28 zinc transporters, mutants for all other zinc transporter genes exhibited a normal response 
to RNAi, suggesting a unique role of this transporter on RNAi or genetic redundancy. Since disruption of the suppressor 
gene itself showed enhanced RNAi (Eri) phenotype, we also tested whether this phenotype is caused by downregulation of 
endogenous RNAi or upregulation of exogenous RNAi, which are antagonistic. We found that certain genes targeted by the 
endogenous RNAi pathway were not affected in the mutants, excluding the possibility that it acts in the core endogenous 
RNAi pathway. Instead, its null mutants showed altered RAB-11 positive vesicle sizes in intestine and LMP-1, RAB-7 and 2xFYVE 
positive vesicle sizes in coelomocytes. From these observations, we speculate that this zinc transporter would be involved in 
the regulation of membrane trafficking, which in turn negatively regulate exogenous RNAi in parallel or downstream of RSD-3. 
Our data revealed the zinc transporter as a novel cellular factor functioning in systemic RNAi.

277A	 Regulation	of	vesicular	trafficking	by	NEK	family	kinases

David Fay1, Braveen Joseph1, Lexi Robison1, Barth Grant2, Ge Bai2, Steve Caplan3, Naava Naslavsky3 1) University of Wyoming; 2) 
Rutgers University; 3) University of Nebraska Medical Center.

The mammalian NEKs are a highly conserved family of protein kinases that have been primarily implicated in molecular 
functions linked to cell division and ciliogenesis. We have shown that two C. elegans NEK family members, NEKL-2/NEK8/9 
and NEKL-3/NEK6/7, control clathrin mediated endocytosis in the major epidermis of C. elegans. Specifically, NEKL-2 and 
NEKL-3 (NEKLs) are required for the internalization of cargo, such as the lipoprotein receptor LRP-1, at the apical plasma 
membrane. Our data indicate that NEKLs control endocytosis at least in part by promoting the uncoating of newly internalized 
clathrin-coated vesicles. Loss of NEKL functions lead to a failure of worms to complete molting, resulting in arrested larval 
development. Attesting to their conserved functions, the mammalian orthologs of NEKL-3, NEK6 and NEK7, are able to rescue 
molting and trafficking defects when expressed in nekl-3 deficient worms.

To further broaden our understanding of NEK family functions in intracellular trafficking we have analyzed the effects of NEKL 
depletion on additional cargos and vesicular compartments. We find that in addition to functioning in clathrin mediated 
endocytosis at the apical membrane, NEKLs also promote clathrin dependent and independent endocytosis at the basolateral 
membrane in the worm epidermis. Specifically, we find that the class I TGF-beta receptor, SMA-6, and the class II TGF-beta 
receptor, DAF-4, accumulate to high levels on basolateral membranes following NEKL-3 depletion. In addition, our observations 
suggest that NEKLs may affect trafficking steps downstream of endocytosis, consistent with the localization of NEKL-3 and 
NEKL-2 to early and late endosomal compartments, respectively.

To extend our findings from worms to mammals, we have begun to characterize the potential trafficking functions of 
mammalian NEK6 and NEK7 kinases in cell culture. Current data indicate that NEK7 promotes clathrin mediated endocytosis 
including the observed reduced uptake of the transferrin receptor following NEK7 siRNA depletion. In addition, NEK7 may 
affect several other trafficking processes in cells including endosomal recycling, membrane fission, and caveoli-dependent 
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endocytosis. Collectively, our studies further support a largely overlooked but conserved function for NEK family kinases in 
intracellular trafficking.

278B	 TORC1,	BORC,	and	ARL-8	drive	tubulation	of	cell	corpse	phagolysosomes	in	C. elegans embryos

Gholamreza Fazeli1, Christian Stigloher1, Ann Wehman2 1) University of Wuerzburg; 2) University of Denver.

Cells clear corpses and debris from their environment using phagocytosis. Once engulfed, cargo degradation inside 
phagolysosomes takes hours, an important step to provide the cell with metabolites and avoid an auto-immune response in 
mammals. Using C. elegans, we discovered that the phagolysosome that digests the second polar body, a cell that undergoes 
programmed necrosis after fertilization, tubulates into small vesicles to facilitate cell corpse clearance (Fazeli et al., Cell Rep 
2018). Tubulation occurs after the corpse membrane breaks down inside the phagolysosome, exposing the corpse cargo to 
lysosomal hydrolases. Here, we use time-lapse imaging of the polar body phagolysosome to reveal that tubulation depends 
on amino acid release by the solute transporter SLC-36.1, which in turn activates TORC1, but not TORC2. TORC1 then activates 
the BLOC-1-related complex (BORC), which is responsible for recruiting the Arf-like GTPase ARL-8 to the phagolysosome for 
tubulation. ARL-8 is thought to link the phagolysosome membrane to motor proteins on microtubules to extend tubules and 
release vesicles. We found that putative GDP-bound, GTP-locked, and fast exchange alleles of ARL-8 show reduced tubulation 
of the phagolysosome, indicating that ARL-8 GTPase needs to cycle in a regulated fashion to promote tubulation. Further, we 
found that altering the nucleotide state of ARL-8 with these alleles disrupts ARL-8 localization from lysosomes, mislocalizing 
ARL-8 to the plasma membrane, enlarged endosomes, or other compartments. Using this in vivo model to observe a single 
phagolysosome over time, we have identified the molecular pathway regulating the key steps of tubulation and vesiculation 
that promote the timely degradation of cargo. We demonstrate that phagolysosomes are dynamic and transient organelles 
and predict that TORC1-BORC-Arl8-driven vesiculation is a conserved and important step to promote the appropriate immune 
response after phagocytosis.

279C	 MEL-28-mediated	regulation	of	microtubule	motors	affects	oogenic	fertility

Anita Fernandez1, Giulia Crosio1, Jay Gandhi1, Gabriela Vida1, Piano Fabio2,3, Gunsalus Kristin2,3 1) Fairfield Univ; 2) NYU Abi Dhabi; 
3) NYU Center for Genomics and Systems Biology.

Microtubule motors are multi-molecular machines that ferry cargoes within a cell. We have been studying dynein, the minus-
end directed microtubule motor, and MEL-28, a conserved protein important for nuclear envelope integrity and post-mitotic 
rebuilding of the nuclear pore. dhc-1(or283ts);mel-28(t1684) double mutants have a severely reduced brood size compared to 
each single mutant. This suggests that MEL-28 and dynein act in parallel to support a process necessary for fertility.

Reciprocal crosses between wild-type animals and dhc-1;mel-28 double mutants revealed that the brood size impairment is 
caused by oogenic germ line defects and not sperm defects. Indeed, dhc-1;mel-28 double mutant adults have a disorganized 
proximal gonad and oocyte maturity defects. To find cellular components that regulate MEL-28/dynein supported processes, 
we did a candidate RNAi screen searching for genes that rescue the brood size of dhc-1;mel-28 double mutants. We found that 
disruption of klc-2, which encodes the light chain of the plus-end-directed microtubule motor kinesin-1, increases the brood 
size of dhc-1;mel-28 double mutants. This suggested that simultaneous disruption of MEL-28 and dynein causes excessive plus-
end-directed movement of a cargo that is rescued by impairing plus-end-directed motion via klc-2 RNAi. Kinesin and dynein 
work together through physical interactions with KASH-domain protein UNC-83 to regulate nuclear positioning. We tested the 
idea that aberrant UNC-83-dependent nuclei positioning in dhc-1;mel-28 double mutants contributes to the low brood size 
defect. Connectivity between dynein and UNC-83 is mediated via dynein adaptors NUD-2 and BICD-1. In bicd-1;nud-2 double 
mutants, the connection between UNC-83 and dynein is defective. If dhc-1;mel-28 animals are infertile because UNC-83-
dependent minus-end directed nuclear movement is impaired, then we would expect that mel-28;bicd-1;nud-2 triple mutants 
to have a low brood size. Indeed, the triple mutant shows a lower brood size than bicd-1;nud-2 double mutants and mel-28 
single mutants, supporting the idea that defects to mel-28 sensitize the oogenic gonad to defects with UNC-83-dependent 
minus-end-directed movement of the nuclei. These observations suggest that MEL-28 and dynein-mediated connections to 
UNC-83 work collaboratively to position nuclei for proper oogenic development.

280A	 Sorting	of	different	dense	core	vesicle	cargos	in	the	same	neuron

Pralaksha Gurung1, Michael Ailion1 1) University of Washington.
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The regulated release of monoamines and neuropeptides from dense-core vesicles (DCVs) is essential for the modulation of 
metabolism, behavior, emotions, memory, and cognition. DCV biogenesis begins at the trans-Golgi network and culminates in 
docking at the cell membrane, but the precise mechanisms of DCV cargo sorting and maturation remain elusive. Additionally, 
some neurons have multiple kinds of DCVs carrying different cargos and that are released at distinct sites. As a model for 
learning how cells sort cargos to distinct DCVs, we are using the ASI sensory neurons that modulate nociceptive behavior in C. 
elegans. The ASI neurons express over 20 different peptides that localize to different parts of the cell, including the nlp-9 and 
nlp-18 neuropeptides which are trafficked mainly to the axon and the cell body, respectively. Prior work suggests that these 
two peptides are found in distinct DCVs that are released under different conditions. We crossed worms with GFP tagged nlp-
9 and nlp-18 to worms with known mutants of DCV biogenesis such as hid-1, eipr-1, rund-1, and cccp-1, and found that the 
mutants had significantly decreased levels of nlp-18 in the ASI cell body and axon compared to wildtype worms. This result is 
consistent with our previous observation that these mutants have decreased levels of another DCV cargo, nlp-21, in the dorsal 
nerve cord. However, the levels of nlp-9 in both the ASI cell body and axon remained largely unchanged in all the mutants 
compared to the wildtype, indicating that the sorting and maturation of nlp-9 DCVs is not affected by the genes in our known 
pathway. This result suggests that a different pathway might be at play in the sorting and maturation of nlp-9 DCVs.

281B	 The	KASH-independent	role	of	ANC-1	in	positioning	organelles	in	Caenorhabditis elegans

Hongyan Hao1, Shilpi Kalra1, Laura Jameson1, Leslie Guerrero1, Natalie Cain1, Jessica Bolivar1, Daniel Starr1 1) University of 
California, Davis.

The LINC complexes formed by outer nuclear KASH proteins and inner nuclear SUN proteins play important roles in connecting 
nuclei to the cytoskeleton. ANC-1, an ortholog of Nesprin-1/2, is proposed to physically tether nuclei to the actin cytoskeleton 
through its KASH domain at the C-terminus and the calponin homology (CH) actin-binding domains at the N-terminus. 
anc-1 null mutants show severe nuclear positioning defects in the hypodermal syncytial cells in C. elegans. However, we 
found that the CH domains were dispensable for hyp7 nuclear positioning and disruption of SUN/KASH interaction only 
caused mild nuclear positioning defects. In addition, in anc-1 null mutants, the ER, mitochondria, and lipid-droplets were 
unanchored and sometimes moved freely in the cytoplasm. ANC-1 contains six tandem repeats predicted to form spectrin-like 
structures. Deletion of the spectrin-like region caused strong nuclear and ER anchorage defects. KASH proteins also contain 
a transmembrane domain adjacent to the luminal KASH domain, we found that the deletion of the transmembrane domain 
enhanced the nuclear or the ER anchorage defects of the KASH deletion mutant. In the hyp7, ANC-1 had a similar distribution 
pattern as the ER, and deletion of the tandem repeats strongly affected ANC-1’s localization. Here, we propose a cytoplasmic 
integrity model where ANC-1 functions in positioning nuclei, ER, mitochondria, and likely other organelles in place, probably 
through the spectrin-like region.

282C	 Uniform	mitochondrial	positioning	in	C. elegans touch receptor neurons is regulated by actin and contributes both 
to cytosolic calcium dynamics and touch responsiveness

Souvik Modi1, Sneha Hegde1, Sandhya Koushika1 1) Tata Institute of Fundamental Research, Mumbai, India..

Mitochondria are distributed throughout the neuron and perform important functions like ATP production, calcium buffering 
and regulation of apoptosis. Mitochondria are enriched at synapses and its trafficking is known to be dependent on both 
cytosolic and mitochondrial calcium. In the touch receptor neurons (TRNs) of adult C. elegans, we see that mitochondria are 
uniformly distributed and this uniform distribution is achieved as the animal transitions from larval stage 1 (L1) to larval stage 
2 (L2). We also observe that mitochondria are positioned such that the median distance between two adjacent mitochondria 
is ~20 μm. How this mitochondrial distribution is established and maintained and what roles do axonal mitochondria play, both 
remain unknown. Prior studies demonstrated that >80% of mitochondria along the neuronal processes are localized at F-actin-
rich regions suggesting that an actin dependent mechanism might play a role in axonal mitochondrial distribution. Indeed, 
our data reveal that the transition to uniform mitochondrial distribution correlates with a change in F-actin dynamics and the 
distribution of actin-rich regions in TRN processes between L1 and L2 stages. To investigate the interplay between actin and 
mitochondria in more detail, we assessed both the role of mitochondria on neuronal actin and the role of actin on neuronal 
mitochondrial distribution. In ric-7 mutants that lack mitochondria in the neuronal process, actin dynamics is altered that is 
restored upon artificially driving mitochondria into ric-7 neuronal processes. Additionally, in the absence of actin-rich regions 
achieved by the expression of DeAct (Disassembly-promoting, encodable Actin tool) 

in TRNs 
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decreases the distance between adjacent mitochondria and affects mitochondrial transport properties. Upon photo 
stimulation of the neuron we see that mitochondria along the axonal process buffer cytosolic calcium in a MCU-1 dependent 
manner. Additionally, we found that the presence of mitochondria, F-actin-rich regions and MCU-1 mediated calcium uptake 
all modulate calcium dynamics upon photo stimulation as well as the touch responsiveness of the animal. These data suggest 
that axonal mitochondria plays a role in regulating actin dynamics in the neurons and both mitochondria and actin dynamics 
are important for modulating touch responsiveness.

283A	 C. elegans modeling and human studies of a rare RAB5B	patient	variant	reveal	a	novel	role	of	RAB5B	in	regulated	
secretion of pulmonary surfactant

Huiyan Huang1, Jiehong Pan1, David Spielberg2, Neil Hanchard2, Daryl Scott2, Lindsay Burrage2, Hongzheng Dai2, David Murdock2, 
Jill Rosenfeld2, Anika Lindsey1, Hyori Kim1, Jian Chen1, Ariz Mohammad1, Avinash Ramu1, Stephanie Morrison1, Zachary Dawson1, 
Alex Zhu1, Eric Tycksen1, Gary Silverman1, Dustin Baldridge1, Stephen Pak1, Steven Brody1, Tim Schedl1 1) Washington University 
in St. Louis, St. Louis, MO; 2) Baylor College of Medicine, Houston, TX.

Many patients with severe, chronic diseases remain without a diagnosis despite extensive medical evaluation, including 
some cases with clinical exome sequencing. The goal of the NIH-funded Undiagnosed Diseases Network (UDN) is to provide 
a diagnosis for these challenging cases and to identify biological characteristics of newly discovered disease genes. The UDN 
uses a collaborative multidisciplinary approach that combines comprehensive medical workup, exome/genome sequencing, 
bioinformatic analysis, with functional studies in model organisms including zebrafish, Drosophila, and C. elegans.

Through the UDN, we evaluated a child with interstitial lung disease suggestive of surfactant deficiency. Variants in known 
surfactant dysfunction disorder genes were not found in trio exome sequencing. Instead, a de novo heterozygous variant, 
p.Asp136His, in the Ras/Rab GTPases family nucleotide binding domain in RAB5B was identified. Functional studies were 
performed in the C. elegans Model Organism Screening Center at Washington University in St. Louis. We used CRISPR/Cas9 
to knock the proband variant into the conserved position (Asp135) of the ortholog, rab-5. Analyses of organismal phenotypes 
such as locomotion and size demonstrated that rab-5[Asp135His] is damaging. We also show data indicating that rab-
5[Asp135His] heterozygotes were defective in endocytosis and early endosome (EE) fusion. Dosage analysis by adding extra 
copies of wild type rab-5 transgene revealed that rab-5[D135H] has a strong dominant negative effect, requiring three wild 
type copies to suppress the variant’s poisonous effect.

Immunostaining studies of the proband’s lung biopsy revealed that RAB5B and EE marker EEA1 were significantly reduced 
in type II pneumocytes, and mature SP-B and SP-C were significantly reduced, while ProSP-B and ProSP-C were normal. 
Furthermore, staining of normal lung showed co-localization of RAB5B and EEA1 with ProSP-B and ProSP-C. These findings 
indicate that dominant negative-acting RAB5B Asp136His and EE dysfunction cause a defect in processing/trafficking to 
produce mature SP-B and SP-C, inducing interstitial lung disease, and that RAB5B and EEs normally function in the regulated 
surfactant secretion pathway.

Together, the data suggest a non-canonical function for RAB5B and identify RAB5B p.Asp136His as a genetic mechanism for 
surfactant dysfunction disorder.

284B	 Examination	of	P5B	ATPase	function	in vivo

Eric Lambie1, Alexander Baumbach1, Zhiyao Zhou1 1) University College London.

P5B ATPases are evolutionarily conserved transporter proteins whose principal function is to pump polyamines from 
extracellular or vesicular spaces into the cytosol. The C. elegans genome encodes three paralogous P5B ATPase transporter 
proteins, CATP-5, CATP-6 and CATP-7. Each of these proteins has a distinct expression pattern and is likely to have a specific 
physiological function. For example, CATP-5 localizes to the intestinal brush border and is required for uptake of polyamines 
from the intestinal lumen. CATP-7 localizes to the basolateral membrane of the excretory cell. Since catp-7(0) mutants arrest 
when grown on polyamine-supplemented plates, CATP-7 probably pumps polyamines from the pseudocoelomic fluid into 
the excretory cell cytosol. CATP-6 localizes to endosomal vesicles and may be required to purge these of residual polyamines 
derived from the extracellular space. In order to better understand when and where the P5B ATPases are active, we are 
developing tagged versions that exhibit altered fluorescence properties in response to conformational changes. We are also 
performing screens to search for genes required for the transport of polyamines in the opposite direction, from the cytosol 
into the extracellular/vesicular space.
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285C	 Interpreting	human	missense	variants	of	unknown	significance	(VUS)	in	the	nematode	orthologue	of	ciliopathy-
associated genes 

Karen I. Lange1, Sofia Tsiropoulou1, Oliver E. Blacque1 1) University College Dublin, Ireland.

Ciliopathies are inherited genetic disorders caused by mutations in over two hundred cilia-associated genes. Whole genome 
or exome sequencing can identify the genetic cause of ciliopathies. When pathogenic variants are identified, this information 
can be used for genetic counselling, adjusting clinical care based on gene-specific complications, and even to qualify patients 
for gene-specific clinical trials. However, many missense variants are termed “variants of unknown significance” (VUS), which 
cannot be classified as pathogenic or benign based on standard in silico methods. Here, we have used the small roundworm 
Caenorhabditis elegans and CRISPR/Cas9 genome editing to model and characterize missense VUS alleles. Specifically, we have 
generated two benign, two pathogenic, and seven VUS alleles in mks-3, the nematode orthologue of the Joubert Syndrome 
and Meckel-Gruber syndrome (MKS) gene TMEM67. MKS-3 is a member of the MKS protein module at the ciliary base 
transition zone (TZ). Employing quantitative assays of cilium structure and function, as well as protein localisation analyses, 
we found that the known benign alleles phenocopy wild type controls, whereas the known pathogenic mutants display severe 
cilia defects that are phenotypically similar to those of a reference null deletion allele. Of the seven VUS alleles, four are 
strongly pathogenic, two are benign, and one displays an intermediate phenotype. We conclude that C. elegans is an excellent 
model organism for in vivo interpretation of VUS alleles in conserved cilia genes. Such data may be beneficial for diagnosis of 
genetically unresolved disease, and understanding genotype-phenotype correlations in ciliopathies.

286A	 A	fluorescent	toolkit	for	live	analysis	of	mitochondrial	genome	maintenance	in	C.	elegans

Jessica Leslie1, Nitin Vidyasagar1, Pallas Yao2, Anne Lanjuin2, William Mair2, Samantha Lewis1 1) University of California Berkeley, 
Berkeley, CA; 2) Harvard T.H. Chan School of Public Health, Boston, MA.

Mitochondria are energy-producing organelles that are essential for eukaryotic cell function. Central to their role is 
mitochondrial DNA (mtDNA), a small, circular genome present in multiple copies per cell that encodes proteins and 
RNAs necessary for oxidative phosphorylation. In multicellular organisms, mtDNA is continuously synthesized in both 
proliferating and post-mitotic cells and varies in copy number between tissue types. MtDNA distribution and synthesis 
are linked to mitochondrial fission and fusion dynamics in budding yeast and in cancer cell models, however, whether 
these processes are linked in post-mitotic somatic cells remains unclear. Here, we present molecular imaging tools for the 
study of mtDNA maintenance within live Caenorhabditis elegans. We have coupled Mitotracker and SYBR Gold stains with 
Airyscan superresolution microscopy to establish “ground truth” tissue-specific patterns of mtDNA distribution. Then, using 
transgenic strains in which the mtDNA binding protein hmg-5/TFAM has been fluorescently tagged with wrmScarlet at the 
endogenous locus we identify tissue-specific regimes of transcription factor distribution within mitochondria and relate them 
to fusion-fission dynamics. We find that some transgenic strategies, such as the overexpression of mtDNA binding factors via 
extrachromosomal array, perturb normal mitochondrial DNA levels; we present a set of best practices in strain construction. 
These validated imaging tools lay the foundation to test whether differences in mitochondrial structure between tissues 
are predictive of mtDNA abundance and/or distribution. This work has the potential to inform tissue-specific pathologies of 
mtDNA disease in humans.

287B	 MEL-28	and	dynactin	impact	male	fertility	in	C. elegans

Kaitlin Levangie1, Anita Fernandez1 1) Fairfield University.

To study the roles of dynactin and the MEL-28 protein in C. elegans fertility, we analyzed animals homozygous for loss-of-
function mutations in genes affecting each of two proteins. Specifically, we studied dnc-1(or 404) a temperature-sensitive 
mutation impacting the p150 glued subunit of dynactin, and mel-28(t1684) a null mutation that destroys the MEL-28 protein 
product. Dynactin is a protein complex that connects microtubule motors dynein and kinesin to their cargo and is thus 
essential for intracellular transport. The mel-28 gene encodes a protein that rebuilds the nuclear pore after cell division and 
is also important for chromosome segregation. dnc-1 mutants have a significantly decreased brood size and produce many 
unfertilized oocytes, which suggests a problem with the sperm. To test the hypothesis that the dnc-1 mutants have defective 
sperm, we set up sperm competition tests that found significant differences in sperm functionality between dnc-1 mutant 
males and normal males. When an animal has both the dnc-1 and mel-28 mutations, the sperm defects are recovered. Our 
current goal is to further study how the sperm is impacted by the dnc-1 mutation and why defects to the mel-28 gene rescue 
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these defects. Dynactin and MEL-28 are important in all animal cells, so studying nematode fertility will eventually lead to a 
better understanding of how human cells work too.

288C	 The	C. elegans	TspanC8	tetraspanin	TSP-14	exhibits	isoform-specific	localization	and	function

Zhiyu Liu1, Jun Liu1 1) Cornell University.

Tetraspanin proteins are a unique family of four-pass transmembrane proteins that are highly conserved in metazoans. 
There are 33 tetraspanins in mammals, and 21 in C. elegans. Tetraspanins can be further classified by the number of cysteine 
residues in their second extracellular loops. While much work has been done to characterize the biochemical properties of 
tetraspanins, less is known about the in vivo functions of different tetraspanins. We have recently shown that two paralogous 
tetraspanins, TSP-12 and TSP-14, function redundantly to promote bone morphogenetic protein (BMP) signaling by regulating 
the trafficking of the type II BMP receptor DAF-4. TSP-14 is the sole member of the TspanC8 subfamily of tetraspanins that 
in mammals include six proteins. We have noticed that there are two isoforms of TSP-14, TSP-14A, and TSP-14B, with TSP-
14B having 24 additional amino acids at its N-terminus compared to TSP-14A. By generating isoform-specific knock-ins and 
knock-outs using CRISPR, we found that TSP-14A and TSP-14B exhibit distinct subcellular localization patterns and functions. 
While TSP-14A is localized apically and on early, late, and recycling endosomes, TSP-14B is localized to the basolateral 
side and on the cell surface. We further identified a di-leucine motif within the N-terminal 24 amino acids of TSP-14B that 
serves as a basolateral and cell surface targeting sequence for TSP-14B. Using isoform-specific knockout and transgenic 
rescue approaches, we found that TSP-14A plays a broader and predominant role compared to TSP-14B. Specifically, TSP-
14A functions redundantly with TSP-12 to regulate body size, embryonic and vulva development, while TSP-14B functions 
redundantly with TSP-12 to primarily regulate postembryonic mesoderm development. Moreover, proper postembryonic 
mesoderm development appears to require the functions of both TSP-14A and TSP-14B, as well as TSP-12. Our work highlights 
the diverse and intricate functions of TspanC8 tetraspanins in an intact living organism. Future work will be directed towards a 
molecular understanding of how TSP-14A and TSP-14B exert their distinct functions in different subcellular compartments.

289A	 Investigating	the	role	of	Kinesin-3	motor	UNC-104	in	regulating	polarized	distribution	of	synaptic	vesicle	proteins

Amal Mathew1, Sravanthi Nadiminti1, Sandhya Koushika1 1) Tata Institute of Fundamental Research, Mumbai.

Synaptic vesicle proteins (SVps) have a polarized distribution in neurons, and are enriched at synapses. SVps are packed into 
precursors of synaptic vesicles (pre-SVs), that are transported anterogradely by the Kinesin-3 family motor UNC-104, in C 
elegans. In unc-104 mutants, SVps accumulate in the cell body and mislocalize to dendrites. It is known that the dendritic 
mis-localization of SVps in unc-104 mutants is dependent on Dynein. We are investigating whether UNC-104 has other roles 
in regulating polarized distribution of SVps as motors are also known to regulate microtubule polarity and cargo sorting. We 
observe that in unc-104 mutants microtubule polarity is not changed. To test whether, the loss in polarized distribution is 
due to reduced motor on vesicles we overexpressed PPK-1, an enzyme that makes more PI(4,5)P2, as UNC-104 is proposed to 
bind to vesicle membranes through PI(4,5)P2. Over-expression of PPK-1 is known to suppress cargo-binding defective alleles of 
UNC-104. We also observed that PPK-1 overexpression supressed the loss in polarized distribution of SVps observed in unc-104 
mutants. These data are consistent with a model where having sufficient number of UNC-104 motors on pre-SVs is required 
to regulate the polarized distribution of SVps. UNC-104 orthologues are proposed to be clustered in PI(4,5)P2 and cholesterol 
enriched lipid microdomains. To test whether clustering of lipids can mediate the polarized distribution and transport of pre-
SVs, we depleted cholesterol from the growth media of C elegans. We observed that RAB-3 mislocalised to dendrites indicating 
that cholesterol is required for polarized distribution of SVps, although the dependence of this phenotype on PI(4,5)P2 remains 
to be investigated.

290B	 xbx-4,	a	novel	Joubert	syndrome-related	gene,	acts	in	the	CCRK/RCK	kinase	cascade	to	regulate	cilia	length	and	
morphology

Ashish Maurya1, Piali Sengupta1 1) Department of Biology, Brandeis University, Waltham, MA.

Primary cilia are microtubule-based sensory organelles that are critical for sensing and transducing extracellular cues in 
multiple cellular contexts. The core ultrastructure of cilia is highly conserved and formed by stereotyped mechanisms. To 
fulfill their wide array of context-specific sensory functions, cilia exhibit diverse shapes and sizes. How cilia with specialized 
morphologies are generated remains unclear. In C. elegans, a subset of head amphid sensory neurons including the AWA 
olfactory neurons contains elaborate and complex cilia. I found that a highly conserved kinase cascade comprising the DYF-
18 CCRK and DYF-5 RCK-related kinases plays a major role in regulating AWA cilia length and branching. Genetic and imaging 
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experiments suggest that these kinases destabilize axonemal microtubules to promote AWA cilia branching. Regulators of this 
kinase cascade are largely unknown. Using a forward genetic screen for mutants that suppress the effects of overexpressed 
RCK kinase, I identified XBX-4, a novel regulator of the CCRK/RCK kinase cascade. I show that XBX-4 primarily regulates CCRK 
activity, thereby controlling RCK function and localization. XBX-4 contains a Domain of Unknown Function, DUF3719, that it 
shares with just two proteins (FAM149A and FAM149B1) in the human proteome. Rare mutations in the DUF3719 domain of 
FAM149B1 result in the ciliopathy Joubert syndrome via unknown mechanisms. My results suggest that xbx-4 encodes the 
functional ortholog of FAM149b1 and exerts its effects on cilia structure and function by controlling the activity of the CCRK/
RCK kinase cascade.

291C	 Investigating	the	role	of	SYD-2/Liprin-α	in	synaptic	vesicle	protein	trafficking

Sravanthi Nadiminti1, Shirley Dixit1, Neena Ratnakaran1, Sandhya Koushika1 1) Tata Institute of Fundamental Research, Mumbai, 
India.

SYD-2, the C. elegans homolog of Liprin-α, is a synapse active zone protein that affects distribution of synaptic vesicle 
proteins (SVps) and lysosomal proteins in neurons. We show that SYD-2 affects SVp trafficking, such that the composition of 
SVp carriers is altered. We have previously shown that LRK-1, the C. elegans homolog of the Parkinson’s protein LRRK2, acts 
through the AP-3 clathrin adaptor complex to affect SVp trafficking and SVp carrier composition. Additionally, both LRRK2 
and the AP-3 complex are known to affect lysosomal protein trafficking. Therefore, using syd-2 mutants, we set out to test if 
there are common genetic regulators for trafficking of SVp and lysosomal proteins. We show that lrk-1 and apb-3 likely act 
upstream of syd-2 to exclude lysosomal proteins from SVp carriers in the cell body, suggesting that separation of SVps and 
lysosomal proteins is a necessary step in SVp carrier biogenesis. Furthermore, we show that lysosomal proteins mislocalize 
to the neuronal process in syd-2, lrk-1 and apb-3 mutants, unlike in wildtype where they are restricted to the cell body. 
The axonal mislocalization of lysosomal proteins in the syd-2 mutant is dependent on the AP-3 complex and independent 
of LRK-1, suggesting that SYD-2 acts together with AP-3 complex to retain lysosomal proteins in the cell body. Altered SVp 
carriers formed in lrk-1 and apb-3 mutants mislocalize to the dendrites via the AP-1 clathrin adaptor complex. We show that 
SYD-2 genetically interacts with the AP-1 complex to prevent the mis-formed SVp carriers from entering dendrites. These 
data suggest that SYD-2 interacts with two distinct clathrin adaptor complexes to regulate polarised distribution of SVps 
and lysosomal proteins. Additionally, our data suggest that early trafficking of SVps and lysosomal proteins is linked and is 
regulated by common genetic factors.

292A	 Understanding	Interactions	Between	Microtubule-Associated	Proteins	And	Post-Translational	Modifications	Of	
Microtubules In Sensory Neurons

Robert O’Hagan1, Alexandra Avrutis1, Nicole Ross1, Yandis Toyos1, Kaylee Cuyuche1 1) Montclair State University.

Microtubules (MTs) act as tracks upon which molecular motors, such as kinesins and dyneins, travel to transport essential 
materials throughout cells. However, the mechanisms that regulate MT structure and motor functions to ensure that diverse 
cargos are appropriately delivered to particular regions or organelles within cells is not completely understood. In neurons, 
regulation of MT-based transport may be especially important because they extend elongated axons and dendrites.

Although all MTs are made by assembly of α and β tubulins, they are not uniform. The Tubulin Code hypothesis suggests 
that MTs can be specialized by incorporating different α and β tubulins, as well as addition of reversible post-translational 
modifications (PTMs) such as glutamylation (addition of glutamate side chains to α or β tubulin C-terminal tails). We previously 
found that glutamylases that add glutamylation to MTs (TTLL-4, TTLL-5, and TTLL-11) and a deglutamylase that reduces 
glutamylation (CCPP-1) influence MT structure and the activity of particular motors in sensory neuronal cilia in a cell-specific 
manner. Particular tubulins are also essential for regulating the structure of MTs in neuronal sensory cilia. Therefore, the 
MT tracks themselves encode information that regulates their own structure and stability, as well as the function of kinesin 
motors.

Non-motor microtubule-associated proteins (MAPs) act as another mechanism to regulate the MT cytoskeleton, but the 
function of many MAPs is not yet known. MT binding of some MAPs, such as mammalian Tau, has been found to be sensitive 
to MT glutamylation in vitro, suggesting that these two layers of MT regulation may interact.

To understand the genetic interactions of MAPs and the Tubulin Code, we observed the localization of fluorescently-tagged 
MAPs, such as the C. elegans Tau homolog PTL-1 and the DCX family member/RP1L1 homolog F27C1.13, combined with 
mutations that disrupt particular tubulin genes or regulators of MT glutamylation. Both Tubulin Code PTMs and MAPs are 
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involved in neurodegenerative diseases in humans. Mutation of a human ccpp-1 homolog is associated with infantile-onset 
neurodegeneration, Tau is implicated in Alzheimer’s Disease and other Tauopathies, and mutation of RP1L1 is associated with 
occult macular dystrophy, resulting in progressive blindness. Both PTL-1 and F27C1.13 were expressed in ciliated sensory 
neurons, suggesting that C. elegans might be used to model the human diseases associated with these genes.

Our results support the hypothesis that PTMs and MAPs are essential cytoskeletal regulators that act in concert to regulate 
and specialize neuronal MTs.

293B	 Unraveling	the	role	of	clk-1 in	the	modulation	of	mtDNA	heteroplasmy

Claudia V. Pereira1, James P. Held1, Maulik R. Patel1,2,3 1) Department of Biological Sciences, Vanderbilt University, Nashville, TN, 
USA ; 2) Department of Cell and Developmental Biology, Vanderbilt University, Nashville, TN, USA ; 3) Diabetes Research and 
Training Center, Vanderbilt University, Nashville, TN, USA.

The mitochondrial genome is prone to mutations and deletions that persist throughout generations despite germline selection 
mechanisms. Therefore, copies of wild-type and mutant mtDNA molecules can co-exist within the same cell or organism, 
which is termed heteroplasmy. Mitochondrial disease can manifest when a certain threshold for the levels of mutation is 
surpassed. Since there are multiple copies of mtDNA per cell, the mtDNA copy number can vary in different cells and tissues, 
according to their energetic demands. Previously, we have found that the wild-type mtDNA copy number is maintained 
despite an elevation in the total mtDNA levels, in the well characterized heteroplasmic C. elegans strain, uaDf5. This suggests 
the existence of a homeostatic copy number regulation mechanism to maintain the wild-type mtDNA levels in C. elegans, 
whereas the mutant mtDNA escapes this control. The mechanisms that dictate the persistence and propagation of deleterious 
mutations and the regulation of mtDNA copy number, remain to be elucidated. Previous work showed that CLK-1, a protein 
that participates in the ubiquinone biosynthesis pathway can bind mtDNA in vitro. Recently, our group found that ubiquinone 
deficient clk-1(ok1247) mutant worms display an elevated total mtDNA copy number which is not normalized to control levels 
in the presence of the ubiquinone precursor, 2-4-dihydroxybenzoate (DHB), suggesting an additional role for this protein. In 
this study, we aim to first determine if clk-1 is capable of modulating mtDNA heteroplasmy frequency in uaDf5 heteroplasmic 
worms, by crossing clk-1(ok1247) mutant with uaDf5 worms and, evaluating the heteroplasmy frequency by quantitative 
ddPCR. These experiments were performed in the presence of 10mM DHB, to guarantee clk-1 mutants are supplemented with 
ubiquinone. Our results show that clk-1 (ok1247) mutant; uaDf5 worms have in average significantly lower mutant mtDNA 
frequency than wild-type; uaDf5 worms. Furthermore, we have also performed the same experiments with clk-1(e2519) 
catalytic mutant worms, as another way to demonstrate our results were unrelated with clk-1 canonical function. Our work 
shows CLK-1 to be involved in mtDNA heteroplasmy dynamics and possibly, mtDNA copy number regulation.

294C	 Identification	of	a	potential	regulator	of	proteasome	nuclear	localisation

Johanna Pispa1, Leena Arpalahti1, Elisa Mikkonen1, Carina I Holmberg1 1) University of Helsinki.

The proteasome is the major enzymatic machinery of the ubiquitin-proteasome system (UPS), which is required for 
degradation of misfolded, aged and unnecessary proteins. It is a multisubunit complex, consisting of a core particle, 20S, 
capped by regulatory particles, 19S. The barrel-shaped 20S particle is responsible for the proteolytic activity, whereas the 
19S particles bind polypeptide substrates via polyubiquitin chains, remove the ubiquitins for recycling, and unfold the 
polypeptides prior to transferring them into the lumen of the core particle. Recent studies by us and others have shown that 
the proteasome’s expression and activity are differentially regulated in specific spatial, temporal and physiological contexts in 
vivo to facilitate its essential function in maintenance of cellular proteostasis. Subcellularly, the proteasome is localised both to 
the cytoplasm and in the nucleus. The nuclear role of the proteasome is not fully understood, but it may involve also functions 
not related to its proteolytic activity.

In order to discover new regulators of the proteasome, we have performed a genome-wide C. elegans RNAi screen using a 
transgenic intestinal polyubiquitin-binding reporter strain previously published by our laboratory. This fluorescent reporter 
has been shown to respond to changes in the endogenous amount of polyubiquitinated proteins, and can be used as a tool for 
identifying disturbances in protein degradation mechanisms in live animals. After exclusion of hits affecting protein synthesis or 
having a developmental phenotype, we obtained 33 potential candidate genes. Of these, downregulation of 19 hits increased 
the fluorescence level of the polyubiquitin-binding reporter animals whereas 14 hits decreased the fluorescence. Particularly, 
one RNAi clone stood out as it not only resulted in increased reporter fluorescence but also changed the reporter’s subcellular 
localisation from being expressed throughout the intestinal cell into a predominantly nuclear location. Immunostaining for 
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proteasome 20S subunits showed that the intestinal nuclei have reduced amount of the proteasome, which could cause the 
accumulation of polyubiquitinated substrates. Further characterization of the potential regulator will be presented.

295A	 Identifying	novel	interactors	of	the	guanylate	cyclase	GCY-22	involved	in	NaCl	chemotaxis

Suzanne Rademakers1, Gert Jansen1 1) Erasmus MC, Rotterdam, The Netherlands.

C. elegans senses salts in their environment using the ASE neurons. Detection of salts occurs in sensory organelles, called 
primary cilia. cGMP signalling plays an important role in salt detection. The receptor-type guanylate cyclase (rGC) GCY-22 is 
involved in the response to NaCl in the environment. We generated a full-length GFP knock-in the gcy-22 gene. GCY-22::GFP 
shows unique localization to the ciliary tip and periciliary membrane compartment (PCMC) of one ciliated neuron, ASER. Our 
goal is to understand the molecular mechanisms that regulate its trafficking and unique localization.

To identify proteins that physically interact with GCY-22, we performed mass spectrometry after immunoprecipitation 
to identify proteins bound to GFP-tagged GCY-22. Next, we study where the identified candidate interacting proteins are 
expressed and localized. Mutants are used to investigate their role in salt detection, GCY-22::GFP trafficking towards the cilium 
and localization to the ciliary tip.

The most prominent candidate interacting protein is GCY-19. GCY-19::GFP is expressed in ASER and colocalized with GCY-22. 
Loss-of-function of gcy-19 resulted in lower levels of GCY-22::GFP at the ciliary tip. Similarly, gcy-22 loss-of-function animals 
showed lower levels of GCY-19::GFP at the tip of the ASER cilium . We also found GCY-4 and GCY-5 as possible interactors 
of GCY-22. As rGCs are thought to act as dimers, these findings suggests that GCY-22 might be a common subunit for 
heterodimeric complexes possibly to achieve ion-selectivity.

In addition, we identified DAF-25 in our GCY-22::GFP IP-MS experiments. DAF-25 is the ortholog of the mammalian ankyrin 
repeat and Mynd domain containing protein Ankmy2. DAF-25 has been reported previously to be important for rGC transport. 
Mutants lacking DAF-25 show no ciliary tip localization of GCY-22::GFP and do not respond to NaCl. Other candidate genes 
are currently being investigated. This work will allow us to gain insight in the molecular mechanisms that regulate ciliary tip 
localization of GCY-22.

296B	 Investigating	the	function	of	TAT	proteins	in	lipid	transport	within	ciliated	neurons.

Shapour Rahmani1, Simon Tuck1 1) Umeå University Sweden.

Cilia have protein and lipid compositions that are distinct from that of the cells from which they protrude. Although a 
clear picture exists of how protein transport occurs in cilia, the mechanisms regulating lipid composition are not presently 
understood. Furthermore, much remains to be learned about how changes in lipid distribution affect cilium function. The 
major phospholipids in plasma membranes are phosphatidylserine (PS), phosphatidylethanolamine (PE), phosphatidylchoine 
(PC) and phosphatidylinositol (PI). These phospholipids are not symmetrically distributed in the leaflets that make up 
membrane bilayers: in particular, PC is largely confined to the outer (exofacial) leaflet while PE, PS and PI are mostly confined 
to the inner. These asymmetries are maintained by the movement of phospholipids through the cell membranes catalyzed by 
transamphipathic aminophospholipid translocases belonging to the P4 family of transmembrane ATPases. C. elegans has six 
translocase genes, tat-1 – tat-6. We have found that tat-6 is specifically expressed in a subset of C. elegans ciliated neurons 
and that TAT-6 protein accumulates in cilia. To study the function of TAT-6 and that other translocases in lipid transport in C. 
elegans ciliated neurons, we developed a technique to allow labelling of cilia with lipids. For the first time in C. elegans ciliary 
research we used fusogenic liposomes to deliver fluorescently labelled lipids to the membranes of ciliated neurons. We have 
used this technique to study the roles of all the TAT proteins in this organism in maintaining the distinct lipid composition and 
lipid asymmetry in ciliary membranes. Our experiments revealed that TAT-5 and TAT-1 translocase activities primarily promote 
the transport of phosphatidylethanolamine (PE) and phosphatidylserine (PS) respectively whereas TAT-6 has an overlapping 
function in transporting both PS and PE. Mutants lacking pad-1, which encodes a cofactor for TAT-5, also show defects in 
PE transport. tat-5 and tat-6 mutants display defects in behaviours mediated by ciliated neurons. Overall, our investigation 
indicates that the regulation of lipid asymmetry and phospholipid transport is required for cilia to function properly in C. 
elegans.

297C	 Syndapin	Interacting	Proteins	in	Recycling	Endosome	Function

Wilmer Rodriguez1, Adenrele Gleason1, Barth Grant 1 1) Rutgers University, Piscataway, NJ 08854.
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The regulation of membrane transport is essential for the maintenance of cell and tissue architecture. Endocytic recycling, 
or the selective return of internalized macromolecules to the cell surface from endosomes, is a key process in cell and tissue 
function, but is poorly understood compared to other aspects of the endocytic pathway. In addition to cellular physiology, 
endocytic recycling is important in various areas of biomedicine, such as type II diabetes and cancer. We seek a better 
understanding of the underlying molecular mechanisms that drive endocytic recycling. Here we describe work focusing on a 
trafficking model that we pioneered, the C. elegans intestine, a simple polarized epithelium.

Previous work in our lab identified the F-BAR protein SDPN-1/Syndapin/PACSIN as a recycling regulator associated with early 
and basolateral recycling endosomes in the intestine. Here we identified a physical interaction between the SH3-domain 
of SDPN-1 and a specific sequence in PXF-1, an exchange factor for Ras-like GTPases RAP-1/Rap1 and RAP-2/Rap2. Using 
interaction-defective alleles of sdpn-1 and pxf-1 engineered into the genome by CRISPR, we find evidence that the SDPN-1/
PXF-1 interaction is important for recycling. We also find that RAP-1 is enriched on SDPN-1-positive endosomes, and find 
a requirement for RAP-1 in basolateral recycling. Mammalian Rap1 has been reported to act upstream of RhoA in several 
processes involving regulation of actin and non-muscle myosin II function, and our recent results suggest that SDPN-1 and PXF-
1 affect non-muscle myosin accumulation on intestinal endosomes in the intestine. We hypothesize that SDPN-1 interacts with 
PXF-1 in order to activate RAP-1, which promotes recycling via RHO-1/RhoA, actin, and myosin II. Progress on this model will 
be discussed.

298A	 UNC-104	anterograde	bias	is	regulated	by	ubiquitination

Vidur Sabharwal1, Padmapriya Boyanapalli1, Aprotim Mazumder2, Sandhya Koushika1 1) Tata Institute of Fundamental Research, 
Mumbai; 2) TIFR Centre for Interdisciplinary Sciences, Hyderabad.

UNC-104 is an ATP-dependent kinesin motor necessary for the transport of synaptic vesicle proteins from the cell body to the 
synapse. UNC-104 has been shown to be degraded at synapses through ubiquitin-mediated pathways depending on its ability 
to bind cargo. Ubiquitination is also known to regulate protein function without leading to degradation. Thus we investigated 
whether, in addition to degradation, ubiquitination of UNC-104 can alter motor function. To identify E3s that ubiquitinate 
UNC-104, we carried out a Touch Receptor Neuron-specific RNAi screen of 230 neuronally enriched E3 ubiquitin ligases. We 
identified F54B11.5 (an RNF141 orthologue) as a potential regulator of ubiquitination of UNC-104. We observe UNC-104 has 
an anterograde bias in the following three assays:- motor accumulation at the site of laser ablation, UNC-104 particle tracking, 
and Fluorescence Recovery after Photobleaching (FRAP). In RNAi of the E1 ubiquitin-activating enzyme, uba-1, and f54b11.5, 
UNC-104’s anterograde bias is increased in an ATP-dependent manner. Likewise, using FRAP, we observe a reduction in UNC-
104’s retrograde diffusive flux in an uba-1 mutant. These observed alterations of biased UNC-104 movement result in uba-1 
and f54b11.5 RNAi may lead to the observed increase in anterograde net displacement of the synaptic vesicle protein RAB-3. 
These data suggest a hypothesis where the lack of UNC-104 degradation leads to a greater that number of motors on the cargo 
surface as opposed to the freely diffusing UNC-104. Together, these data suggest that ubiquitination may regulate UNC-104’s 
ability to bind cargo and maintain an equilibrium of UNC-104’s anterograde and retrograde flux.

299B	 Neuronal	mitochondria	utilize	a	novel	fission	mechanism	during	extrusion	into	exophers

Joelle Smart1, Eunchan Park1, Ken Nguyen2, Chris Rongo1, Dave Hall2, Monica Driscoll1 1) Rutgers University; 2) Albert Einstein 
College of Medicine.

The Driscoll lab discovered a previously unknown capacity of C. elegans adult neurons to extrude large (~5 µm) vesicles 
that include cytoplasmic contents (Melentijevic, 2017). These vesicles, which we call «exophers», are a microcosm of the 
originating soma: they can contain almost anything from the cell, including aggregated proteins, cytoskeletal components, and 
organelles. Importantly, I have found mitochondria are extruded into the majority of C. elegans touch neuron exophers, and 
recent work in mouse cardiomyocytes demonstrates elimination of defective mitochondria through exopher-genesis plays a 
critical role in cardiac homeostasis (Nicolás-Ávila, 2020).

Mitochondrial morphology is thought to influence cell function and age-associated decline. In all animals, FZO-1/MFN1/2 and 
EAT-3/OPA1 respectively mediate outer and inner mitochondrial membrane fusion, while the dynamin motor DRP-1 is required 
for canonical mitochondrial fission. Several interesting questions arise: Are small, hyper-fragmented mitochondria (produced 
by inhibiting mito fusion) more amenable to trafficking into exophers? Does abolishing mitochondrial fission (knocking out 
DRP-1) prevent mitochondrial severance and extrusion into exophers? I have made the surprising discovery that portions 
of the mitochondrial network are severed and ejected into exophers even when DRP-1-mediated mitochondrial fission is 
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abolished. Furthermore, I have shown mitochondria contained within exophers are typically intact. In fact, in a small fraction of 
cases, exophers and their mitochondria can remain morphologically intact for weeks following separation from the soma,

suggesting mitochondrial fragmentation during exopher-genesis is not irreparably traumatic. Most extruded mitochondria, 
however, appear to be degraded by the surrounding hypodermis within 3 hours of exopher-genesis. I will be presenting my 
findings on the proteins, organelles, and physical factors governing this non-canonical mechanism of mitochondrial fission, as 
well as the biochemical and functional properties of both extruded and retained mitochondria.

This research documents a novel method of mitochondrial sculpting and distribution that likely has important implications for 
mitochondrial homeostasis, trafficking, and membrane repair.

Melentijevic I, et al. C. elegans neurons jettison protein aggregates and mitochondria under neurotoxic stress. Nature. 2017 
Feb 16;542(7641):367-371. doi: 10.1038/nature21362. Epub 2017 Feb 8. PMID: 28178240; PMCID: PMC5336134.

Nicolás-Ávila JA, et al. A Network of Macrophages Supports Mitochondrial Homeostasis in the Heart. Cell. 2020 Oct 
1;183(1):94-109.e23. doi: 10.1016/j.cell.2020.08.031. Epub 2020 Sep 15. PMID: 32937105.

300C	 RAB-10	functions	opposite	of	the	AGEF-1/Arf	GTPase/AP-1	pathway	to	regulate	vesicle	trafficking

Aida Sobhani1,2, Olga Skorobogata1,2, Ali Fazlollahi2, Kimberley Gauthier1,2, Christian E Rocheleau1,2,3 1) Department of Anatomy 
and Cell Biology, McGill University, Montreal, Canada.; 2) Research Institute of the McGill University Health Centre, Montreal, 
Canada.; 3) Division of Endocrinology and Metabolism, Department of Medicine, McGill University, Montreal, Canada..

Cell polarity is critical for the function of the many cell types. In C. elegans, basolateral localization of the LET-23 Epidermal 
Growth Factor Receptor (EGFR) in the vulval precursor cells (VPCs) is required for the development of the vulva. A class I/II Arf 
GTPase pathway regulated by AGEF-1, a homolog of the mammalian BIG1/2 Arf GEFs, antagonizes LET-23 EGFR signaling by 
promoting its apical trafficking. Loss of the AGEF-1/Arf GTPase/AP-1 pathway results in increased basolateral LET-23 EGFR and 
over induction of vulva tissue. Thus, this pathway is required to maintain the proper levels of LET-23 EGFR at the basolateral 
membrane to ensure proper vulva induction. In human, the EGFR signaling pathway is frequently over-activated in many 
cancers and studying the mechanisms regulating EGFR signaling is crucial to understand the development of EGFR-related 
diseases. We found that RAB-10 GTPase has novel antagonistic interactions with the Arf GTPase pathway. RAB-10 GTPase is 
required for agef-1(vh4) trafficking phenotypes in several tissues including increased basolateral localization of LET-23 EGFR 
in the VPCs, but it is not required for LET-23 EGFR localization in a wild-type background. RAB-10, AGEF-1 as well as the Arf 
GTPase pathway localize to Golgi and recycling endosomes to regulate polarized trafficking in epithelial cells, however, it is 
not known how their functions are coordinated. The focus of my project is to find how RAB-10 interacts with the Arf GTPase 
pathway and which effectors and regulators function with RAB-10 to regulate LET-23 EGFR localization and signaling. Our 
genetic epistasis indicates that rab-10(+) is required downstream of agef-1(vh4) and arf-1(ok796), but upstream or in parallel 
with unc-101(sy101) AP-1 m subunit. Thus, RAB-10 might function with the AP-1 clathrin adaptor complex in the absence of Arf 
GTPase activity to promote basolateral transport of LET-23 EGFR. Additionally, we screened RAB-10 effectors for interactions 
with the AGEF-1. Two RAB-10 effectors, CNT-1, an Arf6 GAP, and SEC-15, a subunit of the exocyst complex, are suppressors of 
agef-1(vh4) embryonic phenotypes. Unexpectedly, we found that CNT-1 functions opposite of RAB-10 in the VPCs and thus 
might function in a distinct pathway. We are still testing the role of SEC-15 in regulation of LET-23 EGFR trafficking. These 
studies will determine how RAB-10 and the AGEF-1/Arf/AP-1 trafficking intersects to regulate polarized transport in epithelial 
cells.

301A The C. elegans	homolog	of	Nucleolin,	NUCL-1,	contributes	to	nucleolar	organization	through	its	intrinsically	
disordered	RG/RGG	repeat	domain

Emily Spaulding1, Alexis Feidler1, Dustin Updike1 1) Mount Desert Island Biological Laboratory.

Intrinsically disordered domains are found in 30-40% of human proteins, many of which undergo liquid-liquid phase separation 
(LLPS). How these domains influence LLPS-mediated membraneless organelle (MLO) formation and organization in vivo is 
unclear. One such domain, consisting of Arginine and Glycine (RG/RGG) repeats, is critical for both P-granule and nucleolar 
function in C. elegans. We have identified 551 proteins with 3 or more regularly spaced RG/RGG repeats in C. elegans. Gene 
Ontology analysis reveals that these RG/RGG repeat-containing proteins are enriched in MLOs, including the nucleolus and 
P-granules. MEME motif discovery was used to identify a phenylalanine-rich RG/RGG motif typical of nucleolar proteins and 
a tyrosine-rich RG/RGG motif typical of P-granule proteins. These motifs were then used to predict the MLO localization of a 
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highly abundant but uncharacterized protein, K07H8.10. The 176 amino acid-long RG/RGG repeat domain of K07H8.10 is the 
longest in C. elegans and is interspersed with phenylalanine, predicting nucleolar localization. In addition to its N terminal 
RG/RGG repeat domain, K07H8.10 contains a coiled-coil acidic domain and two C terminal RNA recognition motifs. Both the 
HHpred and the MARRVEL bioinformatics toolkits predict homology to Nucleolin, which contains these same three domains, 
although configured in a different arrangement in nematodes. We have fluorescently tagged K07H8.10 (now named NUCL-1) 
in the C. elegans germline and confirmed its nucleolar localization. Deleting the N terminal RG/RGG repeat domain of NUCL-1 
results in fertile worms and does not impair NUCL-1 localization to the nucleolus. However, super resolution imaging of NUCL-
1 in living worms reveals that sub-nucleolar compartmentalization of both NUCL-1 and Fibrillarin (FIB-1) are disrupted. Our 
results indicate that the NUCL-1 RG/RGG repeat domain is dispensable for localization to the nucleolus but is crucial for overall 
nucleolar organization.

302B	 Perturbation	of	RME-8	results	in	elongation	of	endosomes	in	ALM	neurites.

Sierra Swords1, Barth Grant1 1) Rutgers University.

Proper long-distance trafficking of membrane-associated cargo is crucial for neuronal health. Recently, RME-8, a protein known 
for its important role in recycling endocytic cargo in non-neuronal cells from early endosomes to the plasma membrane via the 
Golgi, was implicated in Parkinson’s Disease (PD). A single copy of a specific allele, N855S, in human RME-8 (aka DNAJC13) was 
closely associated with inherited PD in a particular family, and other rare alleles of human RME-8 have been associated with 
a related disease, Essential Tremors. Prior to this work RME-8 function had not been studied in neurons, where membrane 
trafficking pathways are particularly elaborate and specialized.

Using C. elegans as a model, our lab has investigated the effects in neurons of perturbing RME-8 function, with a particular 
emphasis on the effects on endosomes traveling long-distance in neurites. Importantly, in rme-8(b1023ts) mutants at 
restrictive temperature, we find an abnormal accumulation of elongated RAB-5 and RAB-7 positive endosomes in the neurite 
of ALM mechanosensory neurons. These elongated vesicles are often quite dynamic, but appear to fail in long distance 
directional movement. We also engineered the homologous PD mutation into the worm via CRISPR (rme-8 N861S). We 
observe similar elongated endosomal structures in N861S mutant neurons, but not in young adults, only in aged animals. 
This appears to mimic PD pathology in that it is strongly associated with aging. Our results point to a key role in endosomal 
trafficking in the neurite for RME-8, and suggests that failure of such trafficking is important in understanding the etiology of 
PD.

303C	 Disruption	of	Golgi	function	induces	pathogen	response	gene	expression

Christofer Welsh1, Amy Walker1 1) UMASS Medical School.

Each secretory pathway organelle has a distinct configuration of phospholipids and resident proteins in addition to separable 
stress pathways. These stress pathways activate restorative transcriptional programs when lipid ratios become unbalanced, or 
protein function fails. We and others have noticed that a common set of genes are activated by bacterial pathogens, disruption 
in lipid synthesis or induction of

ER stress. Here, we show that these immunity-linked genes (ILGs) are also activated upon disruption of the ADP-ribosylation 
factor ARF-1, a key regulator of Golgi secretory function. We have previously found that ARF-1 activity is blocked by changes 
in membrane lipid levels, which suggests that altered lipid levels in secretory organelles other than the ER can also stimulate 
these ILGs as part of a stress response.

304A	 Determining	the	function	of	the	LOV-1	polycystin-1	adhesion	GPCR	and	TRP	PKD-2	on	cilia	and	extracellular	vesicles

Jonathon Walsh1, Juan Wang1, Molly DeHart1, Maureen Barr1 1) Rutgers University.

Human autosomal dominant polycystic kidney disease (ADPKD) is one of the most common inherited ciliopathies and a 
common cause of end-stage renal failure. ADPKD is caused by mutations in PKD1 and PKD2, which encode the polycystin-1 
(PC1) 11 transmembrane receptor and TRP polycystin-2 (PC2) channel. In humans and C. elegans, the polycystins function 
in a sensory capacity, localize to primary/sensory cilia, and are shed from cells in tiny extracellular vesicles (EVs), suggesting 
an ancient function. EVs are tiny (100-200 nm) membrane-bound vesicles that deliver lipids, nucleic acids, and proteins to 
neighboring cells. Cilia are important sites for EV release and interaction. The C. elegans polycystins LOV-1/PC1 and PKD-2/PC1 
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regulate male mating behaviors. During mating, C. elegans males transfer PKD-2::GFP-labeled EVs to the hermaphrodite vulva. 
Isolated EVs trigger male tail chasing behavior: PKD-2 location on ciliary EVs is essential for this EV bioactivity.

A major gap in our knowledge is the in vivo functions of the polycystins in cilia and EVs.I have developed an arsenal of CRISPR-
based, LOV-1 reporters and mutants for studying endogenous localization and function of LOV-1 and PKD-2 in male-specific 
ciliated EV releasing neurons (CEMs, RnBs, HOB). I am testing two hypotheses: (1) LOV-1 acts as an adhesion G protein-
coupled receptor (GPCR) with PKD-2-dependent and -independent functions and (2) LOV-1 autoproteolytic cleavage plays an 
instrumental role in LOV-1 function.

Using CRISPR-generated, N-Terminal (NTM) and C-terminal (CTM) fluorescent-protein fusions of LOV-1/PC1, I observed 
subcellular localization differences between NTM LOV-1 and CTM LOV-1 GPS cleavage products in dendrites, cilia, and EVs. 
PKD-2 and CTM LOV-1 (but not NTM LOV-1) colocalize, suggesting functional association. GPS cleavage is required for LOV-
1 localization to cilia and release in EVs. In addition, preliminary data suggests the release of polycystin-containing EVs 
is a regulated process and our ability to detect environmental released FP-tagged EV cargoes is not the result of protein 
overexpression. Future efforts are aimed at determining the relationship between LOV-1 and PKD-2, the function of polycystins 
in EVs, the cellular targets of polycystin-carrying EVs, and the role of polycystin-carrying EVs in animal-animal communication.

305B	 Phagocytosis	and	processing	of	neuron-derived	exophers	by	the	C. elegans hypodermis.

Yu Wang1, Meghan L. Arnold1, Joelle Smart1, Ryan J. Guasp1, Jason Cooper1, Guoqiang Wang1, Andres Morera1, Ilija Melentijevic1, 
Ken C. Nguyen1, David H. Hall2, Monica Driscoll1, Barth D. Grant1 1) Rutgers University, Department of Molecular Biology and 
Biochemistry, Piscataway, New Jersy08854, USA.; 2) Department of Neuroscience, Albert Einstein College of Medicine, Bronx, 
New York 10461, USA..

Previous work showed that adult C. elegans neurons are capable of ejecting a large portion their cell bodies as a giant vesicle 
(average size 3.8 micron) loaded with aggregated protein and mitochondria, a process that becomes much more frequent 
upon challenge by several forms of cellular stress (Melentijevic et al., 2017). Current models posit that such ejection removes 
toxic materials from the neuron, enhancing neuronal stress recovery. Here we have focused on the fate of exophers ejected 
by the mechanosensory neuron ALMR, a neuron whose soma is completely surrounded by the syncytial skin cell hyp7. By 
following exophers within individual animals over time we found a characteristic pattern in which a single large ALMR exopher 
typically moves within hyp7 in a posterior direction, away from the neuron, but initially maintains a long thin connection 
to the neuronal soma. Within 3 hours of ejection most intact exophers have disappeared, with remaining material derived 
from the exopher broken up into many smaller vesicles within the hypodermis that we have termed “starry night”. Over the 
next few days most starry night vesicles diminish in intensity, and in many cases fluorescent material derived from exophers 
appears outside of the hypodermis in coelomocyte cells. This pattern suggested that ejected exophers are phagocytosed by 
the much larger hypodermal cell, with the hypodermal endolysosomal machinery activated to degrade toxic exopher materials 
via phagosome maturation. Undigested material may then be resecreted by the hypodermis, allowing uptake and another 
chance at degradation by the coelomocyte scavenger cells. Work in progress supporting this model will be presented, with an 
emphasis on current results analyzing hypodermal uptake and phagosome processing, and the role of ARF-6, CNT-1, and RAB-
35 in this process.

306C	 NuRD	mediates	mitochondrial	stress–induced	longevity	via	chromatin	remodeling	in	response	to	acetyl-CoA	level

Di Zhu1,2, Xueying Wu1, Jun Zhou1,2, Xinyu Li1,2, Xiahe Huang1, Jiasheng Li1,2, Junbo Wu3, Qian Bian 3, Yingchun Wang1,2, Ye Tian1,2,4 1) 
State Key Laboratory of Molecular Developmental Biology, Institute of Genetics and Developmental Biology, Chinese Academy 
of Sciences, Beijing 100101, China.; 2) University of Chinese Academy of Sciences, Beijing 100093, China. ; 3) Shanghai In- 
stitute of Precision Medicine, Ninth People›s Hospital, Shanghai Jiao Tong University School of Medicine, Shanghai 200125, 
China.; 4) Center for Excellence in Animal Evo- lution and Genetics, Chinese Academy of Sciences, Kunming 650223, China..

Mild mitochondrial stress experienced early in life can have beneficial effects on the life span of organisms through epigenetic 
regulations. Here, we report that acetyl–coenzyme A (CoA) represents a critical mitochondrial signal to regulate aging through 
the chromatin remodeling and histone deacetylase complex (NuRD) in Caenorhabditis elegans. Upon mitochondrial stress, 
the impaired tricarboxylic acid cycle results in a decreased level of citrate, which accounts for reduced production of acetyl-
CoA and consequently induces nuclear accumulation of the NuRD and a homeodomain-containing transcription factor DVE-1, 
thereby enabling decreased histone acetylation and
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chromatin reorganization. The metabolic stress response is thus established during early life and propagated into adulthood 
to allow transcriptional regulation for life-span extension. Furthermore, adding nutrients to restore acetyl-CoA production is 
sufficient to counteract the chromatin changes and diminish the longevity upon mitochondrial stress. Our findings uncover the 
molecular mechanism of the metabolite-mediated epigenome for the regulation of organismal aging.

307A	 Towards	a	quantitative	gene	network	underlying	robustness	of	seam	cell	fate

Alicja Brozek1, Mark Hintze1, Vahid Shahrezaei2, Michalis Barkoulas1 1) Department of Life Sciences, Imperial College London, 
UK; 2) Department of Mathematics, Imperial College London, UK.

Among all multicellular organisms, Caenorhabditis elegans offers a unique experimental system to study phenotypic 
robustness because of its remarkably reproducible development. In our lab, we focus on seam cells, which show stem cell-like 
properties being able to divide both symmetrically and asymmetrically in order to self-renew or generate daughter cells that 
differentiate into hypodermis and neurons, and this happens in a fairly invariant manner. To improve our understanding of the 
seam cell gene network, we have started focusing on key transcription factors that are thought to be its core members, such 
as elt-1, egl-18 and ceh-16. We have used single molecule FISH to quantify the expression levels of these factors in wild-type 
and mutant backgrounds and characterise their putative interactions. Preliminary data suggest that individual seam cells may 
be subject to different quantitative relationships based on their position along the anterior-posterior axis. In order to evaluate 
the stability of these interactions we have built a preliminary Boolean network model based on our smFISH data. In silico 
simulations have been used to evaluate the robustness of various network architectures upon perturbation. Our aim is to 
integrate experimental and theoretical work to understand the structure of the seam cell fate gene network and its resilience 
to perturbation.

308B	 Positioning	sea-2 and lin-66	in	the	heterochronic	pathway	in	the	context	of	continuous	and	L2d-interrupted	
development

Reyyan Bulut1, Orkan Ilbay2, Victor Ambros1 1) University of Massachusetts Medical School, Worcester, MA; 2) Stanford 
University, Stanford, CA.

Caenorhabditis elegans larvae are born with 10 hypodermal stem cells (seam cells) along each side of their body. Seam cells 
execute an asymmetric (self-renewal) division before each molt, and in addition, at the L1 molt, certain seam cells divide 
symmetrically (doubling cell number in the corresponding lineage). The L2 stage symmetric seam cell divisions are specified 
by the heterochronic gene regulatory pathway and the transcription factor Hunchback-like-1 (HBL-1) is the most proximal 
heterochronic regulator of this L2-specific developmental event. Mutations that disrupt the timely down-regulation of HBL-
1 result in abnormal seam cell numbers – too many seam cells if HBL-1 is over-expressed, or too few seam cells if HBL-1 is 
precociously down regulated. Previous research described two distinct and parallel HBL-1 down-regulation mechanisms: On 
the one hand, post-transcriptional silencing via let-7 family and lin-4 microRNA complementary sites in the 3’UTR of hbl-
1 transcript and, on the other hand, post-translational regulation mediated by the lin-28/lin-46 axis of the heterochronic 
pathway. Importantly, which of these HBL-1 regulatory mechanisms predominates depends upon the larva’s life history (and 
hence dictated by the environmental conditions): during the rapid and continuous development associated with replete 
culture conditions, microRNA-mediated post-transcriptional regulation of HBL-1 is the primary mode, whilst LIN-46-mediated 
post-translational regulation dominates during L2d interrupted development. Previous genetic screens identified additional 
factors that affect seam cell numbers, including sea-2, which encodes a zinc finger protein [1] and lin-66, which encodes 
a protein of unknown function [2]. sea-2 or lin-66 loss-of-function mutants cause increased seam cell numbers during 
continuous development, and molecular analysis suggested that these genes act as negative regulators of LIN-28 expression 
[1, 2]. Here we employed epistasis analysis and sensitized genetic backgrounds to investigate the functional relationship of 
sea-2 and lin-66 to other genes in the heterochronic pathway, particularly with respect to lin-28 and hbl-1, and during both 
continuous and L2d-interrupted development. Our results indicate that sea-2 and lin-66 (especially sea-2) are far more critical 
for the regulation of seam cell number during L2d-interrupted development than during continuous development. Also, our 
results suggest that sea-2 may function by opposing a previously undefined lin-28/hbl-1 axis that is independent of lin-46, and 
that lin-66 may regulate hbl-1 downstream of lin-28 and lin-46. Our findings suggest additional regulation mechanisms for 
a developmentally critical transcription factor and expands our understanding of how robustness of animal development is 
achieved against adverse growth conditions.

[1] PMID: 21471153
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[2] PMID: 17139256

309C Studying cell-fate convergence in the mesodermal lineage of C. elegans

Aleksandr Bykov1, Jingkui Wang1, Luisa Cochella1 1) Research Institute of Molecular Pathology, Vienna, Austria.

One of the main goals of developmental biology is to understand the mechanisms and principles of how cells acquire 
diverse identities during embryogenesis. One of the assumptions is that cells progress through embryogenesis, progressively 
restricting their developmental potential and gradually acquiring their terminal identities. However, sometimes this process of 
cell fate specification is not linear. In some cases, cells initially commit towards a specific fate, but later change their seeming 
commitment and veer towards a different trajectory, converging to another cell type. The C. elegans lineage reveals multiple 
instances of such cell-type convergence. We aim to understand the mechanisms that initiate the change in a trajectory of a 
cell, and whether cells with converged identities maintain differences due to their different early transcriptional histories. 
Using single-cell RNA sequencing and taking advantage of C. elegans’s invariant development we have a unique opportunity 
to study how cells establish their identities at the level of gene regulatory networks with single-cell resolution. We have 
sequenced the whole mesodermal lineage from C. elegans, originating from the MS blastomere. This lineage gives rise to many 
body-wall muscles as well as part of the pharynx and contains several instances of cell fate convergence. We used the SMART-
Seq2 protocol to achieve maximal sensitivity, which allowed us to detect even lowly expressed transcripts. Using these data, 
we have uncovered transcriptional differences along trajectories that converge on the production of muscle cells from different 
parts of the lineage. We are currently testing candidate transcription factors and signaling pathways that may drive this cell 
identity convergence. We are also exploring the transcriptional differences across terminal muscle cells and their link to the 
different trajectories. Our data provide new entry points for mechanistic studies to ultimately understand the principles of cell-
type diversification.

310A C. elegans establishes	germline	versus	soma	by	balancing	histone	methylation

Brandon Carpenter1, David Katz1 1) Emory University.

Embryos undergo extensive reprogramming at fertilization to prevent the inappropriate inheritance of histone methylation. 
In C. elegans, the H3K4me2 demethylase, SPR-5, and the H3K9 methyltransferase, MET-2, are maternally deposited into the 
oocyte where they cooperate to reestablish the epigenetic ground state of the newly formed zygote. Previous work from the 
Strome and Kelly Labs demonstrates that maternally deposited MES-4 maintains H3K36me2/3 at germline genes between 
generations to help re-establish the germline. To determine whether the MES-4 germline inheritance system antagonizes spr-5; 
met-2 maternal reprogramming, we examined the interaction between these two systems. Here, we show that the progeny of 
spr-5; met-2 mutants display a severe developmental delay that is associated with the ectopic expression of MES-4 germline 
genes in somatic tissues. By performing ChIP-seq on L1 progeny from spr-5; met-2 mutants, we find that MES-4 germline genes 
ectopically accumulate H3K36me3 in somatic tissues. Additionally, knocking down MES-4 suppresses the ectopic expression 
of MES-4 germline genes and rescues the developmental delay. We also show that the developmental delay is dependent 
upon the H3K4 methyltransferase, SET-2. More recent data from our lab uncovered a synergistic interaction between SPR-
5; MET-2 maternal reprogramming and MEC Complex member, MEP-1. This interaction links maternal reprogramming 
of histone methylation to the somatic mechanisms that suppress germline gene expression in somatic tissues. Together, 
these data suggest a model where SPR-5; MET-2 maternal reprogramming antagonizes H3K36me2/3 to enable the proper 
transgenerational control of germline versus somatic cell fates. Without SPR-5; MET-2 reprogramming, somatic cells struggle to 
specify their proper cell fate amongst the noise of inappropriate germline gene transcription, leading to developmental delay. 
A similar mechanism may underlie the developmental delay of Soto and Kabuki Syndrome patients who have mutations in 
histone modifying enzymes.

311B	 ztf-16 opposes	adult	cell	fate	after	dauer	in	Caenorhabditis elegans

Mark A. Hansen1, Anuja Dahal1, Taylor A. Bernstein1, Chani Kohtz1, Aric L. Daul2, Eric Montoye1, Ganesh P. Panzade4, Amelia F. 
Alessi3, Stephane Flibotte5, Marcus L. Vargas2, Campbell Brown1, John K. Kim3, Anna Zinovyeva4, Ann E. Rougvie2, Xantha Karp1 1) 
Central Michigan University; 2) University of Minnesota; 3) Johns Hopkins University; 4) Kansas State University; 5) University 
of British Columbia.

Diapause is an interruption in developmental progression that helps animals to survive adverse environmental conditions. 
However, the mechanisms that modulate developmental pathways to accommodate diapause are still unclear. In favorable 
conditions, C. elegans develops continuously through four larval stages. Alternatively, in unfavorable conditions, larvae enter 
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dauer diapause after the second larval molt. One cell type that is affected by dauer is the hypodermal seam cells. Seam 
cells are multipotent during larval development but differentiate in adults, a process that is regulated by the heterochronic 
genes. Interestingly, most heterochronic genes that are required during continuous development are dispensable after dauer, 
suggesting that a separate developmental pathway controls post-dauer seam cell development. To shed light on such a 
pathway, we conducted a genetic screen for mutants displaying precocious expression of the adult-specific col-19p::gfp marker 
in post-dauer larvae. In this screen we identified ztf-16, encoding a C2H2 zinc finger transcription factor. To determine how 
ztf-16 interacts with the heterochronic pathway to regulate col-19p::gfp we did a series of epistatic experiments. The LIN-
29 transcription factor directly activates col-19 and is in turn regulated indirectly by the let-7 microRNA. We found that the 
ztf-16 precocious phenotype was epistatic to let-7 reiterative phenotypes. Furthermore, ztf-16::gfp expression was strongly 
upregulated in let-7 mutants indicating that ztf-16 acts downstream of let-7. Surprisingly, col-19p::gfp expression remained 
high in lin-29(0) mutants, suggesting that ztf-16 regulates col-19p::gfp expression independently of lin-29. Using RNA-seq, we 
found >1000 genes whose expression changes in ztf-16(-) larvae including transcription factors that are candidate regulators of 
col-19p::gfp expression. Our work describes a novel regulator of adult cell fate that functions after dauer diapause.

312C	 The	polarity	protein	PAR-4	controls	intestinal	cell	number	by	regulating	cell	fate	in	C. elegans embryos

Flora Demouchy1,2, Ophélie Nicolle1,2, Grégoire Michaux1,2, Anne Pacquelet1,2 1) Institute of Genetics and Development of Rennes, 
CNRS, France; 2) Université Rennes 1, France.

Intestinal epithelial cells can absorb food through their highly specialized apical surface, the so-called brush border, which is 
composed of many microvilli. Two processes are crucial for proper gut function: the polarization of enterocytes as well as the 
regulation of their number in the tissue. The polarity protein and tumor suppressor PAR-4/LKB1 has been shown to be involved 
in both processes. Its ectopic activation is sufficient to induce the formation of an apical brush border with microvilli-like 
structures in intestinal epithelial cancer cell lines. Moreover, mutations in the lkb1 gene are responsible for the Peutz-Jeghers 
syndrome in which patients develop benign intestinal polyps. However, as this master kinase acts through various signaling 
pathways, it is essential to better characterize its role and its downstream effectors in intestinal cells in vivo.

In order to do so, we used confocal and transmission electron microscopy to observe the intestinal epithelium in C. elegans 
par-4 thermosensitive mutant embryos. Surprisingly, we have found that PAR-4 loss-of-function does not inhibit the formation 
of microvilli in intestinal cells, even if they present mild defects. However, par-4 mutant embryos display extra intestinal 
cells, which lead to striking defects of the intestinal epithelium architecture, notably the appearance of strong intestinal 
lumen deformations. Lineage experiments revealed that PAR-4 does not control the number of enterocytes by regulating 
the cell cycle, but by controlling cell fate specification during embryogenesis. While the intestine exclusively arises from the 
E blastomere in wild type embryos, we observed that the C lineage also gives rise to intestinal cells in par-4 mutants. We 
are currently investigating the molecular mechanisms underlying this novel function of PAR-4. We are in particular testing 
whether PAR-4 prevents intestinal specification in the C lineage by inhibiting the transcription factors SKN-1 and/or MED-1/2. 
Furthermore, we are also investigating the possible link between PAR-4 and two other kinases, PAR-1 and GSK-3, which control 
intestinal cell number and specification of the C lineage, respectively (our observations and Schlesinger et al., Genes Dev., 
1999; Maduro et al., Mol Cell, 2001).

Altogether this work will allow us to characterize a novel signaling pathway by which PAR-4 regulates cell fate specification. 
This appears to be essential to prevent intestinal hyperplasia and lumen deformations.

313A	 The	RAP-2	Small	GTPase	and	MIG-15	MAP4	kinase	promote	tertiary	fate	in	C. elegans	VPC	Patterning

Razan Fakieh1, Hanna Shin1, David Reiner1 1) IBT HSC Texas A&M University, Houston, TX.

During C. elegans development, graded EGF signal from the anchor cell (AC) induces the six equipotent vulval precursor cells 
(VPCs) to assume a pattern of 3˚-3˚-2˚-1˚-2˚-3˚ cell fates. The VPC closest to the AC is induced via the Ras-Raf-MEK-ERK MAP 
kinase cascade to assume 1˚ fate. Presumptive 1˚ cells generate DSL ligands to induce the two neighboring cells via the Notch 
receptor to assume 2˚ fate. 1˚ and 2˚ developmental programs have been shown to be mutually antagonistic. Our lab showed 
that lower EGF dose causes Ras to switch effectors, from Raf to RalGEF-Ral, which functions to promote 2˚ fate in support of 
Notch. We further showed that Ral signals through GCK-2, a member of the Ste20 family of mitogen-activated protein kinase 
kinase kinase kinases (MAP4Ks), to trigger a p38 MAP kinase cascade to promote 2˚ fate (Shin et al., 2018). 1˚ and 2˚ cells 
execute distinct and stereotyped division patterns to form the vulva. In contrast, 3˚
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fate is typically referred to as the “ground” or “uninduced” cell fate; 3˚ cells divide once and fuse with the surrounding 
epithelium. We have found that a paralog of GCK-2, MIG-15, also plays a role in VPC patterning. Upon mutation or RNAi 
depletion of MIG-15 or RAP-2, we observed an increase in ectopic 1˚ as well as ectopic 2˚ cells. MIG-15 is also required 
for expression of a putative cell fate reporter in 3˚ cells. Both RAP-2 and mig-15 are necessary for full expression of the 3° 
biomarker. Thus, we hypothesize that, like 1˚- and 2˚-promoting signals, 3˚-promoting signals antagonize other vulval cell fates. 
Using CRISPR-Cas9, we engineered an insert of fluorescent protein and epitope tag into the 5’ end of the endogenous mig-
15 gene, revealing ubiquitous expression in the animal, localized to the cytosol and cell-cell junctions. We also inserted auxin 
inducible degron (AID), which mediates conditional degradation of tagged proteins. We will use complementary degradation 
experiments and tissue-specific transgenic rescue to test whether MIG-15 functions in the VPCs to repress 1˚- and 2˚- signals. 
We will also use CRISPR to mutationally activate MIG-15, as we did previously with the paralogous GCK-2. Preliminary 
data suggest that RAP-2 functions similarly to MIG-15, and RAP-2 has been shown to activate MIG-15 in other systems. 
We hypothesize that RAP-2-MIG-15 promotes 3° fate, counter to the notion of 3˚ fate as “uninduced.” Our work presents 
positions us to explore signals that promote “ground” developmental state and perhaps informs the relationship cancers and 
surrounding stromal cells.

314B	 Proliferation/differentiation	control	by	the	SWI/SNF	nucleosome	remodeler	in vivo

Tessa Gaarenstroom1, Molly Godfrey1, Alexander Blackwell1, Ewan van der Vlist1, Sander van den Heuvel1 1) Utrecht University.

During development cells undergo well-controlled fate changes, passing through proliferating precursor states before 
exiting the cell cycle and permanently differentiating. Changes in gene expression underlie these cellular decisions, ensuring 
tight control over this dynamic process. We have combined genetics with cell type-specific next-generation sequencing 
and phenotypic analyses to study the divisions of the mesoblast lineage. Using low-input RNA sequencing technology we 
characterized changes in gene expression over time, and found that more than a quarter of transcripts change as cells exit 
quiescence to first proliferate, and then differentiate into muscle cells. We show that a major chromatin remodeler, the 
SWI/SNF complex, is required to promote cell cycle exit and cell fate changes. Tissue-specific loss of function of an essential 
complex component results in delayed downregulation of cell cycle genes, coinciding with cellular overproliferation. 
Furthermore, depletion of SWI/SNF results in a failure of mesoblast descendants to differentiate. Current work is focused on 
the mechanism and collaborating factors by which SWI/SNF controls the proliferation-differentiation transition. Several key 
transcription factors were found to be misregulated following SWI/SNF loss, and we investigated effects of loss-of function of 
homeobox factors mls-2 and lin-39, as well as hlh-1 CeMyoD. We show that loss of hlh-1 also causes cells to overproliferate, 
suggesting a potential collaboration with SWI/SNF to regulate cell cycle genes. Finally, to discover additional contributing 
factors, we are employing a forward and reverse genetic screening approach. We tested an RNAi library containing 350 
chromatin factors, and found that depletion of putative H3K27 demethylases partially suppress the SWI/SNF overproliferation 
phenotype. Future experiments will be aimed at identifying the mechanism of action of SWI/SNF on the chromatin, using cell-
type specific and low input genomic profiling methods.

315C	 Speed	and	fate	diversity	tradeoff	in	nematode’s	early	embryogenesis

Guoye Guan1, Ming-Kin Wong2, Zhongying Zhao2,3, Lei-Han Tang3,4,5, Chao Tang1,6,7 1) Center for Quantitative Biology, Peking 
University, Beijing, China; 2) Department of Biology, Hong Kong Baptist University, Hong Kong, China; 3) State Key Laboratory of 
Environmental and Biological Analysis, Hong Kong Baptist University, Hong Kong, China; 4) Department of Physics and Institute 
of Computational and Theoretical Studies, Hong Kong Baptist University, Hong Kong, China; 5) Beijing Computational Science 
Research Center, Beijing, China; 6) Peking-Tsinghua Center for Life Sciences, Peking University, Beijing, China; 7) School of 
Physics, Peking University, Beijing, China.

Nematode species are well-known for their invariant cell lineage pattern during development. Combining knowledge about 
the fate specification induced by asymmetric division and the anti-correlation between cell cycle length and cell volume in 
Caenorhabditis elegans, we propose a model to simulate lineage initiation by altering cell volume segregation ratio in each 
division, and quantify the derived pattern’s performance in proliferation speed, fate diversity and space robustness. The 
stereotypic pattern in C. elegans embryo is found to be one of the most optimal solutions taking minimum time to achieve the 
cell number before gastrulation, by programming asymmetric divisions as a strategy (Guan, et al. arXiv, 2021, 2007.05723).

316A Cell-fate decisions in dynamically perturbed signaling environments during C. Elegans vulval development
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Ismail Hajji1, 2, 3, Eric Siggia4, Francis Corson5, Wolfgang Keil1, 2, 3 1) Institut Curie, PSL Research University, CNRS, UMR 168, 
F-75005, Paris, France.; 2) Sorbonne Universités, CNRS, UMR 168, F-75005, Paris, France.; 3) Institut Pierre-Gilles de Gennes, 
Paris, France.; 4) Center for Physics and Biology, The Rockefeller University, New York City, NY, USA.; 5) Laboratoire de Physique 
Statistique, CNRS/Ecole Normale Supérieure, Paris, France. .

During development, cells take a series of fate decisions to acquire different roles in the future organism. The decisions that 
make a cell specify into one role and not the others depend on complex and dynamic inter/intracellular signals. However, 
at each decision point, cells typically only decide between a limited repertoire of fates. This suggests that simple, intuitive 
regulatory biophysical principles may successfully summarize pathway complexity. Here, we propose to establish and 
quantitatively test such principles, using the vulval development of C. elegans as a model system. To do so, we propose to 
combine:

(i) Controlled perturbations of in-vivo signaling dynamics using Auxin-Inducible Degradation (AID) System and Temperature-
Sensitive strains (Zhang et al., 2015; Martinez et al., 2020)

(ii) In-vivo measurements of the perturbations using a real-time biosensor for ERK activity (de la Cova et al., 2017)

(iii) Large-scale 4D live imaging to capture cell-fate transformations in response to perturbed signaling in microfluidics (Keil et 
al., 2017)

(iv) Parsimonious mathematical modeling of the underlying cell-fate acquisition dynamics (Corson and Siggia, 2012, 2017)

Our preliminary results confirm the counter-intuitive asymmetry between P4/8.p in the degree to which they are induced to 
2° fates by an EGF pulse (lin-15(n765)), as predicted by (Corson and Siggia, 2017). We will also compare our model predictions 
to experimental measurements in a background with weak ectopic Notch activity and no Anchor Cell (lin-12(n302)). Our 
project promises fundamental insights into stem cell behavior by experimental consolidating a generic mathematical modeling 
approach, applicable to a wide range of stem-cell paradigms.

317B	 Uncovering	highly	conserved	factors	that	contribute	to	phenotypic	robustness	of	seam	cell	patterning	in	C. elegans

mark hintze1, Dimitris Katsanos 1, Michalis Barkoulas1 1) Imperial College London.

Biological systems experience various perturbations but are able to buffer these to produce consistent phenotypes, a property 
known as robustness. Genes contributing to phenotypic robustness have been largely examined in unicellular organisms, such 
as S. cerevisiae, as opposed to multicellular animals. In our lab, we study phenotypic robustness using the C. elegans seam 
cells as a model. Seam cells are stem-like lateral epithelial cells, which undergo asymmetric and symmetric divisions to produce 
the hypodermis and neurons. Similar to other cell lineages, the number of seam cells is quite invariant between animals in 
the wild-type population. To this end, a forward genetic screen was performed to identify mutants with greater levels of 
population variance in seam cell number. Our screen has identified mutations in previously uncharacterised genes involved 
in the regulation seam cell pattering, some of which are highly conserved throughout the animal kingdom. Key examples 
are a mutation in nath-10, an N-acetyltransferase, and bus-19, an ancient transmembrane protein. Both mutations can be 
phenocopied by RNAi knockdown, rescued through seam cell specific expression of the wild-type gene and result in stochastic 
gains and losses of seam cells during development. Interestingly, both genes can be linked to the role of Wnt signalling in 
seam cell patterning, as revealed by studying the localisation of Wnt components and the expression of downstream targets 
via RNA-seq analysis, single molecule FISH and reporter gene expression. We also find that mutations in nath-10 lead to an 
increase in mRNA transcript variability, which may also influence phenotypic variability. These results provide insights for novel 
and highly conserved regulators of seam cell patterning, which may influence phenotypic robustness through modulation of 
Wnt signalling.

318C	 Evolutionary	conservation	of	the	heterochronic	pathway	in	C. elegans and C. briggsae.

Maria Ivanova1, Eric Moss1 1) Rowan University Graduate School of Biomedical Sciences, Stratford, NJ.

C. briggsae is a close relative of C. elegans. These species have similar morphology and share the same ecological niche. C. 
briggsae undergoes the same developmental pathway consisting of four larval stages before reaching the adulthood. It also 
has the same set of heterochronic genes that control the sequence and timing of cell fates during the development.
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lin-28 is one of the heterochronic genes that also exists in other animals from flies to humans. It conservatively blocks the 
maturation of let-7 miRNA, the proccess is generally associated with the stem cell state. lin-28 is silenced as cells differentiate.

C. elegans mutants of lin-28 develop a heterochronic phenotype with a reduced number of seam cells and precocious alae. C. 
briggsae develops a distinct phenotype when its lin-28 is disrupted. Mutants have wild-type number of seam cells and rarely 
develop patches of precocious alae. Instead, they often arrest their development at L4 stage, become lethargic, and have 
gonad development problems. Oocytes often leak outside the gonad, and zero to few eggs form. It is possible, though, to 
maintain the homozygous strain but its reproduction rate is low.

This observation lead to the question of how conserved is the heterochronic pathway in these close species. To investigate this, 
I made mutations in lin-46, lin-46 5›UTR, and lin-14 of C. briggsae.

All these mutants express phenotypes closely resembling those of C. elegans mutants of analogous genes.

Further investigation of other heterochronic genes of C. briggsae will determine to what extent the pathway’s hierarchy is 
conserved.

319A	 Determining	the	role	of	ZEN-4/KIF23	in	C. elegans reproductive	organ	development

Tatsuya Kato1, 2, Olga Skorobogata1, 2, Christian Rocheleau1, 2, 3 1) Department of Anatomy and Cell Biology, McGill University, 
Montreal, QC; 2) Research Institute of the McGill University Health Centre, Montreal, QC; 3) Division of Endocrinology and 
Metabolism, Department of Medicine, McGill University, Montreal, QC.

The kinesin-like protein ZEN-4/KIF23 and CYK-4/MgcRacGAP comprise the centralspindlin complex known to be required 
for cytokinesis. KIF23 is highly expressed in several human cancers [1-3], underscoring the importance of understanding its 
function. We have found a novel centralspindlin-independent role for C. elegans ZEN-4 in vulval development. During C. 
elegans larval development, the conserved EGFR/Ras/MAPK pathway relays an EGF signal from the gonadal anchor cell (AC) 
and induces vulval precursor cells (VPCs) to develop into the vulva. Loss of LET-23 EGFR signaling results in a Vulvaless (Vul) 
phenotype, while increased signaling causes a Multivulva (Muv) phenotype. Before VPC patterning, the AC is also specified 
through a LIN-12 Notch signaling cascade. Using temperature sensitive mutants and RNAi, I bypassed the embryonic lethality 
of zen-4 and cyk-4 loss of functions and found that loss of zen-4 during larval development resulted in a strong (94%) Vul 
phenotype, while loss of cyk-4 did not affect development. I hypothesized that ZEN-4 functions in either the VPCs or the AC to 
promote EGFR-mediated vulval development.

To determine ZEN-4’s position relative to the LET-23 EGFR pathway, I performed genetic epistasis of zen-4(RNAi) with LET-23 
EGFR negative regulators lin-1 and lin-15A/B. I found that zen-4(RNAi) does not suppress the Muv phenotypes of either lin-
1(n304) or lin-15A/B(n765). This suggests that ZEN-4 is not required for VPC division and that it functions upstream of LET-23 
EGFR signaling. Therefore, I investigated ZEN-4’s potential role in AC specification by analyzing expressions of the GFP::hlh-2 
AC reporter [4] before and after specification. Unlike the empty vector control which specified a single GFP::hlh-2 positive 
cell from 4 progenitors, zen-4(RNAi) and cyk-4(RNAi) animals often had 0 or 2 positive cells with fewer progenitors before 
the specification event, suggesting a possible defect in progenitor cell division. Interestingly, zen-4(RNAi) alone also affected 
the localization of GFP::hlh-2 positive cells. I performed temperature upshifts of zen-4(or153) exclusively at the L2 stage 
and observed that it is sufficient to induce the Vul phenotype. Altogether, these results suggest that ZEN-4 promotes vulval 
development through its regulations of AC specification and localization.

References: [1] Takahashi, S., et al., J Neurooncol, 2012. [2] Kato, T., et al., Lung Cancer, 2016. [3] Li, X., et al., Dis Markers, 
2019. [4] Attner, M.A., et al., Curr Biol, 2019.

320B	 The	Mechanism	of	LIN-42	Regulation	of	Temporal	Patterning	in	C.	elegans

Brian Kinney1, Kelly Hills-Muckey1, Christopher Hammell1 1) Cold Spring Harbor Laboratory.

Throughout development, precise regulation of transcriptional timing and dosage is necessary for coordinating sequential cell 
fate specification and developmental checkpoints across multiple cell types and tissues. Previous reports from our lab indicate 
that lin-42, the C. elegans homolog of the Period gene implicated in controlling circadian rhythms, negatively regulates the 
transcriptional output of cyclically expressed heterochronic microRNAs (including lin-4, miR-48, miR-241, miR-84 and let-7). 
Loss of lin-42 function results in dramatic alterations in the post-embryonic cell lineages where late-staged developmental 
events are skipped due to the inappropriate and early down-regulation of the mRNA targets of heterochronic miRNAs. Because 
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C. elegans lacks the direct orthologs of the core clock transcription factors (Clock and Bmal) that Period functions through, 
the mechanism by which LIN-42 regulates the transcriptional output of heterochronic miRNAs, and therefore temporal 
patterning, are unknown. Here, we demonstrate that LIN-42 regulates heterochronic miRNA transcriptional dosage through 
direct physical interactions with multiple conserved nuclear hormone receptors that are expressed in the hypodermis. More 
specifically, through yeast-2-hybrid, biochemical, and in vivo imaging of transcriptional reporters, we demonstrate that the LIN-
42 protein modulates the transcriptional activity of the REV-ERb ortholog, NHR-85, and that NHR-85 also binds to the defined 
regulatory regions of multiple LIN-42 target genes. Consistent with a function interaction between LIN-42 and NHR-85, loss-
of-function alleles of nhr-85 suppresses precocious developmental phenotypes of lin-42 mutants. We present evidence that 
the rudimentary developmental clock composed of NHR-85 and LIN-42 functions in the hypodermis to orchestrate the cynical 
transcription of temporal cell fate specifying microRNAs. Specifically, we demonstrate that LIN-42 auto-regulates its own 
expression as the expression of and NHR-85 target, lin-4, in hypodermal cell types. Together our results establish the negative 
arm of the developmental molecular clock and demonstrate the mechanism of how LIN-42 regulates the transcriptional 
output of heterochronic miRNAs required to establish sequential cell fates and temporal patterning during post-embryonic 
development.

321C	 Opposing	roles	of	DAF-16	and	NHR-156	in	regulation	of	metabolism	downstream	of	gut	specification

Morris Maduro1, Ivan Dimov1, Jose Soto1, Hailey Choi2, Gina Broitman-Maduro1 1) University of California, Riverside; 2) 
University of California, Los Angeles.

We previously reported that genetic perturbations that partially compromise through the gut specification factors END-1 
and END-3 result in characteristic “hypomorphic gut specification” or HGS defects, apparently resulting from variability in 
the timely activation of ELT-2. Even though HGS embryos may be delayed in ELT-2 activation, final ELT-2 levels are comparable 
to normal animals. HGS defects include accumulation of fat (dyslipidemia) seen by accumulation of large fat deposits seen 
by Oil Red O and a fluorescent in vivo fluorescent Perilipin/PLIN-1 marker for lipid droplets. The fat defects may be part of 
a global change in metabolism, as an ATP sensor suggests that steady-state levels of ATP are reduced in HGS strains. Such 
animals also display a range of pleiotropic effects on fertility and body morphology, among others, that could be downstream 
of these metabolic changes. From RNA-Seq studies on isolated intestinal tissue from HGS adults, we identified a small set 
of differentially expressed regulators, including the Nuclear Hormone Receptor gene nhr-156. In HGS adults, nhr-156 is 
downregulated relative to the wild type. A deletion mutation in the gene results in a similar hyperlipidemia as seen in the 
most extreme of HGS adults, suggesting that a major component of the fat accumulation in HGS strains is the reduction of 
expression of this NHR. We find that restoring expression of NHR-156 to HGS strains results in partial rescue of the lipid defect, 
consistent with a model in which hypomorphic gut specification defects result from decreased expression of nhr-156 in larvae 
and adults.

Our earlier results had also shown that accumulation and distribution of lipids in HGS adults was dependent partly on DAF-16, 
as simultaneous loss of DAF-16 in HGS strains caused a partial suppression of the excess of Oil Red O staining. We now find 
that in HGS strains, loss of DAF-16 and forced expression of NHR-156 synergistically restore fat distribution to near wild-type. 
The data suggest a model in which an early failure to robustly activate ELT-2 leads to a subsequent failure to activate nhr-
156 to high levels, leading to changes in fat storage and metabolism that are dependent on both repression of NHR-156 and 
activation of DAF-16.

These results connect intestinal specification with function of the differentiated gut, suggesting that robust embryonic 
specification of intestine is required to set a correct metabolic state. Unexpectedly, the apparently normal expression of ELT-2, 
even if delayed by only hours, misses some time window to set this state.

322A	 Lineage-specific	paths	to	the	same	cell	type

Karolina Mizeracka1,2, Julia Rogers2, Jonathan Rumley4, Shai Shaham3, Martha Bulyk2, John Murray4, Maxwell Heiman1,2 1) Boston 
Children›s Hospital, Boston, MA; 2) Harvard Medical School, Boston, MA; 3) The Rockefeller University, New York, NY; 4) 
University of Pennsylvania, Philadelphia, PA.

Convergent differentation – in which the same cell type is produced by multiple unrelated developmental lineages – provides a 
striking exception to the classical framework of cell fate specification, in which a given cell type arises exclusively from a single 
lineage. Convergent differentiation has long been appreciated in C. elegans and is also prevalent in vertebrate development, 
most notably in the neural crest. However, the mechanisms that dictate whether lineages will take on divergent or convergent 
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transcriptional paths are not well understood. We focused on the development of six radially symmetric glial cells, called ILso 
glia, that are produced by distinct lineages. Through an unbiased genetic screen, we found that the Forkhead transcription 
factor UNC-130/Foxd3 is absolutely required for the specification of the dorsal, but not the ventral or lateral, ILso glia. Through 
lineaging and timed rescue experiments, we found that UNC-130 acts transiently as a transcriptional repressor in progenitors 
and newly-born terminal cells of the dorsal ILso lineage. UNC-130 can be functionally replaced with the neural crest 
determinant Foxd3, suggesting it may play a conserved role in lineages that undergo convergent differentiation. Surprisingly, 
in addition to loss of the dorsal ILso, we find that unc-130 mutants also have ectopic formation of another glial type, the AMso 
glia. Ectopic AMso glia take on the morphology and functions of their endogenous counterparts, including dividing in males to 
produce an extra male-specific MCM neuron. However, they consistently arise in the wrong anatomical position, suggesting 
they may be produced by mis-specification of cells from the dorsal ILso lineage. We find that the neuronal determinant UNC-
86/Brn3 is spuriously upregulated in the dorsal ILso lineage in unc-130 mutants and is required for the ectopic AMso glia 
to form, suggesting that one role of UNC-130 may be to prevent expression of UNC-86 in this lineage. Together, these data 
suggest that convergent differentiation involves distinct transcriptional paths leading to the same cell type, and highlight the 
importance of transiently-acting transcriptional repressors that may constrain progenitor fates.

323B	 Tagged	endogenous	ERL/MPK-1	MAP	Kinase	provides	a	novel	tool	for	examining	its	activation	in vivo

Neal Rasmussen1, David Reiner1 1) Texas A&M HSC Institute of Biosciences and Technology.

Inappropriate activation of the Ras>Raf>MEK>ERK signaling cascade is a common driver in both cancer and RASopathies, 
and as such represents an attractive target for development of therapeutics. The terminal MAP kinase, extracellular signal-
regulated kinase (ERK), has been studied extensively in vitro and ex-vivo with cultured cells but very little in vivo. We utilized C. 
elegans and CRISPR genome editing to tag the endogenous C. elegans ERK-encoding gene, mpk-1. We observed endogenous 
MPK-1::mKate2 protein to be ubiquitously expressed, with elevated expression at L2 and L3 stages and in a distinct set of 
tissues. We validated our tool as a reporter of upstream activation by observing cytosol-to-nuclear translocation of MPK-
1 in the most proximal maturing oocyte, a phenotype that was enhanced by deletion of the negative regulator rskn-1. We 
next examined MPK-1 nuclear recruitment during patterning of the vulval precursor cells (VPCs). MPK-1 has been shown 
to be necessary and sufficient for the central VPC, P6.p, to assume 1° fate during developmental patterning of the six VPCs. 
Unexpectedly, during VPC induction we observed MPK-1 to translocate into the nuclei of all six VPCs in a temporal and 
concentration gradient centered on P6.p. This observation contrasts with previous results using the ERK-nKTR reporter of 
substrate activation. Our reagent raises some interesting questions about mechanisms and indicators of MPK-1 activation and 
may provide new insights into regulation of MPK-1 activation in vivo.

324C	 Regulation	of	the	duration	of	breast	cancer	dormancy	by	UNK

Itzel Rosas Gutierrez1, Donald Stave Kohtz1, Xantha Karp1 1) Central Michigan University.

Breast cancer is the most frequent malignancy diagnosed in women worldwide. After an initially successful treatment, the 
main cause of breast cancer related mortality remains cancer recurrence. During the time between remission and relapse 
to active disease (Disease-Free Survival, DFS), quiescent cancer cells persist in a state referred to as cellular dormancy. The 
molecular mechanisms involved in the transitions between dormancy and active disease remain obscure. Kaplan-Meier 
analyses of all intrinsic molecular subtypes of breast cancer revealed that increased expression of Unkempt (UNK) is associated 
with longer DFS periods in treated patients. UNK is a conserved zinc-finger protein that functions by binding target mRNAs in 
a sequence-specific manner and reducing protein production. Expression analyses of breast cancers using the cBioportal for 
Cancer Genomics revealed a group of genes that showed inverse expression from UNK, and further Kaplan-Meier analyses 
showed that increased expression of a subset of these genes was associated with reduced DFS. We hypothesized that this 
subset of genes may contain targets of UNK inhibition in breast cancer cells. UNK has one ortholog in C. elegans, unk-1. As 
many underlying molecular pathways are conserved between mammalian and nematode development, we hypothesized that 
a functional model for cancer cellular dormancy could be the transition of C. elegans into dauer diapause, and that C. elegans 
could provide a robust readout for genetic analysis of UNK targets involved in breast cancer. While in dauer, progenitor cells 
remain multipotent and quiescent, similar to dormant cancer stem cells. Previous work from the Karp laboratory has shown 
that unk-1 is involved in determination of cell fate, and that unk-1(0) dauer larvae aberrantly express the adult cell-fate marker 
col-19p::gfp. We are using RNAi of C. elegans orthologs of the inversely expressed putative UNK targets to screen unk-1(0) 
dauer larvae for suppression of the col-19p::gfp expression phenotype. By identifying potential targets of UNK inhibition, 
surrogate pharmacological inhibitors could be developed that would improve DFS when used as combination therapeutics in 
breast cancer.
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325A	 Analyzing	the	spatiotemporal	structure	of	heterochronic	miRNA	transcription	using	microfluidics	live-imaging	of	
nascent miRNA dynamics

Shubham Sahu1,2, Kelly Hills-Muckey3, Christopher M. Hammell3, Wolfgang Keil1,2 1) Laboratoire Physico Chimie Curie, Institut 
Curie, PSL Research University, CNRS UMR168, Paris, France; 2) Institut Pierre-Gilles de Gennes, Paris, France; 3) Cold Spring 
Harbor Laboratory, Developmental Genetics, Cold Spring Harbor, NY, USA.

The expression of C. elegans heterochronic miRNAs during larval development, among them lin-4 and let-7, has previously 
been shown to be highly pulsatile, with expression peaking once per larval stage, phase-locked with the molting cycle 
(Hendriks et al., 2014; Kim et al., 2013, Perales et. al.,2014; Wynsberghe et. al.,2014). While the molecular mechanisms driving 
this pulsatile expression are unknown, our labs have previously identified two regulators of pulse amplitude. LIN-42/Period is 
also shown to dampen transcriptional output of miRNAs by negatively regulating the overall duration of transcription within 
each larval stage (Perales et. al.,2014; Wynsberghe et. al.,2014). Antagonistically, blmp-1 and elt-3 null mutants completely 
suppress lin-42(lf) phenotypes and BLMP-1 acts as pioneer factor to enhance miRNAs transcription output (Stec et al., 
2021). All of the previous approaches to measure the transcriptional dynamics of miRNAs in-vivo have relied on fluorescent 
transcriptional reporters, limiting temporal and spatial resolution. Here, we present our ongoing efforts to overcome this 
limitation by monitoring miRNA transcription using MS2/MCP-GFP based RNA-localization. By combining high-resolution long-
term imaging with microfluidics (Keil et al., 2017) with extensive image registration, segmentation, tracking and image analysis, 
we reveal intriguing wave-like spatiotemporal transcriptional patterns of lin-4 in hypodermal cells as well as vulval precursor 
cells within larval stages. We also characterize the relationship between lineage descendancy, cell cycle and transcriptional 
timing among hypodermal and vulval precursor cells. Finally, we measure how these spatiotemporal features of transcription 
are altered in lin-42 and blmp-1 mutants. Our results establish a new approach to measuring live miRNA-dynamics in the C. 
elegans larva and provide quantitative insights into the complex spatiotemporal regulation of miRNA transcription underlying 
temporal cell-fate patterning in the C. elegans epidermis.

326B	 Identifying	genes	regulating	cell	fate	and	multipotency	in	the	SGP/hmc	cell	fate	decision

Evan Soukup1, Andrew Davies1, Jill Bettinger1, Laura Mathies1 1) Virginia Commonwealth University.

Pluripotency is the potential for a cell to give rise to any cell type in an organism. Multipotency is the potential for a cell to 
give rise to multiple different cell fates, but the scope of possible cell fates for a multipotent cell is narrower than that of a 
pluripotent cell. While the determinants of pluripotency are being heavily studied, not as much research is being done on 
the determinants of multipotency. In C. elegans, there are a pair of precursor cells that divide into two daughter cells with 
distinct fates. One daughter cell becomes a multipotent progenitor known as the somatic gonadal precursor (SGP) while the 
other becomes a terminally differentiated head mesodermal cell (hmc). The SGP gives rise to all of the tissues of the somatic 
gonad. This suggests that the factors specifying multipotency are segregated into the SGP daughters and away from the hmc 
daughters. Our goal is to identify these determinants of multipotency vs. terminal differentiation. We used fluorescence-
activated cell sorting to isolate SGPs and hmcs from the same worms and performed RNA sequencing to identify ~6000 
genes that are differentially expressed between the two cell types (Mathies et al., 2019). Of these 6,000 genes, 175 were 
transcription factors that were more highly expressed in SGPs than in hmcs. The goal of the project is to identify transcription 
factors that regulate multipotency in this lineage. We have taken the approach of inactivating the transcription factors by RNAi 
and observing if there is any change in the expression of SGP or hmc markers. The hmc is marked with arg-1::GFP, while the 
SGPs are marked with ehn-3::tdTomato. We are also examining L4 staged worms for changes in gonadal morphology indicative 
of a loss of multipotency. Each SGP generates one of the two gonadal arms; therefore, changes in the fate or potency of the 
SGPs could be reflected in gonadal shape. To date, we have screened 44 of the 175 transcription factor genes and found 
two genes in which expression of GFP is higher in SGPs compared to our negative control and three genes for which gonadal 
shape is altered. These genes are good candidate transcription factors that may play a role in determining cell fate and/
or multipotency. Our plan going forward is to continue screening the list of 175 transcription factors to identify genes with 
differentiated expression for further analysis. Ultimately, we aim to identify the downstream targets of these transcription 
factors; among these are the direct mediators of multipotency. This project will contribute to our understanding of 
multipotency, and it opens the door for research into homologous genes in other organisms that may be conserved regulators 
of multipotency.

327C	 Quantitative	model	formation	of	the	heterochronic	pathway	in	C. elegans
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Marit van der Does1,2, Helge Grosshans1,2 1) Friedrich Miescher Institute for Biomedical Research, Basel; 2) Basel University, 
Basel.

Development of multicellular organisms requires appropriate timing of cell division, differentiation and morphogenesis. In 
C. elegans, and likely other animals, temporal organization is explicitly provided by a genetic regulatory system called the 
heterochronic pathway. Mutations in heterochronic genes cause abnormal timing of developmental events. Although central 
to temporal control, the dynamics of the pathway are not well described, and therefore it is not clear how this pathway times 
the different developmental events, and how mutations in these genes are leading to the observed phenotypes. To gain a 
better understanding of the dynamics in the heterochronic pathway, we use a confocal imaging technique that allows us to 
track multiple individual worms simultaneously at high temporal resolution from hatch to adulthood, while the worms are 
able to freely move around. We are developing an automated imaging analysis workflow in Python where the endogenous 
levels of the core heterochronic proteins are quantified, while the program keeps track of the developmental stage of each 
specific worm. This will result in an atlas which describes the detailed expression patterns of heterochronic genes in wild-type 
worms. Based on this information, and known molecular interactions, we plan to build mathematical models to get a deeper 
understanding of the observed dynamics and how they relate to the timing of development. To study the effect of altered 
expression patterns caused by mutations, we plan to zoom in on the dynamics of expression in epidermal cells, and correlate 
this with more detailed developmental events e.g., timing of cell division and alae formation. We expect that these results will 
give us a better mechanistic understanding of the heterochronic pathway, and how the passage of time is recorded and acted 
upon.

328A	 Sub-toxic	concentrations	of	perfluoroalkyl	substances	(PFAS)	dose-dependently	delay	C. elegans larval development 
and population growth

Celine Breton1, Eric Luth1 1) Simmons University.

Perfluorooctanoic acid and perfluorooctanesulfonic acid, collectively referred to as per- and polyfluoroalkyl substances 
(PFAS), are man-made organic chemicals used in the production of many industrial items. Environmental exposure to PFAS 
is correlated with health complications ranging from cancer to infertility in humans and animals. However, the mechanisms 
underlying these effects are still unclear. Here, we explore the effects of PFAS on C. elegans development and reproduction. We 
exposed C. elegans to a range of PFAS concentrations (~0.1 - 4 mM) and examined aspects of developmental and reproductive 
toxicity including population growth, timing of larval development, and brood size. While the highest concentrations of PFAS 
led to acute toxicity, lower concentrations had more subtle effects. Exposure of worms to PFAS dose-dependently delayed 
population growth without impairing food access. This was, in part, due to a lengthening of larval development as PFAS-
exposed worms took longer to reach sexual maturity. In the future, we plan to take advantage of the short generation time of 
C. elegans to examine transgenerational effects of PFAS exposure. We will also exploit their ease of genetic manipulation to 
identify genes important for PFAS susceptibility or resistance. This will provide insight into cellular pathways that are affected 
by PFAS exposure and will help to elucidate mechanisms underlying related health effects.

329B	 Temporal	scaling	in	C.	elegans	larval	development

Olga Filina1, Burak Demirbas1, Rik Haagmans1, Yvonne Goos1, Jeroen Van Zon1 1) AMOLF.

It is essential that correct temporal order of cellular events is maintained during animal development. During post-embryonic 
development, the duration of development depends on external conditions, such as food availability, diet and temperature. 
How timing of cellular events is impacted when the rate of development is changed is not known. We used a novel time-
lapse microscopy approach to simultaneously measure the timing of oscillatory gene expression, seam cell divisions and 
cuticle shedding in individual animals during C. elegans larval development. We then studied how timing of these events was 
impacted by changes in temperature or diet, and in lin-42/Period mutants that show strongly perturbed and heterogeneous 
timing of larval development. We uncovered significant variability in timing between individuals under the same conditions. 
However, we found that changes in timing between individuals were fully explained by temporal scaling, meaning that each 
event occurred at the same relative time, when rescaled by the total duration of development in each individual. Upon 
changing conditions, we found that larval development separated into distinct epochs that differed in developmental rate. 
Changes in timing of individual events were fully captured by temporal scaling for events occurring within each epoch, but 
not for events from different epochs. We further studied the impact on timing of shifts in food abundance and environmental 
conditions during larval development. Overall, our results reveal a surprisingly simple structure that governs changes in 
timing of development in response to environmental conditions. The unexpected observation of continued development and 
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accurate temporal scaling in growth-arrested lin-42 mutants rules out a mechanism that explains temporal scaling by linking 
developmental timing to body size.

330C	 Recursive	Transcriptional	Feedforward	Loops	Ensure	Robust	Endoderm	Development	in	C. elegans

Chee Kiang Ewe1, Erica Sommermann1, Morris Maduro2, Joel Rothman1 1) University of California Santa Barbara; 2) University of 
California Riverside.

The interface between specification and differentiation is a pivotal phase in animal development. What is the underlying 
architecture of developmental regulatory networks that directs the transition from specification to differentiation of 
progenitor cells during embryogenesis? How do these mechanisms provoke a restricted pattern of differentiation and how 
is differentiation established and maintained? By studying the C. elegans endoderm gene regulatory network, we found that 
GATA transcription factors (MED-1/2, END-1/3, and ELT-2/7) act through a series of feedforward loops, leading to robust and 
rapid lockdown of cell fate. We further found that END-1 is poised at the interface between specification and differentiation: 
END-1, acting with END-3, regulates specification of the endoderm E lineage, whereas END-1, acting with ELT-7 and ELT-
2 controls differentiation of the intestine. Finally, we observed ectopic characteristics of pharyngeal-intestinal valve cell 
differentiation evident in the anterior gut when the functions of END-1 and ELT-7 are eliminated, suggesting a role of END-1 
and ELT-7 in repressing valve cell fate in the intestine and/or regulating valve development cell non-autonomously.

331A	 Coordinating	proliferative	and	invasive	cellular	fates:	insights	from	C.	elegans	somatic	gonad	development

Taylor Medwig-Kinney1, Sydney Sirota1, Joanne Saldanha1, Neha Somineni1, Frances Moore1, Nicholas Palmisano1, Michael 
Martinez1, Sujata Tank1,2, David Matus1 1) Stony Brook University; 2) Smithtown High School East Science and Technology 
Research Program.

The decision between proliferation and invasive differentiation is a key part of several developmental events as well as cancer; 
however, how cells switch between these states is not well understood. Two cell types in the C. elegans somatic gonad, the 
anchor cell (AC) and ventral uterine (VU) cells, both specified from initially equipotent cells through a Notch-mediated cell fate 
decision, serve as an excellent model of this dichotomy in cellular behavior. The post-mitotic AC, the default state of the AC/
VU decision, goes on to invade the underlying basement membrane during development of the reproductive system, while the 
VUs remain proliferative. We have previously shown that four transcription factors, fos-1 (Fos), egl-43 (EVI1/MEL), hlh-2 (E/
Daughterless), and nhr-67 (NR2E1/Tailless/TLX), are necessary for AC invasion, with the latter three playing a role in regulating 
cell cycle arrest. We next examined whether any of these transcription factors are sufficient for invasion and find that ectopic 
expression of NHR-67, which is enriched in the AC compared to its neighbors, results in transdifferentiation of VUs into invasive 
ACs. We hypothesize that post-translational degradation of HLH-2 in the VU results in lower levels of NHR-67 and that a 
transcriptional repressive mechanism functions in the VU to prevent remaining NHR-67 activity from inappropriately activating 
AC-specific targets. We find that knockdown of unc-37 and lsy-22, homologs of the transcriptional repressor Groucho, results in 
a low penetrance of animals with multiple ACs. Others have previously demonstrated that Groucho forms a repressive complex 
with histone deacetylase (hda-1) and TCF/LEF (pop-1) to restrict endoderm differentiation in the early embryo. Unlike hda-1 
or Groucho, which are not differentially expressed between the two cell types, pop-1 is enriched in the VUs compared to the 
AC, but does not appear to activate transcription based on quantification of a transgenic POP-1 activity reporter. Furthermore, 
we find that depletion of the pro-invasive TFs associated with cell cycle arrest results in ectopic expression of pop-1 in the 
AC. Here, we investigate whether differential pop-1 levels are necessary for AC/VU fate maintenance as well as whether this 
process is downstream or synergistic with Notch signaling and/or cell cycle dynamics. Together, these results provide new 
insights into how cells can establish and maintain cellular programs necessary for growth and morphogenesis.

332B	 Y-to-PDA	transdifferentiation	occurs	through	an	epithelial	cell	intermediate	and	requires	ngn-1, hlh-16, unc-44, unc-
119, and unc-33

Alina Rashid1, Maya Tevlin1, Shai Shaham1 1) The Rockefeller University.

In C. elegans, the rectal epithelial Y cell transdifferentiates into the PDA motor neuron (Jarriault et al., 2008). 
Transdifferentiation (Td) has been suggested to occur in discrete steps: the Y cell loses rectal contacts and de-differentiates, 
migrates away from the rectum, and re-differentiates into a motoneuron. Using a membrane-tagged fluorescent reporter, we 
now observe a more complex pattern of events. While the cell body migrates away from the rectal slit, the Y cell maintains 
rectal tube contacts, marked with the apical junction protein AJM-1. From the rectal contact site, the cell then extends a 
process that matures into the PDA axon. Rectal apical junctions are lost later. Previous studies revealed that SEM-4 and 
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EGL-5 transcription factors are required for erasure of Y cell epithelial identity and acquisition of neuronal identity. We 
identified two novel Td transcriptional regulators, the bHLH proteins NGN-1 and HLH-16, also required for these steps. ngn-
1 expression increases as the Y cell migrates away from the rectum and changes cellular morphology. From reporter fusion 
studies, we found that SEM-4 represses ngn-1 expression, whereas EGL-5 and HLH-16 promote ngn-1 expression. Although 
ngn-1 induction correlates with the timing of Y cell migration, precocious expression of ngn-1 in sem-4 mutants does not 
change migration timing, suggesting involvement of other regulators. We also identified three cytoskeletal organizing proteins 
required for acquisition of neuronal identity: unc-44, unc-119, and unc-33. These proteins appear to act downstream of NGN-1 
and HLH-16 and are required for PDA axon extension. Y-to-PDA Td bears striking morphological and molecular similarities to 
vertebrate spinal-cord pMN-domain motoneuron formation, and to islet cell formation in the pancreas. During development, 
motoneuron and pancreatic beta cell precursors originate from an epithelium. These precursors then lose their junctions 
and delaminate from the epithelium. As they migrate and mature, the cells initiate transcription of motoneuron-associated 
genes, become innervated, and secrete neurotransmitters or insulin, respectively. In both the spinal cord and pancreas, NGN-1 
and HLH-16 homologs (Ngn2/Olig2 and Ngn3/bHLH4, respectively) are required for epithelial identity erasure. Furthermore, 
unc-44/Ankyrin promotes neuronal and beta cell maturation. Thus, our findings may provide mechanistic insight into the 
differentiation of these important vertebrate cell types.

333C Sexually dimorphic glia-neuron reprogramming in Caernorhabditis elegans. 

Vicky Rook1, Rachel Bonnington1, Carla Lloret-Fernandez 1, Michele Sammut 1, Albert Martí I Sabarí 1, Richard Poole1 1) 
University College London.

How fully differentiated cells can retain their neurogenic potential remains a central question in developmental biology. 
Previously, we described a glia-to-neuron cell fate switch during sexual maturation in the nervous system of male 
Caenorhabditis elegans; whereby stably differentiated amphid socket (AMso) glial cells in the head undergo asymmetric cell 
division to self-renew and give rise to the MCM (Mystery Cells of the Male) neurons1.

Using forward genetic screening and candidate gene approaches we have identified a particularly exciting class of mutants 
(Class III) in which the AMso divides but fails to adopt MCM neuronal identity, instead retaining glial marker expression. We 
also find that mutations in the zinc finger transcription factor lin-48, an ortholog of vertebrate OVO1 and in the proneural 
bHLH transcription factor hlh-14, a homolog of vertebrate ASCL1 generate a Class III phenotype. In addition, we have isolated 
two novel Class III mutants; nom-7 and nom-9 and we are currently performing mapping-by-sequencing to identify the causal 
locus and will present our most recent findings here. Our analysis of Class III genes will help us to elucidate the molecular 
mechanisms regulating the plasticity underlying this sexually dimorphic AMso-to-MCM transdifferentiation event.

1Sammut, M. et al. Glia-derived neurons are required for sex-specific learning in C. elegans. Nature 526

, 385-390, doi:10.1038/nature15700 (2015).

334A	 Characterization	of	two	evolutionarily	conserved	C. elegans	Ceh-6/Oct	and	Sox-2/Sox2	transcriptional	factors	during	
a	natural	Y-to	PDA	transdifferentiation	event

Shashi Kumar Suman1, Anne Daulny1, Arnaud Ahier1,2, Thomas Le Gal1, Sophie Jarriault1 1) Institute of Genetics and Molecular 
and Cellular Biology (IGBMC), Strasbourg, France; 2) Clem Jones Centre for Ageing Dementia Research, Queensland Brain 
Institute, The University of Queensland, Brisbane, Australia.

During trans-differentiation, a differentiated cell changes its identity and becomes another different specialized cell. This 
process is also known as direct cell conversion or direct reprogramming and plays an important role in development, tissue 
regeneration and diseases. In C. elegans, our lab has pioneered the study of natural trans-differentiation, several examples 
of which are now documented, starting from embryonic to larval development and including Y-to-PDA transdifferentiation 
(Jarriault et al., 2008, Rothman & Jarriault &, 2019). Initially, the Y cell, together with the other five cells forms the functional 
rectum of C. elegans and harbor specialized epithelial features. During larval development, it naturally transdifferentiates, 
acquires neuronal cell identity, and becomes a PDA motoneuron. This process is governed by various molecular players such 
as chromatin remodelers and transcription factors (Kagias et al 2012, Zuryn et al 2015). Previous work from the lab has shown 
that the C. elegans POU transcription factor CEH-6 and SOX-2 form, with other genes, a NODE-like complex (NODE mammalian 
counterpart) and are important for the initiation of this reprogramming event. Here, through genetics and biochemical studies, 
we have analyzed the characteristics of C. elegans sox-2 and ceh-6 and have compared them to their mammalian counterparts. 
We have dissected their function over time and which domains are important for Y-to-PDA Td. We have further tested putative 
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functional redundancy with the other two Pou paralogs ceh-18 and unc-86, and mammalian Oct4. Our work highlights both 
conserved and divergent molecular mechanisms underlying different reprogramming processes.

Rothman J & Jarriault S.(2019) Genetics 213(3):723-757.

Zuryn S, et al. (2014) Science 345(6198):826-829.

Jarriault S, et al. (2008) Proc Natl Acad Sci U S A 105(10):3790-3795.

Kagias K, et al. (2012) Proc Natl Acad Sci U S A 109(17):6596-6601.

Liang J, et al. (2008) Nature cell biology 10(6):731-739.

335B	 daf-16/FOXO	blocks	adult	cell	fate	in	C. elegans dauer larvae via a branched pathway involving lin-41/TRIM71

Matthew Wirick1, Allison Cale1, Isaac T. Smith1, Amelia F. Alessi2, Margaret R. Starostik2, Himani Galagali2, Liberta Cuko1, Kyal 
Lalk1, Mikayla N. Schmidt1, Payton Wolbert1, Benjamin Olson1, Kevin Ranke1, Payton Solomon1, Alexis Santos1, Axel Schmitter1, 
John K. Kim2, Xantha Karp1 1) Central Michigan University; 2) Johns Hopkins University.

Tissue-specific stem cells maintain the ability to produce multiple cell types during long periods of non-division, or quiescence. 
Similarly, in C. elegans dauer larvae, progenitor cells are quiescent and maintain the ability to produce all normal cell types 
after dauer. Indeed, a process involving daf-16 actively re-establishes multipotent cell fate in vulval precursor cells during 
dauer. Here, we examine the role of daf-16 in a different progenitor cell type, lateral hypodermal seam cells. Seam cells are 
multipotent in larvae but differentiate at adulthood. We found that daf-16(0) dauer larvae expressed multiple endogenous 
adult-specific collagens as well as the adult cell-fate marker, col-19p::gfp, thus linking daf-16 to seam cell multipotency. During 
continuous development, col-19 expression is directly activated by the LIN-29 transcription factor. lin-29 is in turn directly 
repressed by the LIN-41 RNA-binding protein. We found that lin-41 also regulates col-19 during dauer because lin-41(RNAi) 
dauer larvae expressed col-19p::gfp. daf-16 appears to act upstream of lin-41 because lin-41 expression was reduced in daf-
16(0) dauer larvae. Furthermore, a lin-41 gain-of-function allele suppressed the col-19p::gfp phenotype in daf-16(RNAi) dauer 
larvae. Surprisingly, our data suggest that lin-29 plays a minor role in regulating col-19p::gfp expression during dauer. Loss of 
lin-29 did not completely suppress the precocious col-19p::gfp phenotype observed in lin-41(-) dauer larvae. In addition, loss 
of lin-29 had no effect on the col-19p::gfp phenotype in daf-16(0) dauers, and expression of an endogenously tagged lin-
29::gfp was unaffected in daf-16(0) dauer larvae. Taken together, our data suggest that col-19p::gfp expression during dauer 
is regulated at least partially independently of lin-29. We used RNA-seq to identify other potential regulators of col-19p::gfp 
during dauer and found over 3000 genes that are differentially expressed at least 2-fold (FDR < 0.05) in daf-16(0) vs. control 
dauers, including over 200 transcription factors. This work demonstrates that daf-16 coordinates dauer formation with seam 
cell fate via a novel mechanism. This mechanism may be conserved in mammals where the daf-16 ortholog, FOXO is essential 
for both quiescence and stem cell maintenance.

337A	 The	3’UTR	is	required	for	MEX-3	expression	pattern	and	contributes	to	animal	fecundity

Mennatalalh Albarqi1, Sean Ryder1 1) University of Massachusetts Medical School.

In early embryonic development prior to zygotic transcription, post-transcriptional regulation of mRNA is key to cell fate 
specification and patterning. In C. elegans, there are several RNA-binding proteins (RBPs) that coordinate oogenesis, 
spermatogenesis, and embryogenesis through 3’UTR-mediated post-transcriptional mechanisms. How these RBPs are 
themselves regulated is largely unknown. Here, we assess the role of the 3’UTR in both patterning the expression and 
coordinating the function of the highly conserved RBP MEX-3. Null mex-3 mutants are maternal-effect embryonic lethal with 
anterior cell fate specification defects (Draper et al., 1996). Previous studies demonstrate that the 3’UTR of mex-3 is sufficient 
to establish its germline expression pattern (Merritt et al., 2008, Kaymak et al., 2016). To test whether the UTR is necessary for 
patterning and reproductive viability, we used CRISPR/Cas9 to make an allelic series of mex-3 3’UTR deletions in a strain where 
the endogenous MEX-3 is tagged with GFP (GFP::MEX-3). Among the 3’UTR deletion mutants, two variants displayed increased 
expression of GFP::MEX-3, with the biggest deletion showing ectopic de-repression throughout the germline indicating 
that the 3’UTR is required for MEX-3’s expression pattern. Surprisingly, both variants were homozygous fertile but exhibited 
reduced fecundity. To identify the RBPs that mediate MEX-3 expression and activity through its 3’UTR, we used RNAi to knock 
down several candidate RBPs in the GFP::MEX-3 strain and a mex-3 3’UTR transgenic reporter strain (GFP::mex-3 3’UTR). We 
confirm that GLD-1, LIN-41, and OMA-1/2 regulate MEX-3 expression, and show that this repression is mediated through its 
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3’UTR. We also found that an additional RBP, DAZ-1, regulates MEX-3 expression but not through the 3›UTR. To determine 
the mechanisms involved in MEX-3 patterning, we used RNAi to systemically knock down components of the adenylation and 
de-adenylation complexes and translation initiation factors. Our results revealed that both poly(A) tail length and translational 
control orchestrate the unique expression pattern of MEX-3, with different mechanisms predominating in different regions 
of the germline. Taken together, our results demonstrate that the mex-3 3’UTR is essential for patterning its expression, but 
not required for fertility. Our results describe the complex network of pathways required to coordinate the MEX-3 expression 
pattern, but also suggest that precise spatiotemporal control is not as critical as previously thought.

338B	 Modeling	the	C. elegans Germline Stem Cell Genetic Network using Automated Reasoning

Ani Amar1, E. Jane Albert Hubbard2, Hillel Kugler 1 1) Bar-Ilan University; 2) New York University.

Computational methods and tools are a powerful complementary approach to experimental work for studying regulatory 
interactions in living cells and systems. We demonstrate the use of formal reasoning methods as applied to the Caenorhabditis 
elegans germ line, which is an accessible model system for stem cell research. The dynamics of the underlying genetic 
networks and their potential regulatory interactions are key for understanding mechanisms that control cellular decision-
making between stem cells and differentiation. We model the “stem cell fate” versus entry into the “meiotic development” 
pathway decision circuit in the young adult germ line based on an extensive study of published experimental data and known/
hypothesized genetic interactions. We apply the reasoning engine for interaction networks tool (RE:IN) to derive predictive 
networks for control of differentiation. Using RE:IN we simultaneously specify many possible scenarios and experiments 
together with potential genetic interactions, and synthesize genetic networks consistent with all encoded experimental 
observations. In silico analysis of knock-down and overexpression experiments within our model recapitulate published 
phenotypes of mutant animals and can be applied to make predictions on cellular decision making. This work lays a foundation 
for developing realistic whole tissue models of the C.elegans germline where each cell in the model will execute a synthesized 
genetic network.

339C	 Cytokinesis	incompletion	drives	the	initial	expansion	of	the	C. elegans syncytial germline

Jack Bauer1, Vincent Poupart1, Ken C. Q. Nguyen3, David H. Hall3, Jean-Claude Labbé1,2 1) Institute for Research in Immunology 
and Cancer (IRIC), Université de Montréal, Québec, Canada; 2) Department of Pathology and Cell Biology, Université de 
Montréal, Québec, Canada; 3) Department of Neuroscience, Albert Einstein College of Medicine, New York, NY, USA.

While syncytial architectures are common among animal germlines and required for fertility, the mechanisms leading to 
syncytium formation and expansion remain largely unknown. C. elegans constitutes a powerful in vivo model to study 
syncytium regulation throughout development. The adult germline is organized as a syncytium in which each germ cell 
possesses an intercellular bridge that is maintained by a stable actomyosin ring and that connects it to a common pool 
of cytoplasm, termed the rachis. How germ cells undergo cytokinesis while maintaining this syncytial architecture is not 
completely understood. We characterized the organization of the primordial germ cells (PGCs) in C. elegans first stage larvae 
and studied the first PGC division to better understand how the syncytial structure expands. Using confocal and electron 
microscopy, we found that each PGCs possesses a stable intercellular bridge that connects it to a common pool of cytoplasm, 
which we term the proto-rachis. We found that as in the adult syncytium these intercellular bridges are stabilized by 
actomyosin rings and enable cytoplasmic exchange between the germ cells. These results indicate that the organization of the 
primordial germline in first stage larvae is fundamentally the same as in adult animals. Using live imaging and fluorescence 
photobleaching approaches, we further found that the first PGC cytokinesis is incomplete and that the stabilized cytokinetic 
ring progressively moves toward the proto-rachis and eventually integrates into it. In addition, we found that cytoplasmic 
exchange maintained as PGCs undergo cytokinesis, indicating that the connection to the proto-rachis remains effective 
during PGC division. Our results support a model in which the initial expansion of the C. elegans syncytial germline occurs by 
incomplete cytokinesis, where one daughter germ cell inherits the actomyosin ring that was newly formed by stabilization 
of the cytokinetic ring, while the other inherits the pre-existing stable actomyosin ring. We propose that such mechanism of 
iterative cytokinesis incompletion underpins C. elegans germline expansion and maintenance.

340A	 GLP-1	Notch	-	LAG-1	CSL	control	of	the	germline	stem	cell	fate	is	mediated	by	transcriptional	targets	lst-1 and sygl-1

Jian Chen1, Ariz Mohammad1, Nanette Pazdernik1,5, Huiyan Huang2, Beth Bowman3,6, Eric Tycksen4, Tim Schedl1 1) Department of 
Genetics, Washington University School of Medicine, St. Louis, MO; 2) Department of Pediatrics, Washington University School 
of Medicine, St. Louis, MO; 3) Department of Biology, Emory University, Atlanta, GA; 4) Genome Technology Access Center, 
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McDonnell Genome Institute, Washington University School of Medicine, St. Louis, MO; 5) Integrated DNA Technologies; 6) 
Vanderbilt University, Nashville, TN.

Stem cell systems are essential for the development and maintenance of polarized tissues. Intercellular signaling pathways 
control stem cell systems, where niche cells signal stem cells to maintain the stem cell fate/self-renewal and inhibit 
differentiation. In C. elegans, GLP-1 Notch signaling specifies the germline stem cell fate and inhibits meiotic development, 
employing the sequence-specific DNA binding protein LAG-1 to initiate the transcriptional response. We undertook a 
comprehensive genome-wide approach to identify transcriptional targets of GLP-1 signaling. We expected primary targets 
to (a) be directly bound by LAG-1 in the germline observed through ChIP-seq experiments, and (b) require GLP-1 signaling 
for their RNA accumulation in dissected germlines based on RNA-seq analysis. Furthermore, we have shown that all stem 
cells switch to meiotic development in response to germline autonomous auxin inducible degradation of LAG-1 or GLP-1. We 
therefore performed a time-course transcriptomics analysis, following auxin inducible degradation of LAG-1, to distinguish 
between genes whose RNA level was a primary or secondary response of GLP-1 signaling. Thus far, we have identified lst-1 and 
sygl-1 as two genes that fulfilled these criteria, consistent with their known function to promote the stem cell fate. In addition, 
three secondary response genes were identified based on their timing following loss of LAG-1, their lack of a LAG-1 ChIP-seq 
peak and that their glp-1 dependent mRNA accumulation could be explained by a requirement for lst-1 and sygl-1 activity. 
Moreover, our analysis also suggests that the function of the primary response genes lst-1 and sygl-1 can account for the glp-1 
dependent peak protein accumulation of FBF-2, which promotes the stem cell fate and, in part, for the spatial restriction of 
elevated LAG-1 accumulation to the stem cell region.

341B	 Significance	of	RNA	Binding	Motif	Protein	(RBM-39)	in	developmental	processes	in	C. elegans

Yuzhu Cheng1, Darrell Killian1, Eugenia Olesnicky Killian2 1) Colorado College; 2) University of Colorado Colorado Springs.

RNA Binding Motif Protein 39 (or Caperα) is a conserved RBP that is known to act as an alternative splicing activator. Caper 
(RBM39 homolog in Drosophila) has been studied in the development and maintenance of the nervous system, and in cancers. 
Deficiency in Caper/RBM-39 compromises dendrite morphology, sensory neuron development, neuromuscular junction 
morphogenesis, and lifespan, mainly in Drosophila. However, the full phenotypic effect of RBM-39 remains obscured due to 
the absence of a knockout mutant. Using C. elegans as a model, we have successfully generated an rbm-39 knockout mutant 
(cnj4) via CRISPR. Homozygous deletion of rbm-39 leads to severe developmental defects, including sterility, early death, and 
larval arrest. We used a genetic balancer tmC25 to maintain the recessive sterile allele in heterozygotes. To investigate the 
potential causes of mutant sterility, a phenotypic analysis of germline development defects in rbm-39 mutants was conducted. 
Our results show that rbm-39(cnj4) animals have either delayed or failed in oogenesis. We found that the mitotic zone length 
of the germline was shorter in the homozygous rbm-39(cnj4) than N2 (wild type) and heterozygotes, suggesting disruptions in 
proliferation and/or maintenance of the germline stem cells. Gonad visualization also revealed abnormal oocytes that were 
seemingly endomitotic in rbm-39(cnj4) animals. Taken together, RBM-39 is essential for proper germline development and 
oogenesis. Since RBM-39 is predominantly an alternative splicing factor, genes that control aspects of germline development 
may be mis-spliced in the mutant. In general, our study highlights the importance of this conserved splicing factor, RBM-39, in 
reproductive and early development. We have established a novel mutant strain for future investigations while also expanding 
the knowledge of this protein›s functions in C. elegans. Given that germline development in C. elegans is well studied and the 
processes are highly coordinated with defined signaling pathways, the mechanism of RBM-39 in germline development can be 
studied using the rbm-39(cnj4) strain. Since rbm-39(cnj4) mutants exhibited mild uncoordinated locomotion, which is strongly 
associated with neuronal or muscular defects, future studies should examine the RBM-39 knockout phenotype in neurons and 
dendritic branches.

342C	 3’	UTR	mediated	post-transcriptional	regulation	of	glp-1 in the germline of Caenorhabditis elegans

Peren Coskun1, Sean Ryder1 1) UMass Medical School.

Translational control of maternal mRNAs is a major form of gene regulation during germline development and embryogenesis. 
In Caenorhabditis elegans, the maternal gene glp-1 encodes a homolog of the Notch transmembrane protein required 
for cell proliferation in the germline and cell fate specification in the embryo. The RNA binding proteins POS-1 and GLD-1 
directly regulate the translation of GLP-1 protein by binding to the specific elements within the glp-1 3’ untranslated region 
(3’ UTR). When POS-1 or GLD-1 binding is disrupted by mutation of their respective elements, the expression pattern of a 
glp-1 3’ UTR transgene changes in both the germline and in embryos. The mechanism by which POS-1 and GLD-1 mediate 
translation repression is not well understood. Previous work showed that loss of pos-1 increases the average polyA tail length 
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of endogenous glp-1 transcripts in embryos. Here, we show that mutation of either the GLD-1 or POS-1 binding motifs in 
transgenic reporters does not change

polyA site selection. This result rules out alternative polyA site usage as a mechanism of regulation. We also show that wild-
type glp-1 transgenic reporter embryos have a shorter average polyA tail length compared to mutant transgenic reporters 
in GLD-1 or POS-1 binding motifs. We further used our reporters to measure the effect of cytoplasmic polyA polymerases, 
deadenylases and translation initiation factors on the glp-1 expression level and pattern. The results reveal that POS-1 and 
GLD-1 exert their effects through different pathways. Our studies provide insights of into the mechanism of glp-1 post-
transcriptional regulation in the germline and embryo.

343A	 FBF	binding	elements	in	the	gld-1 3’UTR	and	their	role	in	germline	regulation

Sarah Crittenden1, Jennifer Woodworth1, Peggy Kroll-Conner1, Marv Wickens1, Judith Kimble1 1) University of Wisconsin - 
Madison.

PUF RNA binding proteins (for Pumilio and FBF) are key regulators of self-renewal in the C. elegans germline. Two nearly 
identical PUF proteins, FBF-1 and FBF-2 (collectively FBF), have long been known as self-renewal regulators of late larval and 
adult germline stem cells (GSCs) (1). Genomic studies using iCLIP identified a battery of FBF target RNAs as well as FBF binding 
elements (FBEs) within them (2). That knowledge of in vivo FBEs provides a powerful inroad for studying the direct effects 
of FBF binding on regulation of individual target RNAs and germ cell fate. A major target of FBF regulation is gld-1, which 
promotes meiotic progression and oogenesis (3). Strong evidence has accumulated for FBF repression of gld-1 in GSCs (1), 
but FBF had also been proposed to activate gld-1 to promote meiotic entry. (1,4). We have now begun to focus on FBEs in 
the gld-1 3’UTR to assess their molecular and biological roles. To this end, we used CRISPR/Cas9 gene editing to mutate the 
two canonical gld-1 FBEs, FBEa and FBEb, in the 3’UTR of endogenous gld-1. Phenotypically, FBEa and FBEb single mutants 
both maintain GSCs and are fertile; an FBEa FBEb double mutant was just recovered and is being characterized. Using GLD-1 
immunostaining, we find that the FBEa single mutant makes higher than normal levels of GLD-1 protein in GSCs, while the 
FBEb single mutant makes wild-type levels in GSCs. We are currently examining gld-1 mRNA levels in these single mutants 
using smFISH, and soon will start analyzing the double mutant.

1 Crittenden et al.(2002).Nature, 417,660. 2 Porter, Prasad et al.(2019).G3,9,153. 3Francis et al (1995) Genetics 139, 579 4 Suh 
et al.(2009).Genetics,181,1249.

344B	 DLC-1	promotes	germ	granule	integrity	in	C. elegans embryo

Nicholas Day1, 2, Mary Ellenbecker1, Xiaobo Wang1, Ekaterina Voronina1 1) University of Montana, Missoula, MT; 2) Pacific 
Northwest National Laboratory, Richland, WA.

P granules are RNA-protein complexes located in the germline of Caenorhabditis elegans that are important for RNA 
regulation, germ cell identity and fertility. P granules are present throughout the C. elegans germline lifecycle, during which 
they undergo several dynamic transitions. For example, P granules are perinuclear during most of germline development but 
become cytoplasmic during oocyte maturation and during embryogenesis P granules segregate asymmetrically with the P 
cell lineage that produces the primordial germ cells. Here we identify dynein light chain (DLC-1) as an important determinant 
of P granule formation and subcellular localization in the C. elegans embryo. DLC-1 is a bimolecular hub that interacts with 
a variety of cellular proteins and functions in diverse processes from dynein-dependent transport to allosteric regulation 
of ribonucleoprotein complexes. We used an in silico motif scanning approach to search for new DLC-1 binding partners, 
identifying several P granule components as a result. Direct interaction between DLC-1 and PGL-1, PGL-3, GLH-4 and MEG-4 
was established using a biochemical binding assay in vitro. We confirmed that DLC-1 is in complex with P granule components 
PGL-1 and PGL-3 in the germline and embryo in vivo using proximity ligation assay. Loss of dlc-1 disrupts assembly of 
embryonic P granules as assessed by localization of multiple P granule components but does not impact the levels of PGL-
1 or PGL-3 protein expression. Analysis of a temperature sensitive dynein heavy chain mutant C. elegans suggests that the 
dynein motor related function of DLC-1 is important for P granule segregation during asymmetric cell divisions and contributes 
to phase separation of core P granule components at select stages of embryonic development. DLC-1 is a member of the 
conserved LC8 protein family, whose members contribute to germ granule dynamics in other organisms such as zebrafish. Our 
findings may shed light on general mechanisms behind LC8 contribution to germ granule phase separation.

345C	 Investigating	the	basis	for	the	aak-1-specific	requirement	in	homeostatic	regulation	of	GSC	proliferation
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Nasim Eskandari1, Olivier Gagné1, Pier-Olivier Martel1, Xavier Lechasseur1, William White 1, Patrick Narbonne1 1) Université du 
Québec à Trois-Rivières.

The AMP-activated protein kinase (AMPK) is a metabolic master switch that is activated under energy stress and acts to 
restore that balance. It is a heterotrimeric complex composed of an alpha catalytic subunit, and two regulatory subunits 
(beta and gamma). In C. elegans, the catalytic subunit is encoded by the aak-1 and aak-2 genes, which have 53% amino acid 
identity, and 68% similarity. Both genes are required and act additively, to inhibit germline stem cell (GSC) proliferation during 
dauer development. That functional equivalence between the two genes however does not hold true for other defects. For 
example, AAK-2 is largely responsible for promoting the animal’s longevity and dauer survival. On the other hand, AAK-1 is 
specifically required for inducing oocyte and GSC quiescence in animals that lack sperm. As such, feminized aak-1 mutants, 
but not feminized aak-2 mutant adults, lay activated unfertilized oocytes, and have ongoing GSC proliferation. Here, we ask 
what is the basis for this aak-1-specific requirement in homeostatic regulation of GSC proliferation. We first fluorescently 
tagged endogenous aak-1 with mNG and compared its expression with that of tagged endogenous aak-2 (a kind gift from 
Shaolin Li). We found that aak-1 is weakly expressed in the gut and germline, and more strongly in the gonadal sheath cells. 
We then asked in which of these tissues aak-1 was required for homeostatic GSC regulation. Our preliminary results suggest 
that AAK-1 functions in the gonadal sheath cells. Interestingly, aak-2 is also expressed in the sheath cells, although at a 
lower level. As such, we consider two possible scenarios to explain the specific requirement for aak-1. Either the two alpha 
subunits are functionally equivalent and the difference in expression levels in the sheath cells is what explains the respective 
mutant phenotypes. Alternatively, amino acid sequence divergences between the two subunits must translate into functional 
differences. To test this, we will overexpress aak-2 in the gonadal sheath cells to verify whether that could compensate for aak-
1 function. In parallel, we will attempt to rescue aak-1 null mutants with various AAK-1::AAK-2 chimeras to identify whether 
there are functional differences in their slightly divergent domains. Such analysis will help understanding the basis for the 
functional divergence among the catalytic subunits of AMPK.

Keywords:

Germline, aak-1, aak-2, AMPK, GSC

346A	 Regulation	and	function	of	the	“PUF	hub”	governing	C. elegans germline stem cells

Ahlan Ferdous1, Tina Lynch1, Cazza Czerniak1, Charlotte Kanzler1, Heaji Shin1, Judith Kimble1 1) University of Wisconsin-Madison.

The “PUF hub” is responsible for self-renewal of germline stem cells (GSCs)1. This hub consists of four PUF (Pumilio and FBF) 
RNA-binding proteins – FBF-1, FBF-2, PUF-3 & PUF-11 — and two novel proteins, LST-1 and SYGL-1. The molecular elucidation 
of both regulation and function of the PUF hub is essential to understand how GSCs are maintained in the face of challenges 
from physiology and the environment. GLP-1/Notch signaling activates lst-1 and sygl-1 transcription to launch and maintain 
hub activity2,3. We now find that point mutations at one or more of three LAG-1 binding sites (LBS) in the sygl-1 promoter tune 
its response to niche signaling. Single LBS mutants substantially lower the number of sygl-1 active transcription sites (ATS) and 
double mutants nearly eliminate them; importantly, the GSC pool shrinks in single mutants and is lost in double mutants, when 
assayed without LST-1. We also find that LST-1 has an unexpected role in sygl-1 transcription: sygl-1 ATS number increases 
in lst-1(ø) mutants with a corresponding increase in SYGl-1 protein. The converse is not true: lst-1 expression is unaffected in 
sygl-1(ø) mutants. Therefore, LST-1, but not SYGL-1, affects transcription. The primary PUF hub function is regulation of target 
RNAs. We proposed earlier that each hub PUF protein forms a complex with either LST-1 or SYGL-1 to repress differentiation 
RNAs4. We have investigated this model. We first used co-immunoprecipitation (coIP) to explore the proposed battery of 
complexes. Though the matrix is only about half done, all coIPs so far support the model. We next identified “PUF-interaction 
sites” (PIS) in both LST-1 and SYGL-1. Intriguingly, each harbors two redundant PIS: single PIS mutants of either protein retain 
self-renewal activity but double mutants abolish it. We finally tethered LST-1 and SYGL-1 to a reporter RNA with the λN-boxB 
system, and found that both λN-LST-1 and λN-SYGL-1 repressed a GFP::H2B reporter with boxB sites in its 3’UTR. These results 
provide strong evidence that PUF:LST-1 and PUF:SYGL-1 partnerships are essential for GSC maintenance and that LST-1 and 
SYGL-1 are RNA repressors. In sum, both hub regulation and function are intensively buffered, and our mutants provide new 
tools for analyses of the hub when poised in an intermediate state.

1 Haupt et al 2020 Genetics 214,147; 2 Kershner et al 2014 PNAS 111, 3739; 3 Lee et al 2016 eLife 5, e18370; 4 Shin et al 2017 
PLoS genetics 13, e1007121.

347B	 Two	eIF4E	isoforms	regulate	distinct	mRNAs	and	effect	one	another	in	germ	cells
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Gita Gajjar1, Keiper Brett1, Hayden Huggins1 1) East Carolina University.

mRNA translational regulation is an important step in protein synthesis in cell differentiation processes. During gametogenesis 
undifferentiated germ cells progress through multiple developmental stages as they differentiate into mature gametes. 
Translational control of mRNAs plays an essential role in germ cell gene regulation, particularly as mRNAs move from nucleus 
to perinuclear granules and eventually to ribosomes. Understanding the biochemistry of germline mRNA interactions with 
the cap binding protein eukaryotic Initiation Factor 4E (eIF4E) and RNA-binding proteins will help us understand both positive 
and negative translational control modes that drive germ cell fates by modulating new protein expression. Two major eIF4E 
isoforms are abundant in the C. elegans germline. IFE-1 and IFE-3 are known to interact selectively with subsets of mRNAs and 
each appears to have a different role in germ cell fate. IFEs are modulated by interaction with repressive binding 4E-interacting 
proteins (4E-IPs); IFE-1 by PGL-1 and IFE-3 by IFET-1. Each localize as a complex on adjacent, but distinct, perinuclear granules.

The IFE-3 isoform plays a role in switch from spermatogenesis to oogenesis. Here we describe changes in localization of 
fluorescently tagged IFEs in the complete absence of the other isoform. Gonads of ife-3 mutant hermaphrodites adopt 
a masculinized phenotype, and the IFE-1-expression pattern becomes similar to males. However, its normal association 
with P granules is diminished. Gonads are narrow and the rachis less evident. IFE-1 is known to have an important role 
in spermatogenesis; null mutant worms are unable to produce mature sperm. Hermaphrodite gonads lacking ife-1 show 
pronounced enlargement in the transition zone. IFE-3 is more in a dispersed pattern in the rachis rather than the tight 
centralized association with lattice-like structures in control oogenic gonads. We do not have an immediate explanation for the 
marked changes in gonad morphology by reciprocal loss of each IFE isoform. We will explore the structure of their respective 
germ granules using mutations in the VASA/GLH-1 helicase found more centrally in P granules as well as the 4E-IP themselves. 
We will follow the routing of mRNAs held dormant by these granules through their activation and binding of ribosomes.

348C	 Regulation	of	GLP-1/Notch	signaling	in	C. elegans Germline Stem Cells by Protein Interactions

Xue Han1, Dan Zhang1, Ryan Smit1, Tim Schedl2, Dave Hansen1 1) University of Calgary; 2) Washington University School of 
Medicine.

Reproductive fitness requires a balance between stem cell self-renewal and differentiation. In the C. elegans germline, GLP-
1/Notch signaling controls this balance. In the distal region of the germline, high GLP-1/Notch levels promote proliferation. 
GLP-1 signaling decreases moving proximally, allowing the GLD-1/NOS-3, GLD-2/GLD-3 and SCFPROM-1 redundant pathways 
to be gradually activated, directing cells to enter meiosis/differentiation. Therefore, a stem cell’s decision to self-renew or 
differentiate is governed by the establishment of an opposing gradient of GLP-1 signaling and the GLD-1/GLD-2/SCFPROM-1 
pathways along the distal-proximal axis of the germline. Previously, GLP-1 has been shown to indirectly repress the translation 
of gld-1 and gld-3. However, recent data from our lab suggests that protein-protein interactions between GLP-1 and GLD-1/
GLD2 could result in the repression of their normal regulatory roles. The possibility of a direct physical interaction reveals 
a new level of regulation. We hypothesize that GLP-1 physically interacts with GLD-1/GLD-2 to rapidly establish opposing 
domains. To test this, we determined the protein regions required for protein interactions using a yeast two-hybrid system. 
Results obtained thus far indicate that GLP-1(intra) interacts with the N-terminal regions of GLD-1 and GLD-2. Current work 
focuses on how this protein interaction may negatively regulate GLP-1/Notch or the GLD-1/GLD-2 pathways. One approach is 
to analyze GLP-1 signaling in germlines with ectopic expression of the N termini of GLD-1/2 domains. While GLD-2N was able 
to be ubiquitously expressed, GLD-1N localization largely resembles endogenous GLD-1, suggesting a novel mechanism of 
controlling GLD-1 accumulation. More work is underway to express GLD-1N in the distal germline. This research will contribute 
to a better understanding of the precise regulatory mechanisms governing stem cell proliferation.

349A	 PAR-CLIP	experiments	used	to	identify	parallel	pathways	to	the	core	germline	development	pathway

Jonathan Karpel1 1) Southern Utah Univ.

The C. elegans germline is a model system for studying the intricate pathway interactions that drive cell fate decisions. The 
hermaphrodite gonad is spatially separated with a population of stem cells at the distal end, while cells at the proximal end 
have switched to meiosis and form both spermatocytes and oocytes. The regulation of germline stem cell fates in C. elegans 
is similar to other higher eukaryotes, in that the canonical network seems to involve many RNA-binding proteins and multiple 
points of post-transcriptional control. It certainly seems like there needs to be a carefully controlled and coordinated process 
to regulate all the gene products that influence the ultimate entry to meiosis.
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There are several studies that suggest additional regulators are required for normal germline proliferation, beyond the core 
GLP-1 Notch pathway. These regulators could represent one or more pathways that function parallel to GLP-1 Notch signaling 
and the meiotic switch. The fact that many of the regulators identified so far are proteins involved in RNA metabolism bolsters 
the hypothesis that the core pathway for sex determination is incomplete, and there are more branches yet to be identified in 
the control of the meiotic switch.

In this research we have utilized PAR-CLIP experiments to identify potential RNA targets of regulatory proteins found in 
germline developmental pathways. The central theme to this research is to tag RNA-binding proteins, and then crosslink these 
hybrid proteins with potential target RNAs. By identifying the RNAs, we can begin to flesh out how these proteins function to 
influence germline fates. Example research results will be discussed further.

350B	 The	PAF1	complex	cell-autonomously	regulates	oogenesis in Caenorhabditis elegans

Yukihiko Kubota1, Natsumi Ota1, Hisashi Takatsuka1, Takuma Unno1, Masahiro Ito1 1) Ritsumeikan University, Shiga, Japan.

During animal development, spatiotemporal gene transcription regulation is essential to regulate cell behavior. To precisely 
regulate gene transcription, regulation of the targeting of RNA polymerase II (pol II) to specific genes is required.

RNA polymerase II-associated factor 1 complex (PAF1C) is a protein complex that consists of PAF1, CDC73, CTR9, LEO1, and 
RTF1, and has been shown to be involved in regulating pol II-mediated transcription. Although, it has been shown to regulate 
a variety of biological processes including cell differentiation and tumor suppression, a precise role for PAF1C during germ line 
development has not been clarified.

The C. elegans hermaphrodite gonad produces sperm during late larval stage, which is then reserved in spermatheca. 
Subsequently, the gonad produces oocytes during the adult stage. Finally, gametogenesis is achieved via self-fertilization. At 
present, the mechanism of oogenesis is not fully understood.

In this work, we found that although penetrance of leo-1 (RNAi) is lower than that for knockdown of the other four PAF1C 
component genes, oogenesis was not occurring in RNAi fed day1 adult stage escapers. Similar results were observed in 
leo-1 (gk1081), rtfo-1 (tm5670), and pafo-1 (tm13347) deletion mutants. We next checked the average number of oocyte 
maturation marker-positive oocytes using the bkcSi11[oma-1::GFP] genomic transgene driven by its ~2.9 kbp 5’ region and its 
~2.9 kbp 3’region. We observed about five OMA-1::GFP-positive oocytes per posterior gonad in both wild-type and control 
(RNAi) animals. By contrast, the number of OMA-1::GFP-positive oocytes was decreased in leo-1 (RNAi), cdc-73 (RNAi), pafo-1 
(RNAi), and pafo-1 (tm13347) animals. We also found that functional PAFO-1::mCherry, which is expressed from an integrated 
genomic transgene, tjIs280[pafo-1p::pafo-1::mCherry] rescued the oogenesis defective phenotype in the pafo-1(tm13347) 
mutant. Moreover, functional PAFO-1::mCherry expressed by a regulatory element of the germ cell-specific gene pie-1 
significantly rescued the oogenesis-defective phenotype. Thus, germ cell expression of PAF1C might be essential for oogenesis. 
Finally, we found bkcSi11[oma-1::GFP] partially rescued the oogenesis defective phenotype.

Taken together, these results suggest that PAF1C cell-autonomously regulates oogenesis by regulating oocyte maturation.

351C	 MIG-6	PLAC	domain	affects	Notch	signaling	and	the	extracellular	matrix	composition.

Pier-Olivier Martel1, Julia Degrémont2, Eden Dologuele1, Lucie Beaulieu1, Patrick Narbonne1,3 1) Université du Québec à Trois-
Rivières, Québec, Canada.; 2) Institut de Recherche en Immunologie et en Cancérologie (IRIC), Université de Montréal, 
Montréal, Québec, Canada.; 3) Université Laval, Québec, Québec, Canada..

In a forward genetic screen aimed at isolating mutations that disrupt germline stem cell (GSC) regulation, we found a new 
allele of mig-6, which we called qz2. MIG-6 is homologous to mammalian Papilin, a component of the extracellular matrix 
(ECM), and exists as two isoforms. The mig-6(qz2) mutation disrupts the long isoform, which is known to cell-autonomously 
promote DTC migration (Kawano et al. 2009). More specifically, it affects its C-terminal well-conserved protease and lacunin 
(PLAC) domain, thought to be important in matrix metalloproteases and proprotein convertases. The mig-6(qz2) mutants lay 
26% less eggs than wild-type and have a slight increase in embryonic (+5.9%) and larval lethality (+1,8%). In addition, the distal 
half of their gonad arms are 30% shorter and 43% wider than in wild type. By comparing gonad morphology in mig-6(qz2) 
with mig-6l(∅)/+, mig-6(qz2)/+ and wild type animals, we found the qz2 mutation to have semidominant features regarding 
this morphological defect. Consistent with its altered distal gonad morphology, the distal tip cell (DTC) cytonemes are shorter 
and spread wider in mig-6(qz2) mutants than in wild-type. Interestingly, the rate of GSC proliferation is normal in mig-
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6(qz2) mutants, indicating that the morphology of the distal gonad, including niche morphology, can be dramatically altered 
without affecting the rate of GSC proliferation. On the other hand, we noticed that mig-6(qz2) greatly aggravates the glp-
1(gf) thermosensitive defects at a permissive temperature. Namely, glp-1(gf); mig-6(qz2) double mutants develop 3.8 times 
more tumors than glp-1(gf) single mutants, while they lay 57% less eggs that show drastic increases in embryonic (+38.7%) 
and larval lethality (+9.1%). Despite the changes in DTC and gonadal morphology in mig-6(qz2) animals, we failed to detect 
a difference in both lag-2 expression and GLP-1 levels. However, we found that the fraction of intracellular GLP-1 (cleaved 
NICD) was higher. Indeed, using Imaris 3D reconstructions of confocal z-stacks acquisitions of GLP-1::GFP animals (kind gift 
from David Greenstein), we found that there was significantly more GLP-1::GFP in the rachis of mig-6(qz2) mutants. In parallel, 
we noticed that the ECM in the distal gonad of mig-6(qz2) mutants was enriched in one of its main components, Collagen IV 
(EMB-9). Our results are thus compatible with the notion that MIG-6’s PLAC domain may modify the ECM composition in a way 
that dampens Notch activation.

352A	 Determining	the	mechanism	of	attachment	of	the	C. elegans germline	stem	cell	niche,	the	distal	tip	cell

Lauren McMillan1, Ramya Singh2, Xin Wang1, Dave Hansen1 1) Department of Biological Sciences, University of Calgary, Calgary, 
Canada; 2) Department of Biology, McGill University, Montreal, Canada.

The balance between stem cell proliferation and differentiation is important for growth and development in many organisms. 
This balance is highly regulated, and requires an interaction between the niche and the stem cell pool in order to be 
maintained. In C. elegans, the somatic distal tip cell (DTC) acts as the germline stem cell niche by providing cues to the stem 
cell pool via GLP-1/Notch signalling. We have identified the Derlin protein DER-1 (CUP-2) as having a role in regulating the 
DTC. The DTC is normally located at the distal most end of the gonad. It can move several cells away from the distal most end 
as the worms age (Kocsisova et al., 2019). As cup-2 mutant worms age, the DTC moves further proximally down the gonad 
arm than what is seen with wild type. In some more extreme cases, the stem cell pool moves along with the DTC, which 
suggests the DTC remains functional at the new location. We are characterizing cup-2’s expression along with its displacement 
phenotype to determine where cup-2 is required such that the DTC will remain in place. Additionally, we are exploring cup-2’s 
known functions, endoplasmic reticulum associated degradation (ERAD) and endocytosis, to determine if they play a role in 
the placement of the DTC. Finally, we are looking at the surrounding basement membrane to determine if it may play a novel 
role in holding the DTC in place. This investigation of CUP-2 may help us understand how the DTC and potentially other niches 
are held in place, and how this displacement affects germline stem cells and the balance between stem cell proliferation and 
differentiation.

References

Kocsisova, Z., Kornfeld, K. & Schedl, T. Rapid population-wide declines in stem cell number and activity during reproductive 
aging in C. elegans. Development 146

, (2019).

353B	 A	secreted	immunoglobulin	domain-containing	protein,	SPE-51,	is	required	for	sperm	function	at	fertilization

Xue Mei1, Gunasekaran Singaravelu1, Marina Druzhinina1, Sunny Dharia1, Andrew Singson1 1) Rutgers University.

Successful fertilization requires the sperm and egg to recognize and bind to each other in order to fuse and form a zygote. The 
molecular basis of fertilization is not well understood. In mammals, several cell-surface proteins were shown to be required 
for the interactions between the sperm and egg, with IZUMO1, an immunoglobulin (Ig) superfamily protein on the sperm, and 
JUNO, a GPI-anchored protein on the egg being the only known receptor pair (Bianchi, 2014). In C. elegans sperm, interactions 
with oocytes are mediated by the spe-9 class of proteins, which consist of transmembrane proteins on the sperm surface. 
The non-redundant roles of these molecules suggest that they function with one another to form a complex, which we refer 
to as the fertilization synapse (Krauchunas, 2016). Here, we report the first secreted molecule in the spe-9 class, SPE-51. 
spe-51 mutant sperm display normal morphology, can activate, migrate and even outcompete self sperm, but fail to fertilize 
the oocytes. The predicted protein contains an Ig-like fold and a stretch of hydrophobic amino acids. Surprisingly, SPE-51 
expressed in the body-wall muscle was taken up by coelomocytes, suggesting the protein is secreted rather than membrane-
bound. The spe-51 mutant sperm display cell-autonomous behavior, suggesting that this secreted protein stays associated 
with the sperm cell surface and functions either in cis on the sperm surface or in trans with the egg cell surface to complete 
fertilization. Consistently, endogenously tagged SPE-51 localizes to the surface of the spermatozoa. Our work presents the 
first examples of a secreted protein required for the interactions between the sperm and egg. We further show evidence that 
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one of the molecules required for mammalian sperm-egg interactions, SOF1, is also secreted. Together, our work could serve 
as a paradigm for other mammalian sperm-secreted or reproductive tract-secreted proteins that coat the sperm surface and 
influence their survival, motility, and/or the ability to fertilize the egg.

354C The C. elegans spermiogenesis-inducing compound DDI-4 can trigger the acrosome reaction in mouse spermatozoa

Riona Shiraki1, Yoshihiro Shimada1, Mayumi Kaneko1, MIkiko Yamanaka1, Kouhei Ohkura1, Youki Hashiba1, Masaharu Hashimoto2, 
Yukiko Karuo2, Masaaki Omote2, Hitoshi Nishimura1 1) Department of Life Science, Faculty of Science and Engineering, Setsunan 
University, Osaka, Japan; 2) Faculty of Pharmaceutical Sciences, Setsunan University, Osaka, Japan.

In Caenorhabditis elegans, spermiogenesis undergoes two pivotal events; sperm formation and activation. Pseudopods extend 
from round spermatids to form motile spermatozoa, whereas membranous organelles (MOs) in spermatids fuse with the 
plasma membrane (PM) to activate spermatozoa. During the latter process, MOs release their contents extracellularly, and 
some proteins that are essential for fertilization relocate from the MO membrane onto the sperm surface, resulting in the 
acquisition of sperm fertility. These cytological features of MO fusion are similar to those of the acrosome reaction in mouse 
spermatozoa, representing one event for sperm activation. Thus, we hypothesized that C. elegans and the mouse might 
share a common mechanism for sperm activation. To explore this, we first screened a chemical library to obtain compounds 
that trigger C. elegans spermiogenesis. Of 480 entries contained in the library, we got several compounds as C. elegans 
spermiogenesis activators and chose one of the positive agents, named DDI-4, for further analyses. Intriguingly, 100 µM DDI-4 
could induce the acrosome reaction in ~85% of mouse cauda epididymal spermatozoa, while ~70% became acrosome-reacted 
with 10 µM the calcium ionophore A23187. Moreover, DDI-4 promoted tyrosine phosphorylation of mouse sperm proteins, 
a typical capacitation signature, at least in vitro. These results indicate that DDI-4 can activate both C. elegans and mouse 
spermatozoa in vitro. In other words, these two species presumably possess targets of DDI-4 that function in sperm activation. 
To obtain clues regarding the DDI-4 targets or DDI-4-related factors, we screened mutants whose spermatids were resistant 
to DDI-4 in ethyl methanesulfonate-treated worms. Since two mutant strains were eventually isolated, we are currently 
investigating those strains by next-generation sequencing to identify mutated genes by which spermatids will become 
incapable of being activated with DDI-4. Information of such genes might contribute to elucidating the common mechanism 
for sperm activation in C. elegans and the mouse.

355A	 EGGD-1	and	EGGD-2	are	novel	LOTUS	domain	proteins	that	promote	perinuclear	localization	of	P	granules

Ian Price1,2,3, Benjamin Pastore1,2,3, Hannah Hertz1,2, Wen Tang1,2 1) Department of Biological Chemistry and Pharmacology, 
Columbus, OH, USA.; 2) Center for RNA Biology, The Ohio State University, Columbus, OH , USA.; 3) Ohio State Biochemistry 
Program, Columbus, OH, USA..

Across the animal kingdom, ribonucleoprotein condensates called germ granules are required to maintain the immortality 
and totipotency of the germ lineage. Since their discovery, C. elegans germ granules, called P granules, have been extensively 
characterized to understand the role of germ granules in metazoan development. However, studies to-date have been 
impeded by incomplete knowledge of the P granule proteome. To broadly define the proteins localizing to P granules, we 
employed a proximity-based labeling approach by tagging known P granule proteins with a promiscuous biotin ligase. In our 
biotinylated protein fraction, we uncovered over 150 novel P granule proteins. Notably, we identified a pair of previously 
uncharacterized proteins, which we named EGGD-1 and EGGD-2 for Embryonic and Germline P Granules Detached. We find 
that EGGD-1 is enriched at the base of P granules, and its depletion causes P granules to separate from the nuclear envelope 
in the adult germline and embryonic primordial germ cells. Further, loss of eggd-2 exacerbates the P granule mislocalization in 
eggd-1 mutant animals. EGGD-1/2 harbor four domains: two intrinsically disordered regions and two putative LOTUS domains. 
Previous work in Drosophila and mice showed LOTUS domain proteins directly recruit Vasa RNA helicases to organize germ 
granules, yet the role of LOTUS domain proteins in C. elegans is uncharacterized. Our ongoing work examines the interactions 
between GLH proteins (C. elegans Vasa orthologs) and EGGD proteins using mutational analysis to determine contributions of 
individual domains in P granule perinuclear localization. Together, our work defines the P granule proteome and provides novel 
insights into principles of germ granule formation and perinuclear attachment.

356B	 A	male	pheromone	that	improves	quality	of	the	oogenic	germline	uncovers	a	strategy	to	counteract	reproductive	
aging

Erin Aprison1, Svetlana Dzitoyeva1, David Angeles-Albores1, Ilya Ruvinsky1 1) Northwestern University.
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Conspecific males and females communicate with potential mating partners via sex pheromones to promote reproductive 
success, but the underlying mechanisms remain largely enigmatic. We discovered how a C. elegans male pheromone, ascr#10, 
improves the oogenic germline and in the process identified an apparently conserved strategy to improve oocyte quality 
using commonly available pharmaceuticals. As they age, C. elegans hermaphrodites start producing lower quality oocytes 
characterized by abnormal morphology, increased rates of chromosomal nondisjunction, and higher penetrance of deleterious 
alleles. We showed that exposure to the male pheromone substantially ameliorates all of these defects and reduces embryonic 
lethality. ascr#10 stimulates proliferation of germline precursor cells in adult hermaphrodites. Greater precursor supply 
increases physiological germline cell death, which is required to improve oocyte quality in older mothers. Because ascr#10 
effects on the germline require serotonergic signaling, we tested whether pharmaceuticals, including serotonin reuptake 
inhibitors, could improve germline quality in the absence of the pheromone. We found that compounds that potentiate 
serotonin signaling do indeed improve oocyte quality in C. elegans as well as in Drosophila. Together, our results suggest 
the male pheromone improves oocyte quality, but shortens organismal longevity because of the competition over resource 
allocation between soma and the germline. Practically, our findings reveal a class of therapeutic interventions using available 
compounds that could forestall reproductive aging.

357C	 Understanding	the	Role	of	Scaffold	Protein	Activated	C	Kinase	1	(RACK-1)	in	Germ	Line	Stem	Cells	of	Caenorhabditis 
elegans

Sadaf Sangari1, Kara Vanden Broek1, Chris Wang 1, Dave Hansen1 1) University of Calgary, Calgary, Canada .

Stem cells are unspecialized cells that are able to proliferate to produce more stem cells (mitosis) or differentiate to produce 
specialized cells. The balance between proliferation and differentiation is controlled by highly regulated signaling pathway(s). 
The C. elegans germ line is a powerful model that allows genes and pathways that play a crucial role in establishing and 
maintaining this balance to be identified. The C. elegans gonad contains two gonad arms, where proliferating germline 
stem cells are located at the distal ends of each arm, while differentiating cells such as sperm and oocyte are located more 
proximally. The balance between proliferation and differentiation allows this spatial patterning to be maintained in the 
germline. Recently, our lab has identified the influence of the scaffold protein RACK-1, which is conserved between humans 
and C. elegans, on the proliferation vs. differentiation pathway. My research is investigating the role of this scaffold protein 
on maintaining the balance between proliferation and differentiation. A mutation that eliminates rack-1 results in lowering 
and mis-localization of the translational repressor protein GLD-1 (Germ Line Defective-1) in the differentiation pathway. 
Furthermore, loss of rack-1 results in lower brood size and sterility at higher temperatures. My research seeks to identify 
the mechanism (either direct or indirect) by which RACK-1 is impacting GLD-1 and furthermore, the differentiation and 
proliferation decision. My research will provide insight into how stem cell behaviour is regulated in the C. elegans germline.

358A	 Investigating	the	germline	function	of	the	RNA-binding	protein	cfim-1 

Anson Sathaseevan1,2, Bin Yu2, Aishwarya Subramanian2, Matthew Eroglu1,2, Stacey Fluke2, William Brent Derry1,2 1) Department 
of Molecular Genetics, University of Toronto, Toronto, ON, Canada; 2) Developmental and Stem Cell Biology Program, Peter 
Gilgan Centre for Research and Learning, The Hospital for Sick Children, Toronto, ON, Canada .

Post-transcriptional regulation is crucial to proper organismal and tissue-specific development. An abundance of work has 
uncovered the essentiality of the core repertoire of factors and complexes constituting the cleavage and polyadenylation 
(CPA) machinery in post-embryonic development. Despite these findings, there is a need to define the precise relationship 
between these factors and tissue-specific development. Here, we demonstrate a novel role for the RNA-binding protein cfim-1 
in germline function. cfim-1 functions in the CFIm complex, which is associated with preferential utilization of distal cleavage 
sites of pre-mRNAs bound for maturation by the core CPA machinery. Ablation of cfim-1 function results in reduced brood 
sizes. This effect is exacerbated at higher temperatures where a completely penetrant sterility phenotype is observed. We 
employ a combination of genetic and imaging analysis tools to characterize the organization and morphology of cfim-1 ablated 
germlines, demonstrating a precocious organization of meiotic-proliferating cells along the distal-proximal axis of the germline 
at the sterility-inducing temperature. We further provide genetic evidence to suggest that these effects are specific to the CFIm 
complex and not a general effect of antagonizing the function of the core CPA machinery. Data mining of worm 3’-sequencing 
data reveals an enrichment of the UGUA motif that is canonically bound by the CFIm complex upstream of the proximal 
cleavage sites of genes undergoing preferential transcript isoform utilization in response to ablation of cfim-1. These data, in 
conjunction with our previous findings, may suggest a novel model of regulation in the worm whereby recruitment of the CFIm 
complex to proximal cleavage sites in cfim-1 regulated genes antagonizes usage of those sites by the core CPA machinery.
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359B	 Combinatorial	analysis	of	human	PAF1	complex-interacting	proteins	using	in silico phylogenetic	profiling	and	RNAi	
knockdown screening

Hisashi Takatsuka1, Yukihiko Kubota1, Masahiro Ito1 1) Ritsumeikan University, Shiga, Japan.

RNA polymerase-Ⅱassociated factor-1 complex (PAF1C) is a heptameric protein complex consisting of PAF1, CTR9, LEO1, 
CDC73, and RTF1. PAF1C regulates gene transcription by interacting with RNA polymerase-II. PAF1C is evolutionarily conserved 
within multicellular organisms, and has been shown to regulate various important processes, including cell proliferation, cell 
differentiation, and tumor suppression. To date, the functional role of PAF1C in germ cell development remains unexplored.

We previously reported that RNAi knockdown of PAF1C components renders animals oogenesis defective, as are the rtfo-
1(tm5670) and leo-1(gk1081) mutants (International C. elegans conference 2019). In this work, we attempted to identify the 
molecular network underlying PAF1C’s role in oogenesis by comprehensively analyzing proteins that interact physically with 
each human PAF1C component in silico.

Phylogenetic profiles were generated for 542 species for which the whole genome sequence is available. These profiles 
allowed identification of 458 proteins that directly interact with PAF1C components in humans based on the presence or 
absence of orthologs. Further clustering analysis revealed a gene cluster comprising 192 conserved proteins in animals , and 
Blastp search revealed C. eleganshomologues (170 of 192). Among these we selected 12 C. elegans homologues that displayed 
all three of the following features: proteins that share similar expression with PAF1C in the gonad (55 of 170), proteins that 
produced an embryonic lethal phenotype in previous RNAi screened data (32 of 55), and proteins that localize to the nucleus 
(12 of 32). To examine the role of these 12 proteins in germ cell development, we compared each proteins RNAi knockdown 
phenotype with that of leo-1, which encodes one component of PAF1C. We found that 3 ubiquitin-related genes exhibit 
an oocyte-defective phenotype, as seen in leo-1(RNAi) animals. These results imply ubiquitin-mediated regulation of gene 
expression may play a role in PAF1C- dependent regulation of oogenesis. We plan to assess functional relationships between 
PAF1C and these factors in C. elegans oogenesis. Based on the results of these studies, we expect to elucidate a mechanism of 
oogenesis regulation that will aid in understanding and treating PAF1C-related reproductive organ pathologies in multicellular 
organism.

360C	 Analysis	of	Class	I	histone	deacetylase	in	the	regulation	of	oocyte	size	and	embryonic	development	in	
Caenorhabditis elegans

Takuma Unno1, Masahiro Ito1, Yukihiko Kubota1 1) Ritsumeikan University, Shiga, Japan.

In multicellular organisms, germ cell formation and differentiation are essential for gamete formation and propagation 
of genomic information to the next generation. Regulation of mature oocyte size is essential for precisely regulating the 
chromosome segregation. Therefore, this regulation play an essential role in lineage segregation by precisely regulating cell 
division. At present, the oocyte size regulatory mechanism is not fully understood.

Histone modifying enzymes positively and negatively regulate gene expression by modulating nucleosome structure. Among 
them histone deacetylases (HADCs) limit transcriptionally active regions by inhibiting transcription factor-mediated gene 
expression.

HDACs are divided into four classes (Class I ~ Class IV). Among the four members of Class I, HDAC-1 and HDAC-2 act 
redundantly to regulate cell survival in mammals. By contrast, C. elegans has three Class I HDACs, HDA-1, HDA-2 and HDA-3. 
Embryos exposed to hda-1 (RNAi) exhibit fully penetrant embryonic lethality. However, the functional role of these HDACs in 
germ cell development has not been explored.

In this study, we analyzed the role of HDACs in oocyte size regulation and embryonic development. We analyzed oocyte 
size by calculating the area of its central cross section, and found that this parameter’s variance in hda-2 (ok1479) mutants 
was significantly larger than in wild-type animals. By contrast, an increase in oocyte size variance was not observed in hda-
3 (ok1991) mutants, or control (RNAi) or hda-1 (RNAi) treated animals. Embryonic lethalities in hda-2 (ok1479) mutants, 
hda-3 (ok1991) mutants, and wild-type animals were 25.5%, 5.5%, and 4.6%, respectively. Finally, introduction of an 
extrachromosomal array including a GFP::hda-2 genomic fragment controlled by an ~6.8 kbp hda-2 5’ cis regulatory region 
rescued oocyte size and embryonic lethality phenotypes.
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Taken together, these results suggest that among the three Class I HDACs, only hda-2 is involved in regulating oocyte size and 
embryogenesis. The embryonic lethality caused by hda-1 (RNAi) does not correlate with oocyte size variance.

We plan to perform phenotypic analyses of the effect of GFP::hda-2-overexpression and tissue-specific roles for HDA-2 to 
elucidate its mechanism of oocyte size regulation that impacts embryonic survival and development.

361A	 Temperature	stress	effects	cytoplasmic	streaming	during	oogenesis

Katherine Uttal1, Lisa N Petrella1 1) Marquette University.

Apoptosis during oogenesis is highly conserved in animals. During Caenorhabditis elegans oogenesis, roughly fifty percent 
of germ cells undergo apoptosis. While C. elegans oogenesis is widely studied, it is unclear why this mass cell death occurs. 
Under moderate temperature stress, there is a decrease in worm brood size but an increase germline apoptosis. There are 
two proposed hypotheses for the function of increased germline apoptosis that would aid in developing fit progeny under 
temperature stress. The first is that apoptotic cells serve as nurse cells, donating their cytoplasmic materials to developing 
oocytes. An increase in apoptosis during temperature stress may help ensure that developing oocytes receive sufficient 
cytoplasmic materials when an embryo is born under stress conditions. The second hypothesis is that apoptosis serves 
to remove defective cells that are made due to problems with oogenesis under moderate temperature stress. If the first 
hypothesis is correct and apoptotic cells act as nurse cells, an increase in apoptosis and thus an increase in cytoplasmic 
donations under temperature stress would also increase the rate of cytoplasmic streaming in the germline. Additionally, 
in mutants that have reduced apoptosis compared to wild type worms, the rate of cytoplasmic streaming would decrease 
compared to wild type animals at the same temperature. To test if increased apoptosis contributes increased amounts of 
cytoplasmic materials to developing oocytes, DIC microscopy was used to video tape live anesthetized young adult N2 worms 
raised at 20°C as well as worms upshifted to 26°C for 24 hours. Six worms were taped under both temperature conditions. 
Using ImageJ, five particles within the rachis of the germline were tracked in each worm over a two-minute period and each 
particles average velocity was calculated (n=30). Our analysis showed a significant increase in the rate of cytoplasmic streaming 
in worms upshifted to 26°C compared to worms raised at 20°C. Additional imaging is currently being performed on lin-35 and 
lin-54 mutants, which have been shown to have decreased apoptosis at high temperatures. Because these mutants do not 
show an increase in apoptosis under temperature stress, it is expected that their analysis will not show a significant increase in 
rate of cytoplasmic streaming as seen in the wildtype.

362B	 A	multi-organism	genetic	model	for	microbiota-driven	parasite	burden

Mericien Venzon1,2, Ritika Das1,3, Daniel J. Luciano1,4, Joel G. Belasco1,4, Ken Cadwell1,4, E. Jane Albert Hubbard1,3 1) Skirball Institute 
of Biomolecular Medicine, NYU Grossman School of Medicine, New York, NY; 2) Department of Pathology, NYU Grossman 
School of Medicine, New York, NY; 3) Department of Cell Biology, NYU Grossman School of Medicine, New York, NY; 4) 
Department of Microbiology, NYU Grossman School of Medicine, New York, NY.

Parasitic nematodes infect over one billion people worldwide and although the majority of them live in the digestive tract, a 
possible role for the microbiota in determining successful host infection is underexplored. The Trichuris nematode parasite 
lives in the microbiota-rich mammalian cecum for years, and it has an enormous reproductive capacity that contributes to its 
infectious spread. We previously determined that C. elegans germline development is sensitive to the microbial environment. 
Though the two nematode species are not closely related, we predicted that some aspects of reproduction in the well-
characterized, model organism C. elegans may be conserved in Trichuris.

To assess systematically which components of the bacterial diet are most important for C. elegans reproduction, we screened 
an E. coli library for mutants that, when fed to C. elegans, interfered with timely fertility. We identified ten E. coli mutants. 
Focusing on two that function in fatty acid biosynthesis (fabF, fabH) and two that function in ethanolamine utilization (eutD, 
eutN), we found that fabF and eutN delayed C. elegans germline development relative to somatic development, though none 
of the four reduced germline progenitor numbers and none were dependent upon DAF-2 insulin or DAF-7 TGFß signaling 
pathways. Metabolomics and functional analysis unexpectedly revealed that fabH E. coli mutants provide insufficient arginine, 
such that arginine supplementation rescued the C. elegans fertility delay. We further investigated whether E. coli mutants 
might interfere with development or reproduction of the Trichuris species that infects mice, Trichuris muris. Remarkably, fabH 
and eutN mutant E. coli were associated with T. muris hatching defects, the former also being arginine-dependent, while eutN 
likely acts by producing a toxic substance. Both were also associated with aberrant reproduction of T. muris in vivo. Overall, 
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these findings establish C. elegans as a novel system for investigating the effects of specific microbial genes and pathways in 
supporting the parasitic nematode life cycle.

363C	 The	Role	of	the	RNA-Induced	Silencing	Complex	(RISC)	Component	VIG-1	in	C. elegans Germline Stem Cell 
Regulation

Dan Zhang1, Chris Wang2, Dave Hansen1 1) University of Calgary, Calgary, Alberta; 2) Ambrose University, Calgary, Alberta.

Stem cells are undifferentiated cells that can give rise to a wide variety of specialized cell types. In development and tissue 
maintenance, these cells play crucial roles in maintaining homeostasis and reproductive fitness. The C. elegans germline is 
set up in an assembly line-like format, in which mitotically dividing proliferative cells, or stem cells, reside in a distal niche. 
As cells move away from this niche, they gradually progress through meiosis until ultimately becoming fully differentiated 
sperm or oocytes. Notch signaling in the distal end of the germline provides the proliferative signal, while downstream post-
transcriptional regulatory pathways promote differentiation. Although this main pathway has been well characterized, there 
exist various components that serve to fine-tune this balance in subtle but important ways. Previous work has identified small 
RNA molecules, such as miRNAs, as having a role in germline stem cell regulation. Here, the role of vig-1, a gene involved 
in the RNA-induced silencing complex (RISC) pathway, in C. elegans germline stem cell regulation is investigated. Although 
vig-1 performs multiple functions in a variety of tissues, it was initially implicated in the germline through its physical protein 
interaction with another RISC component, teg-1, that was known to modulate germline stem cell balance. We show that vig-1 
likely functions to repress the activity of Notch signaling. Genetic null mutants for vig-1 and GLD-1/GLD-2 pathway components 
do not cause any changes to germline phenotype, suggesting that vig-1 does not function downstream of Notch. However, in 
worms that lack vig-1 activity, Notch signaling is seen to be enhanced, manifesting through ectopic mitotic activity and over-
proliferation of stem cells. In addition, vig-1 can partially suppress Notch loss-of-function mutant phenotypes. In addition, we 
show that vig-1 may act directly on Notch signaling through increasing the expression of its direct transcriptional targets, LST-1 
and SYGL-1. Finally, we propose that vig-1 acts through modulating miRNA levels, as germline miRNA levels are reduced in vig-
1 mutants.

364A	 Distal	tip	cell-specific	mRNA	profiling	sheds	light	on	the	molecular	mechanism	of	gonad	morphogenesis

Priti Agarwal1, Sarit Anava1, Olga Antonova1, Hila Gingold1, Oded Rechavi1, Ronen Zaidel-Bar1 1) Tel Aviv University, Israel.

Cell motility is essential for the normal development and physiology of an organism. In C. elegans, the stereotypical U-shaped 
gonad is formed by the directional chemotactic movement of two somatic cells, known as Distal-Tip Cells (DTCs), whose 
movement is divided into three phases. In phase I (early L3 larval stage) they move along the ventral surface. Phase II (late L3 
stage) involves two 90° turns, and finally in phase III (early L4 larval stage) the DTCs move along the dorsal surface towards 
the midbody of the worm. Migration halts during the late L4 stage. While multiple genetic screens have identified general 
regulators of gonad morphogenesis, a DTC-specific role has remained largely unexplored. To address this, we isolated 
GFP-labelled DTCs from different stages of development and performed RNA-sequencing, to characterize and compare 
the transcriptome of migratory DTCs (late L3 and early L4 stage) with non-migratory DTCs (late L4 and adult stage). We 
identified between 1700 to 3000 genes that are upregulated in each of the larval and adult stage DTC relative to other cell 
types. We confirmed the identification of the few DTC-specific transcripts known in the literature. The overlap between the 
genes we found upregulated in DTCs and the published germline-enriched genes (Reinke et al., 2004) is only 0.9 to 6.4%. 
Furthermore, we found that among the 99 genes identified in a genome-wide RNAi screen (Cram et al., 2006) to have a role 
in DTC migration, 43 genes are enriched in the migratory early L4 stage DTC transcriptome, while only 7 genes are present 
in the immobile adult stage DTCs. Taken together, it appears our dataset of cell-specific and stage-specific DTC transcripts is 
highly accurate. A bioinformatic functional analysis of the migratory DTC transcripts revealed enrichment of genes related to 
neuronal guidance, cytoskeleton, signaling, and membrane trafficking. Currently, we are performing a DTC-specific RNAi screen 
to identify the novel cell-autonomous regulators of DTC migration which in turn guides gonad morphogenesis. Identifying 
these regulators will help us to decipher the molecular mechanisms of DTC migration deployed in a three-dimensional 
microenvironment, which will eventually give insight into the mechanism of gonadogenesis.

365B	 Multiple	lipocalins	are	required	for	apical	extracellular	matrix	organization

Trevor Barker1, Susanna Birnbaum1, Meera Sundaram1 1) Dept of Genetics, University of Pennsylvania Perelman School of 
Medicine, Philadelphia, PA.
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All exposed epithelial surfaces are lined by some type of lipid and glycoprotein-rich apical extracellular matrix (aECM). The 
contents, trafficking, and assembly mechanisms of the aECM are not well understood. In C. elegans, an early pre-cuticular 
aECM lines and shapes developing (or molting) external epithelia such as the hypodermis, vulva, rectum, and excretory duct 
and pore tubes. We hypothesize that lipocalins transport lipids or lipoproteins into this early aECM and are important to it’s 
formation.

Lipocalins (fat cups) are small secreted proteins that transport lipids or other hydrophobic cargos throughout the body. 
C. elegans has seven lipocalin-related (lpr) genes. We found that mutants for at least five of these genes have aECM 
abnormalities such as alae defects, cuticle barrier defects, or molting defects. Most also affect shaping of the narrow excretory 
duct tube. All five of these lpr genes show oscillatory expression patterns that track with those of pre-cuticular aECM factors, 
and at least one LPR protein (LPR-3) transiently incorporates into specific regions of the pre-cuticle aECM. We are currently 
tagging the remaining LPR proteins using CRISPR/Cas9 and plan to interrogate lipid content in lpr mutants and study several 
lpr suppressors to understand how these lipocalins affect aECM assembly. One of the less studied lipocalin genes that I am 
particularly interested in is lpr-6. A frameshift deletion in the first three exons of lpr-6 has shown defects in the formation of 
adult alae and excretory defects. We hypothesize that lpr-6, like previously investigated lipocalins, has a critical role in the 
formation of the aECM. Understanding the role of LPR-6 and the remaining lipocalins will contribute to a greater knowledge of 
basic aECM structure and assembly.

366C	 Characterizing	a	Matrix	Protease	important	for	epithelial	tissue	shaping	in	C.	elegans

Susanna Birnbaum1, Jennifer Cohen2, Meera Sundaram1 1) University of Pennsylvania; 2) Harvard University.

The apical extracellular matrix (aECM) is a lipid-and glycoprotein-rich protective layer that lines epithelial surfaces exposed 
to the environment. Despite its importance in tissue shaping and protection, the components and organization of aECM are 
not well understood. C. eleganshas a pre-cuticular aECM that lines and shapes developing epithelia such as the hypodermis, 
vulva, rectum, and excretory duct and pore tubes. Our lab has identified proteins in the C. eleganspre-cuticular aECM, many 
of which share domains with mammalian matrix proteins. We are working towards characterizing these aECM components to 
understand function and hierarchy within the matrix.

Proteases in the matrix often regulate assembly, disassembly and proper function of aECM components; we are interested 
in identifying proteases that cleave some of our matrix components. One candidate is BLI-4, a relative of the mammalian 
proprotein convertase subtilisin/kexin (PCSK) family. We generated bli-4 knock-out mutants using CRISPR and found its 
phenotypes were very similar to those of some of our aECM mutants. We are conducting further experiments to investigate 
endogenous BLI-4 expression and which BLI-4 isoform(s) is necessary for pre-cuticle development/embryonic viability. 
Understanding the role of BLI-4 will contribute to a greater knowledge of basic aECM structure and assembly.

367A FRKsrc-2	is	a	Novel	Candidate	as	a	Hemifacial	Microsomia	and	Mandibular	Dysplasia	Gene	that	Exhibits	
Developmental	Defects	in	Zebrafish	(D. rerio)	and	C. elegans

Tao Cai1, Xiaofei Bai1, Xi Wang2, Chunxin Fan3, Jizhou Yan3, Rebecca Green4, Karen Oegema5, Andy Golden1 1) National Institute 
of Diabetes and Digestive and Kidney Diseases, NIH; 2) First Affiliated Hospital of Zhengzhou University, China; 3) Institute 
for Marine Biosystem and Neurosciences, China; 4) Section of Cell and Developmental Biology, Division of Biological 
Sciences, University of California, San Diego, La Jolla, CA, USA; 5) Ludwig Institute for Cancer Research, Section of Cell and 
Developmental Biology, Division of Biological Sciences, Department of Cellular and Molecular Medicine, University of California 
San Diego, La Jolla, CA, USA.

Hemifacial microsomia (HFM), also known as lateral facial dysplasia, is a common birth defect involving the first and second 
branchial arch derivatives. Several chromosomal abnormalities (like trisomy 10p and OTX2 duplication) and gene variants 
(like PLCD3 and MYT1) were identified in a few cases with HFM; however, the genetic etiologies in a majority of cases with 
HFM remain unknown. Using whole-exome sequencing, we identified a homozygous missense mutation (c.484G>A; p.V162I) 
in a SH2 domain) of the FRK gene in an affected individual with HFM. FRK encodes the Fyn-related Src family Tyrosine Kinase 
and is highly expressed in the Meckel’s cartilage during embryonic development in zebrafish and mouse. Knockdown of 
FRK in zebrafish with the fynrk-specific morpholinos showed several defects, including a shorter ratio of length and width 
of Meckel’s cartilage, a larger angle of ceratohyal, disorganized ceratobranchial, and smaller otoliths. Using CRISPR/Cas9, 
we generated the patient-specific allele (p.V162I) in the C. elegans ortholog gene src-2, which is named src-2(V170I). The 
homozygous src-2(V170I) mutant as well as a null mutant src-2(ok819) were found to have ~ 25% reduction in the brood size 
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when compared with wildtype (P < 0.0001). Given that src-2 has a paralogous gene src-1, which is an essential kinase during 
embryogenesis, we tested the genetic interactions between the src-2 mutants and src-1with RNAi interference (RNAi). Indeed, 
the embryonic lethality and the defective morphogenesis in pharyngeal and intestinal tissues in the src-1 RNAi treated worms 
were synergistically enhanced in either src-2(V170I) or src-2(ok819) (P£0.0001). Using a 4-D high-content imaging approach, 
irregular neuronal and hypodermal patterning as well as protrusive rupture phenotypes were observed in the src-1(RNAi) 
arrested embryos. These defective embryonic phenotypes were increased by 23%, 23%, and 30%, respectively, when the src-
2(V170I) mutants were combined with the src-1(RNAi) (P £ 0.0296 by one tailed chi-square test), suggesting a synergistically 
interaction between these paralogous genes. Taken together, we identified the Fyn-related Src family Tyrosine Kinase as a 
novel candidate gene for human hemifacial microsomia or lateral facial dysplasia and revealed its effects on brood size and 
craniofacial development in the models of zebrafish and C. elegans.

368B	 BAR-1/β-catenin	and	PRY-1/Axin	show	asymmetric	and	complementary	expression	in	neuroblasts	during	C. elegans 
ventral nerve cord assembly

Wesley Chan1,2, Justin Evans1,2, Tony Roenspies2, Elicia Preston3, John Murray3, Antonio Colavita1,2 1) Department of Cellular and 
Molecular Medicine, University of Ottawa, Ottawa, ON, Canada; 2) Ottawa Hospital Research Institute, Ottawa, ON, Canada; 3) 
Perelman School of Medicine, University of Pennsylvania, Philadelphia, PA, USA.

During embryogenesis DD, DA, and DB neuroblasts arise from left and right lineages, move towards the midline and intercalate 
into a single tract to form the ventral nerve cord (VNC). VNC assembly involves rosette-mediated convergent extension and 
planar cell polarity (PCP) and Robo pathways [1]. Disruption of this process results in the mispositioning, usually manifested 
as an anterior displacement, of embryonically-derived motor neurons in the VNC. A more recent analysis of canonical Wnt 
pathway components also revealed motor neuron position defects. The six DD neurons are evenly spaced along the anterior-
posterior (AP) axis and therefore a convenient marker of VNC assembly. We found that mutations in bar-1/β-catenin and 
pop-1/TCF display DD spacing defects. For example, in bar-1 and pop-1 mutants, DD2 is displaced anteriorly and therefore 
in closer proximity to DD1. In contrast, disruption of the negative Wnt signaling regulator PRY-1/Axin results in the posterior 
displacement of DD1 such that it is in closer proximity to DD2.

To begin to understand the roles of BAR-1 and PRY-1, we examined where endogenously-tagged proteins were expressed 
during VNC assembly. Using CRISPR/Cas9, we generated bar-1(zy97[GFP::bar-1]) and found that BAR-1 is expressed in right 
but not left side-derived VNC neuroblasts. In contrast, PRY-1::mNG (cp383) is expressed in left but not right side-derived 
neuroblasts. In pry-1 mutants, BAR-1 is expressed symmetrically in right and left neuroblasts indicating a left-sided repression 
of BAR-1 signaling. We are examining how neuroblasts intercalate into a single VNC tract in bar-1 and pry-1 mutants to 
understand the role of this asymmetric expression. Preliminary observations suggest that motor neuron positioning defects 
begin to manifest around the 1.5-fold stage and later. We hypothesize that BAR-1 asymmetry in right side neuroblasts may help 
contribute to the proper ordering of DD, DA and DB neurons along the VNC.

[1] Shah et al. Dev Cell 2017.

369C	 A	partial	nuclear	atlas	of	the	post-twitching	Caenorhabditis elegans embryo

Ryan Christensen1, Alexandra Bokinsky2, Anthony Santella3, Mark Moyle4, Yicong Wu1, Min Guo1, Andrew Lauziere1, Gabi 
Schwartz1, Daniel Del Toro-Pedrosa1, Stephen Xu1, Brandon Harvey1, Nensi Karaj1, Michael Levin1, Nabor Vazquez Martinez4, 
Leighton Duncan4, Evan Ardiel5, Evan McCreedy2, William Mohler6, Daniel Colón-Ramos4, Zhirong Bao3, Hari Shroff1 1) National 
Institute of Biomedical Imaging and Bioengineering, NIH, Bethesda, MD; 2) Center for Information Technology, NIH, Bethesda, 
MD; 3) Developmental Biology Program, Sloan-Kettering Institute, New York, NY; 4) Department of Neuroscience and 
Department of Cell Biology, Yale University School of Medicine, New Haven, CT; 5) Department of Neurobiology, Harvard 
Medical School, Boston, MA; 6) Department of Genetics and Developmental Biology, University of Connecticut Health Center, 
Farmington, CT.

The limited number of cells and invariant cell lineage of the Caenorhabditis elegans embryo make it an excellent system 
for examining complex developmental events, such as tissue movement and neurodevelopment. Prior work from the 
WormGUIDES project has digitized the position of all nuclei for the first half of embryogenesis, creating a computational map 
of the embryo that can be used to overlay developmentally relevant information like gene expression or neurite outgrowth. 
Creating a similar map for the second half of embryogenesis is difficult due to embryo elongation and movement. We have 
developed software to computationally untwist the moving embryo, allowing for analysis of cell position during this period 
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of development, and have begun expanding our computational map into the second half of embryogenesis. Our current map 
includes 202 nuclei across the embryo, including 32 neuronal nuclei, 81 body wall muscle nuclei, 20 intestinal, and 20 seam cell 
nuclei. We also include a tract-based model of the nerve ring, showing how it is positioned relative to neuronal and body wall 
muscle nuclei as the embryo elongates. In addition to our partial nuclear atlas, we describe improvements to our untwisting 
and tracking workflow, including a deep-learning image restoration capability which improves image quality during rapid 
embryo movements, and a semi-automated tracking upgrade to our untwisting software which improves tracking throughput. 
As we continue to add nuclei and neuronal morphology to the atlas, we plan to integrate our post twitching model with 
previous pre-twitching work to develop a digital atlas spanning the entirety of embryogenesis.

370A	 Discerning	the	temporal	organization	of	development

Denis Faerberg1, Victor Gurarie2, Ilya Ruvinsky1 1) Northwestern University; 2) University of Colorado.

Understanding temporal regulation of development remains an important challenge. Whereas average, species-typical timing 
of many developmental processes has been established, less is known about inter-individual variability and correlations in 
timing of specific events. We are studying these questions in the context of development in Caenorhabditis elegans. In one 
study, based on patterns of locomotor activity of freely moving animals, we inferred durations of four larval stages (L1-L4) in 
over 100 individuals. Analysis of these data supports several conclusions. Individuals have consistently faster or slower rates of 
development because durations of L1 through L3 stages are positively correlated. The last larval stage, the L4, is less variable 
than the earlier stages and its duration is largely independent of the rate of early larval development, implying existence of 
two distinct larval epochs. Interestingly, stage durations tend to scale relative to total developmental time. Fractional stage 
durations (calculated as L1 duration/total time to adulthood, etc.) are indistinguishable across several independent studies 
that relied on different methodologies and were conducted at different temperatures. This scaling relationship suggests that 
each larval stage is not limited by an absolute duration, but is instead terminated when a subset of events that must occur 
prior to adulthood have been completed. Comparing these results to our more recent studies of developmental timing allows 
the inference of general principles of temporal organization of development.

371B	 Plugs	and	sheaths	made	to	molt

Alison Frand1 1) David Geffen School of Medicine, University of California Los Angeles.

Temporary plugs and linings protect emergent epithelial organs and body systems from physical damage during specific stages 
of development. But the interactions among cells and extracellular matrices (ECM) underlying the accretion, clearance, and 
biomechanical performance of transitory plugs have not been well characterized. Here, we describe provisional matrices 
that occlude the oral and sensory openings of molting animals, and contain the Zona Pellucida (ZP) domain proteins FBN-1 
and NOAH-1. We track the deposition and removal of plug components relative to sequential rearrangements among facial, 
interfacial, and pharyngeal epithelia using high-resolution confocal fluorescence microscopy. Dual imaging of functional FBN-
1::mCherry and GFP-tagged integrins reveals that FBN-1 molecules enmesh integrins embedded in cellular membranes as well 
as extracorporeal integrins potentially embedded in extracellular vesicles or migrasomes. Further, the endurance of the interim 
mouth plug stabilizes cell-cell junctions between facial and pharyngeal epithelia while animals molt. Based on additional 
molecular genetic and biochemical studies, we propose that dynamic interactions among FBN-1 and other matrix molecules, 
integrins, and cortical actomyosin filaments together route and/or dissipate mechanical forces and thereby preserve the 
integrity of the feeding apparatus across the molt. Further characterization of the oronasal plugs of C. elegans may elucidate 
the role of human fibrillins in craniofacial development and the etiology of congenital birth defects including orofacial clefts 
and atresias.

372C C. elegans	Anterior	Morphogenesis:	A	Tale	of	Three	Tissues

Stephanie Grimbert1, Karina Mastronardi1, Victoria Richard1, Alisa Piekny1 1) Concordia University.

Morphogenesis encompasses the biological events driving tissue and organ development. The need to build tissues with 
precision relies on the spatiotemporal coordination of cell shape changes, migration and adhesion. As complex structures 
are derived from multiple tissue types, studying their organization in vivo is essential for a comprehensive understanding and 
yet is extremely challenging. In this study we show how cells from three different tissues are coordinated to give rise to the 
anterior lumen. While most aspects of epidermal morphogenesis and several aspects of pharyngeal morphogenesis have been 
well-described in C. elegans, it is less clear how cells from the pharynx, epidermis and neuroblasts coordinate to define the 
location of the anterior lumen and supporting structures. Using various microscopy and software approaches, we found that 
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interactions between pharyngeal, epidermal and neuronal cells are required for anterior morphogenesis. Specifically, to define 
the position and timing of the anterior lumen and future mouth of the worm. We characterized the movements and patterns 
of these three cell types and defined key events associated with anterior morphogenesis. We found that the first visible marker 
of the location of the future anterior lumen is provided by projections from the anterior-most pharyngeal cells (arcade cells) 
and facilitates patterning of the surrounding neuroblasts. These neuroblasts organize into distinct patterns which subsequently 
influences the rate of epidermal cell migration towards the anterior. Conversely, the epidermal cells ultimately reinforce the 
position of the future lumen, as they must join with the pharyngeal cells for their successful epithelialization. We described the 
crucial involvement of junction (HMP-1, AJM-1), polarity (PAR-6 and PAR-3) and contractility (NMY-2) proteins in this precise 
patterning. Thus, we have established an innovative model system to explore the in-depth molecular regulation of these 
different patterns and interactions between multiple cell-types.

373A	 Establishment	of	a	morphological	atlas	of	the	Caenorhabditis elegans embryo using deep-learning-based 4D 
segmentation

Jianfeng Cao1, Guoye Guan2, Vincy Wing Sze Ho3,4, Ming-Kin Wong3, Lu-Yan Chan3, Chao Tang2,5,6, Zhongying Zhao3,7, Hong Yan1 
1) Department of Electrical Engineering, City University of Hong Kong, Hong Kong, China; 2) Center for Quantitative Biology, 
Peking University, Beijing, China; 3) Department of Biology, Hong Kong Baptist University, Hong Kong, China; 4) Center for 
Epigenomics Research, Division of Life Science, The Hong Kong University of Science and Technology, Hong Kong, China; 5) 
Peking-Tsinghua Center for Life Sciences, Peking University, Beijing, China; 6) School of Physics, Peking University, Beijing, 
China; 7) State Key Laboratory of Environmental and Biological Analysis, Hong Kong Baptist University, Hong Kong, China.

The invariant development and transparent body of the nematode Caenorhabditis elegans enables complete delineation of 
cell lineages throughout development. Despite extensive studies of cell division, cell migration and cell fate differentiation, 
cell morphology during development has not yet been systematically characterized in any metazoan, including C. elegans. 
This knowledge gap substantially hampers many studies in both developmental and cell biology. Here we report an automatic 
pipeline, CShaper, which combines automated segmentation of fluorescently labeled membranes with automated cell lineage 
tracing. We apply this pipeline to quantify morphological parameters of densely packed cells in 17 developing C. elegans 
embryos. Consequently, we generate a time-lapse 3D atlas of cell morphology for the C. elegans embryo from the 4- to 350-
cell stages, including cell shape, volume, surface area, migration, nucleus position and cell-cell contact with resolved cell 
identities. We anticipate that CShaper and the morphological atlas will stimulate and enhance further studies in the fields of 
developmental biology, cell biology and biomechanics (Cao†, Guan†, Ho†, et al. Nat. Commun., 2020, 11: 6254).

374B	 Computable	early	C. elegans embryo with a data-driven phase field model

Xiangyu Kuang1, Guoye Guan1, Ming-Kin Wong2, Lu-Yan Chan2, Zhongying Zhao2,3, Chao Tang1,4,5, Lei Zhang1,6 1) Center for 
Quantitative Biology, Peking University, Beijing, China; 2) Department of Biology, Hong Kong Baptist University, Hong Kong, 
China; 3) State Key Laboratory of Environmental and Biological Analysis, Hong Kong Baptist University, Hong Kong, China; 4) 
Peking-Tsinghua Center for Life Sciences, Peking University, Beijing, China; 5) School of Physics, Peking University, Beijing, 
China; 6) Beijing International Center for Mathematical Research, Peking University, Beijing, China.

Morphogenesis is a precise and robust dynamic process during metazoan embryogenesis, consisting of both cell proliferation 
and cell migration. Despite the fact that much is known about specific regulations at the molecular level, how cell proliferation 
and migration together drive the morphogenesis at the cellular and organismic levels is not well understood. Here, using 
Caenorhabditis elegans as the model animal, we present a data-driven phase field model to compute the early embryonic 
morphogenesis within a confined eggshell. By using three-dimensional time-lapse cellular morphological information 
generated by imaging experiments to set the model parameters, we can not only reproduce the precise evolution of cell 
location, cell shape and cell-cell contact relationship in vivo, but also reveal the critical roles of cell division and cell-cell 
attraction in governing the early development of C. elegans embryo. In brief, we provide a generic approach to compute the 
embryonic morphogenesis and decipher the underlying mechanisms (Kuang†, Guan†, et al. bioRxiv, 2020, 422560).

375C	 Identification	of	a	mitochondrial	transfer	sequence	in	a	folic	acid	metabolism	gene	mel-32 

Alyson Hally1, Jessica Sullivan-Brown1 1) West Chester University.

Neural tube defects (NTDs) are common malformities resulting in exposed spinal cord or brain tissue caused by the inability 
to close the neural tube in embryogenesis. Previous research has shown folate deficiency increases the risk of NTDs. A folic 
acid metabolism gene, serine hydroxymethyltransferase (SHMT) is responsible for the synthesis of thymidylates, purines, and 
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methionine which are important for DNA replication especially during embryogenesis. Typically, eukaryotes have two copies 
of SHMT which are either localized to remain in the cytosol or transferred to the mitochondria. The different localizations are 
a result of mitochondrial target sequences in the N-terminus. Interestingly, the model system Caenorhabditis elegans only 
have one homolog of SHMT called mel-32 and it was unclear if this gene’s product was cytosolic, mitochondrial, or both. To 
address this question, a bioinformatics approach was taken to identify if mel-32/SHMT has a mitochondrial transfer sequence. 
We identified putative mitochondrial transfer sequences that are present in specific isoforms. Molecular phylogenies of 
different organisms were then generated to show prominent cytosolic SHMT and mitochondrial SHMT clustering especially 
around the phyla Nematoda, Arthropoda, and Tardigrada. By comparing isoforms with different SHMT localizations, potential 
mitochondrial target sequences were identified for organisms that could later be experimentally assessed.

376A C. elegans prk mutants exhibit pleiotropic defects.

Karunambigai Kalichamy1, Joel Tuomaala2, Martin L Hudson1, Päivi J Koskinen2 1) Kennesaw State University, Kennesaw, GA; 2) 
University of Turku, Turku, Finland.

The mammalian PIM family of serine/threonine kinases regulate several cellular functions, such as cell survival and motility. 
In behavioral studies of C. elegans nematodes, we have observed that the PIM-related kinases (PRKs) are essential for 
chemotactic movements of the animals in response to olfactory stimuli sensed by AWB and AWCON neurons (Kalichamy et al., 
2019). When analyzing prk-deficient mutants, prk-1(pk86) and prk-2(ok3069), we noticed that in addition to olfaction, their 
brood size and growth were also negatively affected. Therefore, we have now analysed the prk expression patterns and the 
pleiotrophic effects of the mutations in more detail. Morphological analyses have revealed that prk-1 is required for body 
length, body bends, male tail development and longevity. While a transcriptional fusion reporter of prk-1 is expressed in head 
neurons and intestine, prk-2 is found from posterior parts of the intestine in L2 to L4 larvae and strongly expressed in intestine 
and seam cells in young adults to adults. Further genetic analyses are underway to fully elucidate the functional roles of PRKs.

377B	 UPRmt required for anal depressor symmetry and male muscle remodeling

Brigitte LeBoeuf1, Luis Rene Garcia1 1) Texas A&M University.

The mitochondrial unfolded protein response (UPRmt) is normally studied in the context of stress. When mitochondrial 
function is perturbed, the transcription factor ATFS-1 is trafficked to the nucleus, instead of the mitochondria, to promote 
gene expression involved in metabolic remodeling and repair of mitochondrial damage. However, the UPRmt is also necessary 
for normal development under normal conditions. One cell that uses UPRmt is the anal depressor (adp), which is required for 
defecation; when the adp contracts, waste is expelled from the anus. The H-shaped muscle has left and right sarcomeres that 
span from the dorsal hypodermis to the rectal epithelium. We used atfs-1 tissue-specific CRISPR to drive Cas9 expression 
in the enteric muscles, including the adp, and discovered that the muscle no longer makes the symmetrical H shape, but 
instead has hyper-expanded asymmetric sarcomeres. This suggests that the adp uses UPRmt to establish symmetry during 
early development. Furthermore, in L4 males, the adp remodels to change its form and function from a defecation muscle, 
with a dorsal/ventral sarcomere, to an anterior/posterior-oriented sex muscle. The remodeling process also requires atfs-1, 
since reduction in its function disrupts the disassembly of its dorsal/ventral sarcomere. Additionally, ATFS-1 is expressed in 
developing male adps, but is below detection in the hermaphrodite muscle, suggesting that ATFS-1 has sexually dimorphic 
functions during post-embryonic developmental. We asked if artificially inducing UPRmt via ethidium bromide (EtBr), while 
over-expressing ATFS-1 in the nucleus, could lead to adp defects. While EtBr treatment delays development in both sexes 
and impairs male tail development, it does not affect adp remodeling, indicating that while too little ATFS-1 prevents muscle 
remodeling, excess nuclear ATFS-1 is tolerated. Future work will focus on what impact ATFS-1 has on metabolic function in the 
adp and what role the previously identified WNT/Ca2+ pathway has on regulating UPRmt-controlled metabolism.

378C	 EFF-1	ectopic	expression	promotes	body	wall	muscle	fusion

Xiaohui Li1, Anna Meledin 1, Benjamin Podbilewicz1 1) Technion.

In many vertebrates, skeletal muscles normally contain hundreds of nuclei that originate by myoblast fusion. This is also the 
case in some invertebrates (e.g. in arthropods) but not in nematodes. Adult C. elegans has 95 rhomboidal body wall muscles 
(BWMs) which are bundled in four quadrants, but they are non-syncytial. Caenorhabditis elegans protein Epithelial Fusion 
Failure 1 (EFF-1) and its paralog Anchor cell Fusion Failure 1 (AFF-1) have been described as bona fide fusogens that act to fuse 
one third of all somatic cells including those of the hypodermis, pharynx, reproductive and excretory systems. Ectopic EFF-1 
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expression in embryos under the heat shock promoter triggers extensive fusion between cells that normally do not fuse and 
leads to lethality.

Since there is no evidence that BWMs normally fuse, we hypothesized that ectopic expression of EFF-1 in BWMs may 
induce their fusion, alter their structure and produce muscle-related phenotypes. We generated transgenic lines expressing 
EFF-1 under the muscle-specific myosin promoter myo-3p. Around 10% of the worms expressing myo-3p::EFF-1 showed 
disappearance of cellular membranes and cytoplasmic merger which likely resulted in uncoordinated, dumpy and larval arrest 
phenotypes. It appears that EFF-1 has to be present in both adjacent BWMs for fusion to occur as was shown for normal 
epidermal developmental cell-cell fusions. Our results demonstrate highly conserved roles of EFF-1 mediating cell fusion in 
BWMs and provide important clues for research on the functions and evolution of muscle fusion in animals.

379A	 Spontaneous	cell	internalization	of	a	spatially-confined	proliferating	blastomere:	a	mechanical	interpretation	on	
worm	gastrulation

Jiao Miao1, Guoye Guan1, Chao Tang1,2,3 1) Center for Quantitative Biology, Peking University, Beijing, China; 2) Peking-Tsinghua 
Center for Life Sciences, Peking University, Beijing, China; 3) School of Physics, Peking University, Beijing, China.

Blastomere internalization, namely gastrulation, is a common and significant milestone during development of metazoans 
from worm to human, which generates multiple germ layers with distinct cell fates and spatial organizations. Although several 
molecular activities (e.g., cell polarization, intercellular adhesion change, and apical actomyosin cortex contraction) have been 
revealed to facilitate the process, in this paper, we focus on gastrulation of worm Caenorhabditis elegans and demonstrate 
that even a simple mechanical system, like a group of cells with isotropic interactions, can experience internalization when 
dividing within a confined space. Beyond a critical cell number, a multilayer structure becomes energetically more favorable 
than a single-layer structure. Furthermore, in the simulation of C. elegans embryogenesis, the critical cell number is near the 
one measured experimentally. Besides, both mechanical analysis and simulations suggest that a relatively larger cell is more 
likely to internalize. Interestingly, the first gastrulating cells in C. elegans also appear to be the largest due to the regulatory 
introduction of a gap phase. Last but not least, extra regulation on a limited part of cells to internalize autonomously is 
found to be able to make the morphogenetic process much more precise and robust. Our work successfully captures the 
key characteristics in worm gastrulation by simplified modeling and provides a novel and rational interpretation on how this 
phenomenon emerges and is optimally regulated.

380B	 Two	of	the	30	EGF	domains	in	FBN-1/Fibrillin	are	required	for	sensory	dendrite	extension

Karolina Mizeracka1,2, Shai Shaham3, Maxwell Heiman1, 2 1) Boston Children›s Hospital, Boston, MA; 2) Harvard Medical School, 
Boston, MA; 3) The Rockefeller University, New York, NY.

Many extracellular matrix (ECM) components are large proteins composed of highly repetitive domains. For example, FBN-
1/Fibrillin is a ~2700 aa protein with 30 EGF-like domains. In principle, such repetitive domains could function redundantly, 
for example to cross-link other matrix components, or they could be distinct modules with specialized functions. In previous 
studies, disruption of fbn-1 with a large internal deletion (tm290) or RNAi caused almost complete lethality and severe molting 
defects. In contrast, through a genetic screen for mutants affecting amphid dendrite morphogenesis, we identified two alleles 
of fbn-1 (ns67 and ns283) that introduce missense mutations within 32 aa in the first two N-terminal EGF-like domains (EGF1-
2). These mutants cause weakly penetrant defects in amphid dendrite extension (8% and 19% defective, respectively), with 
minimal lethality or molting defects, suggesting that the EGF1-2 domains perform a specialized function related to dendrite 
extension. To further understand this, we generated a small in-frame deletion encompassing EGF1-2 (syb239) and a complete 
deletion of fbn-1 (syb240) using CRISPR/Cas9. Consistent with our original mutant analysis, syb239 has weakly penetrant 
amphid dendrite extension defects (8% defective), while syb240 exhibits severe embryonic lethality, supporting the idea of 
a specialized role for EGF1-2. Amphid dendrite extension also requires another ECM protein, DYF-7, which is produced by 
the amphid neurons and forms «caps» at the dendrite endings that prevent rupture of the developing neuron-glia sensory 
epithelium. FBN-1 is expressed by hypodermal cells at this stage, and we find that the EGF1-2 domains are required for proper 
formation of DYF-7 caps. These results show that distinct domains within FBN-1 may be specialized to support different 
aspects of its function, and suggest that even highly repetitive domains in ECM proteins may reflect modularity rather than 
redundancy.

381C	 The	role	of	the	kinase	MRCK-1	in	excretory	canal	development
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Evelyn Popiel1,2, Ben Lant2, Evan Wallace1,2, Brent Derry1,2 1) Department of Molecular Genetics, University of Toronto, Toronto, 
Canada; 2) Peter Gilgan Centre for Research and Learning, The Hospital for Sick Children, Toronto, Canada.

The single-cell excretory canal of C. elegans is a powerful model for understanding molecular mechanisms of biological 
tube development. Coordination of vesicle trafficking, apical-basal polarity, and cytoskeletal support are all required for the 
development and maintenance of canal integrity. Previously, our lab showed that inactivation of the cerebral cavernous 
malformation 3 (CCM3) gene ccm-3 caused canal truncations through effects on CDC-42 signaling and recycling endosomes [1].

To gain more insight into the mechanistic basis by which CCM-3 regulates canal development we conducted a genome-wide 
RNAi screen for genes that caused similar canal truncations as ccm-3 and identified the myotonic dystrophy-related Cdc42-
binding kinase homolog 1 (mrck-1). Inactivation of mrck-1 causes the same canal truncation phenotype as loss of ccm-3, as 
well as reduction of markers for active CDC-42 and recycling endosomes [1]. MRCK-1 is also required for the phosphorylation 
of MLC-4 during embryogenesis, which regulates actomyosin to promote body elongation [2,3]. Overexpression of a 
phosphomimetic form of MLC-4 rescues canal truncations in mrck-1 mutants, but only partially rescues truncations in ccm-3 
mutants. This suggests that mrck-1 either functions downstream in collaboration with other genes, or independently of ccm-3 
to regulate actomyosin function in the canal.

Using CRISPR genome editing I generated a series of mutations in the domains of MRCK-1 to better elucidate its function in 
canal development. Mutations in the kinase domain of MRCK-1 completely phenocopy a null mutation in mrck-1, whereas 
deletion of the Cdc42 and Rac1-interactive (CRIB) domain caused very modest canal truncations, indicating that its kinase 
activity likely drives canal extension. Given the known role of MRCK-1 in promoting the phosphorylation of MLC-4, and the 
ability of a phosphomimetic form of MLC-4 to rescue canal truncations in mrck-1 mutants, I am currently investigating the 
role of MLC-4 and non-muscle myosin in the excretory canal. Through this research I aim to establish how mrck-1 regulates 
excretory canal extension, which may provide insights into general mechanisms of biological tube development.

1. Lant et al. (2015) Nature Comm 6:6449

2. Gally et al. (2009) Development 136:3109-3119

3. Marston et al. (2016) Current Biol 26:2079-2089

382A	 ERM-1	phosphorylation	and	NRFL-1	redundantly	control	lumen	formation	in	the	C. elegans intestine

Jorian J. Sepers1, João J. Ramalho1, Jason R. Kroll1, Ruben Smidt1, Mike Boxem1 1) Utrecht University, The Netherlands.

Reorganization of the plasma membrane and underlying actin cytoskeleton into specialized cortical domains is essential for the 
function of most polarized cells in animals. ERM and NHERF proteins are conserved regulators of cortical specialization, that 
function together as membrane-actin linker and organizers of molecular hubs. ERM protein activity involves a conformational 
switch from an inactive cytoplasmic form into an active membrane- and actin-bound form, which is thought to be mediated by 
phosphorylation of a conserved C-terminal threonine residue. NHERF proteins can bind to ERM proteins and act as scaffolding 
proteins by revealing multiple PDZ domains. However, data on the role of the interaction between ERM and NHERF proteins 
is scarce. Here, we study the relationship between the ERM and NHERF orthologs ERM-1 and NRFL-1, respectively, and their 
contribution to intestine formation in vivo.

Loss of ERM-1 causes defects in tubulogenesis resulting in an early larval arrest, while ERM-1 phosphorylation defective 
mutants have milder defects and are viable. Using CRISPR/Cas9-generated nrfl-1 alleles we demonstrate that NRFL-1 localizes 
at the intestinal microvilli, and that this localization is depended on an interaction with ERM-1. However, nrfl-1 loss of function 
mutants are viable and develop normal intestines. Interestingly, nrfl-1 mutants combined with erm-1 phospho-mutants show 
severe intestinal defects and an early larval arrest, which closely resembles the ERM-1 mutant phenotype. This data indicate 
that ERM-1 activity involves phosphorylation of the C-terminal threonine residue and recruitment of NRFL-1. NRFL-1 loss 
did not affect localization, stability or phosphorylation of ERM-1, suggesting that NRFL-1 does not regulate ERM-1 activity. 
Therefore, the most likely NRFL-1 contribution to intestinal development is by recruiting and anchoring proteins to the apical 
cortex through its two PDZ domains. Collectively, our data shows that NRFL-1 is important for the morphology of the C. elegans 
intestine in an ERM-1 depended manner.

383B	 Investigating	the	Mechanisms	of	Vesicular	Trafficking	and	Unicellular	Tube	Growth	in	the	C. elegans	Excretory	Duct	
Cell
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Nicholas Serra1, Meera Sundaram1 1) University of Pennsylvania, Perelman School of Medicine.

The C. elegans excretory duct cell is a unicellular tube with an apical intracellular lumen greater than the length of the cell 
itself. The shape of epithelial cells depends on proper allocation of membrane and specific protein to their apical and basal 
surfaces, but how membrane is asymmetrically distributed to the duct’s internal, apical surface is not fully understood. The 
excretory duct cell is shaped by wrapping towards itself, forming an autocellular junction, and then fusing with itself to erase 
this junction and become a seamless unicellular tube. Within hours the newly formed duct lumen rapidly elongates, outpacing 
growth of the exterior basal membrane. Previous work in our lab reported that the fusogen protein AFF-1 was necessary for 
both duct autofusion and elongation and suggested a novel role for AFF-1 as atypical scission factor in basal endocytosis. 
Likewise, loss of the apical trafficking regulator RAB-11 inhibited lumen growth. Our group hypothesizes that the duct 
transcytoses internalized basal plasma membrane to the apical surface to support rapid lumen elongation. To find additional 
genes involved in duct lumen elongation, we screened candidate mutants in genes associated with vesicular transport and 
tubulogenesis. We observed a short duct lumen in double mutants for the Patched/Dispatched related proteins DAF-6 and 
CHE-14, which have been associated with C. elegans lumen development and apical transport by studies from the Labouesse 
and Shaham labs. Patched/Dispatched proteins are generally thought to transport lipids or other hydrophobic small molecules 
(like Hedgehog) across membranes. We would like to understand how these proteins promote duct tube apical membrane 
growth.

384C	 Coordinated	tissue	growth	ensures	uniformity	of	gastro-intestinal	size	proportions

Klement Stojanovski1, Ioana Gheorghe1, Hannah J. Smith2, Anne Lanjuin2, William B. Mair2, Benjamin D. Towbin1 1) Institute of 
Cell Biology, University of Bern, Bern, Switzerland; 2) Department of Molecular Metabolism, Harvard T.H. Chan School of Public 
Health, Boston, MA.

Organs need to grow to their appropriate size during development, and even small deviations from the correct size can impair 
organismal function. For example, discrepancies of only a few percent between the length of our legs severely impair motility. 
Although, in principle, small differences in the growth rate of different organs could amplify to large differences in their size, 
deviations from the appropriate organ size proportions are rarely observed in nature. However, the mechanisms involved in 
maintenance of organ size homeostasis are poorly understood.

We use live imaging of gastrointestinal growth of C. elegans to study the mechanism of organ size uniformity among 
individuals. We followed hundreds of individuals from birth to adulthood and measured pharyngeal and total body growth 
at a temporal resolution of 10 minutes. Individuals differed substantially in their pharyngeal growth rates. Nevertheless, the 
heterogeneity in pharyngeal size did not increase during development, suggesting a mechanism that senses and counteracts 
deviations from the appropriate organ size proportions. Indeed, pharynx-specific inhibition of mTOR slowed down pharyngeal 
growth but did not alter pharyngeal size proportions, as the slow-down of pharyngeal growth was accompanied by an 
appropriate growth reduction of other tissues.

In conclusion, we provide strong evidence for the systemic coordination of tissue growth of C. elegans. The present 
experimental system provides an exciting opportunity to identify the molecules involved in this coordination by genetic 
screens.

385A	 Differential	expression	analysis	of	migrating	cells	in	C. elegans embryogenesis

Jasper Yang1, Sarina Kopf1, Samuel Naik1, Vida Praitis1 1) Grinnell College, Grinnell, IA, USA.

Cell migration drives morphogenesis, the developmental process in which cells become spatially organized to form tissues. 
An understanding of the molecular mechanisms and regulatory triggers behind cell migration has clinical relevance because 
it not only explains how embryos develop but offers insights into immune response and metastatic cancers. However, the 
mechanisms that regulate the transition between migratory and non-migratory states are not well understood, especially 
in vivo. In C. elegans, studies of cell migration have revealed some critical mechanisms, but classical genetic approaches 
have been limited in part because they miss redundant or pleiotropic genes. To look past these limitations, we conducted 
a comparative transcriptomic analysis using the scRNA-seq data published by Packer et al (2019), which mapped RNA 
transcriptomes of embryos onto C. elegans developmental lineages. We first identified cells of unambiguous lineage that 
undergo different types of embryonic cell migration. We then used the differential expression analysis workflow in Monocle 
3 (Trapnell, 2019) to compare the transcriptomes of these migrating cells to their non-migrating cellular progenitors and 
progeny. In our analysis we identify 86 candidate genes from six migratory events, 46 of which come up as differentially 
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expressed (DE) in more than one lineage. 30 of the candidates have known lethal phenotypes and 42 are associated with 
cell migration defects in C. elegans or in other systems. In comparing migrating lineages, we show that while no single set of 
mRNAs is associated with all migration events and each individual event has unique characteristics, there are some similarities 
within migration types. Clustering analysis reveals that cells undergoing intercalation and enclosure, which also share both 
lineage and fate, have DE gene patterns that are more similar to each other than to other migration types. Cells that ingress 
form a more diffuse cluster with other ingressing cells, with lineage playing an important role, a result supported by work 
from other labs (Harrell & Goldstein, 2011). Migrations of cells along the embryo surface also cluster, suggesting that despite 
differences in lineage and fate these migrating cells share some common mechanisms. Our analysis reveals that changes in 
gene expression associated with migrating cells are relatively complex but can be explored using DE analysis.

386B	 Evolution	of	fem-1 activity in Caenorhabditis

James Kennedy1, Suomi Joseph1, Maria Ivanova1, Ronald Ellis1 1) Rowan SOM Stratford, NJ.

Self-fertile hermaphrodites evolved independently in three Caenorhabditis species: C. elegans, C. briggsae, and C. tropicalis. 
The convergent evolution depends in large part on the core genes of the sex determination pathway. Among them, the three 
fem genes encode proteins necessary for male sex determination. These genes were discovered in C. elegans, where null 
mutants prevent spermatogenesis in XX animals, producing females, and also transform XO animals into females. By contrast, 
the Haag lab showed that C. briggsae fem-2 and fem-3 mutants do not exhibit these phenotypes; but instead both XX and XO 
animals become hermaphrodites.

While screening for sex-determination mutants in C. tropicalis, we isolated v426ts, and mapped it to the fem-1 gene. This 
mutation fails to complement the null allele ctr-fem-1(v466), which we produced with CRISPR/Cas9. Moreover, these C. 
tropicalis mutants resemble those of C. elegans in all assays. Both XX and XO animals develop as females, and the null 
mutations show strong maternal rescue.

For comparison, we produced C. briggsae fem-1(v508), using CRISPR-Cas9. This mutation is a 4 base pair deletion in the 
second exon that causes a frame shift. As with C. briggsae fem-2 and fem-3, these fem-1 null mutants make fertile XX and XO 
hermaphrodites. To confirm the identity of the XO hermaphrodites we used RT-PCR to measure her-1 mRNA transcript levels in 
individual animals, and also used unc-7(v281) fem-1 X to mark the X chromosome in some crosses. Notable features found in 
the fem-1 XO adult progeny of fem-1 mothers include errors in gonad development, small broods, and sickliness.

To confirm the place of C. briggsae fem-1 in the sex-determination pathway, we are making double mutants with tra-2 and 
tra-1. The tra-1(v181); fem-1(v508) double mutants become XX males, confirming that tra-1 acts downstream of fem-1 in C. 
briggsae. The tra-2 strain is under construction.

Taken together, our results suggest that C. elegans and C. tropicalis reflect the ancestral state of fem-1, and imply that a major 
shift in its regulation in the germ line occurred during the evolution of C. briggsae. Whether this occurred prior to the origin of 
hermaphroditism in C. briggsae, or was an integral part of it, is unknown.

387C	 Sperm	fate	is	promoted	by	the	mir-44 microRNA family in the Caenorhabditis elegans hermaphrodite germline

Katherine Maniates1,2, Benjamin Olson1, Allison Abbott1 1) Department of Biological Sciences, Marquette University, Milwaukee, 
WI; 2) Waksman Institute, Rutgers University, Piscataway, NJ.

Post-transcriptional regulation of gene expression is typically effected by RNA-binding proteins, microRNAs (miRNAs), and 
translation initiation factors which are essential for normal germ cell function. Numerous miRNAs have been detected in 
the germline, however the functions of specific miRNAs remain largely unknown. Functions of miRNAs have been difficult to 
determine as miRNAs often modestly repress target messenger RNAs and are suggested to sculpt or fine tune gene expression 
to allow for the robust expression of cell fates. In Caenorhabditis elegans hermaphrodites, cell fate decisions are made for 
germline sex determination during larval development when sperm are generated in a short window before the switch to 
oocyte production. Here, analysis of mir-44 family mutants has identified a family of miRNAs that modulate the germline sex 
determination pathway in C. elegans. Mutants with the loss of mir-44 and mir-45 produce fewer sperm, showing both a delay 
in the specification and a delay in the formation of sperm as well as an early termination of sperm specification accompanied 
by a premature switch to oocyte production. mir-44 and mir-45 are necessary for the normal period of fog-1 expression 
in larval development. Through genetic analysis, we find that mir-44 and mir-45 may act upstream of fbf-1 and fem-3 to 
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promote sperm specification. Our research indicates that the mir-44 family promotes sperm cell fate specification during larval 
development and identifies an additional post-transcriptional regulator of the germline sex determination pathway.

388A	 Dramatic	alteration	of	TRA-2/TRA-1	interactions	in	the	sperm/oocyte	decision

Yongquan Shen1, Shin-yi Lin1, Ronald E Ellis1 1) Rowan University-SOM, Stratford, NJ.

TRA-1 is a Gli transcription factor that regulates sexual identityin worms. Thus, it is subject to complex regulatory interactions 
that might be invovled in the evolution of hermaphrodites. we are using gene editing to learn how TRA-1 controls the sperm/
oocyte decision. To this end, we generated both cbr-tra-1(v455) and cel-tra-1(v472), each of which inserts an OLLAS tag near 
the N-terminus. By comparing them, we showed that C. briggsae TRA-1 is cleaved to form a slightly larger product than its C. 
elegans counterpart. The Zarkower and Spence labs showed that cleaved TRA-1 represses male genes.

The cbr-tra-1(v197v383) allele alters 30 residues in the TRA-2 binding domain, and disrupt interaction between TRA-2 and 
TRA-1 in yeast two-hybrid assays. These XX mutants make significantly more sperms than the wild type. similarly, we detect 
extra sperms in our cbr-tra-2(v403mx) mutant. Furthermore, both mutations can restore spermatogenesis in cbr-she-1(v35) 
XX animals. Thus, we suspect that C. briggase TRA-2 normally binds TRA-1 to block spermatogenesis. This is surprising, since 
C.elegans tra-2 mutations that block this interaction cause oogenesis.

The cbr-tra-1(v197) allele is a frameshift that truncates the protein upstream of the TRA-2 binding domain. The truncated 
product makes a functional TRA-1 repressor in a smg-5 background like cel-tra-1(e2272), allowing XX animals to develop into 
fertile females, and XO animals into males that only make oocytes.

By contrast, cbr-tra-1(v510) is a stop mutation downstream of the TRA-2 binding domain, near the cleavage site. In a smg-5 
background, it causes both XX and XO animals to produce only oocytes. however, the XX animals do not make a normal soma 
but instead develop a male gonad and a defective tail. The fact that these animals differ from the shorter truncation cuased 
by v197 is also surprising. Since the v510 mutants retain the TRA-2 binding domain, perhaps TRA-2 is targetting the truncated 
protein to influence repressor function.

Finally, we have and others in our lab found that several chromatin regulators work with TRA-1 to control the sperm/oocyte 
decision. Thus, we propose that full-length TRA-1 promotes spermatogenesis by working with chromatin regulatory factors, 
whereas the cleaved form of TRA-1 represses spermatogenesis. In C.briggase, TRA-2 blocks the function of TRA-1 by binding to 
it.

389B	 Exploring	the	role(s)	of	FOG-2	in	the	hermaphrodite	germ	line

Lauren Skelly1, 2, Eric Haag1, 2 1) Department of Biology, University of Maryland, College Park; 2) Biological Science Graduate 
program, University of Maryland, College Park.

C. elegans hermaphrodites are essentially XX females that evolved the ability to briefly produce sperm in the same germ line 
that produces oocytes [1]. XX spermatogenesis requires a specific protein/mRNA ternary complex composed of an RNA binding 
protein, GLD-1, an F-box protein, FOG-2, and the mRNA product of the feminizing gene tra-2. GLD-1 and FOG-2 bind the 3’ 
UTR of tra-2 mRNA and repress its activity during spermatogenesis [2,3,4]. Loss of GLD-1, FOG-2, or the GLD-1-binding sites 
in the tra-2 3’ UTR eliminates sperm production. GLD-1 is a highly conserved regulator of meiotic progression and oogenesis, 
and therefore has many RNA targets [5]. In contrast, FOG-2 is a recently evolved C. elegans-specific F-box protein [2, 6] only 
necessary for hermaphrodite spermatogenesis. It has no known role in males, although they express it [7].

The precise role of FOG-2 in regulating germline sex is unknown, but there are clues. FOG-2 interacts with SKR-1, a component 
of the E3 ubiquitin ligase complex [6]. This suggests it acts as a canonical F-box protein by targeting another protein for 
ubiquitin-mediated degradation. However, their similar feminized phenotypes indicated GLD-1 is not that target. If FOG-2 is 
a regulator of proteolysis, then its F-box should be crucial to its function. We deleted 57 nucleotides encoding 19 conserved 
amino acids of the FOG-2 F-box via CRISPR. This strain was indeed Fog, but subsequent immunoblotting determined the 
deleted protein was unstable. Future work will target individual conserved residues with missense point mutations. As another 
approach to elucidating FOG-2’s mechanism of action in sex determination, we are currently seeking its putative ubiquitination 
target(s) by identifying protein interactors. We are employing both targeted yeast two- hybrid assays and unbiased 
immunoprecipitation and protein mass spectrometry using a 3XFLAG::TEV::6HIS tagged strain of FOG-2.
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Recent work from the Haag Lab suggests that FOG-2 may have roles independent of its association with the tra-2 3’ UTR, and 
potentially independent of GLD-1 as well [8]. This led us to wonder what fraction of FOG-2 interacts with GLD-1 and tra-2 
mRNA. We stained the germ line using sm-FISH to tra-2 mRNA and antibodies to HA-tagged FOG-2 and to GLD-1. Surprisingly, 
FOG-2, GLD- 1 and tra-2 do not obviously co-localize. These experiments are consistent with a mode of FOG-2 action other 
than the aforementioned ternary complex, but much remains to be learned.
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390C	 Deciphering	the	functional	roles	of	PIEZO	mechanosensors	in	reproduction

Xiaofei Bai1, Jeff Bouffard3, Avery Lord2, Katherine Brugman4, Paul Sternberg4, Erin Cram2, Andy Golden1 1) National Institute 
of Diabetes and Digestive and Kidney Diseases, National Institutes of Health, Bethesda, MD; 2) Department of Biology, 
Northeastern University, Boston, MA; 3) Department of Bioengineering, Northeastern University, Boston, MA; 4) Division of 
Biology and Biological Engineering, California Institute of Technology, Pasadena, CA.

There are > 6000 rare (or orphan) monogenic diseases identified in humans; many of these diseases are caused by the 
dysfunction of channel proteins, known as channelopathies. A good example is the recently identified mechanosensitive 
channels PIEZO1 and PIEZO2, of which ~100 missense mutations are associated with at least 26 dysplasias/diseases in the 
muscular, lymphatic, connective, and cardiovascular tissues. PIEZO1/2 are excitatory mechanosensitive proteins; they are 
non-selective ion channels that exhibit a preference for calcium in response to mechanical stimuli. Dysfunction of PIEZOs 
cause a variety of genetic diseases, including the dysplasia in cardiovascular, respiratory, and connective tissues. However, 
the cellular and molecular mechanisms of PIEZOs in these diseases are less understood. To further understand the function 
of these proteins, we investigated the roles of pezo-1, the sole PIEZO ortholog in C. elegans. pezo-1 is expressed throughout 
development in C. elegans, with strong expression in reproductive tissues, including spermatheca, oocyte, sperm, and somatic 
sheath cells. A number of deletion alleles as well as a putative gain-of-function mutant caused severe defects in reproduction. 
A reduced brood size was observed in the strains depleted of PEZO-1. In vivo observations show that oocytes undergo a variety 
of transit defects as they enter and exit the spermatheca during ovulation. Post ovulation oocytes were frequently damaged 
during spermathecal contraction. Given that PIEZO is an ion channel and may regulate spermathecal contractility through 
Ca2+ signaling pathways, we tested the genetic interactions between pezo-1 mutants and several cytosolic Ca2+ regulators 
with RNA interference (RNAi). Indeed, the phenotypes of pezo-1 mutants are enhanced upon depletion of known cytosolic 
Ca2+ regulators. We also observed that loss of PEZO-1 revealed an inability of self-sperm to properly navigate back to the 
spermatheca after being pushed out of the spermatheca during ovulation. Mating with males rescued these reproductive 
deficiencies in our pezo-1 mutants. Reduced brood sizes were also observed in a number of auxin-inducible tissue-specific 
degradation strains, suggesting PEZO-1 may act in different reproductive tissues to coordinate reproduction. Using CRISPR/
Cas9, we generated the patient-specific PIEZO2 allele (p.R2718P) in C. elegans, named pezo-1(R2405P). Homozygous animals 
carrying the pezo-1(R2405P) mutation displayed reproductive defects similar to the pezo-1ko mutants, including reduced 
ovulation rates, crushed oocytes in the uterus, and reduced brood sizes. Overall, these observations support the idea that C. 
elegans is an appropriate model system to study PIEZO diseases. An undergoing EMS-mediated suppressor screen with this 
pezo-1 patient-specific allele should help identify other genetic interactors.

391A	 Mechanisms	in	the	role	of	the	DBL-1/BMP	Pathway	in	the	Innate	Immune	Response	of	Caenorhabditis elegans

Moshe Bendelstein1, Emma Ciccarelli1,2, Cathy Savage-Dunn1,2 1) Department of Biology, Queens College, CUNY, Flushing, NY, 
USA; 2) PhD Program in Biology, The Graduate Center, CUNY, New York, NY, USA.
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All organisms have a profound proclivity for an innate immune response to fight infection. The innate immune response is the 
first line of defense against pathogens, and its impact is not to be underestimated, even in the presence of acquired immunity. 
In the nematode Caenorhabditis elegans various signaling pathways are involved in the secretion of antimicrobial peptides 
(AMPs), which comprise its primary innate immune response. Among these signaling pathways, our research focuses on the 
C. elegans BMP like pathway, which is regulated by the DBL-1 ligand, and how its signaling pathway regulates the response 
to bacterial pathogens. BMP’s as part of the TGF-β superfamily of signaling proteins play a key role in differentiation and 
development. Prior work from our lab and others has demonstrated that the DBL-1/BMP pathway is required for normal 
resistance to a variety of pathogens, and our goal is to elucidate the mechanisms involved. In C. elegans the BMP pathway 
includes SMA-2, SMA-3, and SMA-4 which are members of the Smad family of signaling transducers. SMA-3 is known to 
be required for normal pathogen resistance and TIG-2, a BMP signaling ligand, has also been shown to be required for the 
immune response. We are testing how other components of the pathway impact the innate immune response. So far, survival 
analyses using Photorhabdus luminescens have shown that both sma-2 and sma-6, the Type-1 receptor, are necessary for a 
proper immune response. In another set of experiments using survival on Serratia marcescens of strains expressing sma-3 
tissue specifically, we have determined a role for the pharynx in the innate immune response. We hypothesized that a different 
rate of mechanical digestion in wild type animals might be the reason why they had better survival rates and it might explain 
the pharynx’s role in the immune response. We therefore conducted pharyngeal pumping experiments in dbl-1 and sma-3 
mutants. The results displayed significant differences between the rates of mutants and controls. In dbl-1 mutants the rate 
was significantly higher whereas in sma-3 mutants the rate was significantly lower. On their own these results don’t provide 
conclusive evidence whether to accept or reject our hypothesis, but suggest that survival is not fully correlated with pumping 
rate. We plan to analyze their relative survival rates side by side to detect any underlying differences between dbl-1 and 
sma-3 that might provide insight into how to proceed. These experiments will deepen our understanding of the molecular 
mechanisms and tissue-specific contributions in an organismal response to bacterial pathogens.

392B	 A	Life	cycle	alteration	can	correct	defects	in	molting

Shaonil Binti1, Sam Miller2, Rosa Virginia Melinda 3, David S. Fay4 1) University of Wyoming, Laramie; 2) University of Wyoming, 
Laramie; 3) University of Wyoming, Laramie; 4) University of Wyoming, Laramie.

Molting is required for C. elegans to develop through larval stages and reach adulthood. We have shown that the NIMA-
related kinases, NEKL-2 and NEKL-3 (the NEKLs), promote molting through their involvement in the trafficking of epidermal 
cargos, which include lipid precursors required for steroid hormone signaling. During the course of our studies we observed 
that, upon experiencing starvation, a significant number of nekl-2; nekl-3 double mutants grow up without molting defects. 
Further studies indicated that starvation-induced dauer induction is responsible for preventing molting defects in nekl-2; 
nekl-3 mutants. Notably, L1 larvae that are starved or exposed to dauer pheromone enter a lengthened L2 stage known as 
L2d. L2d comprises a predauer stage from which worms can later molt into dauers (L3d) or proceed with normal development 
(L3), depending on environmental conditions. Consistent with this, we observed that LOF of DAF-2/IGF-1 and DAF-7/TGF-β, 
which cause constitutive dauer induction, can suppress molting defects in nekl-2; nekl-3 mutants. Molting defects are also 
suppressed by treatment of nekl-2; nekl-3 worms with dauer-inducing ascarosides, but this suppression is abolished in 
backgrounds that are dauer defective. Moreover, we find that uncommitted L2d is sufficient for the observed suppression. 
Furthermore, suppression by L2d occurs only with weak LOF nekl alleles, which typically arrest at the L2/L3 molt, but not 
with stronger LOF alleles, which typically arrest at L1/L2. Notably, dauer induction has previously been reported to suppress 
developmental timing defects in heterochronic mutants, but to our knowledge has not been reported to suppress other 
phenotypes. To investigate the mechanism of L2d suppression, we analyzed the expression of genes that are specifically 
upregulated during molting cycles. We found that transcriptional upregulation fails to occur with normal timing in nekl 
mutants, but this defect can be partially corrected in nekl-2; nekl-3 strains following L2d induction. Our current working model 
is that depletion of NEKLs reduce cholesterol uptake due to trafficking defects. This in turn leads to reduced steroid hormone 
signaling, which is required for the robust induction of cyclically expressed molting genes. We hypothesize that entry into 
dauer resets a transcriptional control module, effectively lowering the threshold requirement for steroid hormone signaling 
necessary to drive molting.

393C	 Gα/GSA-1	works	upstream	of	PKA/KIN-1	to	regulate	calcium	signaling	and	contractility	in	the	Caenorhabditis	
elegans spermatheca

Perla Castaneda1, Alyssa Cecchetelli1, Hannah Pettit1, Erin Cram1 1) Northeastern University.
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Correct regulation of cell contractility is critical for the function of many biological systems. The reproductive system of the 
hermaphroditic nematode C. elegans contains a contractile tube of myoepithelial cells known as the spermatheca, which 
stores sperm and is the site of oocyte fertilization. Regulated contraction of the spermatheca pushes the embryo into the 
uterus. Cell contractility in the spermatheca is dependent on actin and myosin and is regulated, in part, by Ca2+ signaling 
through the phospholipase PLC-1, which mediates Ca2+ release from the endoplasmic reticulum. Here, we describe a novel 
role for GSA-1/Gαs, and protein kinase A, composed of the catalytic subunit KIN-1/PKA-C and the regulatory subunit KIN-2/
PKA-R, in the regulation of Ca2+ release and contractility in the C. elegans spermatheca. Without GSA-1/Gαs or KIN-1/PKA-C, 
Ca2+ is not released, and oocytes become trapped in the spermatheca. Conversely, when PKA is activated through either a 
gain of function allele in GSA-1 (GSA-1(GF)) or by depletion of KIN-2/PKA-R, the transit times and total numbers, although not 
frequencies, of Ca2+ pulses are increased, and Ca2+ propagates across the spermatheca even in the absence of oocyte entry. 
In the spermathecal-uterine valve, loss of GSA-1/Gαs or KIN-1/PKA-C results in sustained, high levels of Ca2+ and a loss of 
coordination between the spermathecal bag and sp-ut valve. Additionally, we show that depleting phosphodiesterase PDE-6 
levels alters contractility and Ca2+ dynamics in the spermatheca, and that the GPB-1 and GPB-2 Gβ subunits play a central role 
in regulating spermathecal contractility and Ca2+ signaling. This work identifies a signaling network in which Ca2+ and cAMP 
pathways work together to coordinate spermathecal contractions for successful ovulations.

394A	 The	role	of	furrow-associated	collagen	DPY-7	in	regulating	stress	responses	varies	during	larval	development

Luke Chandler1,2, Keith Choe1,2 1) University of Florida; 2) Genetics Institute.

Mutation or loss of six collagen genes (dpy-2, 3, 7, 8, 9, and 10) disrupts annular furrows in adult cuticles and causes a short 
and wide ‘Dumpy’ body morphology. Loss of these collagens also activates osmotic, detoxification, and antimicrobial defense 
genes, but not other stress responses. High environmental osmolarity reduces internal turgor pressure, physically distorts the 
epidermis, and activates the same stress responses, but non-furrow dpy mutations and other disruptions of the epidermis 
(e.g., Lon, Rol, Mlt, and Sqt) do not. These results are consistent with a damage sensor associated with furrows in the adult 
cuticle that regulates responses to environmental stress. Several cuticle characteristics change between molts, but all stages 
have annular furrows and express furrow-associated collagen genes raising the possibility that this signaling mechanism 
functions throughout development. We find high variation in stress gene responses to dpy-7 mutation with the largest 
induction in adults and little or no induction in early larvae. Alternatively, stress responses are induced by osmotic stress at 
all stages demonstrating that environmental response mechanisms are functional in early larvae. These results suggest that 
furrows can develop despite dpy-7 mutation or that furrows are not essential for stress response regulation in early larvae. 
dpy-7 mutants are not Dpy until the L3 stage suggesting that cuticles of early larvae may be able to compensate. We are 
currently using fluorescent collagen reporters to visualize annular furrows at all stages in dpy-7 mutants and investigating 
deletion of a furrow collagen reported to cause Dpy at all stages. This work was supported by NSF grant IOS-1452948 to KPC.

395B	 Heparan	sulfate	proteoglycans,	guidance	molecules	and	Rho-family	GTPases	regulate	the	number	of	cellular	
extensions in developing polarized cells

Raphael Dima1, Marianne Bah Tahé1, Yann A. Chabi1, Lise Rivollet1, Anthony F. Arena2, Alexandra M. Socovich2, Daniel Shaye2, 
Claire Bénard1,3 1) Dept Biological Sciences, CERMO-FC Research Center, Université du Québec à Montréal, Canada; 2) Dept 
Physiology and Biophysics, University of Illinois at Chicago, USA; 3) Dept Neurobiology, University of Massachusetts Medical 
School, USA.

During animal development, precise cellular morphologies are established that enable polarized cells to perform specialized 
functions within the organism. For instance, the C. elegans excretory-canal cell has four hollow processes (or canals) that 
extend from the cell soma along the left and right lateral body regions to collect fluid for osmoregulation. Similarly, neurons 
project processes to connect with appropriate targets. Heparan sulfate proteoglycans (HSPGs) are conserved glycoproteins 
that play diverse roles, including to regulate interactions between morphogens and guidance cues and their corresponding 
receptors to elicit cellular responses and orchestrate morphogenetic events. The heparan sulfate (HS) chains attached to 
HSPG core proteins are polymerized by glycosyltransferases of the exostosin (EXT) family, whose loss causes morphogenetic 
defects and embryonic lethality across species. Viable hypomorphic mutants of rib-1 and rib-2, which encode the C. elegans 
HS copolymerase, display the striking phenotype of having supernumerary cellular extensions in a number of polarized cells: 
several monopolar neurons can develop two full neurites, and the excretory-canal cell can form up to eight projections in these 
mutants. We define one key HSPG that cell-autonomously controls the number of canals formed by the excretory-canal cell, 
and find that chemical modifications of its HS chains are important for this function. The supernumerary canals observed in 
these mutants display the hallmarks of normal canals: they develop at the same time as normal ones, arise from the cell body, 
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and display normal lumen and cytoskeletal (F-actin and microtubule) organization. Through genetic analysis we demonstrate 
that HSPGs and specific guidance cues and receptors (of the unc-6 and slt-1 pathways) cooperate to regulate the number of 
formed processes; we also define genetic interactions between HSPGs and downstream Rho-family GTPases known to regulate 
the cytoskeleton. Our results provide insight into a cellular system operating to guarantee that the proper number of cellular 
projections is established during polarized cell development, and contribute to understanding the roles of conserved HSPGs in 
cellular morphogenetic events.

396C	 Defining	the	molecular	determinants	by	which	EXC-4/CLICs	regulate	Rho-family	GTPase	signaling

Julianna Escudero1, Anthony Arena1, De Yu Mao1, Jan Kitajewski1, Daniel Shaye1 1) University of Illinois at Chicago.

The excretory canal (ExCa) in C. elegans, a unicellular tube that collects excess fluid for homeostasis and osmoregulation, 
is a powerful model to study the genetic regulation and cell biological processes underlying biological tube formation 
(tubulogenesis). Several conserved genes involved in ExCa tubulogenesis have been implicated in vascular development and 
disease. One example is exc-4, which encodes an ortholog of the chloride intracellular channel (CLIC) family of proteins, and 
two vertebrate CLICs, CLIC1 and CLIC4, which regulate human umbilical vein endothelial cell (HUVEC) angiogenesis in vitro 
and mouse vascular development in vivo. We have recently shown that EXC-4 in the worm, and CLIC1 and CLIC4 in HUVEC, are 
involved in G protein-coupled receptor (GPCR), heterotrimeric G protein, and Rho-family GTPase signaling (Arena and Shaye, in 
preparation. Mao et al., in press). To further understand the role of CLICs in this conserved pathway we are investigating shared 
and unique functions of EXC-4, CLIC1, and CLIC4. In C. elegans EXC-4 constitutively localizes to the ExCa apical membrane via 
an N-terminal putative transmembrane domain (PTMD). In contrast, CLIC1 and CLIC4 are cytoplasmic in HUVEC despite also 
having N-terminal PTMDs, and they only transiently localize to the plasma membrane, in a PTMD-dependent manner, upon 
GPCR activation. Importantly, membrane localization is necessary for EXC-4 function in the ExCa, and CLIC1 or CLIC4 function 
in HUVEC. Moreover, previous work showed that ExCa-specific expression of an apical membrane-targeted CLIC1 C-terminus 
could rescue exc-4 null (0). These results led us to hypothesize that while EXC-4/CLIC membrane localization is achieved via 
the PTMD, conserved function in Rho-family signaling is achieved via shared features in the C-terminus. However, we have 
also found that CLIC1 and CLIC4 are not interchangeable in HUVEC: CLIC1 promotes RhoA and Rac1 activity, while CLIC4 only 
regulates Rac1, and overexpression of one CLIC cannot compensate for loss of the other. Therefore, we further hypothesize 
that CLIC-specific functions are encoded by differences in their C-termini. We are undertaking structure/function studies of 
EXC-4, CLIC1, and CLIC4 in the ExCa and in HUVEC to test these hypotheses in order to define molecular determinants of EXC-
4/CLIC function in Rho-family GTPase signaling.

397A	 Nfya-1	functions	as	a	substrate	of	ERK-MAP	kinase	during	Caenorhabditis elegans vulval development

Douglas Fantz1, Segen Aklilu1, Michelle Krakowiak1, Abena Frempong1, Katherine Wilson1, Christy Powers1 1) Agnes Scott 
College.

A common bridge between a linear cytoplasmic signal and broad nuclear regulation is the family of MAP kinases which 
can translocate to the nucleus upon activation by the cytoplasmic signal. One pathway which functions to activate the ERK 
family of MAP kinases is the Ras signaling pathway which functions at multiple times and locations during the development 
of Caenorhabditis elegans including the development of the excretory cell, germ cells, male tail, and vulva. It has been most 
extensively characterized during the development of the vulva which is formed from the vulval precursor cells (VPCs), a set 
of six equivalent, epithelial cells designated P3.p – P8.p. Although LIN-1 appears to be a primary target of ERK MAP kinase 
during vulval development, it is likely that other developmentally important molecules are also regulated by ERK-mediated 
phosphorylation. The identification of physiological substrates of MAP kinases has been aided by the identification of docking 
site domains in substrate proteins that contribute to high-affinity interactions with kinases.

Our laboratory has identified the C. elegans protein, T08D10.1/Nfya-1, as a potential ERK MAP kinase substrate in this 
manner, and we have initiated a characterization of its role during Ras-mediated development. T08D10.1 possesses significant 
homology to the CCAAT-box DNA-binding domain of the vertebrate nuclear transcription factor-Y, alpha (NF-YA) family of 
proteins. NF-Y proteins act as part of a complex to regulate the transcription of a large number of genes, in particular, genes 
that function in the G1/S cell cycle transition. T08D10.1/Nfya-1 is predicted to code for a protein containing multiple potential 
phosphorylation sites for ERK MAP kinase and a D-domain docking site. We demonstrate through biochemical analysis of 
purified Nfya-1 protein that it can act in vitro as a high affinity substrate for activated ERK MAP kinase. We demonstrate 
through mutant analysis that nfya-1 acts to inhibit vulval development and functions downstream or in parallel to let-60/
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ras. Mutants also exhibited a low penetrance protruding vulva (Pvul) phenotype. Analysis of gene expression using transgenic 
animals expressing a GFP reporter indicates potential expression of nfya-1 in the L3 stage VPCs.

398B	 Probing	the	molecular	mechanism	of	receptor	tyrosine	kinase	activation	through	the	analysis	of	heterodimers	of	
the C. elegans	FGF	receptor,	EGL-15

Melissa Garcia Montes de Oca1, Claudia Rodriguez2, Mariya Stefinko1, Claire de la Cova2, Te-Wen Lo3, Cindy Voisine1, Michael 
Stern1 1) Northeastern Illinois University, Chicago, IL; 2) University of Wisconsin Milwaukee, Milwaukee, WI; 3) Ithaca College, 
Ithaca, NY.

Receptor tyrosine kinases (RTKs) are a class of cell-surface receptors that activate Ras and Raf-MEK-ERK signaling pathways to 
mediate many important cell-cell communication processes. In the absence of signal, RTKs exist predominantly as individual 
monomers, and their intracellular kinase domains are in an inactive conformation. Upon binding signal, RTKs dimerize, 
leading to the activation of their kinase domains and triggering downstream events. Protein structure models suggest that the 
activated dimers are asymmetric, in which one monomer acts as an “activator,” and the other as a substrate “receiver.” Using 
C. elegans, we have discovered a system in which simple, but powerful genetic tools can be used to probe this mechanism of 
kinase activation in RTKs.

Genetic analysis of EGL-15, the C. elegans fibroblast growth factor receptor (FGFR), has provided many insights into 
the molecular mechanisms of RTK signaling. In the hypodermis, EGL-15 dysregulation causes defects that include the 
hypermorphic “clear” (Clr) phenotype and the hypomorphic “suppressor of clear” (Soc) phenotype. We have used egl-15 
heterozygous genotypes which express two different forms of EGL-15 on the surface of their cells to understand how the 
structures of EGL-15 heterodimers affect kinase activation.

egl-15(n1457) is a nonsense mutation that truncates the EGL-15 carboxy-terminal domain (CTD). Based on the egl-15(n1457 
ΔCTD) homozygote phenotype, this truncated protein forms EGL-15 homodimers with compromised activity, but that are 
sufficiently active to be at the Clr/Soc phenotypic threshold. Interestingly, we discovered that heterozygotes between egl-
15(n1457 ΔCTD) and several egl-15 substitution mutations have less activity than egl-15(n1457 ΔCTD)/nDf19, a deletion 
that eliminates egl-15. These results suggest that certain EGL-15 mutant monomers can inhibit the activity of EGL-15(Δ       CTD) 
monomers when the two dimerize. We have utilized a quantitative fluorescent biosensor of ERK activation, ERK-nKTR, to 
visualize the impact of egl-15 dysregulation on signal transduction. We find that ERK is strongly activated in the hypodermis 
of genotypes that display the hypermorphic Clr phenotype. By combining this quantitative assay with our analysis of mutant 
alleles that inhibit egl-15(n1457 Δ              CTD), we hope to gain insight into the molecular mechanism of kinase activation.

399C	 A	genome-wide	RNAi	screen	for	factors	of	tissue	growth	coordination

Ioana Gheorghe1, Klement Stojanovski1, Hannah J. Smith2, Anne Lanjuin2, William B. Mair2, Benjamin D. Towbin1 1) University of 
Bern, Institute for Cell Biology, Bern, Switzerland; 2) Department of Molecular Metabolism, Harvard T.H. Chan School of Public 
Health, Boston, MA.

Reaching appropriate organ size proportions is crucial for organismal function. However, size proportions are intrinsically 
challenged by stochastic fluctuations in the growth rate of organs. Although, in principle, small heterogeneities in the growth 
rate can amplify to large differences in their size during development, organ size proportions are remarkably uniform among 
isogenic individuals. We therefore hypothesised that organs coordinate their growth and size with each other.

To test this hypothesis and understand the mechanism involved, we used the AID/TIR1 to systematically inhibit mTOR 
signalling in individual tissues. The mTOR pathway is a conserved and central regulator of cellular growth that is thought to act 
cell autonomously. However, we find that tissue-specific inhibition of mTOR also has large systemic effects on other tissues. For 
example, pharynx-specific depletion of mTOR is associated with a global reduction of body growth. Depletion of mTOR in the 
pharynx led to a 2-fold reduction in the adult body size, but did not cause a deviation from the appropriate pharynx-to-body 
size proportions. To unravel the inter-cellular signalling network that coordinates organ growth, we are currently conducting a 
genome-wide high content RNAi screen for supressors and enhancers of this phenotype.

400A	 Detection	of	clinically	relevant	ERK/MAPK	signaling	inhibitors	using	C. elegans 

Szymon Gorgon1, Ola Billing1, Oskar Hemmingsson1 1) Department of Surgical and Perioperative Sciences, Surgery, Umeå 
University, Umeå, Sweden.
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The ERK/MAPK pathway is evolutionary well conserved and commonly mutated in human cancer. The BRAFV600E substitution 
is present in many cancer forms and can be specifically targeted by BRAF-inhibitors, often given in combination with MEK 
inhibitors. However, acquired and inherent resistance to these drugs hampers treatment response and new drugs are needed 
to improve long-term survival in several patient groups. Here, we find that Caenorhabditis elegans animals expressing the 
BRAFV600E homolog LIN-45V627E form readily scored vulval development phenotypes that are suppressed by experimental- and 
clinically approved RAS-, BRAF-, MEK- and ERK inhibitors. Using control mutants, we were able to counter screen compounds in 
vivo and determine pathway-specific effects: BRAFV600E inhibitors suppressed signaling from LIN-45V627E, but had no effect on wild-
type LIN-45 and were masked by a downstream activating mutation. MEK inhibitors on the other hand effectively suppressed 
pathway signaling irrespective of LIN-45/BRAF status and were also masked by a downstream activating mutation. The model 
also identified pathway-specific effects from a panel of experimental ERK/MAPK pathway inhibitors. Assay Z-factors for MEK 
inhibitors ranged from 0.53 to 0.87, demonstrating that our model is likely capable of identifying novel drugs in a compound 
screen. We conclude that our model is likely capable of detecting novel and clinically relevant ERK/MAPK pathway inhibitors in 
vivo.

401B	 Uncovering	a	novel	endocannabinoid	(2-AG)	pathway	required	to	modulate	cholesterol	metabolism	in	
Caenorhabditis elegans

Bruno Hernández Cravero1, Cecilia Vranych 1, Gaston Prez1, Diego de Mendoza1 1) Institute of Molecular Biology of Rosario 
(CONICET- UNR).

Cholesterol is an essential constituent of eukaryotes membranes and its derivate metabolites also serve as a signaling 
molecule that is crucial for growth, development and differentiation. Dysregulation of cholesterol metabolism is strongly 
associated with the development of cardiovascular disorders and neurodegeneration. Caenorhabditis elegans is especially 
suited to genetically study organismal orchestration of cholesterol metabolism. This worm requires exogenous cholesterol 
to survive and perturbations in cholesterol trafficking result in an early development larval arrest. Thus, tight regulation of 
cholesterol storage and distribution within the organism is critical. We have recently demonstrated that the endocannabinoid 
2-arachidonoylglycerol (2-AG) plays a key role in C. elegans modulating sterol mobilization (Galles et al, Sci Rep. 2018; 6398). 
However, the mechanism by which 2-AG controls cholesterol trafficking in C. elegans is not known. Recent reports have 
shown that C. elegans has two cannabinoid-like receptors named NPR-19 and NPR 32, which are involved in nociception and 
regenerative axon navigation, respectively (Oakes et al, J. Neurosci. 2017; 2859, Pastuhov et al, Genes Cells. 2016; 696). Here 
we show that neither NPR-19 or NPR-32 are involved in 2-AG-mediated cholesterol trafficking. Furthermore, we found that 
the insulin-IGF1(IIS) signalling pathway is essential for the 2-AG suppression of larval arrest induced by cholesterol depletion. 
Studying the linkage between IIS and 2-AG we found two C. elegans single mutants, ocr-2 and osm-9, were insensitive to the 
2-AG-mediated mobilization cholesterol in sterol-depleted worms. OCRs and OSM-9 proteins belong to C. elegans Transient 
Receptor Potential Vanilloid (TRPV) subfamily channels (Colbert et al, J. Neurosci. 1997; 8259). TRPV channels were previously 
reported as a sort of cannabinoid receptors in mammals (Ahluwalia et al, Eur J. Neurosci. 2003; 2611). Thus, we propose that 
OCR-2 and OSM-9 are endocannabinoid receptors in C. elegans, defining a novel signalling pathway mediated by 2-AG that 
modulates sterol metabolism in C. elegans.

402C	 The	Alimentary	Cuticle	of	C. elegans Plays	Multiple	Roles	in	Mediating	Xenobiotic	Sensitivity

Muntasir Kamal1,2, Houtan Moshiri1,2, Lilia Magomedova3, Duhyun Han2,4, Ken Nguyen5, May Yeo1,2, Jessica Knox1,2, Rachel Bagg1,2, 
Amy Won2,6,7,8, Karolina Szlapa1,2, Christopher Yip2,6,7,8, Carolyn Cummins3, David Hall5, Peter Roy1,2,4 1) Department of Molecular 
Genetics, University of Toronto, Toronto, ON M5S 1A8 ; 2) The Donnelly Centre for Cellular and Biomolecular Research, 
University of Toronto, Toronto, ON M5S 3E1 Canada ; 3) Department of Pharmaceutical Sciences, Leslie Dan Faculty of 
Pharmacy, University of Toronto, 144 College Street, Toronto, ON M5S 3M2 Canada ; 4) Department of Pharmacology and 
Toxicology, University of Toronto, Toronto, ON M5S 1A8 Canada ; 5) Department of Neuroscience, Albert Einstein College of 
Medicine, New York, NY 10461 USA ; 6) Institute of Biomaterials and Biomedical Engineering, University of Toronto, Toronto, 
ON M5S 3E1 Canada ; 7) Department of Chemical Engineering and Applied Chemistry, University of Toronto, Toronto, ON M5S 
3E1 Canada ; 8) Department of Biochemistry, University of Toronto, Toronto, ON M5S 3E1 Canada .

Forward genetic screens with small molecules (SMs) in C. elegans carried out in our and other laboratories have repeatedly 
shown that some SMs aggregate in the anterior pharynx of worms as dark objects. Our group first identified the accumulation 
as at least partly, if not wholly composed of SM itself manifest as birefringent crystals and/or globular spherical objects. 
The crystallizing molecules are all lethal to worms. Our data indicates that the process of SM crystallization begins in the 
pharyngeal cuticle of the anterior pharynx, and over time, extends to the plasma membrane, ultimately causing extensive 
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cellular damage. The crystallizing molecules can be grouped into 24 distinct structurally similar families (called scaffolds), 
and tend to be generally more hydrophobic and polar than molecules that do not aggregate. To understand the molecular 
basis of crystal accumulation, we screened 1.3 million randomly mutagenized wild-type F2 genomes and isolated 46 mutants 
that resist the lethal effects of a crystallizing SM, wact-190. This uncovered loss or reduction-of-function mutations in 
genes encoding components of a putative sphingomyelin synthesis pathway, SMS-5, TTM-5 and SPTL-2. Additionally, loss or 
reduction-of-function mutations in the ABC transporter PGP-14 also confer robust resistance to all crystallizing SMs. sms-5 
and pgp-14 are moderately and highly expressed, respectively, in pharyngeal cells that line the pharynx cuticle. Both sms-
5 and pgp-14 mutants show reduced accumulation of the hydrophobic, crystallizing SMs. Interestingly, both mutants show 
higher accumulation and sensitivity to a different set of lethal SMs with different physical properties relative to the wildtype. 
Together, these results indicate that (1) the anterior pharyngeal cuticle may be an important route of SM entry and a “sink” for 
many hydrophobic molecules, and (2) loss of SMS-5 or PGP-14 activity leads to altered barrier properties. Remarkably, sms-
5 mutants are hypersensitive to cholesterol-deprived conditions, suggesting sms-5 is specifically required for accumulation 
of hydrophobic nutrients and other SMs in the pharynx cuticle and in turn into pharyngeal cells. PGP-14 maybe required 
for transporting a hydrophobic molecule related to SMS-5-catalyzed polar lipid synthesis into the developing cuticle. Taken 
together, our data suggest that SMS-5 and PGP-14 contribute to a lipid barrier in the anterior pharynx cuticle to limit access of 
small molecules to the animal.

403A Two RapGaps in C. elegans differently regulate development and behavior.

Seung Hyun Kim1, Sun-Kyung Lee1,2, Joohong Ahnn1,2 1) Department of Life Science, College of Natural Sciences, Hanyang 
University; 2) Research Institute for Natural Sciences, College of Natural Sciences, Hanyang University.

RAP GTPase is a Ras-like small GTPase family known to regulate cell adhesion and cell to cell junction. RAP GTPase is activated 
when bound to GTP and deactivated when GDP is attached to the protein. RAP Guanine nucleotide Exchange Factor (RAPGEF) 
can detach the bound GDP to let free GTP bind to the RAP and be activated. RAP GTPase Activating Protein (RAPGAP) 
promotes hydrolysis of bound GTP to inactivate the RAP signal. In human cells, RAP signaling activated by RAPGAP can 
promote cancer invasion and metastasis. Knockout of RAPGEF arrests the cell junction at zipper state and stops it from cell 
junction maturation. In C. elegans, RAP GTPase and its upstream regulator PXF-1, C. elegans ortholog of human RAPGEF2, 
regulate VPC primary cell fate reinforcement, cuticle formation, hypodermal cell organization, and male ray formation. This 
study aims to find the role and the target protein of two C. elegans RAPGAPs, rgap-1 and rgap-2. rgap-1 deletion mutant 
exhibits higher autophagy level and shorter lifespan than N2. Also, rgap-1 deletion mutant is more sensitive to serotonin and 
levamisole mediated egg-laying and has a larger brood size. On the other hand, rgap-2 seems to be in a different pathway in 
organismal development and longevity. With further study, we will investigate the expression pattern and the functional role of 
rgap-2, and investigate genetic interaction between those two RAPGAPs.

404B	 SEL-5	kinase	interacts	with	retromer	complex	to	regulate	QL.d	migration	and	excretory	cell	canals	outgrowth

Filip Knop1, Marie Macůrková1 1) Charles University, Praha, Czech Republic.

During Caenorhabditis elegans development multiple cells migrate long distances or extend processes to reach their final 
position and/or to attain proper shape. These migrations/outgrowths are regulated by several signaling pathways. QL 
neuroblast descendants (QL.d) movements are an example of EGL-20/Wnt signaling-regulated migration. When Wnt signaling 
is disrupted QL.d migrate improperly and reach ectopic position in the worm‘s anterior. To identify new regulators of Wnt 
pathway we looked for enhancers of a weak retromer mutant vps-29 QL.d migration defect. We identified serine/threonine 
kinase SEL-5/AAK1 as a strong enhancer of vps-29 QL.d migration phenotype. AAK1 was previously shown to regulate Wnt 
signaling in Wnt receiving cells. However, our data assign SEL-5 requirement to the Wnt producing cells during QL.d migration. 
By GFP tagging of the endogenous sel-5 locus we confirmed that sel-5 is expressed in Wnt producing cells. Its role there is 
not yet clear but its function is not required for regulation of MIG-14/Wls level. Compound sel-5 vps-29 mutants also display 
shortening of the posterior excretory canals. Interestingly this SEL-5 role seems to be distinct from the role in QL.d migration. 
Firstly, SEL-5 function is cell-autonomous in case of the excretory canal length, and secondly, mutations in Wnt pathway genes 
lin-44/wnt, lin-17/Frizzled and mig-14/Wls lead to an excretory canal overgrowth instead of its shortening. We thus identified 
SEL-5 as both Wnt dependent and Wnt independent regulator of cell migration and cell growth in C.elegans.

405C	 Integrative	role	of	the	DBL-1/BMP	signaling	pathway	with	BLMP-1/BLIMP1	in	Caenorhabditis elegans development

Mohammed Farhan Lakdawala1, Tina L. Gumienny1 1) Texas Woman›s University, Denton, TX.
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Animals use multiple signaling pathways for cell-to-cell communication for proper development. One signaling pathway 
is defined by its ligand family of bone morphogenetic proteins (BMP). In the roundworm C. elegans, BMP member DBL-
1 has a well-defined, conserved pathway. The DBL-1 signaling pathway is involved in a spectrum of traits, including body 
size, brood size, and others. How does this BMP pathway control target gene expression? Previous studies in C. elegans 
show that transcriptional regulator BLMP-1 affects a similar array of traits as DBL-1. However, the relationship between 
DBL-1 and BLMP-1 is not studied. We discovered that DBL-1 and DBL-1 signaling are affected by loss of BLMP-1. We also 
found that DBL-1 negatively regulates blmp-1 expression in a stage-specific manner. Additionally, ChIP-seq, RNA-seq, and 
co-immunoprecipitation analyses suggest that the DBL-1 pathway and BLMP-1 act together to control expression of some 
common target genes, further linking these conserved molecular mechanisms during development.

406A	 PPK-1,	the	Caenorhabditis elegans homolog PIP5K regulates let-7 miRNA expression through interaction with the 
nuclear	export	protein	XPO-1

Chun LI1, Frank Slack1 1) BIDMC/Harvard Medical School .

C. elegans seam cells are lateral epidermal cells that divide with a stem cell-like lineage during larval development. It is 
known that the development timing of seam cells is strictly regulated by the heterochronic pathway. LIN-28, an RNA-binding 
protein and the let-7 microRNA (miRNA) play pivotal roles in controlling the timing of seam cell development. However, the 
mechanisms of action and the downstream affecters of lin-28/let-7 are poorly understood. Thus, the purpose of this project is 
to identify novel target genes in the lin-28/let-7 pathway in C. elegans.

In our lab, we reported the use of CLIP-Seq to identify 2000 mRNAs interacting directly with the LIN-28 RNA binding protein. 
To identify functional LIN-28 targets, we first looked for the overlap among our set of LIN-28 CLIP hits, the set of 201 known 
let-7 suppressors and 213 let-7 enhancers, and our unpublished RNA-seq data from staged L2 lin-28 mutant animals. We found 
16 candidate genes at the intersection of these groups. We validated these 16 candidate genes via qRT-PCR experiments in 
WT, lin-28 mutant and lin-28(gf) animals. From these experiments, we identified 8 candidate genes whose mRNA levels are 
dependent on lin-28 levels.

Of these genes, we found PPK-1, the Caenorhabditis elegans homolog phosphatidylinositol-4-phosphate 5’ kinase (PIP5K), 
functions in the lin-28/let-7 pathway. As we expected lin-28 mutants showed decreased ppk-1 mRNA levels. ppk-1(RNAi) 
worms showed weak precocious phenotypes and increased mature let-7 expression. In vitro, we found that PPK-1 has a 
physical interaction with nuclear export protein XPO-1, which is already known as a heterochronic gene that regulates mature 
let-7 expression. In vivo, we also found that PPK-1 and XPO-1 co-localize in seam cells. Taken together, this indicates that PPK-1 
interacts with XPO-1 to regulate mature let-7 expression. As lin-28/let-7 also acts in human cancer cells, we are exploring the 
functions of PPK-1/XPO-1 homologues in human cancer.

407B	 TOM-1/Tomosyn	is	an	inhibitor	of	growth	cone	protrusion	and	works	with	the	UNC-6/Netrin	receptor	UNC-5

Snehal Mahadik1, Erik Lundquist2 1) University of Kansas; 2) University of Kansas.

Previous work from the Lundquist lab showed that the UNC-6/Netrin receptors UNC-40 and UNC-5 regulate growth cone 
protrusion. UNC-40 stimulates protrusion whereas UNC-5 inhibits protrusion, and asymmetric distribution of protrusive 
activity across the growth cone results in directed growth cone migration away from UNC-6/Netrin (the Polarity/Protrusion 
model). unc-5 mutant VD growth cones display unpolarized and excessive protrusion. UNC-5 inhibits protrusion using the FMO 
flavin monoxygenases, likely via actin inhibition, and by restricting growth cone microtubule entry via UNC-33/CRMP, which 
might in turn regulate vesicle entry which drives protrusion. To explore the role of vesicle fusion in growth cone protrusion, 
we analyzed tom-1/tomosyn mutants. Tomosyn normally occludes formation of the SNARE complex by interacting with 
and inhibiting syntaxin-1. VD growth cones of tom-1 null mutants were similar to wild-type. However, tom-1 null mutants 
suppressed the effects of constitutively-activated MYR::UNC-5, which alone causes small growth cones with little protrusion. 
This suggests that TOM-1 is normally required for the inhibitory effects of MYR::UNC-5 on growth cone protrusion. Mutations 
specifically affecting tom-1 long isoforms showed small and non-protrusive growth cones, and did not suppress MYR::UNC-5. 
This suggests that TOM-1 short and long isoforms might have opposing roles, with TOM-1 short normally inhibiting protrusion, 
and TOM-1 long stimulating protrusion. Short isoform specific mutations suppressed MYR::UNC-5, and long isoform specific 
mutations suppressed excess protrusion in unc-5 loss-of-function mutants, consistent with this idea. Finally, transgenic 
expression of full-length tom-1(+) resulted in small and non-protrusive growth cones in both wild-type and unc-5 mutant 
backgrounds, consistent with a role of TOM-1 in inhibiting protrusion downstream of UNC-5. In the polarity/protrusion model 
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of growth cone outgrowth, UNC-6/Netrin inhibits growth cone protrusion via the UNC-5 receptor. Previous studies showed 
that UNC-5 inhibits protrusion via the FMOs and possible actin destabilization, and by preventing MT entry via UNC-33/CRMP. 
These results suggest that UNC-5 inhibits protrusion via a third pathway, employing TOM-1/tomosyn to prevent vesicle fusion 
and growth cone protrusion.

408C	 Parallel	Rap1>RalGEF>Ral	and	Ras	signals	sculpt	the	C. elegans nervous system.

Jacob Mardick1, Neal Rasmussen1, Bruce Wightman2, David Reiner1 1) Institute of Biosciences and Technology, Texas A&M 
Health Science Center, Houston, TX; 2) Muhlenberg College, Allentown, PA.

The Ras small GTPase is the most mutated oncoprotein, driving both tumorigenesis and metastasis. Oncogenic Ras effectors 
Raf and PI3 Kinase cascades are well studied and pharmacologically targeted. Ras directly binds a third oncogenic effector, 
RalGEF, which in turn activates a “Ras-Like” cousin, Ral. Yet the downstream consequences of RalGEF-Ral activation are poorly 
understood. Consequently, we are studying the functions of RalGEF-Ral in C. elegans development.

We found that mutations of RalGEF and Ral enhance migration phenotypes of mutants in genes with established roles in cell 
migrations. We tested these findings by using the canal associated neurons (CANs) as our model, while validating with HSN 
cell migration, neurite guidance, and animal locomotion. We found that Ral functions cell autonomously as a permissive 
developmental signal. Ras, the canonical activator of RalGEF>Ral in cancer, functions as an instructive signal. Unexpectedly, 
we identified a function for Rap1, a close relative of Ras, in the same process RalGEF>Ral, suggesting that Rap1 and not Ras 
activates RalGEF>Ral. These findings demonstrate the role of canonical RalGEF>Ral signaling in development of the nervous 
system, and implicate an unexpected upstream activator, Rap1.

409A	 Regulation	of	aging	and	recovery	in	arrested	L1	larvae

Alejandro Mata Cabana1, Francisco J. Romero-Expósito1, María Jesús Rodríguez-Palero2, Marta Artal-Sanz2, María Olmedo1 1) 
University of Seville, Faculty of Biology; 2) Andalusian Center for Developmental Biology. CISC/JA/Universidad Pablo de Olavide.

C. elegans arrest post-embryonic development as a strategy to survive unfavorable conditions. After hatching in the absence 
of food, larvae arrest at the first larval stage (L1). Blast cell divisions occurring during L1 cease and cells enter quiescence. 
Arrested L1s can survive several weeks without food and show increased resistance to stress. L1 larvae arrested for long 
periods undergo a process of aging during which animals accumulate different signs of aging. When fed, arrested L1s resume 
development after a process of recovery where aging is reversed. There is a direct correlation between the higher level of 
ageing during prolonged arrest and the time needed to recover. We have observed that prolonged L1 arrest delays specifically 
the reactivation of blast cell divisions. Once postembryonic development is resumed, the subsequent events occur normally. 
Insulin signaling modulates the rate of L1 ageing affecting proliferative potential after quiescence, what directly impacts 
recovery time.

Different endogenous and exogenous factors can directly influence recovery after arrest. We show that variable yolk 
provisioning to the embryos as a consequence of maternal age confers inter-individual variability in recovery after quiescence 
of genetically identical animals. Larvae coming from older mothers recover faster. Furthermore, we have revealed that density 
also affects recovery from L1 quiescence by modulating insulin signaling. L1 larvae arrested at high density show sustained 
DAF-16 activation during arrest, and reduced expression of the insulin-like peptide DAF-28. The effect of density is mediated by 
small soluble compounds of unknown nature. Finally, we have identified the disaccharide trehalose as one of these molecules. 
Trehalose mediates the communication between arrested L1 larvae and modulates the insulin signaling in the animals that 
sense the signal.

Overall, we have contributed to the consolidation of L1 arrest as an in vivo model to study the mechanisms involved in cell 
quiescence, and the role of insulin signaling in the process.

410B	 Elucidating	the	role	of	SUP-17/ADAM10	in	the	BMP	signaling	pathway	in	C. elegans 

Ines Muravin1, Lin Wang1, Zhiyu Liu1, Anthony Nzessi1, Jun Liu1 1) Department of Molecular Biology and Genetics, Cornell 
University, Ithaca, NY.

Bone Morphogenetic Protein (BMP) signaling is a highly conserved cascade that is involved in many essential biological events 
across metazoans, like cell migration, proliferation, and differentiation. Numerous hereditary disorders ranging from cancer to 
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cardiovascular disease can arise in humans when this pathway malfunctions. Consequently, gaining a better understanding of 
how this pathway is tightly regulated could help us to address and, ultimately, treat these medical conditions.

In C. elegans, the BMP pathway is known to regulate body size, postembryonic mesoderm development, and several other 
developmental processes. Multiple factors have been identified to be involved in modulating BMP signaling. One such 
factor is the ADAM (a disintegrin and metalloprotease) protease SUP-17, whose mammalian ortholog is ADAM10. SUP-17/
ADAM10 is a single-pass transmembrane protein that plays a fundamental role in ectodomain shedding, a post-translational 
modification where either a transmembrane or membrane-associated protein is cleaved at the extracellular domain through 
juxta-membrane processing. Our research aims to elucidate the role of SUP-17/ADAM10 by identifying its substrate(s) in BMP 
signaling. Towards this goal, we have used the CRISPR/Cas9 technique to tag multiple known transmembrane and membrane-
associated proteins involved in BMP signaling with GFP and FLAG. We are conducting western blot analyses on wild-type and 
sup-17 mutant worms carrying each of these tagged proteins. We also plan to use an unbiased proteomic approach to identify 
SUP-17/ADAM10 substrate(s) in BMP signaling. Results from these studies will shed light on how SUP-17/ADAM10 functions to 
regulate BMP signaling.

411C	 Physical	constraints	on	cuticle	stretch	guide	C. elegans developmental trajectories

Joy Nyaanga1, Gaotian Zhang1, Sasha Shirman1, Christina Goss1, Niall Mangan1, Erik Andersen1 1) Northwestern University.

Organismal growth is regulated on a genetic level, as changes in gene expression patterns and signaling dictate much of 
development. However, environmental conditions (e.g. nutrients and temperature) also have strong impacts on growth. For a 
comprehensive understanding of organismal growth, the links among genetics, environment, and metabolic regulation must 
be considered. Studies of single cells have revealed that growth regulation can be achieved using time or size sensing control 
methods. In multicellular organisms, regulatory mechanisms must not only control single cell growth but also integrate it 
across organs and tissues during development. The nematode Caenorhabditis elegans enables the investigation of growth 
control in metazoans because it has conserved metazoan pathways and processes and can be cultured by the thousands 
in controlled laboratory conditions. We developed a high-throughput phenotyping platform that facilitates a quantitative 
assessment of C. elegans growth at high precision. Using this platform, we collected growth measurements of thousands of 
individuals throughout the 72 hours of larval development, measured feeding behavior to pinpoint developmental transitions 
associated with decreased feeding, and quantified highly accurate changes in animal size and shape during development. We 
observed simultaneous increases in animal length, decreases in width, and maintenance of volume at each larval transition, 
suggesting that body shape in addition to size plays a role in the control of C. elegans growth. We propose a model of 
growth control whereby C. elegans senses body size through physical constraints on cuticle stretch and undergoes larval-
stage transitions when the cuticle reaches its maximum capacity for stretch. This work lays the foundation for a mechanistic 
dissection of how both genetics and environmental cues control organismal growth.

412A	 Differential	regulation	of	developmental	stages	supports	a	linear	model	for	C. elegans postembryonic development.

Alejandro Mata-Cabana1, Francisco Javier Romero-Expósito1, Mirjam Geibel2, Francine Amaral Piubeli1, Martha Merrow2, María 
Olmedo1 1) University of Seville; 2) LMU Munich.

During C. elegans postembryonic development, each of the four larval stages entails a process of feeding, a period of 
quiescence, and ecdysis. The repetitive nature of this process resembles oscillatory process as circadian rhythms. Nevertheless, 
each larval stage has a defined duration and entails specific events. A central question remains as to whether the overall speed 
of postembryonic development is controlled by a timer that affects all larval stages equally, as opposed to a linear process, 
where progression of development is achieved by the completion of stage specific events. The perturbation of a regulator 
of developmental timing would yield slower or faster animals, with larval stages that scale proportionally to the duration 
of total development. Contrarily, if development proceeds in a linear manner, based on completing stage-specific events, 
perturbations that affect overall duration of development might have different impact on different stages, depending on the 
specific events that take place during each stage. The answer to this question calls for precise quantification of postembryonic 
development in response to varied perturbations that alter overall developmental timing.

We have measured the duration of each stage of larval development for over 2,500 larvae, upon perturbations in temperature, 
in food quantity and quality, and amount of insulin signaling. Importantly, the assay we used monitors development 
continuously, with a time resolution of five minutes, and resolves the transitions between molts and intermolts. We observed 
that interventions that alter developmental timing have a differential effect on the discrete stages of larval development. 
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Furthermore, our high-resolution measurement of the effect of temperature has unveiled characteristic features of 
temperature dependence in C. elegans postembryonic development. Altogether, our results support a mechanism based on a 
linear progression of postembryonic development, where the events that take place in each stage are differentially impacted 
by environmental perturbations.

413B	 Beta-catenin	centrosomal	localization	regulates	Wnt	signaling	in	C.	elegans	development	and	human	cells

Bryan Phillips1, Setu Vora1 1) University of Iowa.

The Wnt/beta-catenin signaling pathway is central to metazoan development as well as adult tissue homeostasis and Wnt 
signaling is routinely dysregulated in cancer and congenital disorders. Caenorhabditis elegans embryos serially employ a 
modified Wnt/beta-catenin pathway embryos to drive asymmetric cell division (ACD) and rapidly diversify cell fate. Wnt-
dependent ACDs rely on nuclear asymmetry of the transcriptional coactivator SYS-1/beta-catenin between daughter cells 
to differentially activate Wnt-responsive target genes. Interestingly, SYS-1 dynamically localizes to mitotic centrosomes in a 
symmetrical fashion during many embryonic ACDs. This centrosomal localization pattern enables proteasomal processing 
and limits SYS-1 levels in daughter cells; uncoupling SYS-1 from the centrosome leads to increased nuclear SYS-1 in both 
daughter cells and loss of robust control of Wnt-dependent cell fate. Photobleaching experiments reveal that centrosome-
bound SYS-1 turns over rapidly, a process that requires the proteasome. These data demonstrate that centrosomal processing 
of SYS-1 represents a novel form of beta-catenin negative regulation specifically at mitosis that reinforces SYS-1 regulation 
by Wnt signaling. Intriguingly, beta-catenin centrosomal localization is well-conserved between nematodes and mammals 
so we examined the functional contribution of centrosomes to Wnt signaling, beta-catenin regulation, and posttranslational 
modifications using HEK293 cells. After pharmacological depletion of centrosomes, the cellular response to Wnt signaling is 
attenuated despite normal beta-catenin synthesis and degradation rates. The attenuated Wnt response is due to accumulation 
of a novel high-molecular-weight form of phosphorylated beta-catenin. Wnt signaling normally operates by inhibiting a 
destruction complex that phosphorylates and degrades beta-catenin, but the high-molecular-weight form of phosphorylated 
beta-catenin is unexpectedly increased by Wnt signaling. Furthermore, gel-shift analyses and mass spectrometry suggest the 
high-molecular weight form of phospho-beta-catenin results from mono-ubiquitination. These studies have thus identified a 
pool of beta-catenin effectively shielded from regulation by Wnt. We present a model whereby centrosomes across species 
regulate beta-catenin stability: centrosomes actively degrade beta-catenin during ACD and prevent inappropriate beta-catenin 
modifications that antagonize normal stabilization by Wnt signals.

414C	 Coordinating	neuronal	signaling	pathways	with	anterior	epidermal	cell	migration

Victoria Richard1, Stephanie Grimbert1, Karina Mastronardi1, Alisa Piekny1 1) Concordia University.

We study the cell patterning that regulates anterior morphogenesis in C. elegans embryos. We recently described how the 
epidermal, pharyngeal and neuroblast cells must be properly coordinated for development of the anterior lumen. However, 
the signaling events that coordinate these cell types are still not well understood. We found that soon after the ventral 
epidermal cells meet at the ventral midline, PAR-6 (polarity protein) foci associated with different subsets of cells form distinct 
patterns in the anterior of the embryo. Specifically, we observed two pentagons, a larger focal point and a more ventrally 
positioned semi-circle of foci. While the larger focal point corresponds to the arcade cells (anterior most cells of the pharynx), 
the pentagons appear to correspond to neuronal precursor and/or glial cells (UNC-119, MIR-228), while the semi-circle of foci 
may correspond to neuronal precursor cells (UNC-119, HLH-16), although some of these could come from the epidermis. The 
dorsal foci within each pentagon move in concert with the dorsal epidermal cells, while the semi-circle of foci move with the 
ventral epidermal cells. Ventral epidermal cells migrate using F-actin-rich projections, and we observed that these projections 
come close to, but do not cross the semi-circle of foci suggesting they are guided by nearby cues. We found that blocking 
neuroblast cell division and disrupting the PAR-6 patterns caused delays in epidermal cell migration by decreasing the number 
of F-actin projections. Based on these findings, we propose that signals associated with the neuronal and/or glial cells control 
anterior epidermal cell migration. To identify these signals, we are performing tissue-specific RNAi to guidance cues and their 
receptors including ephrins (enf-1/2/3), netrin (unc-6), slit (slt-1) and sax/robo (sax-3), as well as Wnt (lin-44 , mom-2, mig-
5, etc), and determining how they disrupt either 1) the pentagon or semi-circle of foci and/or, 2) migration of the anterior 
epidermal cells. This work will continue to provide new insights on the mechanisms underlying the multi-tissue cooperation 
required for successful anterior morphogenesis of C. elegans embryos.

415A	 Understanding	the	regulation	and	function	of	the	CRISP	protein	LON-1	in	C.	elegans



Abstracts

23rd International C. elegans Conference     |    170

Maria Serrano1, Zhiyu Liu1, Anthony Nzessi1, Jun Liu1 1) Cornell University.

Bone Morphogenetic Protein (BMP) signaling regulates a wide variety of processes in development and homeostasis, and its 
core pathway is conserved from humans to C. elegans. We are using C. elegans as a model to understand how BMP signaling 
is regulated and how BMP signaling regulates specific developmental processes. The C. elegans BMP pathway regulates body 
size, mesoderm patterning, and a number of other processes. Previous studies have shown that the Cysteine Rich Secretory 
Protein (CRISP) LON-1 negatively regulates body size and that lon-1 transcription is negatively regulated by BMP signaling. 
Using a sma-9 suppressor screen, we have found that LON-1 has a role in regulating postembryonic mesoderm development, 
like all other BMP pathway components. These findings led to a model that LON-1 both regulates BMP signaling and is 
regulated by BMP signaling, and that LON-1 may also have BMP-independent functions. We have found that a 4.3 kb lon-1 
promoter region, which is sufficient for mediating BMP regulation of lon-1, contains several highly conserved putative Smad-
binding sites. We are currently testing the hypothesis that lon-1 transcription is directly regulated by BMP signaling through 
the binding of Smad transcription factors in the lon-1 promoter.

To dissect the mechanisms by which LON-1 modulates body size and regulates BMP signaling, we have used CRISPR/Cas9 and 
generated an endogenously V5 tagged LON-1. This V5-tagged LON-1 is fully functional and is detectable on western blots. We 
plan to use this strain to dissect how LON-1 interacts with other BMP pathway components as well as to identify novel factors 
that interact with LON-1.

416B	 Calumenin	functions	in	cuticle	collagen	modification

Hyun-Ok Song1 1) Wokwang University School of Medicine, Iksan, South Korea.

Calumenin is an acidic, low-affinity Ca2+ binding protein that belongs to the CREC family (Cab4, reticulocalbin, ERC-55 and 
calumenin). It has been involved in various malignant diseases and muscle contraction-relaxation processes in vertebrates. 
C. elegans has the single gene of calumenin, calu-1. It has been proposed to have pleiotropic roles in body size, muscle 
function, and cuticle formation. As calu-1(tm1783) mutant displayed severe cuticle defects such as irregular annulus and fused 
alae, we investigated the mechanistic roles of calumenin in cuticle development. The worm cuticle is an extremely flexible 
exoskeleton, which is indispensable for normal development and survival. It is firstly synthesized in the embryo and four times 
more in each larval stage prior to molting. Collagen, the major component of cuticle, is synthesized as procollagen and further 
modified in the endoplasmic reticulum (ER). Since calumenin is a Ca2+ binding protein resident in ER, we firstly examined the 
function of calumenin in collagen modification in ER. The first step of modification of procollagen is prolyl 4-hydroxylation, 
which is conducted by prolyl 4-hydroxylase (P4H; DPY-18/PDI-2). The next step is the trimerization by peptidyl-prolyl cis-trans 
isomerase (PPIase). Genetic interactions of calumenin and P4H or PPIases were examined by establishing multiple mutants and 
cuticle-related phenotypes of mutants were identified.

417C	 Nutritional	status	and	fecundity	are	synchronised	by	muscular	exopheresis

Michał Turek1,2,3, Katarzyna Banasiak4, Małgorzata Piechota4, Nilesh Shanmugam4, Matylda Macias5, Małgorzata Śliwińska6, Marta 
Niklewicz4, Konrad Kowalski4, Natalia Nowak6, Agnieszka Chacinska1,2, Wojciech Pokrzywa4 1) ReMedy International Research 
Agenda Unit, University of Warsaw, Warsaw, Poland; 2) Laboratory of Mitochondrial Biogenesis, Centre of New Technologies, 
University of Warsaw, Warsaw, Poland; 3) Laboratory of Animal Molecular Physiology, Institute of Biochemistry and Biophysics, 
Polish Academy of Sciences, Warsaw, Poland; 4) Laboratory of Protein Metabolism, International Institute of Molecular and 
Cell Biology, Warsaw, Poland.; 5) Core Facility, International Institute of Molecular and Cell Biology in Warsaw, Poland; 6) 
Laboratory of Imaging Tissue Structure and Function, Nencki Institute of Experimental Biology Polish Academy of Sciences, 
Warsaw, Poland.

Organismal functionality and reproduction depend on metabolic rewiring and balanced energy resources. However, the 
crosstalk between organismal homeostasis and fecundity, and the associated paracrine signaling mechanisms are still poorly 
understood. Using the Caenorhabditis elegans we discovered that large extracellular vesicles termed exophers, attributed 
in neurons and cardiomyocytes to the removal of damaged subcellular components, are released by body wall muscles to 
support embryonic growth. We found that exopher formation (exopheresis) is a non-cell autonomous process regulated by 
developing embryos in the uterus. Our data suggest that exophers serve as transporters for muscle-generated yolk proteins 
used for nourishing and improving the growth rate of the next generation. We propose that the primary role of muscular 
exopheresis is to stimulate the reproductive capacity, thereby influencing the adaptation of worm populations to the current 
environmental conditions.
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418A	 Wide-Spread	Non-Canonical	CED-3	Caspase	Activities	Regulate	Gene	Expression	Dynamics	Including	Antagonizing	
PMK-1	p38	MAPK	Stress-Priming	Function	to	Support	Development

Wang Yuan1, Yi Weaver1, Benjamin Weaver1 1) UT Southwestern Medical Center, DALLAS, TX.

Recent studies across diverse animal phyla have revealed non-canonical activities of apoptotic caspases involving specific 
modulation of gene expression, such as our finding of LIN-28 inactivation in worms and others findings of Nanog and Pax7 
inactivation in mice to limit pluripotency of stem-like cell types to promote differentiation. We still do not know how broadly 
these non-canonical caspase functions span across various biological processes or their underlying molecular mechanisms. 
Using a forward genetic screen, we identified the CED-3 caspase working in diverse biological processes in C. elegans. 
Specifically, we recently showed that CED-3 caspase negatively regulates an epidermal p38 stress-responsive MAPK pathway 
to promote development. We also showed that PMK-1 (p38 MAPK) functions to prime animals for adverse environmental 
conditions prior to experiencing the stress. However, this priming function comes with the cost of retarding post-embryonic 
development. CED-3 caspase counters this stress-priming function by inactivating PMK-1 through proteolytic cleavage thereby 
promoting development. Strikingly, using RNA-seq and ribosomal profiling, we find that CED-3 and PMK-1 inversely regulate a 
key sub-set of more than 300 genes. A key enrichment amongst these genes were stress-responsive and pathogen resistance 
factors. Now, our ongoing studies are working to identify the molecular and physiological mechanisms of CED-3 and PMK-1 
antagonism in regulating cell signaling and gene expression dynamics during development and stress-response states.

419B	 Insulin	signaling	and	osmotic	stress	response	regulate	arousal	and	developmental	progression	at	hatching

Bruce Wightman1 1) Muhlenberg College, Allentown, PA USA.

The progression of animal development depends on the coordination of organism-wide responses with environmental 
conditions. Two transcription factors that function in interneuron differentiation, fax-1 and unc-42, are required for arousal 
and progression from embryogenesis to larval life by potentiating insulin signaling. The combination of mutations in either 
transcription factor and a mutation in daf-2 insulin receptor results in a novel peri-hatching arrest phenotype: embryos are 
fully developed but inactive and often remain trapped within the eggshell. This pathway is opposed by an osmotic sensory 
response pathway that promotes developmental arrest and a sleep state at the end of embryogenesis in response to elevated 
salt concentration. The quiescent state induced by loss of insulin signaling or by osmotic stress can be reversed by mutations in 
genes that are required for sleep, including ceh-17, aptf-1, and flp-11. Therefore, countervailing signals regulate late embryonic 
arousal and developmental progression to larval life, mechanistically linking the two responses. Tissue-specific expression 
of daf-2 indicates that integration of the response depends on both the nervous system and the intestine or pharynx. Our 
findings demonstrate a role for insulin signaling in an arousal circuit, consistent with evidence that insulin-related regulation 
may function in control of sleep states in many animals. The quiescent arrest response may serve as an adaptive response to 
the osmotic threat from high salinity environments.

420C	 Relatives	of	Ras	regulate	function	of	the	C. elegans exocyst complex in development

You Wu1, David Reiner1 1) Center for Translational Cancer Research, Institute of Biosciences and Technology, Texas A&M Health 
Science Center, Texas A&M University.

Among three Ras effectors of roughly equivalent oncogenicity, Raf and PI3K are well studied but the downstream 
mechanisms of Ras-RalGEF-Ral signaling remain poorly understood. Ral (Ras-like) is a small GTPase related to Ras. Ral uses a 
heterooctameric protein complex named exocyst as a signaling intermediary (as exocyst components-Exo84 and Sec5 are Ral 
effectors) and also performs essential activities to regulate exocytosis functions of the exocyst, which precludes conventional 
biochemical bootstrapping to identify signal transduction components downstream of the exocyst. Rap1 (Ras proximal) is 
another small GTPase that sometimes signals in parallel with Ras. Delineating the mysterious functions of Ral in signaling and 
Ral and Rap1 in functions of the exocyst are important for therapeutic targeting of oncogenic Ras and understanding the cell 
biological functions of the exocyst complex.

We are using genetic, biochemical and cell biological analyses in C. elegans to identify roles of Ral and Rap1 in control of 
exocyst functions during development. The three aims of this project are: 1. Determine the contribution of Ral to functions 
of the exocyst complex. 2: Investigate whether the Ral signaling function works to regulate exocytic functions of the exocyst 
separately from the signaling-independent functions. 3: Delineate Rap1 contributions to exocyst functions.
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We found that Ral is needed for the exocyst function, as deletion of Ral aggravates developmental defects conferred by 
maternally rescued (M+Z-) deletion of Sec5. Yet signaling-defective Ral does not alter the phenotype of M+Z- Sec5 mutant 
animals. Furthermore, constitutively activated Ral reduces the severity of M+Z- Sec5 mutant defects, implicating signaling-
dependent and -independent contributions of Ral to exocyst-dependent development. Rap1 similarly interacts with the M+Z- 
Sec5 mutant and the M+Z- Ral mutant, suggesting a model similar to that of Ral. We will continue to test the contributions 
of Ral and Rap1 to exocyst-dependent development using the chemogenetic tool Auxin-Inducible degron (AID). We will also 
use the development of elaborate arborization of the axons of PVD neurons as a more precise readout of exocyst function, 
and also assay the impact of Sec5, Ral and Rap1 depletion on the transport of marked exocytic cargoes. Besides, we will use 
biochemical tools and will do confocal imaging to measure the physical interaction and colocalization of HA and fluorescent 
tagged Ral and exocyst components.

In conclusion, this study will further investigate the role of two Ras relatives, Ral and Rap1, in the exocyst. This will help 
delineate the downstream effectors of the poorly understood Ras>RalGEF>Ral pathway, and help better understand the 
relationship of Rap1 with the exocyst, as well as the crosstalk of Rap1 and Ras effectors.

421A	 A	cilia-independent	function	of	BBSome	mediated	by	DLK	MAPK	signaling	in	C.Elegans.

Xinxing Zhang1,2, Jinzhi Liu1,2,3, Tong Pan1,2, Jianfeng Liu3, X.Z. Shawn Xu1,2 1) University of Michigan - Life Sciences Institute; 2) 
University of Michigan - Department of Molecular and Integrative Physiology; 3) 3College of Life Science and Technology, Key 
Lab. of Molecular Biophysics of MOE, Huazhong U. of Science and Technology, Wuhan, Hubei, China.

Bardet-Biedl Syndrome (BBS) is a genetic disorder affecting primary cilia. BBSome, a protein complex composed of eight BBS 
proteins, regulates the structure and function of cilia in diverse organisms, and its malfunction causes BBS in humans. Here, we 
report a new function of BBSome. In a genetic screen conducted in C. elegans to identify genes regulating the photoreceptor 
LITE-1, a non-ciliary protein expressed in ciliated sensory neurons, we isolated bbs mutants. Functional analysis revealed 
that BBSome regulates LITE-1 protein stability in a cilia-independent manner. Through another round of genetic screen, we 
found that this new function of BBSome is mediated by DLK MAPK signaling. We further showed that BBSome regulates 
the expression of DLK. Interestingly, we found that BBSome also regulates DLK expression in mammalian cells, suggesting a 
conserved mechanism. These studies identify an unexpected cilia-independent function of BBSome and uncover DLK MAPK 
signaling as a novel BBSome effector.

422B	 The	effects	of	venlafaxine	on	behavior	and	central	nervous	system	of	Caenorhabditis elegans

Carla Alves1,2, Wagner Antonio Tamagno2, Ana Paula Vanin4, Nathália Tafarel Sutorillo2, Amanda dos Santos2, Wallace Santini2, 
Rosilene Rodrigues Kaizer Perin2,4, Leonardo Jose Gill Barcellos1,3 1) Universidade de Passo Fundo; 2) Instituto Federal do Rio 
Grande do Sul – Campus Sertão, RS, Brazil. ; 3) Universidade Federal de Santa Maria, Santa Maria, RS, Brazil.; 4) Universidade 
Federal da Fronteira Sul, Erechim, RS, Brazil.

The growing consumption of psychoactive drugs, including antidepressants and antipsychotics, along with the low levels 
of total metabolization of these drugs, are increasing their residues in the environment. After being used, the drugs are 
metabolized and excreted, sometimes still in their active form, and may or may not suffer degradation when in contact with 
the environment. Thus, these psychoactive drugs can reach the aquatic environment and affect non-target organisms, such 
as zebrafish (Danio rerio) and Caenorhabditis elegans, in their natural environments. Our main hypothesis is that venlafaxine 
(VEN), a drug that works with the selective inhibition of the reuptake of noradrenaline and serotonin, can exert effects on the 
endocrine and behavioral system of zebrafish and toxicological effects on the behavior and nervous system of C. elegans. The 
integrity of the natural behavioral repertoire is vital for the maintenance of the species, reinforcing the importance of studies 
that show the potential of drugs in altering these models. Here we evaluate acute exposure to VEN, in three concentrations 
followed by a behavioral assessment. The behavior of C. elegans was analyzed by the body bands, pharyngeal beat, and 
defecation cycle; while the biochemical analyzes of the enzyme Acetylcholinesterase to assess the toxicological effects of VEN 
on the nervous system. We have shown that the nematode C. elegans resists changes in behavior and the nervous system. 
Thus, this model response was not a clear indicator of water contamination and possible zebrafish effects, probably because 
of the cuticle and natural behavior of the nematode. Results with zebrafish exposure to VEN have shown changes in the novel 
tank test, mainly the robust anxiolytic-like pattern, suggesting that VEN may be more dangerous to species conservation, since 
fish presenting an anxiolytic-like behavior becomes more susceptible to predation. We are working on biomarkers to study 
differences in the responses to these models when exposed at VEN.
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423C	 Neural	and	Molecular	Mechanisms	of	Microbe-sensing	in	the	Control	of	Animal	Behavior

Benjamin Brissette1, Niels Ringstad1 1) Skirball Institute of Biomolecular Medicine, Neuroscience Institute, NYU School of 
Medicine.

Animals use the chemical senses of taste and smell to represent the environment. How complex and distributed sensory 
representations of the world are integrated to form sensory percepts and instruct behavior remains poorly understood. 
The nematode C. elegans, with its well-defined genetics and compact, accessible nervous system, permits cell-specific 
manipulation and monitoring of neural activity to determine how sensory information is integrated and how neural activity 
generates behavior.

Using a genetically encoded integrator of neural activity - CaMPARI - I found that exposure to E. coli and E. faecalis elicit 
different responses in interneurons of freely behaving C. elegans. These microbes have different effects on C. elegans biology 
and elicit different behavioral responses: C. elegans avoids E. faecalis, which is highly pathogenic, but is attracted to E. coli, 
which is nutritive. I discovered that AIB and AIZ interneurons, which receive convergent inputs from many chemosensory 
neurons, are strongly inhibited by exposure to E. coli but remain active in the presence of E. faecalis. I also observed this effect 
using microbe-conditioned media, indicating that differential activation of chemosensory neurons generates the observed 
difference in interneuron activity.

Using the calcium indicator GCaMP, I mapped sensory responses to E. coli and E. faecalis and found that distinct populations 
of chemosensory neurons respond to chemical cues derived from these microbes. These data indicate that chemosensory 
representations of these microbes are complex and distributed, and they may be integrated in AIB and AIZ interneurons. Our 
next goal is to manipulate activity in chemosensory neurons and monitor how interneuron activity changes to determine the 
computation used to integrate complex sensory information.

424A	 Does	programmed	organismal	death	promote	fitness	at	the	C. elegans	colony	level?

Hannah Chapman1, Evgeniy R. Galimov1, David Gems1 1) University College London.

Is aging a form of programmed death which, like programmed cell death, promotes fitness? According to evolutionary theory, 
the answer is no, at least for species that reproduce as outbred dispersed populations. However, it is theoretically possible for 
adaptive death to evolve in species with clonal, colonial modes of existence, including bacteria, budding yeast and, potentially, 
C. elegans (1-3). Adaptive benefits of programmed organismal death in post-reproductive adults include increasing food 
availability for kin (consumer sacrifice) and consumption of dead adults by kin (biomass sacrifice)(1-3). Occurrence of adaptive 
death in C. elegans could partially explain the presence of so many genes where loss of function increases lifespan (1).

We recently created an in silico model of a C. elegans colony on a virtual food patch to probe the likelihood that earlier adult 
death could increase fitness at the colony level. For the latter, dauer yield per colony was used as a metric. Behavior of the 
model supported the hypothesis that traits that reduce individual worm fitness can increase colony fitness (4). Increased 
colony fitness was sometimes observed not only when adult lifespan was shorter but also when brood size was reduced. 
Notably, reduction of brood size could increase the efficiency with which food was converted into dauer yield.

Our findings supported the hypothesis that colony fitness is a function of population structure (4). To test this we have been 
altering C. elegans colony structure by varying founder animal number, and measuring colony fitness using a dauer yield assay. 
Results will be presented at the meeting. This work draws attention to the possibility that many characteristics of individual 
nematodes may promote fitness at the colony level rather than the individual nematode level.

(1) J.N. Lohr, E.R. Galimov, D. Gems. Ageing Res. Rev. (2019) 50: 58. (2) E.R. Galimov, D. Gems, Biochem. (Moscow) (2019) 84: 
1433. (3) E.R. Galimov, D. Gems, Phil. Trans. R. Soc. London (2021) 376: 20190730. (4) E.R. Galimov, D. Gems, Aging Cell (2020) 
19 e13141.

425B	 Microbiome	perturbations	moderately	modulate	Caenorhabditis elegans health and life history traits

Ashley Foltz1, Michael Herman1 1) University of Nebraska - Lincoln.

Bacteria are the sole food source of C. elegans and many must be advantageous to their health, but some are detrimental. 
Stenotrophomonas bacteria are members of the natural C. elegans core microbiome described by Zhang et al. (2017). 
Surprisingly, we have shown that many Stenotrophomonas isolates are detrimental to C. elegans health, although they are 
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an abundant member of the core microbiome. This has led us to ask several questions about the interactions that individual 
microbiome members have with other microbes, with the host, and how the entire microbiome community interacts with the 
host. We are characterizing the role of Stenotrophomonas in the microbial community to better understand these interactions. 
Our approach is to use an experimental microbiome (CeMbio) consisting of representative bacteria (Dirksen et al., 2020) 
to determine the effects of perturbing the microbiome with various Stenotrophomonas strains. We will analyze the effects 
on microbiome community composition and host health and fitness. We have found that individual CeMbio members have 
varying effects on host survival compared to the whole community, indicating that the effect of the community on survival 
is likely additive. We used the effects of individual Stenotrophomonas strains on C. elegans health in monoculture and their 
isolation source (worm or substrate) to select strains for substitution experiments. We found that C. elegans survivorship is not 
significantly affected by most of the perturbations, although communities with more pathogenic Stenotrophomonas strains 
resulted in reduced survivorship. This suggests that the CeMbio community is resilient to perturbations at least in terms of 
the effect on host survival. We also found that development time, used as a measure of host fitness, is mostly unaffected as 
compared to the intact community. Future work will determine if other measures of fitness, such as brood size, are affected by 
these microbiome perturbations, and how community composition of the gut microbiome might be altered.

426C	 Skin-penetrating	nematodes	exhibit	life-stage-specific	interactions	with	host-associated	and	environmental	bacteria

Ivan Chavez1, Taylor Brown1, Adrien Assié2,3, Astra Bryant1, Buck Samuel2,3, Elissa Hallem1 1) Department of Microbiology, 
Immunology, and Molecular Genetics, University of California, Los Angeles, Los Angeles, CA; 2) Alkek Center for Metagenomics 
and Microbiome Research, Baylor College of Medicine, Houston, TX; 3) Department of Molecular Virology and Microbiology, 
Baylor College of Medicine, Houston, TX.

Skin-penetrating nematodes of the genus Strongyloides infect over 600 million people, posing a major global health burden. 
Their life cycle includes both a parasitic and free-living generation. During the parasitic generation, infective third-stage larvae 
(iL3s) actively engage in host seeking. During the free-living generation, the nematodes develop and reproduce on host feces. 
At different points of their life cycle, Strongyloides species encounter bacteria from various ecological niches. However, the 
microbial interactions between Strongyloides and bacteria remain uncharacterized. We first investigated the microbiome of 
the human parasite Strongyloides stercoralis using 16S-based amplicon sequencing. We found that S. stercoralis free-living 
adults have a distinct microbiome, suggesting that they selectively associate with specific fecal bacteria. We then investigated 
the behavioral responses of S. stercoralis and the closely related rat parasite Strongyloides ratti to an ecologically diverse panel 
of bacteria. We found that S. stercoralis and S. ratti showed similar responses to bacteria. The responses of both nematodes to 
bacteria varied dramatically across life stages: free-living adults were strongly attracted to most of the bacteria tested, while 
iL3s were attracted specifically to soil bacteria. The behavioral responses to bacteria were dynamic, consisting of distinct short- 
and long-term behaviors. Finally, a comparison of the growth and reproduction of S. stercoralis free-living adults on different 
bacteria revealed that the bacterium Proteus mirabilis inhibits S. stercoralis egg hatching, greatly decreasing parasite viability. 
Our results identify bacteria that serve as key sensory cues for directing movement, as well as bacteria that decrease the 
parasite’s reproductive fitness.

428B	 Gut-brain-axis	signaling	in	regulation	of	the	Caenorhabditis elegans microbiome

Ciara Hosea1, Fan Zhang1, Buck Samuel1 1) Baylor College of Medicine.

The animal gut is critical for both acquisition and interpretation of nutrients and other molecules in the environment, in 
addition to cultivating a robust community of microbes. Communication of nutritional and microbial information between 
the gut and the brain, referred to as the gut – brain axis, occurs via signaling molecules like host-derived neuropeptides and 
neurotransmitters, in addition to microbially produced metabolites. Thus, altering the gut – brain axis and the communication 
within can have influence host physiology and metabolism, but also impact the regulation of the host’s gut microbiome. 
Studies conducted within the last decade have highlighted the importance of balanced relationships within the microbiome, 
but the molecular mechanisms of microbiome regulation of the gut – brain axis remain largely uncharacterized due to the 
complexities in other systems and difficulties with high-throughput testing. We use C. elegans to address this because it 
contains a comparable gut whose composition is well defined, is amenable to various high – throughput techniques, and is 
transparent, which allows us to view differences in composition using fluorescent bacteria.

Insulin signaling members, specifically the insulin receptor and downstream pathway factors, have previously been shown to 
alter microbiome composition.
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To determine which neuropeptides, and their respective receptors, are associated with gut microbiome regulation, we have 
conducted RNAi experiments coupled with 16s rRNA sequencing to assess gut composition. The resulting data has shown that 
roughly 20 of 104 RNAi clones assayed alter composition of the microbiome, broadly or in taxa-specific manner, in N2 animals 
when knocked – down via RNAi in a tissue – specific manner. Specifically, flp –14, ins –1, ins –11, ins –18, ins –21, and ins –24, 
promote colonization of Ochrobactrum when knocked down in the gut alone using an intestinal – specific RNAi strain. These 
knockdown findings will be further validated using fluorescent bacteria colonization phenotypes as a proxy for sequencing. 
Insulin signaling members, specifically the insulin receptor and downstream pathway factors, have previously been shown to 
alter microbiome composition. The data obtained from the RNAi screening suggests that the normal function of these 20 or 
so neuropeptides is to relay information about the microbiome or otherwise that could influence microbe’s ability to colonize 
the gut. Through these and related studies, we hope to better characterize the gut – brain axis signaling pathways and identify 
novel molecular factors that regulate the microbiome in C. elegans.

429C	 Behavioral	analysis	of	P. pacificus mutants encoding for a novel repeat-containing protein

Daniel Kazerskiy1, Juan Cardenas1, Ray Hong1 1) California State university, Northridge.

Most parasitic nematodes exhibit species-specific host-seeking behavior, oftentimes triggered by chemo attraction to host-
secreted odors, such as pheromones. The entomophilic nematode, Pristionchus pacificus, has a nuanced relationship with its 
host beetle. The host beetle produces a pheromone, ZTDO, which is not only a strong attractant to P. pacificus but also induces 
developmental arrest in embryos and paralysis in early larval stages but surprisingly, not in J4 or adults. This phenomenon 
leads us to speculate that there is a co-evolutionary battle occurring between the host’s ability to produce a potent 
nematocide and the nematode’s ability to resist paralysis in order to maintain a non-pathogenic relationship. In C. elegans, 
mechanisms of paralysis due to various anthelmintics have been found to act on the betaine-gated channel ACR-23, a nicotinic 
acetylcholine receptor. Because various paralytics act on the same receptor we hope to find overlap between ZTDO induced 
paralysis and the betaine pathway. To better understand the genetic component of ZTDO induced paralysis, we investigated a 
ZTDO-hypersensitive mutant, Ppa-obi-1(tu404), a gene which encodes a lipid-binding domain that is hypothesized to facilitate 
odorant reception.

To identify potential genes involved in the pathway for ZTDO resistance, we performed a suppressor screen on Ppa-obi-1 and 
isolated three mutant suppressor lines. Two of these candidates (csu63,csu64) show partial resistance to ZTDO in the J4 stage 
when compared to their Ppa-obi-1 parent, suggesting that we have disrupted components of the pathway mediating obi-1 J4 
larvae hypersensitivity. One of the leading gene candidates is PPA09604, which has multiple independent mutations found in 
both csu63 and csu64 alleles in a reading frame encoding for a novel protein. Interestingly, both alleles also suppressed the 
Ppa-obi-1 hypersensitivity to betaine. The predicted structure of PPA9604 leads us to believe that this gene may encode a 
transcriptional repressor which do not have homologs outside of the Pristionchus genus. PPA9604 expression is found in the 
pharyngeal gland cells, intestine, and the vulva. To characterize this novel protein, we used a co-CRISPR strategy to phenocopy 
the suppressor mutations. We generated three loss-of-function alleles and found that all three alleles modestly reduced 
hypersensitivity in J4 larvae, in the presence of ZTDO. We are currently determining if these alleles also suppress the Ppa-obi-1 
hypersensitivity to betaine.

431B	 Interaction	of	genetic	variation	and	diet	on	stress	resistance	in	Caenorhabditis tropicalis isolates

Tzitziki Lemus Vergara1, Eyal Ben David3, Joshua Bloom1,2, Leonid Kruglyak1,2 1) University of California Los Angeles; 2) Howard 
Hughes Medical Institute; 3) The Hebrew University-Hadassah Medical School.

The gut microbiome influences many of its host traits. In humans, disruption of the microbiota balance has been associated 
with various diseases including obesity, metabolic syndrome, and autoimmune disorders. However, it is challenging to study 
the mechanisms by which bacteria influence their human hosts due to the complexity of bacterial communities and the 
genetic diversity of humans. The nematode Caenorhabditis elegans has recently been used as a model organism to study the 
influence of the microbiome and diet on several phenotypes. Studies have shown that the worm microbiome/diet affects 
important traits such as development, life span, metabolism, and resistance to chemotherapy drugs, but the underlying 
mechanisms are not well understood.

We recently discovered that resistance to cold stress in a related nematode, Caenorhabditis tropicalis, is affected by the worm 
diet. Interestingly, different C. tropicalis isolates are differently affected depending on their diet. Isolate JU1639 was highly 
susceptible to cold stress when grown on E. coli HT115 but survived when grown on OP50. Genetic analysis suggests that cold 
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stress resistance is a dominant trait, and initial mapping reveled a potential QTL on chromosome III. Currently, we are working 
on refining and validating the QTL associated with cold stress resistance, and in dissecting the bacterial elements and pathways 
involved in the cold stress survival difference. The genetic variants uncovered by this study will further our understanding of 
the mechanisms by which diet and microbiome modulate an organism›s phenotype, and how this modulation depends on the 
host genetic variation.

432C The involvement of host genes in shaping the C. elegans gut microbiome

Barbara Pees1, Michael Shapira1 1) University of California, Berkeley, USA.

The recent advent of microbiome research in C. elegans provides new trajectories for exploring host-microbe interactions. 
C. elegans harbors a distinct gut microbiome that is shaped by environmental conditions, age, and host genotype. Taking 
advantage of C. elegans’ genetic tractability, we only started to discover the roles of host genes being involved in regulating 
the microbiome. Previous work in the lab demonstrated a novel role of TGFβ/SMA signaling in shaping gut microbiome 
composition. Disruption of TGFβ/SMA signaling changed gut microbiome composition, specifically resulting in a bloom of 
Enterobacter, a common natural commensal of C. elegans. Which downstream targets of TGFβ/SMA signaling contributed to 
this change is yet unknown.

To address this question, we carried out RNAseq analyses exposing the dbl-1(nk3) and sma-3(e491) knock-out mutants, as 
well as the dbl-1 over-expressor to CeMbio, a recently established synthetic community representing the natural C. elegans 
microbiome. We identified genes up-regulated in worms raised on the synthetic community, compared to those raised on the 
non-colonizing E. coli, in agreement with previous results. We further identified a subset of these genes that was dependent 
on dbl-1 or sma-3, potentially involved in TGFβ/SMA-mediated host-microbiome interaction. Current work is investigating the 
roles of identified candidate genes in shaping microbiome composition using knock-out mutants, over-expression strains, and 
reporter strains.

433A	 Evidence	for	the	inclusion	of	Caenorhabditis elegans	in	Environmental	Risk	Assessment	routines

Libania Queiros1, Joana L. Pereira1, Fernando J. M. Gonçalves1, Mario Pacheco1, Michael Aschner2, Patricia Pereira1 1) 
Department of Biology and CESAM, University of Aveiro, Portugal; 2) Department of Molecular Pharmacology, Albert Einstein 
College of Medicine, Bronx, NY, USA.

Caenorhabditis elegans has long been used as a choice for a laboratory model organism, and it has been linked to several 
discoveries that have led to Nobel Prizes. Although C. elegans’ journey as an invaluable model in developmental biology 
and neurobiology is long, dating to the 1960s, its application in other research fields such as environmental toxicology is 
more recent. As a well-known experimental organism bearing high sensitivity to different environmental contaminants, 
and representing important functional levels in soil and aquatic ecosystems, C. elegans has high potential to be extensively 
integrated within Environmental Risk Assessment (ERA) routines. The major advantages supporting the inclusion of C. 
elegans in lower tiers of ERA, where a first screening of potential hazardous scenarios to the biota of both environmental 
compartments is performed, as well as the large array of endpoints that can be tested in this context, are herein presented. 
In addition, its sensitivity to contaminants such as metals and pesticides, as well as specific strengths and limitations, 
are compared to other laboratorial model organisms commonly used in ERA, such as Daphnia magna (crustacean) and 
Eisenia fetida (earthworm). The inclusion of C. elegans in ERA routines is encouraged, since it may provide ecologically 
relevant insights on the effects of contaminants, thus improving the establishment of appropriate environmental protection 
benchmarks.

434B	 Assortative	mating	and	the	potential	for	sperm-mediated	reproductive	interference	in	co-occurring	nematodes	C. 
macrosperma and C. nouraguensis

Rebecca Schalkowski1, Katja Kasimatis1, Megan Greischar1, 2, Asher Cutter1 1) Department of Ecology & Evolutionary Biology, 
University of Toronto, Toronto, Canada; 2) Department of Ecology & Evolutionary Biology, Cornell University, Ithaca, NY.

Co-existence of species is shaped by many abiotic and biotic factors. One interesting factor in determining how species can 
co-exist is their order of arrival in a new habitat. This “priority effect” phenomenon is most-studied in plant communities, but 
displacement of first colonizers can occur in animal species that may interfere with one another’s reproductive success in ways 
that may allow one species to sexually exclude the other. In this study, we characterize reproductive life-history traits and test 
for reproductive interference through adverse effects of inter-species mating between C. macrosperma and C. nouraguensis, 
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two co-occurring species of Caenorhabditis from the Nouragues Reserve (French Guiana). C. macrosperma displays sperm 
gigantism, also making this an interesting system for studying divergence in reproductive traits.

We provide rarely quantified measures of lifetime fecundity for males and females, showing higher intrinsic population growth 
for C. nouraguensis. Caenorhabditis often are assumed to mate non-assortatively, leading to costs to female fitness through 
ectopic sperm cell migration. However, here we demonstrate mate discrimination between these species. We also quantify the 
asymmetry of sperm-mediated costs to female lifespan and fitness, and track migration of sperm inside the female to ectopic 
somatic locations in the cross direction with greatest adverse effects. Lastly, using this life-history information we modelled 
and empirically tested whether fitness costs imposed by C. macrosperma in inter-species matings could offset the intrinsic 
growth advantage of C. nouraguensis with ecological implications for species co-existence.

With this research, we provide rare insight into different life-history and reproductive traits of two Caenorhabditis species and 
demonstrate the importance of ecological context for understanding the evolution of gametic and behavioural reproductive 
traits for species co-existence.

435C	 A	population	state	shift	supports	aging	as	a	cause	of	adult	death

Andrea Scharf1, Brinda Armstead1, Gabe DiAntonio1, Daniel Schneider1, He Jin1, Zuzana Kocsisova1, Chieh-Hsiang Tan1,2, 
Francesca Sanchez1, Brian Brady1, Natasha Ram1, Andrea Wilson3, Kerry Kornfeld1 1) Department of Developmental Biology, 
Washington University School of Medicine in Saint Louis; 2) Division of Biology and Biological Engineering, California Institute 
of Technology; 3) Center for the Study of Collaboration.

Birth and death drive population dynamics and determine whether a population survives or is doomed for extinction. 
Individual traits that influence development, diapause, reproduction, aging and lifespan must impact the age structure and 
survival of a population. However, the relationships between individual traits and population dynamics are still a major 
challenge in the emerging field of ecology-development (eco-devo), because wild populations exist in complex ecosystems that 
are challenging to investigate and undesirable to manipulate.

Here, we introduce a laboratory ecosystem based on the model organism C. elegans that can be used to measure and 
manipulate worm populations over hundreds of generations. To complement this experimental system, we developed a 
computational simulation that realistically models the ecosystem and makes it possible to monitor the life history of every 
single worm in the population. With this integrated systems approach, we investigated the role of aging in population 
dynamics.

The first question we addressed was why some populations support old animals whereas, in other populations, all animals 
die young. We discovered that old age as a cause of death is influenced by three conditions: maximum lifespan, rate of adult 
culling, and progeny number/food stability. More specifically, the populations displayed an unexpected tipping point for aging 
as the primary cause of adult death. In populations with high progeny survival and regular starvation almost all adults died 
young. In contrast, a reduction of progeny survival over the tipping point caused a dramatic shift in the population with the 
consequence that nearly all adults died of old age. By defining these conditions, we establish a conceptual framework that 
explains why animals as different as mayflies and elephants die of old age in the wild. In conclusion, we created a powerful 
experimental platform to investigate the relationships between individual developmental processes, developmental plasticity, 
and population dynamics including extinction.

436A	 Carboxyesterases	and	intestinal	granules	in	the	biosynthesis	of	novel	families	of	nematode	small	molecule	signals

Frank Schroeder1, Chester Wrobel1, Sarah Cohen2, Paul Sternberg2 1) Cornell University/Boyce Thompson Institute, Ithaca, NY; 
2) Caltech, Pasadena, CA.

Signaling molecules derived from attachment of diverse primary metabolic building blocks to ascarosides play a central 
role in the life history of C. elegans and other nematodes; however, the extent to which various inter- and intra-organismal 
signaling pathways are controlled by small molecules is unclear. Using comparative metabolomics, we show that a pathway 
mediating formation of intestinal lysosome-related organelles (LROs) is required for biosynthesis of a large library of small 
molecules, including most modular ascarosides as well as previously undescribed modular glucosides (1). Similar to modular 
ascarosides, the modular glucosides are derived from highly selective assembly of moieties from nucleoside, amino acid, 
neurotransmitter, and lipid metabolism. We further show that a family of carboxylesterases (CEST›s) that localize to intestinal 
organelles are required for the assembly of both modular ascarosides and glucosides, suggesting that modular glucosides, 
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like the ascarosides, serve signaling functions. For example, biosynthesis of some modular glucosides is starkly upregulated in 
long-lived daf-2 mutants, suggesting that insulin signaling is modulated by small molecules produced in a lysosome-dependent 
manner. Parallel studies in C. briggsae and other nematode species indicate that assembly of modular metabolites via CEST 
enzymes is widely conserved in nematodes. Further exploration of LRO function and cest homologs in C. elegans and other 
animals may reveal additional new compound families and signaling paradigms.

(1) H. H. Le, C. J. J. Wrobel, S. M. Cohen, J. Yu, H. Park, M. J. Helf, B. J. Curtis, P. R. Rodrigues, P. W. Sternberg, F. C. Schroeder. 
Modular metabolite assembly in C. elegans depends on carboxylesterases and formation of lysosome-related organelles. eLife, 
9, e61886, 2020

.

437B	 Dissecting	the	genetic	architecture	underlying	mouth	dimorphism	in	Pristionchus pacificus identifies	cis -regulatory 
variation in a supergene locus.

Mohannad Dardiry1, Christian Rödelsperger1, Hanh Witte1, Gabi Eberhardt 1, Ralf J Sommer1 1) Max Planck Institute for 
Developmental biology ,Tübingen, Germany .

Developmental (phenotypic) plasticity describes the property of a genotype to respond to environmental variation by 
producing distinct phenotypes. In Pristionchus pacificus, the mouth form is developmentally plastic, resulting in two alternative 
mouth forms: the eurystomatous (Eu) predatory form has two strong teeth, whereas the alternative stenostomatous (St) form 
has a single tooth and is bacteriovorus. The switch between the two forms is environmentally sensitive, and a previous forward 
genetic approach showed a key switch function for the sulfatase-coding gene eud-1, mutations in which result in all-St worms. 
In this study we used P. pacificus natural isolates with different Eu/St ratios to generate Recombinant Inbred Lines (RILs), 
and performed Quantitative Trait Locus (QTL) analysis to dissect the genetic architecture underlying mouth dimorphism in P. 
pacificus. Our result showed the involvement of one major locus on the X chromosome, spanning a recently described multi-
gene locus containing eud-1, its paralog, and two more genes encoding α-N-acetylglucosaminidases (nag), all of which were 
shown to be involved in mouth form regulation. RNA-seq analysis of parental strains revealed 40% higher expression of eud-1 
in the high Eu parental strain, and CRISPR-Cas9 mutants of the two sulftases paralogous in the high Eu parental strain showed 
a complete switch to the St form. With the absence of non-synonymous substitutions in eud-1 between the parental lines, we 
used CRISPR-Cas9 technology to perform variant swapping in the eud-1 regulatory region to define potential causative SNPs 
behind the mouth-form dimorphism. Our experimental analysis identified variations in different cis-regulatory components of 
eud-1. Copy number differences in a potential Forkhead transcription factor binding site within the promoter/enhancer region, 
besides a SNP in the eud-1 first intron between the parental lines caused differences in mouth-form ratios phenotype. Mutant 
lines showed an additive effect of these cis-regulatory elements, with a systematic change in the mouth-form phenotype and 
downregulation of eud-1 expression. Currently, we are using CRISPR-Cas9 technology to examine the potential involvement 
of various Forkhead genes in controlling eud-1 expression, while also expanding our analysis to test variations in the causative 
region within 30 more P. pacificus natural isolates.

438C	 Translation	of	fem-3 is regulated somatically to prevent abnormal TRA-1 activation

Ronald Ellis1, Shin-Yi Lin1, Yongquan Shen1, Yiqing Guo1 1) Rowan University SOM.

Because the maternal germline produces oocytes, translational regulation plays a critical role in the control of messages that 
are stored for later use in embryogenesis. In C. elegans, the sex-determination gene fem-3 has been a key model for this 
process, since mutations in the 3’-UTR increase FEM-3 activity in the germ line, causing all cells to differentiate as sperm. 
These mutations were thought to define a germline-specific site for regulation by the two FBF proteins, which are members of 
the PUF family of translational regulators.

Recently, we identified a role for this translational regulation in the soma of XX animals. One of the strongest 3’-UTR mutations 
is fem-3(q96gf). We studied its interactions with tra-2(mx) alleles, which affect the germ line by disrupting the physical 
interaction of TRA-2 with TRA-1. When we made double mutants between C. elegans fem-3(q96) and any of three different 
tra-2(mx) mutations, we observed significant masculinization of tail-tip retraction, spicule formation and ray formation.

Although C. briggsae lacks FBF proteins, the regulatory site in the fem-3 3’-UTR is conserved, and might be targeted by other 
members of the PUF family. Thus, we made orthologous mutations in C. briggsae fem-3, which had only a small effect on germ 
cells, by slightly increasing spermatogenesis in hermaphrodites. However, they caused masculinization of the tail when were 
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combined with our C. briggsae tra-2(mx) allele v403. Indeed, this double mutant combination has such a severe effect on C. 
briggsae that homozygous strains are difficult or impossible to maintain. We conclude that the regulation of fem-3 translation 
is not limited to the germ line. Furthermore, this regulation has been conserved during Caenorhabditis evolution.

What somatic factors are controlled by FEM-3 and TRA-2? The simplest possibility is their known target TRA-1. Null mutations 
in tra-1 cause the soma to become male. They probably act by eliminating TRA-1 repressor, which shuts off male genes. By 
contrast, we have some mutations, like cbr-tra-1(v48), which alter the C-terminus of TRA-1, a region that is cleaved off when 
the repressor is formed. Homozygous tra-1(v48) mutants make oocytes instead of sperm, but the XXanimals make normal 
female bodies, and the XO animals make normal male bodies. Furthermore, gene dosage tests show that v48 prevents full-
length TRA-1 from activating target genes.

Surprisingly, TRA-1 activator mutations like v48 suppress the tra-2(mx); fem-3(gf) masculinization in both C. elegans and C. 
briggsae. By contrast, they enhance the masculinization of tra-2(null) mutant tails. Thus, we suspect that important aspects 
of the complex regulation of TRA-1 by TRA-2 and FEM-3 are designed to prevent aberrant sex-determination from causing 
developmental disorders.

439A	 Sex-determination	in	the	male/female	species	C. nigoni

Jonathan Harbin1, Ronald E Ellis1 1) Rowan University SOM, Stratford, NJ.

The emergence of self-fertility in Caenorhabditis is ideal for investigating the origin of new traits, since it evolved recently 
in three separate lineages. In each case, the self-fertile hermaphrodites are XX animals that gained the ability to make 
sperm during larval development, but still produce oocytes during adulthood. The sex-determination pathway controls 
spermatogenesis and oogenesis, so it must have been modified to create hermaphrodites. Characterizing the sex-
determination pathway in the male/female species C. nigoni, which represents the ancestral state of the genus, will help 
us identify the genetic modifications that cause spermatogenesis in XX hermaphrodites of its sister species C. briggsae. 
Characterizing these modifications is essential for defining the changes needed to produce self-fertility.

Using a reverse genetic approach, I generated C. nigoni mutations in critical sex-determining genes, along with recessive 
visible mutations to use as balancers. Genomic edits were made by injecting gravid C. nigoni females with Cas9 RNPs. C. nigoni 
tra-1(v481) masculinizes the somatic tissues of putative XX animals. Moreover, it appears to arrest gonad development and 
these Cni-tra-1(v481) XX animals are unable to sire progeny. TRA-1 is known to control gonad development in C. elegans, but 
phenotypes like ours have not been described. More recently, I generated the alleles Cni-tra-2(v498) and Cni-fem-3(v496), and 
balanced them with Cni-unc-104(v494) and Cni-unc-129(v495), respectively. More detailed analyses are ongoing; however, 
diminished brood sizes and reduced mating efficiency seen within isolate JU1422 have made the characterization of these 
mutants slow-going.

The sister species, C. briggsae and C. nigoni, can form fertile female hybrids. To determine what C. nigoni genes are responsible 
for the dominant feminization that has been observed in these hybrids, I will use my new sex-determination mutants to make 
heterozygous hybrids for each gene. Identifying which genes are responsible for repressing XX spermatogenesis in these 
animals could indicate which genes have key differences between these sister species, differences that might be critical for the 
origin of self-fertility. These comparative studies should lead to interesting hypotheses about which genes were critical for the 
evolution of self-fertility in C. briggsae. Using gene editing, we can swap any genes of interest between the two sister species. 
A definitive test would be to swap one of these genes into C. nigoni and observe its effect, it may be possible to drive self-
fertility in a male/female species this way.

440B	 Significant	differences	in	the	sex	determination	pathways	between	C. inopinata and C. elegans

Ryuhei Hatanaka1, Yuki Hoshi1, Nami Haruta1, Taisei Kikuchi2, Asako Sugimoto1 1) Graduate School of Life Sciences, Tohoku 
University; 2) Parasitology, faculty of Medicine, Miyazaki University.

In the nematode genus Caenorhabditis, most species are gonochoristic (male/female), and several hermaphrodite species 
(male/hermaphrodite), including C. elegans, are thought to have evolved independently from gonochoristic species. In this 
study, we compared the sex determination pathways between C. elegans (hermaphrodite species) and its closest species, 
C. inopinata (gonochoristic species), to elucidate the genomic changes responsible for the differences in their reproductive 
modes.
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Based on the comparison of genome sequences, we found three significant differences in the sex determination pathway 
genes in C. inopinata. 1) xol-1, which is on Chr. X and responsible for the male sex determination in C. elegans, is duplicated 
and localize on Chr. I and Chr. X, but the latter is disrupted by transposon insertion. 2) A transposon insertion disrupts the 
coding region of her-1, which is essential for the male development in C. elegans. 3) fog-2, which is essential for temporal 
masculinization in C. elegans hermaphrodite germline, is absent in C. inopinata. Next, to investigate functional conservation 
of the sex determination genes, each of their expression in C. inopinata was inhibited by RNAi, and sex determination 
phenotypes were analyzed. Similar to C. elegans, RNAi-knockdown of tra-2 and tra-1 caused masculinization of C. inopinata 
female germline. However, knockdown of more upstream genes involved in both sex determination and dosage compensation 
(sex-1, xol-1, sdc-2) and genes involved in male sex determination (her-1, fem-1) did not show any detectable phenotypes, 
suggesting that these genes do not play significant roles for sex determination in C. inopinata.

These results suggest that the sex determination pathways in C. elegans and C. inopinata are surprisingly different from each 
other, and only the downstream part, including tra-2 and tra-1, seems to be conserved; in C. inopinata, an alternative set of 
genes is likely to regulate the early male/female decision and dosage compensation.

441C	 Chromosome	dynamics	in	sex	determination	of	the	parthenogenetic	nematode	Strongyloides ratti

Asuka Kounosu1, Simo Sun1, Kazunori Murase2, Vicky Hunt3, Akemi Yoshida4, Haruhiko Maruyama1, Asako Sugimoto5, Taisei 
Kikuchi1 1) University of Miyazaki; 2) Kyoto University; 3) University of Bath; 4) University of Miyazaki; 5) Tohoku University.

The genus Strongyloides is unique among nematodes in having alternate free-living and parasitic generations. The parasitic 
female (PF) inhabits the small intestine of its mammal host and produces clonal offspring by mitotic parthenogenesis. Eggs 
produced by PF are excreted with the feaces and develop into either infective larvae (iL3) directly or free-living males and 
females. The free-living adults mate and produce eggs which develop into iL3. It was reported that Strongyloides ratti, a 
rat parasite, has three chromosomes and one of them is a sex chromosome, which determines their sex by XX/XO system. 
However, it remains unclear how mitotic parthenogenetic PF produces XX and XO eggs though it is presumed that the male 
karyotype (XO) is generated by missegregation of the sex chromosome like the C. elegans male generation.

In this study we investigated details of the chromosome structure of each developmental stages of S. ratti using the single-
worm sequencing technique and the multiplex colored FISH observation. In the single-worm analysis, we expected a half depth 
of mapping coverage in sex chromosome compared to autosomes in free-living males (XO). However, the sex-chromosome 
of the male exhibited ~1/3 depth of the autosomes. Furthermore PF and free-living female (XX) showed lower coverage 
depth of the sex-chromosome and the auto:sex ration varied from 1:0.8 to 1:0.5. Additionally, in germline depleted PF, sex-
chromosome showed almost equal coverages as autosomes. These results indicate that chromosome manipulations occurs in 
the PF germline to produce free-living males and the S. ratti sex determination system is not a simple XX/XO. Multiplex colored 
FISH analyses, recently developed for C. elegans in-detail chromosome observation, provided visual clues to understanding the 
dynamics of S. ratti chromosomal structure and the puzzling sex-determination system of Strongyloides.

442A	 Comparative	analysis	of	cellular	dynamics	of	C. inopinata and C. elegans zygotes

Shun Oomura1, Shuichi Onami2, Koji Kyoda2, Nami Haruta1, Asako Sugimoto1 1) Laboratory of Developmental Dynamics, 
Graduate School of Life Sciences, Tohoku University; 2) Laboratory for Developmental Dynamics, RIKEN Center for Biosystems 
Dynamics Research.

C. inopinata is the closest species to C. elegans, but these two species have various morphological and ecological differences. 
Notably, C. inopinata is nearly twice as long as C. elegans, while its embryonic size is ~20% longer. In this study, we compared 
the cellular dynamics of C. inopinata and C. elegans zygotes. To visualize chromosomes and cell membrane, C. inopinata strains 
that express GFP::histone and GFP::PH (Pleckstrin-Homology) domain were constructed by the microparticle bombardment 
and cellular behaviors in zygotes of the two strains were analyzed by DIC and fluorescent live imaging. We found differences 
between the two species in 1) the position of the polar bodies and pronuclei formation, 2) the position of pronuclear meeting 
and metaphase plate formation, and 3) the mitotic spindle oscillation. While polar bodies in C. elegans almost always form 
in the anterior end of the embryo, those in C. inopinata appeared at random positions. In C. elegans zygotes, the female and 
male pronuclei formed in the anterior and posterior end, respectively, migrate to the center to meet; in C. inopinata zygotes, 
the pronuclei appeared at random positions, and the position of pronuclear meeting and metaphase plate formation was 
more posterior than in C. elegans. While the mitotic spindle of most Caenorhabditis nematodes, including C. elegans, oscillates 
during anaphase, that in C. inopinata did not. The mitotic spindle in C. inopinata was formed at a skewed angle, then gradually 
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rotated to a horizontal position. Despite the differences in the location of the pronuclear meeting and metaphase plates, the 
relative position of the cleavage furrow was equivalent to each other. Thus, some microtubule-dependent aspects of cellular 
dynamics of C. inopinata zygotes were different from those in C. elegans.

443B	 NHR-1	and	NHR-40	in	C. elegans	–	an	outgroup	approach	to	the	origin	of	a	novel	trait

Tobias Theska1, Ralf Sommer1 1) Max Planck Institute for Developmental Biology, Germany.

A longstanding prediction of evolutionary theory is that phenotypic plasticity, the ability of one genotype to produce different 
phenotypes based on environmental input during development, plays a significant role in the evolution of morphological 
novelty. Nematodes of the Diplogastridae family are characterized by the presence of such a novelty: they possess cuticular 
teeth at the base of their mouths. Additionally, these structures are also polyphenic; different environmental cues can 
induce development of either a predatory form with two large teeth or a bacterivorous morph with only one dorsal tooth. 
Previous work demonstrated that two nuclear receptors, Ppa-NHR-1 and Ppa-NHR-40, regulate the morphogenesis of these 
teeth in Pristionchus pacificus. Interestingly, nematodes outside of the Diplogastridae, like Caenorhabditis elegans, lack this 
morphological novelty and the associated phenotypic plasticity entirely. Instead, these worms are monomorphic with simple, 
triangular flaps at the base of their mouths. However, Ppa-nhr-1 and Ppa-nhr-40 are the only genes of the P. pacificus mouth-
form regulatory network that retain 1:1 orthologs in C. elegans. Therefore, we investigate whether these transcription factors 
also have a conserved function in regulating the development of the C. elegans mouth.

Using the CRISPR/Cas9 system, we generated small indels in the coding sequences of Cel-nhr-1 and Cel-nhr-40 and isolated 
frameshift mutants to ensure a loss-of-function. Additionally, we aim to investigate the localization of both nuclear receptors 
by tagging them with fluorescent protein markers (e.g., mNeonGreen). In order to identify potential mutant phenotypes, we 
quantify differences in mouth shape between wildtype and CRISPR-edited strains by applying landmark-based geometric 
morphometrics in combination with k-medoid and model-based clustering.This data will be complemented with future 
RNA-seq experiments, which will identify the regulatory targets of Cel-NHR-1 and Cel-NHR-40. Taken together, this data will 
allow a comparison of the cellular localization, the regulatory targets, and the functional relevance of NHR-1 and NHR-40 for 
stoma development between C. elegans and P. pacificus. Ultimately, this study will reveal whether these nuclear receptors 
share a conserved function in stoma development that predates the evolution of the morphological novelty, or if a neo-
functionalization accompanied its origin.

444C	 Exploring	the	mechanisms	of	MSS-mediated	sperm	competition	in	C. briggsae 

Justin Van Goor1, Eric Haag1 1) University of Maryland College Park.

By impacting the relative reproductive success of otherwise fertile conspecifics, sperm competition plays a profound role in 
the evolutionary trajectory of entire species. Sperm competition has been observed in numerous organismal clades, yet our 
understanding of the molecular mechanisms that mediate it in vivo remains extremely limited. MSS (male secreted short) 
proteins are small sperm surface glycoproteins essential for successful competition in obligately outcrossing Caenorhabditis2. 
In all three known self-fertile species, however, these mss genes were lost. This parallel loss may be because male fertilization 
success both increases subsequent male frequency and depresses population growth relative to pure selfing3. While MSS 
proteins provide a competitive advantage to sperm that bear them, the molecular basis for this is currently unknown. MSS-
decorated sperm may reach fertile oocytes faster and/or spatially exclude sperm lacking these proteins. Alternatively, MSS-
containing sperm may possess an enhanced fertilization ability compared to wild-type sperm even without spatial stratification 
among sperm types. To test these hypotheses in real time, we mated feminized (she-1) XX C. briggsae with vital dye-stained 
males that either possessed or lacked a mss(+) transgene derived from C. nigoni2. After mating, the distributions of sperm in 
various sections of the hermaphroditic gonad (spermatheca, uterus, vulva) were quantified. While there were no significant 
differences between the number of mss(+/-) sperm in each broad gonad area, mss(+) sperm were more commonly observed 
proximal to the spermathecal valve regardless of mating order. More intriguingly, ectopic mss(+) sperm were frequently 
observed beyond the spermathecal valve (similar to1). This suggests that mss(+) sperm reach receptive oocytes more efficiently 
than mss(-) counterparts. Time-lapse imaging revealed that invasivity occurs during ovulation, when the valve is briefly 
open. Ectopic sperm cannot fertilize pre-ovulatory oocytes, but may be in position to be the first to do so upon ovulation. 
To clarify the structural determinants of MSS action, we used microparticle bombardment to overexpress two endogenous 
MSS-related proteins (MSRPs) in C. briggsae, msrp-3 and msrp-8. Initial phenotyping indicates that they do confer competitive 
advantages to the sperm bearing them. Important control experiments are in progress, but these initial results suggest that 
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the mss genes have properties (regulatory or coding) that distinguish them from related paralogs, and that are responsible for 
competitiveness.

1Ting et al. (2014) PLoS Biology 12: e1001915

2Yin et al. (2018). Science 359: 55-61

3Yin and Haag (2019). PNAS 116: 12919-12924

445A	 Widespread	changes	in	gene	expression	accompany	body	size	evolution	in	nematodes

Gavin Woodruff1,2, John Willis1, Erik Johnson1, Patrick Phillips1 1) University of Oregon; 2) University of Oklahoma.

Body size is a fundamental trait that drives multiple evolutionary and ecological patterns. Caenorhabditis inopinata is a fig-
associated nematode that is exceptionally large relative to other members of the genus, including C. elegans. We previously 
showed that C. inopinata is large primarily due to postembryonic cell size expansion that occurs during the larval-to-adult 
transition. Here, we describe gene expression patterns in C. elegans and C. inopinata throughout this developmental period 
to understand the transcriptional basis of body size change. We performed RNAseq in both species across the L3, L4, and 
adult stages. Most genes are differentially expressed across all developmental stages, consistent with C. inopinata’s divergent 
ecology and morphology. We also used a model comparison approach to identify orthologs with divergent dynamics across 
this developmental period between the two species. Notably, among such genes were two transcription factors previously 
shown in C. elegans to be important for body size that are regulated by the TGF-β signaling pathway. Multiple hypodermal 
collagens were also observed to harbor divergent developmental dynamics across this period. C. elegans-specific ontology 
enrichment reveals genes with divergent developmental dynamics tend to be expressed in neurons and regulate behavior; 
they also include genes important for molting and body morphology. A comparison of such genes with previous C. elegans 
experiments reveals overlap with stress response, developmental timing, and small RNA/chromatin regulation. These results 
have identified candidate genes that will be further investigated to test their roles in cell size divergence and broaden our 
understanding of the genetic bases of body size evolution.

446B	 Regulatory	differences	in	wild C. elegans strains	from	investigation	of	allele-specific	expression

Avery Davis Bell1, Han Ting Chou1, Annalise Paaby1 1) Georgia Institute of Technology, Atlanta, GA.

Across individuals and species, genetic variation leads to variation in gene expression, resulting in further phenotypic variation. 
One way to understand how genotype regulates gene expression variation is to look within hybrid or heterozygous individuals: 
any differences in expression from the two alleles within an individual must be caused by cis acting variants located on the 
same chromosome as the gene of interest, because the global (or trans) environment is shared across the alleles.

We have applied such allele-specific expression (ASE) analyses to uncover cis regulated gene expression changes between wild 
strains of C. elegans and the reference strain N2. Specifically, we performed RNA sequencing on three biological replicates 
from each of the strains N2, CB4856, EG4348, JU1088, and QX1211, and from F1 crosses between N2 and the other four 
strains. We performed RNA alignment and quantification using multiple methods to identify optimal ASE analytical frameworks 
for this species. For example, we mapped RNA reads to the genome and transcriptome; aligned as well as pseudo-aligned 
reads; and used both the reference genome alone and pseudo-diploid genomes that incorporated the variants from other 
strains. We further tried multiple methods for gene-level quantification and ASE analysis. Tools and methods investigated 
included STAR, WASP, Salmon, bowtie2, and EMASE.

A preferred analysis identified 2535 genes with ASE – and thus cis regulatory differences – across the strains, with strains with 
higher nucleotide divergence from N2 having more genes affected by cis regulatory changes, as expected. For example, less-
diverged JU1088 showed evidence for differential cis regulation at 255 genes, while more-diverged CB4856 showed evidence 
at 702 genes. The vast majority of genes with differential cis regulation from N2 showed this differential regulation in only one 
strain (n = 2263), while 52 genes showed differential regulation vs. N2 in three or all strains.

Comparison of ASE differences to expression differences between the parental strains enables characterization of 
regulatory divergence as in cis vs. in trans across C. elegans. The evolutionary forces underpinning the observed regulatory 
divergence may be elucidated via associations of regulatory patterns with genome and population genetic parameters. Such 
characterizations and analyses will be useful in comparing C. elegans regulatory evolution with that of other species and of 
regulatory evolution across Caenorhabditis species.
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447C	 Genetic	architecture	of	alcohol	sensitivity	in	C. elegans

Benjamin Clites1, Bridgitte Palacios1, Kathryn Evans2, Erik Andersen2, Jonathan Pierce1 1) Institute for Cellular and Molecular 
Biology, University of Texas at Austin, Austin, TX; 2) Department of Molecular Biosciences, Northwestern University, Evanston, 
IL.

Developing medical treatments for alcohol use disorders (AUD) may benefit from identifying molecules that underlie 
behavioral responses to alcohol. Forward genetics and candidate gene screens using C. elegans have identified molecules 
required for behavioral responses to alcohol, including the BK potassium channel, which is a direct target of alcohol, as well as 
the CRF and SWI/SNF pathways, which modify alcohol responses. These and other molecules identified in C. elegans appear to 
work in conserved ways in mammalian models of AUD and humans.

Despite their success, genetic screens likely miss other genes of large effect if, for example, those genes are essential for 
development, functionally redundant, or are rare. By leveraging natural phenotypic and genetic variation in 200 wild isolates 
from across the globe, rather than mutagenesis using the lab strain N2, we uncovered new conserved genes that contribute 
to alcohol sensitivity in C. elegans. Our genome-wide association study revealed four significant quantitative trait loci (QTLs), 
three of which have never been implicated in alcohol response in nematodes or mammals, as well as the BK channel gene, slo-
1, which validated our approach. Candidate QTL genes included an FBOXA gene located within an expanded cluster of other 
FBOX genes, an essential nuclear transporter gene, and a rare isoform-specific allele of protein kinase D (dkf-2). Additionally, 
we found that deletion of dkf-2 in an N2 background conferred high resistance to intoxication. One extremely resistant wild 
isolate, JU830, which harbors all resistant genotypes at the QTLs, was six standard deviations above mean resistance. In 
contrast to the small indel and SNP variation associated with the four QTL in other strains, closer inspection of the BK channel 
slo-1 locus in JU830 identified large indels in a number of its introns as well as its 5’UTR. Our results suggest that C. elegans 
underwent selection for alcohol sensitivity and resistance in nature. The three novel genes identified here, especially the 
protein kinase D, might represent druggable targets for novel treatments for alcohol addiction and abuse.

448A	 Utilizing	Quantitative	Molecular	Techniques	to	Capture	Expression	Level	Differences	in	C. elegans Wild Isolates

Samiksha Kaul1, Han Ting Chou 1, Annalise Paaby 1 1) Georgia Institute of Technology.

In the C. elegans embryo, a network of interacting proteins are responsible for establishing polarity along the anterior-
posterior axis and coordinating the first few cell divisions. This process is very well studied and is used as a model for cell 
polarity in metazoans. Morphologically, polarity establishment is highly stereotyped and near-invariant across Caenorhabditis 
and within C. elegans. However, the underlying molecular and genetic pathways show variability, even at the intraspecific 
level. In this study, we have developed a method to capture expression level differences of proteins involved in polarity 
establishment across wild isolates of C. elegans. Using microfluidics and single molecule fluorescent in situ hybridization 
(smFISH), we are able to achieve excellent spatial and temporal resolution for quantification of expression levels in different 
wild isolates. This ultimately allows us to compare subtle differences in the molecular pathways involved in polarity 
establishment and maintenance across different strains of C. elegans.

449B	 Natural	variations	in	reproductive	aging	phenotypes	reveal	the	importance	of	early	reproductive	period	in	
Caenorhabditis elegans

Jiseon Lim1, 2, 4, Jun Kim1, 3, 4, Junho Lee1, 2, 3 1) Department of Biological Sciences, Seoul National University, Seoul, Korea; 2) 
Institute of Molecular Biology and Genetics, Seoul National University, Seoul, Korea; 3) Research Institute of Basic Sciences, 
Seoul National University, Seoul, Korea; 4) Co-first authors.

Although reproductive capacity is a major factor for individual fitness, aging of the reproductive system precedes somatic 
aging, which may reduce total brood size. Genetic bases and evolutionary theory of this phenomenon have been addressed 
in Caenorhabditis elegans, but these studies lack current knowledge about the natural history of C. elegans. To enhance 
our understanding of reproductive aging in C. elegans, we measured the number of progeny and the X-chromosome 
nondisjunction rate of 96 wild strains during early, late, and total reproductive periods. We found that these traits exhibit 
phenotypic natural variations and few outliers, and that brood size and X-chromosome nondisjunction rate were not 
genetically correlated. In addition, although a previous theory predicted that reproductive aging would contribute to 
generating an optimal total number of offspring, total brood size might not be converged to an optimal value, and early brood 
size was more constant among wild strains than total brood size. Thus, we speculated that reproductive aging seemed to be a 
byproduct produced through achieving a rapid increase of the initial population size, which might be related to the boom-and-
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bust lifestyle of C. elegans. We also identified significantly associated loci and candidate genetic variants for X-chromosome 
nondisjunction rate in late and total reproductive periods. Our results may provide an insight into reproductive aging in C. 
elegans wild strains.

450C	 The	evolution	of	developmental	genetic	biases	explains	the	evolution	of	evolutionary	trends

Joao Picao Osorio1, Charlotte Bouleau2, Nina Fekonja1, Christian Braendle2, Marie-Anne Félix1 1) Institut de Biologie de l’École 
Normale Supérieure, CNRS, INSERM, ENS, PSL, Paris, France; 2) Institut de Biologie Valrose, Université Côte d’Azur, CNRS, 
INSERM, Nice, France .

Random mutation of the genotype does not generate random phenotypic variation because development biases the 
mutationally inducible phenotypic spectrum. Therefore, understanding such biases in the introduction of phenotypic 
variation is essential to reveal which phenotypes can be explored and selected in the evolutionary process. Whether such 
developmental genetic biases in the construction of phenotypic variation influence evolutionary trends is poorly understood.

Here we address this problem by quantifying the relationship between mutation and wild phenotypic variation within 
and among nematode species. We use the homologous cellular framework of vulval precursor cells (VPC) in two clades of 
nematodes that have divergent evolutionary trajectories of cell fate variation. In Caenorhabditis species, among the six VPCs 
termed P3.p to P8.p, only P3.p cell fate shows significant evolutionary variation within and among species. In contrast, in 
Oscheius species (same family as Caenorhabditis) evolutionary variation of cell fates is highest in different precursor cells: P4.p 
and P8.p.

We have generated eight panels of random mutant lines in wild isolates of Caenorhabditis and Oscheius to quantify the 
mutability (i.e. mutational variance) of VPC fates across micro and macro-evolutionary scales. We compared this mutational 
variance with natural genetic variation within and across species of both genera. Our phenotypic analysis of vulva cell fates 
on over 85,000 nematodes shows, within each species and genus, a strong alignment of the axes of variation upon random 
mutation with those of wild variation. When represented in a simplified two-dimensional phenotypic space the direction of 
mutational and natural variation is along the P3.p axis in Caenorhabditis, and along the P4.p axis in Oscheius. Interestingly, in 
both cases, the variable cell fate is sensitive to modulation of the dose of Wnt genes.

This demonstrates a differential overall sensitivity of VPC fates in Caenorhabditis versus Oscheius, which can explain the 
evolution of evolutionary rates.

451A	 Biochemical	and	structural	characterization	of	a	tRNA-synthetase-based	selfish	element	in	C. tropicalis

James Julian Ross1,2, Valeria Stefania1, Andreas Hagmüller1, Polina Tikanova1,2, Manuel Hunold1, Eyal Ben-David3, Gang Dong4, 
Alejandro Burga1 1) Institute of Molecular Biotechnology of the Austrian Academy of Sciences (IMBA), Vienna BioCenter 
(VBC), Vienna, Austria; 2) Vienna BioCenter PhD Program, Doctoral School of the University of Vienna and Medical University 
of Vienna; 3) Department of Biochemistry and Molecular Biology, Institute for Medical Research Israel-Canada, The Hebrew 
University School of Medicine, Jerusalem, Israel; 4) Max Perutz Labs, Medical University of Vienna, Vienna BioCenter (VBC), 
Vienna, Austria.

Selfish genetic elements have evolved manifold ways to persist in genomes and populations without offering any apparent 
benefit to the host. In a particularly radical example, toxin-antidote elements (TAs) secure their position in host populations 
by selectively removing progeny that do not inherit a copy of the respective underlying gene pair. Numerous TAs have 
been identified and mechanistically dissected in bacteria. However, only few examples have been reported in eukaryotes. 
Importantly, the underlying molecular mechanisms of eukaryotic TAs remain completely unresolved to date, hindering our 
understanding of this ongoing arms-race between the host genome and parasitic elements.

Initially discovered in C. elegans, we recently greatly expanded the repertoire of known animal TAs with the discovery of 
multiple TAs in a cross between two isolates of the nematode Caenorhabditis tropicalis (Ben-David, Pliota et al., 2021). Here, 
we focus on a single TA from this cross, aiming to uncover its mechanism of action (for genetic and in vivo characterization see 
poster by Tikanova et al.). We identified and validated the novel toxin and antidote genes, which we named klmt-1 (Killer of L1 
and embryos Maternal Toxin) and kss-1 (Klmt-rescue by zygotically-expreSS

ed antidote), respectively. We found that KLMT-1 shares 52% sequence identity with the beta subunit of the phenylalanyl-
tRNA-synthetase (PheRS) and both N and C-terminal ends are predicted to be intrinsically disordered. We hypothesized that 
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KLMT-1 kills worms by competing with the beta subunit in the heterotetrameric PheRS complex, thereby interfering with 
amino acid charging. In line with this hypothesis, we found that KLMT-1 is capable of binding the alpha subunit (FARS-1) of the 
PheRS in pulldown experiments and that FARS-1/KLMT-1 form an oligomeric complex in vitro. Furthermore, using a metabolic 
labelling approach, we quantified the activity of the C. tropicalis PheRS in bacteria and found that the presence of KLMT-1 
strongly reduces the ability of the enzyme complex to charge its tRNA. Intriguingly, removal of the disordered termini of KLMT-
1 further increased its inhibitory effect, indicating potential ways of spatial or temporal regulation of TA activity. Our findings 
serve as the basis to formulate a model for KLMT-1 toxicity, thereby for the first time providing mechanistic insight into a TA 
from animals and will be further substantiated by structural investigations of the FARS-1/KLMT-1 complex.

452B	 C. elegans has lost a regulatory motif that represses fog-3 transcription in C. briggase

Yongquan Shen1, Ronald E Ellis1 1) Rowan University-SOM, Stratford, NJ.

In C. elegans, FOG-1 and FOG-3 directly promote spermatogenesis, and the activity of each gene is regulated by the TRA-1 
transcription factor. as we reported earlier, the C.briggase fog-3 promoter also has several TRA-1 binding sites and can work in 
C. elegans. To begin studying its native functuion, we made cbr-fog-3(v501), a frameshift mutation that creates a recessive null 
allele. It feminizes the germline in XX and XO animals but does not affect the soma. These phenotypes are just like those seen 
in C.elegans.

Our phylogenetic analysis revealed that C. briggase fog-3 promoter contains a second regulatory element, that is the unique 
26 bp sequence is located near the first TRA-1 binding site, and is conserved in most Caenorhabditis species, but is not 
found in C.elegans. to study this site, we made the cbr-fog-3(v506) mutation, which scrambles the 26 bp conserved element. 
Surprisingly, fog-3(v506) causes dominant feminization of germ cells in both XX and XO animals. This phenotype is not 
suppressed by mutations in tra-2 or tra-1, and we can only maitian the strain by mating with wildtype males.

To learn how this 26 bp element works, we used single worm RT-PCR to detect fog-3 transcript levels in young XX animals. Our 
prelimary results suggested that v506 mutants produce higher levels of fog-3 transcripts than the wild type. this surprising 
result indicated that too much FOG-3 might disrupt function of the FOG-3/FOG-1 complex recently described by the Kimble 
lab.

To test this model, we greated a cbr-fog-3(v501v506) double mutant. The addition of the v501 frameshift mutation makes this 
double mutant recessive. we infer that v506 normally causes a dominant Fog phenotype through the production of too much 
FOG-3 protein. Thus, all our data indicate the 26 bp element mediates repression of fog-3, in addition to nearby TRA-1 binding 
sites. Furthermore, the loss of repression results in too much FOG-3, which might disrupt FOG-3/FOG-1 complex formation and 
function. The C. elegans fog-3 promoter might compensate for the lack of this site by the presence of extra TRA-1 binding sites.

453C	 Genetic	background-dependent	expression	of	clec-62 in Caenorhabditis elegans

Mark Sterken1, Maarten Steeghs1, Joost Riksen1, Jan Kammenga1 1) Wageningen University and Research.

The pursuit of genes underlying quantitative traits is often accompanied by creating introgression lines (ILs). ILs consist of a 
single genetic locus introgressed in an otherwise homogeneous background. We previously generated a genome-covering 
IL panel by introgression of segments of the strain N2 in a CB4856 genetic background. This population complements a 
previously created IL panel with CB4856 segments in an N2 genetic background. Combining both panels allow the study of the 
effect of the genetic background at a higher resolution than previously possible with chromosome substitution strains.

We exposed 150 strains of a N2xCB4856 recombinant inbred line population and the two IL panels to a normal growth regime 
(20oC on standard NGM plates). After 48 hours of growth, we collected the animals, flash froze them and proceeded to isolate 
RNA. Via qPCR, we measured the expression of clec-62, finding that only in the N2-background population QTL were detected. 
In other words, no QTL were detected in the RIL and reciprocal IL population. Thereby we show the strong role of the genetic 
background on trait variation.

Here we present a case of either closely-linked loci that were only segregated in one population, or an epistatic interaction 
depending on the genetic background. We are currently in the process of building a double introgression panel to 
experimentally test the effect of two combined backgrounds.

454A	 Evolution	of	selfishness	from	a	core	tRNA	synthetase	in	C. tropicalis
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Polina Tikanova1, 2, Daniel Krogull2, Julian Ross1, 2, Pinelopi Pliota2, Jacqueline Okweri3, Gang Dong4, Eyal Ben-David5, Alejandro 
Burga2 1) Vienna BioCenter PhD Program, Doctoral School of the University of Vienna and Medical University of Vienna; 2) 
Institute of Molecular Biotechnology of the Austrian Academy of Sciences (IMBA), Vienna BioCenter (VBC), Vienna, Austria; 
3) University of Vienna, Vienna, Austria; 4) Max Perutz Labs, Vienna BioCenter (VBC), Medical University of Vienna, Vienna, 
Austria; 5) Department of Biochemistry and Molecular Biology, Institute for Medical Research Israel-Canada, The Hebrew 
University School of Medicine, Jerusalem, Israel.

Selfish genetic elements maximize their own transmission despite being neutral or even harmful to their host. One of the most 
extreme examples of this behavior are toxin-antidote elements (TAs). TAs comprise two linked genes: one encodes a toxin and 
the other its cognate antidote. The toxin is expressed in the parental germline, and the antidote is expressed zygotically. In 
crosses between individuals that carry the TA and ones that do not, the toxin is delivered to all of the progeny by the egg or 
sperm, but only embryos that inherit at least one copy of the TA are able to express the antidote and therefore survive.

We recently identified numerous TAs in C. elegans, C. tropicalis, and C. briggsae. However, the molecular underpinnings of all 
known eukaryotic TAs are still largely unknown. A critical barrier remains dissecting the molecular mechanisms of TA elements, 
which is very challenging given their lack of homology to well-studied proteins. Here we report the fine mapping and in vivo 
characterization of a C. tropicalis TA that evolved from a core essential gene: klmt-1/kss-1. The toxin, klmt-1 (Killer of L1 and 
embryos Maternal Toxin), evolved via gene duplication from fars-3, the beta subunit of phenylalanyl-tRNA synthetase (PheRS), 
which is responsible for charging tRNAPhe. We hypothesize that KLMT-1 can bind FARS-1 and thus interfere with tRNAPhe charging 
and translation. We found that KLMT-1 can bind FARS-1, the alpha subunit of the PheRS complex in vitro (see poster by Ross 
et al.). To test it in vivo, we are performing Co-IP experiments in endogenously tagged strains. Interestingly, KLMT-1 levels 
decrease rapidly during development and are hardly detectable by the time of hatching, suggesting that the toxin is actively 
being degraded. We hypothesize the degradation of the toxin is driven by its cognate antidote. The antidote KSS-1 (Klmt-
rescue by zygotically-expreSSed antidote) has a predicted F-box domain on its N-terminus. F-box proteins act as adaptors 
between target proteins and the SCF complex, which mediates proteasome-mediated degradation. In support of this model, 
we found that KSS-1 can bind several SKP-1 orthologs of C. tropicalis. Furthermore, in vivo studies revealed that loss of kss-1 
drastically increases the half-life of the toxin. Unlike other eukaryotic TAs, klmt-1/kss-1 originated from a core essential protein. 
Understanding the molecular mechanism of this TA will provide key insights into the inception of selfish genes.

455B	 Why	do	some	wild-type	strains	fail	at	germline	RNAi?

Francisco Valencia1, Han Ting Chou1, J.C. Alexander1, Diptodip Deb1, Annalise Paaby1 1) Georgia Institute of Technology.

The discovery that experimental delivery of dsRNA can induce gene silencing at target genes revolutionized genetics research, 
both in uncovering essential biological processes and in creating new tools for developmental geneticists. Our ability to silence 
C. elegans genes by RNA interference (RNAi) arises from the fact that worms induce a native cascade response upon exposure 
to exogenous dsRNA, a response that we now know is associated with antiviral immunity but also coincides with a suite of 
processes affecting things like gene regulation and genome defense against transposons. However, previous work has shown 
that wild-type strains of C. elegans vary dramatically in their response to exogenous RNAi. Here, we investigate why some 
strains fail to mount a robust RNAi response to germline targets. We observe diversity in mechanism: in some strains, the 
response is stochastic, absent in most individuals but rapidly turned on in a few; in other strains, the response is consistent 
but much delayed. Increased activity of the argonaute PPW-1, which is required for germline RNAi in N2, partially rescues the 
response in some strains, but dampens it further in others. Across strains, we also observe variability in gene expression of 
known RNAi factors, and strain-specific instances of pseudogenization, gene loss, and allelic divergence. Our results support 
the conclusions that secondary argonautes share overlapping functions, that a “just right” level of overall activity promotes 
a robust response, and that the weak germline RNAi we observe in some strains is explained by diverse genetic variants at 
shared RNAi genes.

456C	 Compensatory	evolution	in	mitochondrial	tRNAs

Ling Wang1, Annalise Paaby1 1) Georgia Tech.

Deleterious mutations can accumulate in natural populations, and reversal mutations are likely to be rare. However, new 
mutations at other sites can potentially compensate for prior deleterious genetic changes, reversing fitness. In the same 
vein, mutations that are neutral at the time of substitution may effectively “pre-compensate” future mutations that would 
otherwise be deleterious, allowing mutations to accumulate that are deleterious under some conditions. Identifying such 
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compensatory or conditional mutations is difficult, however, without an a priori expectation of sequence function. Here we 
use the canonical structure-function relationship of the cloverleaf-like tRNA secondary structure, as well as the high mutation 
rate of tRNAs, to study compensatory evolution. Specifically, we are exploring mutations in mitochondrial tRNAs (mt-tRNAs) in 
Caenorhabditis nematodes, including interactions between mt-tRNAs and associated factors encoded in the nuclear genome.

457A	 Dose-response	relationships	reveal	complex	patterns	of	natural	variation	in	susceptibility	to	diverse	toxicants

Samuel Widmayer1, Timothy Crombie1, Erik Andersen1,2 1) Department of Molecular Biosciences, Northwestern University, 
Evanston, IL; 2) Interdisciplinary Biological Sciences Program, Northwestern University, Evanston, IL.

Genetic differences among individuals can modify the influences of environmental exposures that induce both acute and 
chronic disease. Toxic exposure is a known risk factor in the onset of many human diseases, but the contributions and 
abundance of specific alleles to xenobiotic-induced disease risk at the population-level are virtually unknown. Because 
of the limited power and scale of toxicological assessments across genetically diverse human subjects, a tractable model 
system is required to quantify gene-by-environment interactions in a controlled manner. Toxicological assessments using 
C. elegans have revealed previously unknown and translational features of xenobiotic metabolism, but investigations 
of natural variation in these responses are extremely limited. To understand population-wide differences in xenobiotic 
responses, we measured the susceptibility of genetically diverse C. elegans wild strains to an array of toxicants, including 
several heavy metals, mitochondrial poisons, organophosphate insecticides, fungicides, herbicides, and one flame retardant. 
We measured phenotypic responses to each compound by adapting a high-throughput fitness assay using the Molecular 
Devices ImageXpress Nano automated imaging microscope and developed open-source software to extract and analyze 
animal morphology measurements from images. Using this platform, we exposed eight C. elegans wild strains to increasingly 
concentrated doses of 24 diverse toxicants and estimated dose-response curves for each of these toxicant-strain combinations 
as a function of animal length. Wild strains varied significantly in susceptibility to most compounds, with some strains 
exhibiting generalized resistance or susceptibility to many compounds. This result suggests that certain genetic backgrounds 
might retain pleiotropic xenobiotic response alleles that attenuate the metabolism of diverse xenobiotics. Between 20-
80% of the variance in susceptibility to at least one dose of each toxicant could be explained by genetic differences among 
strains, confirming that natural genetic variation among wild strains plays a significant role in population-wide toxicant 
susceptibility. To resolve the number of xenobiotic response alleles and their effects at a population-level, we plan to extend 
this phenotyping platform to hundreds of wild strains and perform genome-wide association mappings.

458B	 Evaluating	the	power	and	limitations	of	C. elegans genome-wide association mappings

Samuel Widmayer1, Stefan Zdraljevic2, Kathryn Evans1, Erik Andersen1 1) Department of Molecular Biosciences, Northwestern 
University, Evanston, IL; 2) Department of Human Genetics and HHMI, University of California, Los Angeles, CA.

A central goal of evolutionary genetics is to understand the genetic basis of traits that contribute to adaptation and fitness. 
Genome-wide association (GWA) mappings scan the genome searching for individual genetic variants with significant 
correlations with phenotypic variation in a population, or quantitative trait loci (QTL). GWA mappings are a popular choice for 
quantitative genetic analyses because the QTL that are discovered segregate in natural populations and, therefore, contribute 
to complex trait variation in the wild. Our research group established and currently curates the C. elegans Natural Diversity 
Resource (CeNDR), which captures genetic diversity worldwide. We have leveraged this genetically diverse strain collection 
to dissect the genetic underpinnings of a broad suite of traits. Experimental choices, such as the size and composition of 
the mapping population, as well as the abundance, effect size, and population frequency of causal alleles determine how 
accurately GWA mappings reflect the underlying genetic basis of complex traits. To date, we lack an empirical evaluation of 
power and precision to robustly identify QTL using GWA mappings. We developed an open-source GWA mapping pipeline 
(NemaScan) and used a simulation-based approach to provide benchmarks of mapping performance among wild C. elegans 
strains. We selected markers to be QTL ranging in abundance, effect size, and genomic location, simulated phenotype 
distributions, and then conducted GWA mappings. Only a fraction of trait heritability was explained by detected QTL on 
average, confirming that GWA is most effective for identifying large-effect alleles. Detection power was highly sensitive to both 
the number and genetic composition of strains in the mapping population, clarifying the importance of strain selection prior 
to undertaking GWA analysis. Artefacts of QTL detection occurred within small populations when the phenotype perfectly 
segregated among strains with highly differentiated haplotypes. The unique evolutionary history of C. elegans has generated 
complex patterns of genetic variation among many strains. Our simulation-based evaluation of GWA performance provides the 
community with guidance for experimental choices that can maximize the potential for QTL discovery.
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459C	 Natural	variation	in	the	aldehyde	oxidase,	gad-3, confers oxidative stress resistance between C.elegans strains

John Willis1, Anastasia Teterina1, Megan Moerdyak-Schauwecker1, Erin Petruccione 1, Patrick Phillips1 1) University of Oregon, 
Eugene OR 97401.

In this study we sought to identify allelic variants responsible for mediating paraquat (PQ) resistance between C.elegans strains 
N2 and MY16. We observed that MY16 is two to three-fold more resistant then N2 to oxidative stress from PQ exposure. 
To identify causative alleles, we developed an experimental evolution approach which relies on multiple rounds of strong 
selection on standing genetic variation. Genetic variation is created by making strains obligate outcrossing (by introducing a 
fog-2 mutation) and forcing random mating for twelve generations to create starting pools (n=3). A similar approach was taken 
by Burga et al. 2019. In our method, which we call Evolutionary Segregant analysis (ESA), we start with a pool of 30k worms 
from the F12 generation. We performed a strong selection by recovering only ~ 0.3% of the starting population resistant to 
PQ. This protocol was performed for five rounds with appropriate controls. All samples were sequenced using RAD-seq. The 
mapping data pointed to a ~150kb region on LGV. To identify causative alleles, we focused on candidate genes with a role 
in oxidative stress. From this group, gad-3 seemed like a solid candidate. Gad-3 (B0222.9) is an evolutionarily conserved 
aldehyde oxidase downstream of the sirtuin (Sir-2.1) pathway and has a role in oxidative stress response and longevity (Park 
et al., 2009). GAD-3 dependent production of hydrogen peroxide is responsible for longevity increases from sirtuin (sir-2.1) 
pathway over-expression (Schmeisser et al., 2013). GAD-3 protein differs by three mutations between strains. We focused our 
efforts on testing a mutation in a widely conserved Iron-sulfur cluster domain of GAD-3. Using CRISPR, we performed congenic 
allele swaps for both MY16 and N2 strains. In both cases, the MY16 allele conferred increased resistance to PQ exposure. In 
addition, we found that hydrogen peroxide production is reduced with the gad-3 N2 allele in an MY16 background. Ongoing 
experiments are testing the reverse allele swap. Our results suggest that GAD-3 dependent production of hydrogen peroxide is 
mainly responsible for oxidative stress resistance between these natural isolates.

460A	 Natural	variation	in	differential	C. elegans responses to the broad-range anthelmintic emodepside

Janneke Wit1, Steffen Hahnel1, Briana Rodriguez1, Erik Andersen1 1) Northwestern University.

Emodepside is an anthelmintic drug effective against parasitic nematodes, including gastrointestinal and filarial nematodes. 
Resistance to emodepside has not yet been reported, and nematodes that are resistant to other anthelmintic drug classes 
are susceptible to emodepside. The study of emodepside mode of action and potential mechanisms of resistance in parasitic 
nematodes is challenging because of their high levels of genetic variation, the inability to culture animals in the laboratory, and 
a limited genetic toolbox. Caenorhabditis elegans is an ideal model organism to study phenotypic responses to emodepside 
because of its tractable life cycle, small and well characterized genome, and the availability of genome-editing tools. The C. 
elegans laboratory strain N2 is sensitive to emodepside. In the presence of the drug, N2 animals have reduced movement, 
pharyngeal pumping, and egg-laying, and are developmentally delayed. Mutagenesis studies have implicated a calcium-
activated potassium channel, SLO-1, in emodepside mode of action.

Responses to emodepside differ across wild isolates of C. elegans. If these differences are heritable, we can use C. elegans to 
discover natural emodepside resistance mechanisms that could be shared with parasitic nematodes. Here, we determined if 
natural genetic variation across the natural population can explain differences in emodepside responses. In a genome-wide 
association study, we measured the phenotypic response to emodepside for 154 wild isolates. We found that several genomic 
regions on chromosome V are associated with differences in emodepside responses. Candidate genes in these regions include 
UGT enzymes and slo-1. Variation in the genomic region that includes slo-1 is associated with increased susceptibility to 
emodepside. Currently, we are testing the roles of the candidate genes in emodepside responses. Our results show that other 
genes in addition to slo-1 affect the response to emodepside and that wild strains vary in the function of slo-1.

461B	 Genome-wide	association	study	for	nictation	behavior	of	the	nematode	C. elegans

Heeseung Yang1, Daehan Lee1,2,3, Heekyeong Kim4, Daniel Cook2, Young-ki Paik4, Erik Andersen2, Junho Lee1 1) Department of 
Biological Sciences, Seoul National University, Seoul, Korea; 2) Department of Molecular Biosciences, Northwestern University, 
Evanston, IL, USA; 3) Center for Integrative Genomics, University of Lausanne, Lausanne, Switzerland; 4) Yonsei Proteome 
Research Center, Yonsei University, Seoul, Korea.

Dispersal is crucial for many organisms. There are various strategies for efficient dispersal, and phoresy is one example. 
Animals can disperse efficiently by attaching to another organism, like hitchhiking. Caenorhabditis elegans dauers show a 
stage-specific standing behavior, called nictation, that can facilitate phoretic interactions of dauers. Standing and waving their 
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body, dauers can interact with other organisms such as isopods. It helps dauers to escape from harsh conditions and move 
into a better environment for re-growing and reproduction. As C. elegans are found most frequently as dauer larvae in the 
wild, nictation is thought to play an important role in their life cycle. However, the genetic basis and the underlying regulatory 
mechanism of nictation are not well understood. Here, we try to figure out the genetic factors that regulate nictation and 
make nictation diversity between C. elegans wild isolates. Wild isolates from the worldwide region showed diverse nictation 
fractions in the same experimental conditions. A genome-wide association mapping of the nictation of 137 wild isolates 
identified a quantitative trait locus (QTL) for nictation. Using near-isogenic lines, we identified a QTL of 90 kb interval, and also 
found that this QTL affects other dauer-related phenotypes. Now we are testing and confirming candidate genes using CRISPR 
mutants and RNAi experiments. Elucidating nictation regulatory mechanisms will provide new insights into the genetic basis of 
phoretic behavior.

462C	 The	genetic	architectures	of	gene	expression	variation	in	wild	C. elegans

Gaotian Zhang1, Nicole Roberto1, Daehan Lee1, Steffen Hahnel1,2, Erik Andersen1 1) Northwestern university, Evanston, IL; 2) 
Bayer Animal Health, Leverkusen, Germany.

Natural variation in gene expression is a major source of phenotypic diversity among individuals. Genetic variants underlying 
gene expression differences are known as expression quantitative trait loci (eQTL). In Caenorhabditis elegans, both local 
eQTL (located close to the genes they influence) and distant eQTL (located farther away from the genes they influence) have 
been identified using linkage analysis from a panel of recombinant inbred advanced intercross lines (RIAILs) between the 
laboratory reference strain, N2, and a wild strain, CB4856. However, the eQTL detected using RIAILs were limited to genetic 
variants between N2 and CB4856. Here, we investigated the natural variation in gene expression of 205 genetically distinct 
C. elegans wild strains by performing RNA-sequencing on synchronized young adult hermaphrodites. We obtained reliable 
expression of 25,896 protein-coding transcripts (16,106 genes). We used genome-wide association (GWA) analysis to identify 
3,342 local eQTL for 3,342 transcripts (2,777 genes), and 2,835 distant eQTL for 2,206 transcripts (2,082 genes). We found that 
most of the narrow-sense heritability for transcript expression variation is explained by detected eQTL. Of the 2,835 distant 
eQTL, 1,670 eQTL significantly clustered in 54 hotspots across the C. elegans genome. We will further explore causal genes 
underlying these distant eQTL hotspots and their functions. Additionally, we applied mediation analysis to the eQTL data and 
other organism-level quantitative traits to elucidate the genetic effects on phenotypic variation mediated by gene expression. 
For instance, instead of relying on time-consuming investigations of rare genetic variants missed in GWA studies and prior 
knowledge of the trait as published in our study of C. elegans responses to benzimidazoles (Hahnel et al. 2018), the significant 
mediating effect of the expression of ben-1, the causal gene, was quickly and successfully identified by mediation analysis. 
Our results suggest that mediation analysis using expression data facilitates identification of causal genes in GWA studies in C. 
elegans.

463A	 Natural	variation	in	fertility	is	correlated	with	species-wide	levels	of	divergence	in	Caenorhabditis elegans

Gaotian Zhang1, Jake Mostad1, Erik Andersen1 1) Northwestern university.

Life history traits underlie the fitness of organisms and are under strong natural selection. A new mutation that positively 
impacts a life history trait will likely increase in frequency and become fixed in a population (e.g. selective sweep). The 
identification of beneficial alleles that underlie selective sweeps provides insights into the process of natural selection that 
occurred during the evolution of a species. In the global population of Caenorhabditis elegans, we previously identified 
selective sweeps that have drastically reduced chromosomal-scale genetic diversity in the species. Here, we measured the 
lifetime fertility of 121 wild strains, including many recently isolated divergent strains from the Hawaiian islands, in standard 
laboratory conditions. We found that strains with larger swept genomic regions on multiple chromosomes have significantly 
higher fertility than strains that do not have evidence of the recent selective sweeps. We used genome-wide association (GWA) 
mapping to identify three quantitative trait loci (QTL) underlying fertility variation. The haplotype structure in each QTL region 
revealed correlations with recent selective sweeps in the C. elegans population. Moreover, North American and European 
strains showed significantly higher fertility than most strains from Hawaii, a hypothesized origin of the C. elegans species. 
These results suggest that beneficial alleles that cause increased fertility are associated with selective sweeps during the 
worldwide expansion of C. elegans. Additionally, we mapped previously collected fertility data (fertility of the first four days 
in the adult stage) of wild C. elegans strains and C. elegans recombinant inbred advanced intercross lines that were grown in 
various conditions and detected eight QTL across the genome using GWA and linkage mappings. Altogether, these 11 QTL show 
the genetic complexity of fertility across this species.
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464B	 Isolation,	Characterization,	and	Antibiotic	Resistance	Profile	of	Staphylococci	from	the	Indoor	Air	of	the	Students’	
Halls	of	Residence	at	the	Obafemi	Awolowo	University,	Ile	Ife,	Nigeria

Kayode Adeyemi1,2, Favour Ezekwem1, Omolayo Babawale1 1) Obafemi Awolowo University, Ile Ife, Osun State; 2) Ambrose Alli 
University, Irrua Specialist Teaching Hospital.

It has become a public health concern to evaluate the safety of the only readily consumable and unfiltered part of the 
biosphere, the air, most especially from the densely populated region like the students’ hostel. This study was conducted 
to investigate the colony-forming unit per unit volume of staphylococci in the indoor air of students’ halls of residence, the 
biochemical characteristics, and antibiotic resistance profile of the isolates. Using the open-plate method to collect samples 
from the indoor air as described by Omeliansky, identification of the isolates was based on standard methods such as colonial 
morphology, Gram stain reaction, catalase, and deoxyribonuclease tests. The antibiotic susceptibility profile was on the 
standard disk diffusion method using commercially available antibiotic discs (Abtek, Habdiscs) including ciprofloxacin 5 μg/
mL, gentamicin 10 μg/mL, and tetracycline 30 μg/mL. A total of 26 staphylococci isolates were obtained from which none 
(0%), 4 (15%), and 10 (37%) of the isolates were resistant to ciprofloxacin, gentamicin, and tetracycline, respectively with no 
intermediate. Using a mathematical model, it is deduced that the year of release of the antibiotics has a non-linear correlation 
with the recorded rate of resistance of the staphylococci to the antibiotics, which predicts an efficacy duration window of 104 
years for each of the antibiotics. These findings predict a future increasing pattern of antimicrobial resistance, which may lead 
to serious public health threats if antimicrobial stewardship measures are not put in place.

465C	 Neglected	strongylid	nematodes:	Metabarcoding	reveals	hidden	transmission	patterns	between	great	apes	and	
humans

Vladislav Ilik1, Erich Schwarz2, Klara Petrzelkova3,4, David Modry1,4,5, Nikki Tagg6, Barbora Pafco3 1) Depatment of Botany and 
Zoology, Masaryk University, Brno, Czech Republic; 2) Department of Molecular Biology and Genetics, Cornell University, 
Ithaca, New York, USA; 3) Institute of Vertebrate Biology, Czech Academy of Sciences, Brno, Czech Republic; 4) Biology Centre, 
Institute of Parasitology, Czech Academy of Sciences, Ceske Budejovice, Czech Republic; 5) Department of Veterinary Sciences, 
Faculty of Agrobiology, Food and Natural Resources/CINeZ, Czech University of Life Sciences Prague, Czech Republic ; 6) Centre 
for Research and Conservation/KMDA, Antwerp, Belgium .

Strongylid nematodes such as hookworms and nodule worms are important pathogens of terrestrial vertebrates, including 
humans and non-human primates (NHPs). Despite being more closely related to C. elegans than Pristionchus, strongylids 
have evolved to live for months or years inside vertebrate hosts, sometimes forming complex communities within those 
hosts. More than 400 million people are infected with hookworms worldwide. Severe strongylid infections can cause heavy 
enteritis, intestinal lesions, iron-deficiency anemia, weight loss, stunting in childhood, and adverse birth outcomes. Because 
the human population and human settlements have rapidly grown in recent decades, people often live close to wild, free-
living animals, which enables mutual pathogen transmission. These cross-species infections can have devastating effects on 
both sides, as was previously recorded for many diseases of either viral or microbial origin; such infections are especially 
risky in the case of phylogenetically closely related humans and non-human primates (NHPs). We used metabarcoding DNA 
amplification and short-read Illumina sequencing to assess the strongylid diversity and infections within humans and great 
apes (western lowland gorillas and chimpanzees) living in close proximity on the northern border of DJA Faunal Reserve in 
Cameroon. We analyzed 46 human, 60 western lowland gorilla and 31 central chimpanzee strongylid-positive samples. Great 
apes exhibited greater strongylid diversity than humans, with Oesophagostomum (nodule worms) and Necator (hookworm) 
being the most prevalent genera. We also detected rare strongylid taxa and observed several zoonotic strongylid species that 
were shared between humans and great apes. Our work shows that the human-animal contact can cause mutual exchange of 
strongylid pathogens, and that complex strongylid nematode communities can be detected time- and cost-efficiently through 
metabarcoding. Effective conservation efforts in the regions of increased human-animal contact are warranted.

466A	 Deconstructing	Male	Fertility:	Functional	and	Evolutionary	Characterization	the	NSPF	Gene	Family

Katja Kasimatis1, Asher Cutter1, Locke Rowe1 1) University of Toronto.

In organisms with internal fertilization, the male ejaculate must interact with the female reproductive tract and ova as well 
as potentially competing with sperm of other males to determine that male’s reproductive success. Nematodes represent an 
excellent group for studying and manipulating post-insemination molecular interactions because of the high opportunity for 
sperm competition, wealth of genetic tools, and unique sperm morphology. In particular, nematode sperm contain subcellular 
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vesicles known as membranous organelles (MOs) that fuse with the cell membrane upon sperm activation to release their 
soluble contents into the extracellular space. Mutant screens show that correct MO fusion is necessary for male fertility, yet 
the function of these fusion event remains unknown. We hypothesize that one function is to act as a source of seminal fluid 
proteins which are involved in post-insemination reproductive tract dynamics.

Our previous novel proteomic approach to characterize the functional protein complement of MOs and identified the 
newly-designated Nematode-Specific Peptide family, group F (NSPF) as the second most abundant MO-localized proteins1. 
Comparative genomic analysis of 10 Caenorhabditis species indicated that the amino acid sequence and gene synteny are 
highly conserved. Together, the proteomic data along with the molecular evolution analyses suggest that these genes play a 
critical role in reproduction. To directly asses function, we constructed a CRISPR-based knockout of the NSPF genes. Single-
generation fertility assays of young and old males under non-competitive and competitive conditions suggested a small 
but non-significant effect size, with advantage to wildtype over knockout males. To overcome this effect size limitation, we 
exploited experimental evolution to compound the effects over the course of 20 generations, using 10 replicate populations to 
compete the knockout allele against the wildtype allele in an otherwise homogeneous genome of a fog-2 feminized C. elegans 
background. We calculated a selective disadvantage of 0.7% for the knockout allele. These results confirm that NSPF genes are 
an important component of male reproductive success and potentially act as part of a larger male-female signaling network. 
Ongoing transgenic work aims to test this functional hypothesis.

1Kasimatis et al. (2018) BMC Genomics 19:593.

468C	 A	recombination	modifier	greatly	affect	C.elegans	linkage	map	without	inducing	a	direct	fitness	cost

Tom Parée1, Noble Luke1, Teotónio Henrique1 1) IBENS (Institut de Biologie de l›Ecole Nomale Supérieure).

Evolution of recombination has been the subject of numerous theoretical studies. These works focus on how a gene that 
modifies recombination rate could be indirectly selected for by affecting recombination between fitness loci. However, direct 
selection may act on recombination modifiers. Indeed, these modifier genes are implicated in processes such as meiosis 
and may directly affect fitness. To address this question empirically, we use Caenorhabditis elegans. These nematodes have 
a marked recombination landscape with low recombination rate in the center of the chromosomes and high recombination 
rate in the arm domains. Loss of function of the Rec-1 gene equalizes recombination rate between markers in the center and 
the arms of the chromosomes. Although limited side effects have been reported, loss of Rec-1 function could have an impact 
on fitness. To measure this, the frequency of the Rec-1 mutant allele was followed during competition with the wild type. 
To detect epistasis, these competitions were performed in three different genetic backgrounds. To obtain a high-resolution 
recombination landscape and to determine if the effect of Rec-1 depends on the genetic background, mutant recombinant 
lines were generated from 3 different genetic backgrounds. These Rec-1 recombinant lines were sequenced to construct a 
linkage map.

469A	 Climate	Change	and	Extinction	–	Lessons	from	C. elegans Population Dynamics

Andrea Scharf1, Kerry Kornfeld1 1) Department of Developmental Biology, Washington University School of Medicine in Saint 
Louis.

Biodiversity loss is one of the major challenges for the 21st century. Ecosystems suffer from our modern civilization through 
pollution, agriculture, overexploitation, industrialization, coastal disturbance, landscaping, and ultimately climate change. 
Humans have a track record of driving species extinct ranging from passenger pigeons over baiji dolphins to western black 
rhinoceros. In order to preserve biodiversity and minimize extinction, a deep understanding of population dynamics is 
necessary.

To address this challenge, we are using our previously developed experimental platform comprised of a laboratory ecosystem 
with C. elegans and a complementary computational simulation. With this platform, we can model how overexploitation, 
habitat loss, and climate change destabilizes populations to extinction. We found that gradual changes in predation rates, 
habitat sizes, temperature, and food availability have little effect on population dynamics. In contrast, the populations 
collapsed if the environmental conditions reached a certain threshold (tipping point) and/or several environmental stressors 
accumulated. For example, C. elegans populations can only resist starvation for extended periods if predations rates are low 
and the temperature is optimal. We have defined the conditions for population collapse in wild type C. elegans in order to 
screen wild isolates, mutants, and in silico mutants for stabilizing traits. One future application is to modify the computational 



Abstracts

23rd International C. elegans Conference     |    192

simulation to model different nematode species and to predict for example which plant-parasitic nematode populations are 
stabilized by increasing temperature due to climate change.

470B	 Genomic	mechanisms	of	asexual	reproduction

George Chung1, Fabio Piano1, Kris Gunsalus1 1) Department of Biology, New York University.

The eukaryotic innovation of genetic diversification through recombination confers survival advantages by providing the ability 
to rapidly purge deleterious mutations and fix beneficial mutations in a population. In animals, asexual lineages have evolved 
independently many times from sexual ancestors, but they are usually short-lived “evolutionary dead ends”. Surprisingly, then, 
some rare asexual lineages are exceptionally long-lived and thus appear to enjoy unusual evolutionary success. Very little is 
known about the genetic mechanisms that drive transitions from sexual to asexual reproduction, but two common features 
are modified meiotic programs and altered genome organization.

We have previously published the genome and transcriptome of Diploscapter pachys, a parthenogenetic nematode from 
a long-lived (est. ~18M years) asexual lineage with abridged meiosis and a karyotype of 2n = 2. Our analyses revealed that 
the D. pachys genome is highly heterozygous and resulted from end-to-end fusions of ancestral chromosomes. D. pachys 
appears to lack clusters of ancestral telomeric repeats (TTAGGC) and canonical telomere maintenance proteins found in yeast, 
mammals and C. elegans – suggesting that its chromosomes may have atypical ends. D. pachys also appears to skip meiotic 
recombination and the reductional meiotic division, and several genes for homologous pairing and recombination are not 
detected in the current assembly.

To better understand the evolutionary trajectory of D. pachys from sexual reproduction to parthenogenesis, we are 
undertaking a comparative analysis of genome evolution across the clade of parthenogenetic Diploscapter/Protorhabditis 
species, as well as a related sexual outgroup. For each species, we are in the process of generating phased diploid 
chromosome-level assemblies using long-read DNA and RNA sequencing complemented with chromatin conformation capture. 
This will allow us to establish the patterns of chromosomal fusions and heterozygosity, which will inform hypotheses on their 
evolutionary history and potential crossover suppression through genomic rearrangements. With our new assemblies and 
transcriptomes, we will also define the nature of the chromosome ends as well as the complete repertoire of telomeric and 
meiotic genes in this clade. Finally, we plan to determine how the expression patterns of heterozygous alleles have evolved to 
adapt to non-recombining diploid genomes of the parthenogens in the Diploscapter/Protorhabditis clade.

471C	 Investigating	the	Diversity	and	Distribution	of	Caenorhabditis elegans in Georgia

Zaki Hafeez1, Lindsay Anderson2, Cole Muzio1, Deontis Spencer2, Man Shah1, Youssef Mohamed1, Amanda Shaver1, Muhammad 
Zaka Asif1, Arthur Edison1 1) University of Georgia; 2) Savannah State University.

The Caenorhabditis elegans Natural Diversity Resource (CeNDR) maintains a library of strains of C. elegans collected from every 
continent except Antarctica (Caenorhabditis elegans Natural Diversity Resource [CeNDR], 2020). However, currently, there is 
only one C. elegans strain from the state of Georgia cataloged in CeNDR (CeNDR, 2020). In an attempt to expand upon the 
diversity of these collected strains and in an effort to study the distribution of C. elegans in Georgia, we set forth to collect 
a number of wild nematode isolates. Samples of rotting and decaying vegetation were collected from a variety of locations 
across Georgia. Data such as temperature, location, and sample type were recorded along with images of each collection site 
using the Nematode Field Sampling app within the data collection app Fulcrum. Nematodes were isolated from these samples 
and screened by visual inspection for morphological similarity to C. elegans. Potential C. elegans strains were then cultivated. 
To confirm that an isolate is indeed C. elegans, we will perform PCR and gel electrophoresis. For worms with an appropriately 
sized PCR band, we intend to submit samples of the PCR product for Sanger sequencing. We will then use NCBI BLAST to 
compare the sequencing results of the wild isolates with known species. Finally, we will submit frozen isolates of C. elegans to 
CeNDR for cataloging and whole-genome sequencing.

Caenorhabditis elegans Natural Diversity Resource. (2020, August 30). Global Strain Map [Interactive Map]. Retrieved March 
24, 2021 from https://www.elegansvariation.org/strain/global-strain-map

472A	 Direct	estimate	of	the	distribution	of	fitness	effects	(DFE)	of	spontaneous	mutations	in	C. elegans
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Timothy Crombie2, Moein Rajaei1, Ayush Saxena1, Lindsay Johnson1, Robyn Tanny2, Erik Andersen2, Charles Baer1, Jose Miguel 
Ponciano1 1) University of Florida, Gainesville, FL; 2) Northwestern University, Evanston, IL.

The distribution of fitness effects (DFE) of new mutations is a fundamental parameter in population genetics, and has practical 
application in the context of modeling the genetic basis of complex heritable disease in humans. However, the DFE is very 
difficult to estimate empirically. At present, nearly all estimates of the DFE rely on either statistical inference from the standing 
site-frequency spectrum or from laboratory estimates of fitness in mutation accumulation (MA) lines, with no reference to 
the underlying specific mutations. We report results from a new method to estimate the DFE from competitive fitness data 
from a set of recombinant inbred lines (RILs) derived from a cross between two C. elegans MA lines, combined with whole-
genome sequence data from the set of >500 RILs and the parental lines, as well as from ~40 fully-sequenced MA lines. Of five 
distributions fit to the data, all produce similar results, but the best fit is to a normal distribution nearly centered at 0, with 
almost no weight beyond +/- 2%. Averaged over two fitness assays, nearly ten years apart, the average fitness effect of a new 
mutation is about -0.2%. These results are in strong contrast with estimates of the average mutational effect inferred from MA 
line fitness data not informed by sequence data, which are much larger. We suspect that a few mutations of large effect may 
have been lost during the inbreeding phase of the construction of the RILs.

474C High-throughput phenotyping of C elegans wild isolates reveals that microsporidia genotype-specific interactions 
are common in C. elegans

Meng Xiao1, Calvin Mok1, Aaron Reinke1 1) University of Toronto.

Animals are under constant selective pressure from a myriad of diverse pathogens. Microsporidia are ubiquitous animal 
parasites, but the influence they exert on shaping animal genomes is mostly unknown. Several microsporidian species have 
been isolated in wild strains of Caenorhabditis elegans and are shown to be a natural parasite of the worm, making them a 
powerful tool for the study of host-pathogen interactions in vivo. Using the multiplexed competition assay, PhenoMIP, we 
measured the impact of 4 different species of microsporidia on 23 wild isolates of C. elegans. This screen resulted in the 
identification of 15 strains with altered resistance or sensitivity to infection. Of these identified strains, JU1400, is sensitive 
to the epidermal-infecting species Nematocida ferruginous by lacking tolerance to infection. Conversely, it is resistant to the 
intestinal-infecting species Nematocida ironsii, but this infection delays the development of JU1400 animals. Furthermore, 
coinfection experiments with other microsporidia species demonstrates that JU1400 can specifically recognize and eliminate 
the invaded N. ironsii parasite. Genetic mapping of JU1400 revealed that several loci contribute to the resistance of N. ironsii 
and that sensitivity to N. ferruginous is cause by a single locus on the left most part of chromosome I. Construction of near-
isogenic lines confirmed that these two opposing phenotypes to different microsporidia species are caused by separate 
alleles. Overall, our results demonstrate that C. elegans can rapidly evolve to recognize and respond to specific microsporidia 
infections.

475A	 Genomic	architecture	of	5S	rDNA	cluster	and	its	variations	within	and	between	species

Zhongying Zhao1, Qiutao Ding1, Runsheng Li1, Xiaoliang Ren1, Lu-yan Chan1, Vincy Ho1, Dongying Xie1, Pohao Ye1 1) Hong Kong 
Baptist University.

Ribosomal genes (rDNAs) are arranged in purely tandem repeats, preventing them from being reliably assembled onto 
chromosome. The uncertainty of rDNA genomic structure presents a significant barrier for studying their function and 
evolution. Here, we generate ultra-long Nanopore and short NGS reads to delineate the architecture and variation of the 5S 
rDNA cluster in the different strains of C. elegans and C. briggsae. We classify the individual rDNA units into 25 types based on 
the unique sequence variations in each unit of C. elegans (N2). We next perform manual assembly of the cluster using the long 
reads that carry these units, which led to an assembly of rDNA cluster consisting of up to 167 5S rDNA units. The ordering and 
copy number of various rDNA units are indicative of separation time between strains. Surprisingly, we observed a drastically 
lower level of variation in the 5S rDNA cluster in the C. elegans CB4856 and C. briggsae AF16 strains than C. elegans N2 strain, 
suggesting a unique mechanism in maintaining the rDNA cluster stability in the N2. Single-copy transgenes landed into the 
rDNA cluster shows the expected expression in the soma, supporting that rDNA genomic environment is transcriptionally 
compatible with RNA polymerase II. Delineating the structure and variation of rDNA cluster paves the way for its functional 
and evolutionary studies.

476B	 Dissecting	the	Molecular	Mechanism	of	the	peel-1/zeel-1 Selfish	Genetic	Element
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Lews Caro1,2, Galen Posch2, Michael Ailion1,2 1) Molecular and Cellular Biology Program, University of Washington, Seattle, 
Washington, USA; 2) Department of Biochemistry, University of Washington, Seattle, Washington, USA.

Selfish genetic elements persist in species despite their negative impacts on host fitness. Toxin-antidote selfish elements kill 
progeny that do not inherit the genetic element thus increasing their representation in the next generation. The peel-1/zeel-
1 gene pair is a toxin-antidote system responsible for a hybrid incompatibility between C. elegans Bristol N2 and Hawaiian 
CB4856 strains. PEEL-1 is a sperm-delivered toxin that arrests embryonic development. However, embryos inheriting the 
zeel-1 antidote gene can escape PEEL-1 toxicity. We are investigating the molecular mechanism of PEEL-1 toxicity and ZEEL-1 
anti-toxicity. We used a forward genetic screen to discover that the small, conserved protein, F47B7.1 is necessary for PEEL-1 
toxicity. Expression of PEEL-1 and F47B7.1 together induces cell swelling and cell death in HEK293T mammalian cells. ZEEL-1 
expression suppresses this toxicity. Therefore, I have reconstituted the toxin and antidote activity in a heterologous system, 
suggesting that we have identified the minimal set of proteins involved in toxicity and anti-toxicity. My continued work uses C. 
elegans, HEK293T cells, and in vitro biochemistry to dissect the molecular mechanism of toxicity and anti-toxicity.

477C	 Studying	inter-species	genome	size	variation	using	C.	nigoni	and	C.	briggsae	hybrids

Runsheng Li1, Yu Bi2, Xiaoliang Ren3, Zhongying Zhao2 1) Department of Infectious Diseases and Public Health, City University of 
Hong Kong; 2) Department of Biology, Hong Kong Baptist University; 3) Institute of Oceanology, Chinese Academy of Sciences.

The genome size variation is an “old” question in evolutionary biology. However, its causes and consequences are still a debate. 
There are various intraspecies models to study genome size variations, which usually hold very limited size change between 
pairs. As a result, sophisticated and pricy detection methods are required to monitor the change of genome size. And the 
impact of large size variation can not be tested.

The inter-species models, however, could have significant genome size variation. One close sister pair among Caenorhabditis 
clade, the C. briggsae and C. nigoni, has around 30% genome size difference. They can cross with each other and produce 
fertile females, and can be used to study genome size variation and hybrid incompatibility. One major disadvantage of inter-
species model is that, the F1 male is either dead for sterile, which hinder the monitoring of further offspring by F1 crossing.

We generated a lot of introgression strains with C. nigoni genome background with a small fragment from C. briggsae 
genome. By incorporating different C. briggsae X chromosome fragments into C. nigoni background, we are able to produce a 
homozygotic introgression strain (ZZY10253), which could mate with C. briggsae male and produce both fertile F1 females and 
males. By breeding the F1 worms with 10 x 10 crossing, we can monitor the competition of the two haplotypes, which has 30% 
size difference, by checking the ratio of two haplotypes using NGS sequencing.

We have sequenced some F7 and F20 lines. And the long haplotype, the C. nigoni haplotype, has become dominant (78%) 
in F7 populations, especially in the X chromosome (92%). With this speed, we expected to see a 100% recovery of ZZY10253 
genotype after F15. But to our surprise, the F20 lines still maintained at least 8% of C. briggsae haplotype, and all these lines 
(n=8) have two autosomes remained. These remained autosomes may reflect an interaction between the X introgression 
fragment and autosomes, which grant these individuals some advantage in growing.

478A	 Reproductive	incompatibility	among	populations	of	Caenorhabditis inopinata

Ryusei Tanaka1, Akemi Yoshida2, Asako Sugimoto3, Taisei Kikuchi1 1) Division of Parasitology, Department of Infectious Diseases, 
Faculty of Medicine, University of Miyazaki; 2) Laboratory of Genomics, Frontier Science Research Center, University of 
Miyazaki; 3) Laboratory of Developmental Dynamics, Graduate School of Life Sciences, Tohoku University.

Caenorhabditis inopinata, the sibling species of C. elegans, recently discovered in Ryukyu islands Japan, has a distinct lifestyle 
from other known Caenorhabditis species. The gonochoristic species inhabits in syconia of a fig tree (Ficus septica) and uses 
the pollinator wasp (Ceratosolen sp.) as a vector to move from old to new syconia.

We isolated C. inopinata from fig syconia collected in seven Ryukyu islands and Taiwan (distance in 730 km), and established 
over 20 single female lines. Phylogenetic analyses of those lines revealed that C. inopinata can be separated largely into two 
geographical groups (Okinawa and Ishigaki groups). Although we couldn’t identify clear morphological differences, the genetic 
distance of the two groups calculated by genome comparisons was relatively large as an intra-species diversity. We therefore 
sought to clarify mating and reproductive compatibilities between the two geographical groups.
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Using three C. inopinata lines each from Okinawa and Ishigaki groups, respectively, we observed mating behaviours, embryo 
developments and reproductions for all line combinations and directions (male - female). Mating behaviours were observed in 
all combinations though sexual attraction levels seem lower in inter-group than intra-group combinations. However, offspring 
(F1) numbers were smaller in inter-group combination, especially incomplete embryo developments and almost no offspring 
were observed at Okinawa male and Ishigaki female combination. These results suggest that speciation in C. inopinata has 
possibly been accelerated by the characteristic lifestyle and the island effect in this small area.

479B	 Using	First-year	Students	To	Do	Research	While	Learning	Biology

Yun Choi1 1) U. of Maryland College Park.

The First-year Innovation and Research Experience (FIRE) program at the University of Maryland College Park follows the 
Course-based Undergraduate Research Experience (CURE) model to provide an opportunity for ~600 students to get hand-
on experience in 15 research streams in the natural, social, and applied sciences. Unlike the traditional apprenticeship model 
where only a small fraction of undergraduates gets the opportunity to gain research experience towards the end of their 
undergraduate career, the FIRE program places students into the research setting during their first year at university. One of 
the FIRE research streams, the Transgenerational Brain Initiative (TBI), uses C. elegans as a model system to study how double-
stranded RNA (dsRNA) expressed in neurons leads to silencing of a germline gene for multiple generations. The previous 
studies on how dsRNA-derived signals move through the animal to enter the germline to trigger and maintain germline gene 
silencing used multicopy arrays that overexpressed and possibly mis-expressed dsRNA. To better study this phenomenon 
under more controlled and physiological conditions requires new genome-edited animals with single-copy transgenes. Each 
year, ~40 students join the stream where in the first semester they learn basic methods in molecular biology such as pipetting, 
PCR and plasmid miniprep. In the second semester students learn molecular cloning with restriction enzymes to clone their 
transgene into homology repair plasmids ready for CRISPR/Cas9 genome editing. About 10 students will return for a second 
year to be peer research mentors who help train the new class while pursuing their own research project. Presented here 
is the progress made by the students of FIRE-TBI in their efforts to create and characterize a collection of strains expressing 
dsRNA and reporter genes from single-copy transgenes in different subsets of neurons.

480C	 Using	student	annotations	of	published	data	in	the	C. elegans	database,	WormBase,	to	foster	collaboration	during	
an online laboratory course

Caroline Dahlberg1, Christian Grove2,3, Samiya Ismail1, Heino Hulsey-Vincent1 1) Western Washington University; 2) Caltech; 3) 
WormBase.

Course-based Undergraduate Research Experiences (CUREs) provide the same benefits as individual, mentored faculty 
research while expanding the availability of research opportunities. One important aspect of CUREs that students engageme 
in collaboration through their research. We developed a partnership with the Caenorhabditis elegans (C. elegans) database, 
WormBase, in which students submitted annotations of published manuscripts to the website. This activity provided students 
with a collaborative research activity that benefits the C. elegans community and enhanced students’ understanding of 
molecular genetics during the COVID-19 pandemic.

WormBase relies on community annotators to read published articles and input phenotypic data. Students were introduced to 
C. elegans nomenclature and the structure of WormBase at the beginning of the course, and submitted a total of nine unique 
annotations directly to WormBase. Student annotations were curated by WormBase to ensure correctness and to reduce 
overlap from redundant annotations. Due to the stress on students during this time of crisis, qualitative data were collected in 
lieu of quantitative pre-post analyses. Students described their learning experiences in terms of interactions with the scientific 
community and the “real world”, content knowledge and competencies, and changes in perspectives and use of resources. 
Students also reported that this activity was helpful in their understanding of critical molecular genetics concepts. The shift to 
online learning during the COVID-19 pandemic created an immediate need for meaningful, collaborative experiences in CUREs. 
By partnering with WormBase, students gained insight into the scientific community and contributed as community members.

481A	 Wormfinding:	a	semester-long	CURE	for	introductory	biology

Theresa Grana1, Daniel Browne2, Mary Kayler3 1) University of Mary Washington, Fredericksburg, VA; 2) The College Diabetes 
Network, Boston, MA; 3) Embry-Riddle Aeronautical University, Datona Beach, FL.
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Engaging students in inquiry-based laboratory experiences is widely considered superior to traditional “canned” labs in 
improving attitudes towards science and retention of foundational principles. We developed and implemented a laboratory 
course grounded in worm discovery, involving worm isolation, DNA barcoding for phylogenic placement, phenotype analysis, 
and chemotaxis experiments. Throughout the course, students gained familiarity in molecular biology, animal behavior, and 
bioinformatics methods, as well as experience in experimental design, analysis, and presentation skills.

Our introductory biology course is a mixed-majors course that fulfills a general education laboratory requirement. 
Wormfinding was used during two semesters (three total sections) in place of the traditional laboratory. This lab is robust and 
can be completed by novices in a once-per week, three-hour sessions format over the course of 15 weeks. Prep and cost was 
similar or less than the labs it replaced.

In the most recent offering of the course, 22 out of 30 students were able to isolate a strain from the environment that was 
able to be maintained throughout the semester.

Quality DNA barcoding sequence reads were found for all but one strain. Students used NCBI’s BLAST to find genus-level 
matches to worms from around the world, and imaged their worms to compare morphology between strains. Students 
designed and executed their own chemotaxis experiments, and maintained laboratory notebooks via entries into a printed 
template. At the course’s end, students drew conclusions about whether their genetic and phenotypic data fit together, and 
shared their discoveries through poster presentations and data uploads to our lab database (nematode.umwblogs.org).

We designed our course in alignment with the principles of Creating Significant Learning Experiences (LD Fink). The lab guide’s 
protocols are contextualized in a way that encourages students to care about their work and think critically and creatively, 
all while reinforcing the foundational knowledge requisite for an introductory course. Following IRB guidelines, students 
participated in the Grinnell CURE pre/post surveys and evaluations of their learning. At semester’s end, most students 
indicated that they enjoyed the course, gaining confidence in their participation in the process of research, a more mature 
perspective on the nature of science, and a positive experience overall.

482B	 Using	worms	in	a	Molecular	Biology	course	to	teach	cloning.

Theresa Grana1 1) University of Mary Washington.

Cloning genes is an important molecular biology skill. I developed a semester-long upper-level undergraduate laboratory 
where students clone a gene from Auanema rhodensis or C. elegans. Because A. rhodensis is a species with three sexes, the 
course focuses on candidate genes involved in sex determination. Students learn about sex determination from the primary 
literature, propose a gene to clone, obtain the sequence to target, and design primers. Next, they attempt the various steps of 
cloning into a TA cloning vector. In an undergraduate setting, with a twice per week meeting, this process can take the whole 
semester. Most students have generated a new vector with a portion of their gene of interest by the end. The laboratory 
manual I developed could easily be adapted to cloning genes involved in any biological process, and from most nematode 
species.

483C	 Creating	choice	in	molecular	genetics	lab	through	the	use	of	toxicology

Julie Hall1 1) Lincoln Memorial University, Harrogate, TN.

Some pedagogy techniques focus on giving students choice – what assignments to do, what topic path to study, or what topics 
within the course an individual wants to learn. The basis behind this is that by giving students choice, they have ownership in 
their learning and will be more invested in their coursework. For many science courses, however, the choice of what topic to 
study is not a viable option; students cannot choose to learn about translation and not transcription or leave out entire units 
of key concepts in a discipline. Regardless, creating choice and ownership is still important in student learning and can be 
done in a more structured way. In my 300-level molecular genetics lab, students choose a toxicant to investigate for two lab 
experiments using C. elegans. One lab experiment (Lab 1) focuses on utilizing reverse transcription and PCR to analyze gene 
expression. The second lab experiment (Lab 2) is a toxicology measure where students pick an outcome (movement, growth, 
reproduction, or death) to observe after exposure to their toxicant of choice. Students work in pairs to pick a toxicant to study. 
They perform a literature search to determine two concentrations to test for the experiments and an outcome to test in Lab 2 
based on their readings. Lab 1 allows students to learn RNA isolation, PCR, and gel electrophoresis while testing a hypothesis 
related to gene expression in response to their toxicant. Lab 2 provides more opportunities for students to have choice in 
which they explore an effect of the toxicant that interests them. Students present their research through the writing of an 
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introduction, results, and discussion sections in the form a journal style paper. Student choice with these two labs provides 
them with the opportunity to have ownership of the experiments through structured lessons. Students also practice skills of 
developing research statements and hypothesize through literature research and investigation. These labs are reported as 
being a favorite within the course and students become invested in conducting the experiments because they got to choose 
what was being tested (toxicant) and what they wanted to test (outcome).

484A	 Screening	bacterial	isolates	for	novel	therapeutics:	a	CURE	approach

Christian Holmstrom1, Emily Washeleski1, Paul Goetsch1 1) Michigan Technological University, Houghton, MI.

Natural products, also called secondary metabolites, are historically the most effective source for therapeutics. The microbial 
branch of the tree of life remains the largest untapped resource of secondary metabolites, and Caenorhabditis elegans is 
an ideal platform to screen through bacterial strains for useful drugs. Variation of C. elegans bacterial food sources have 
uncovered fitness benefits and costs beyond what can be explained by just changes in nutritional content. We hypothesize 
that altering bacterial food sources will uncover strains that harbor unique secondary metabolites that suppress conserved cell 
signaling and regulation pathways. To test our hypothesis, the spring semester cohort of the genetics teaching lab at Michigan 
Tech University piloted a Course-Based Undergraduate Research Experience (CURE) aimed towards isolating and screening wild 
bacterial species for enhancement or suppression of the C. elegans Sythetic Multivulval (SynMuv) phenotype. The SynMuv 
phenotype occurs when a SynMuv class A gene mutation is paired with a a SynMuv class B gene mutation. Each gene class 
redundantly antagonize RTK/Ras/MAPK signaling that directs vulval cell differentiation during development. In this 3-month-
long course, we harvested environmental samples from soil, snow, ice, and compost. After isolating bacterial colonies, we 
performed gram-staining and 16S sequencing to identify 1 isolate per student. We next tested bacterial toxicity and food 
preference compared to OP50 E. coli control. We then assessed whether feeding wild bacterial isolates increased penetrance 
of the multivulva phenotype in the SynMuv A strain lin-8(n2731) or the SynMuv B strain lin-52(bn151). In parallel, we assessed 
whether feeding wild bacterial isolates decreased penetrance of the multivulva phenotype in the double mutant lin-8(n731); 
lin-52(b151). Enhancement or suppression of the single or double mutant strains would suggest that the bacterial isolate 
harbors a secondary metabolite that suppress the conserved RTK/Ras/MAPK signaling pathway or its negative regulators. 
Altogether, our CURE component of the genetics teaching lab provides students with the experience needed to establish their 
path towards their own individual undergraduate research journey.

485B	 Utilizing	CRISPR	to	Reinforce	Genetics

Mary Kroetz1, 2 1) Bellarmine University, Louisville, KY; 2) University of South Alabama, Mobile, AL.

An essential yet privileged place of learning for the scientist is the laboratory, however at the undergraduate level access to 
research experience is often limited to a chosen few students. Therefore, to allow a more diverse cohort of students a research 
experience, I have designed and implemented three iterations of a Course-based Undergraduate Research Experience (CURE) 
that aligns with my overall research goal to better understand the genetic networks promoting gonad development in the C. 
elegans. In the first two iterations of this class, students used CRISPR to delete DNA regulatory regions and determine whether 
these DNA regions were necessary for the proper protein expression of the fkh-6 gene, which is normally expressed in the 
gonad and required for proper gonadal development in C. elegans. In the third iteration students worked to delete the open 
reading frame of genes of interest, but this work was cut short when classes moved online due to the SARS-CoV-2 pandemic. 
During the semester-long CURE, students designed the constructs needed to edit the genome and performed the needed 
cloning experiments. Following the injection of the construct, students then screened the progeny of the injected animals 
for potential CRISPR edits by genotyping and verified that the intended edit was present within the genome of the animal. 
Finally, students analyzed the edited strains for the resulting expression pattern of the FKH-6 protein and the overall gonadal 
morphology of the newly generated strain. In these first two classes, seven of the eight laboratory groups were successful 
at making genomic edits using CRISPR, six of which were the intended edit, indicating that CRISPR can be accomplished in 
a classroom setting with inexperienced researchers, many of whom had never handled a micropipette prior to this course. 
Even more exciting, students were able to identify DNA regulatory regions that when deleted led to the feminization of male 
animals. To facilitate a stronger research experience, the students were also required to present a published paper related to 
their project as well as discuss their research in lab meetings with their peers in the course. At the completion of the semester, 
the students presented their project in a poster format open to the university as a whole. Work is now currently underway to 
develop this CURE as a required course for all sophomore biology majors in connection with the Genetics course.
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486C	 Making	online	exams	more	secure	in	an	introductory	cell/molecular	biology	course	by	using	banks	of	questions	
made with Python

Morris Maduro1 1) University of California, Riverside.

The move to remote instruction at the onset of the pandemic changed the way that instructors give and proctor exams. The 
availability of resources to cheat during exams has greatly compromised the ability to assess individual learning outcomes. 
Restricting exams to short time intervals, randomizing question/answer order with one-at-a-time presentation of questions 
(and no backtracking) are considered best practices to make cheating more difficult. Another accepted best practice, but 
more time-consuming to implement, is to make alternate versions of exam questions. When teaching became remote for 
a majors-level introductory cell/molecular biology course (250+ students) in spring of 2020, I began generating question 
pools semiautomatically by scripting. The ease of programming in Python makes this language ideal for such an application. 
Questions involving simple genetics and molecular biology, factual recall, and diagram labeling, are particularly amenable to 
generating variant questions. Exam score distributions resembled those for in-person exams, suggesting that online exams 
without proctoring can generate results that are comparable to in-person exams, although there are caveats. I will outline a 
general approach for constructing question banks through programming and give specific examples.

487A	 Virtual	Active	Science	Engagement	(VASE):	unveiling	the	hidden	curriculum	of	academic	science	through	peer	
networking,	career	discussions,	and	skill	building

Molly Matty1, Nadia Haghani1,2, Danielle Garland3, Emmanuella Kyllians4, Adeola Olowokudejo5, Fei-Xing Peng6, Nicole Ramos2, 
Luz Saavedra-Sanchez7, Ayşe Buket Taşkın8 1) Salk Institute for Biological Studies, Molecular Neurobiology Lab, San Diego 
CA; 2) University of California - San Diego, Biological Sciences, San Diego, CA USA; 3) California State Polytechnic University - 
Pomona, Biological Sciences, Pomona, CA USA; 4) Alcorn State University, Biology, Lorman, MS USA; 5) Alcorn State University, 
Psychology, Lorman, MS USA; 6) University of California - San Diego, Bioengineering, San Diego, CA USA; 7) Universidad 
Peruana Cayetano Heredia, Lima, Perú; 8) Izmir University of Economics, Medicine, Izmir, Turkey .

The Covid-19 pandemic caused profound impacts on many, if not all, aspects of STEM research and learning for undergraduate 
students. One of particular interest is the loss of an already difficult thing to maintain in a classroom setting: engagement. To 
promote engagement with peers, mentors, and science in the summer of 2020, I designed Virtual Active Science Engagement 
(VASE) as a semi-structured mentoring and peer-networking program for a few undergraduates from across the USA for 
8 weeks. VASE is now in its third term and over 25 meeting sessions. Growing from just six students to over forty, VASE 
students are globally distributed across seven different time zones: many students are first-generation in STEM or from other 
communities historically underrepresented in STEM. VASE students range in age from 16 to 24 (late high school to post 
baccalaureate) with career goals ranging from nanoengineering and parasitology to many fields of medicine and biomedical 
research. My objective was to provide a space for students to engage in small peer-network group discussions to explore 
science as a career, identify opportunities for research experiences, and gain confidence to visualize themselves as scientists. 
VASE meetings highlight the diversity of careers and paths into STEM with invited guest speakers while guided discussions 
unveil the hidden curriculum of academic science. Discussion topics have included how to read a scientific research article, 
find funded research projects, and give a scientific talk or journal club presentation. VASE students are also encouraged to 
participate in Virtual Itty Projects (VIPs). VIPs are brief, hands-on projects with the purpose of providing students with real 
research experiences and deeper understanding of how research is conducted. VIPs are performed alongside volunteer 
scientists (like you!), who donate a few hours of their time to train undergraduates in a useful scientific skill. Here I present 
one VIP, in which a dozen undergraduate students learned how to use ImageJ to analyze C. elegans cuticle integrity. We 
hypothesize that even a short period (<4 hours) of engagement with guided research projects will allow students to build 
confidence, expand their professional network, and hone their scientific interests. VASE is a virtual space for students to 
actively engage with motivated peers, compassionate guest speakers, an invested mentor, and the pursuit of science.

488B	 Collection	of	Wild	Isolates	as	a	Remote	Hands-on	Research	Experience

Jacqueline Rose1, Nathan Long1 1) Western Washington University.

In response to the COVID-19 pandemic, teaching was moved to remote learning design including experiential lab courses. 
With classes offered remotely, many students opted to stay home and continue their classes online. However, as lab courses 
provide students some of the only hands-on laboratory experience for many students prior to graduation, it was our aim to 
create a hands-on lab experience that was transportable and therefore accessible to all enrollees. The major challenge in 
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creating a remote C. elegans lab experience was that our university would not permit the shipment of E. coli, in any form, to 
students. This created a challenge for shipping worms to students, as well as for providing a food source once worms arrived. 
To circumvent this obstacle, we designed the class around the idea of students each collecting wild-type worms locally. As 
well, a vegan broth was utilized as a substitute food source. The lesson plan consisted of multiple assignments beginning with 
a literature review to develop an appreciation for the contributions and potential power of using wild isolates in research. 
Following this, students independently developed their own collection protocol. Materials that would allow for the extraction 
of worms from soil using the Baermann funnel method were then shipped or provided for pickup. Finally, following collection 
students determined if the worms were Caenorhabditis by screening animals for self-replication and by physical observation 
of the pharyngeal structure. As part of the final assignment, students completed the wild isolate submission form from the 
Caenorhabditis elegans Natural Diversity Resource (www.elegansvariation.org). Students were encouraged to be innovative in 
their method design and implementation and to utilize notebooks to record unique steps and deviations from initial method 
proposals. Upon completion, students were required to return a sample of their worm collection to the university for further 
identification. By the conclusion of the term, half of the students had successfully collected worms. In the future, this lesson 
plan can be expanded to include additional identification procedures such as crossing wild-isolates with the N2 strain and/or 
DNA sequencing.

489C	 Development	of	a	GFP	RNAi	Experimental	Module	in	C. elegans

Erika Sorensen1, Christian Gosser2 1) Wabash College, Crawfordsville, IN; 2) University of Kentucky, Lexington, Kentucky.

The Molecular Genetics course at Wabash College is a primary literature-driven course designed to explore the molecular and 
cellular experimental evidence which underpins our current understanding of gene expression. The laboratory component 
is a semester-long investigative Course-based Undergraduate Research Experience (CURE). In this laboratory, each student 
designs a unique RNAi construct to disrupt gene expression in C. elegans and assesses the phenotypic defects via behavioral 
assays and microscopy. In the lab’s current design, we accomplish two main course goals, including 1) student engagement 
in scientific practices (asking questions, developing hypotheses, designing experiments, and gathering / analyzing data), 
and 2) novel scientific discovery (addressing scientific questions where the outcome of an investigation is unknown to both 
the students and the instructor). Although the students enjoy the laboratory and the opportunity to engage in an authentic 
research project, they do not obtain experience using various molecular and cellular readouts of gene expression beyond basic 
microscopy. To expose students to essential techniques that they frequently encounter in the primary scientific literature, 
we developed a collaborative 1–2-week laboratory module in the course. In this module, students complete a GFP reverse 
genetics experiment and assay GFP gene expression using: 1) protein visualization/localization by microscopy, 2) protein 
abundance via Western Blotting and 3) mRNA levels via quantitative PCR (qPCR). The addition of this module to the course 
allows for additional course goals, including: 1) exposure to fundamental cell biology techniques; 2) empirical observation 
of the transfer of genetic information; 3) a practical demonstration of qualitative vs. quantitative data; and 4) empirically 
demonstrates the difference between a gene knock-out (deletion) and RNAi (reduced but not eliminated expression). We will 
report specific details about the experimental timeline and reagents for this module.

490A	 Characterization	of	RNAi	phenotypes	in	C. elegans	from	understudied	genes	in	a	Cell	and	Molecular	Biology	course

Jessica Sullivan-Brown1, Jessica Sowa1 1) West Chester University.

The characterization of relatively understudied genes in C. elegans using RNA interference is an excellent approach for 
designing undergraduate research-based labs. Here we describe a successful lab course in which Cell and Molecular Biology 
students at West Chester University of Pennsylvania (WCU) make novel discoveries associated with knock down of dcaf-13, 
a likely oncogene in humans. Each class represents the flow of a typical study of gene function, beginning with a journal club 
reading the primary literature. Then students use bioinformatics to identify the human protein sequence of DCAF13, perform 
a BLAST search to find C. elegans homologs, and use WormBase to identify the C. elegans gene sequence. An RNAi knock 
down experiment is then performed with dcaf-13. Throughout the lab, students characterize the resulting phenotypes, using 
IMAGEJ/FIJI for quantification of worm length and fluorescence microscopy for GFP analysis of an intestinal cell fate marker. 
Students then isolate RNAs using Trizol RNA extraction and perform cDNA synthesis. Students then design primers to test 
if dcaf-13 knock down affects the expression of different cell cycle genes by performing RT-PCR. At the end of the course, 
students present their work orally in a poster presentation and in written communication in a primary research style paper. 
We have recently added a component in which students design a future experiment in the format of a small grant proposal 
and after peer review, two projects are chosen to perform in lab. The lab serves two primary functions: to provide students 
opportunities to advance their experimental techniques so they are competitive in the job market and create an experience 
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that mimics a typical research project by making real contributions to science. Our goals are to publish the work the 
students generated. Importantly, this framework can be applied to other understudied genes in C. elegans in which the RNAi 
phenotypes are not well documented, benefiting both students and the C. elegans community.

491B	 Snip-SNP	mapping	of	a	trembler	C. elegans mutant strain with undergraduate students

Remington Taylor1, Jacklyn Henderson1, Michael LaForce1, Kelvin Pham1, Sarita Soebianto1, Kristina Mathai1, Gina Nguyen1, Dr. 
Alexandra Simmons1 1) The University of St. Thomas, Houston, TX.

Caenorhabditis elegans is a valued model organism that is easy to maintain in the lab. We obtained a mutant strain of C. 
elegans that exhibits constant involuntary muscle spasms, a phenotype that has not been described before in the literature 
(MCW230, curtesy of Dr Wang, BCM, Houston, TX). The ‘trembler’ mutant strain has a nre-1(hd20) lin-15b(hd126) genetic 
background. We use snip-SNP mapping to seek the causal mutant gene responsible for the trembling phenotype in the 
MCW230 strain. MCW230 worms were backcrossed with wild-type N2 worms to eliminate the double mutant background 
(nre-1, lin-15b). For snip-SNP gross mapping, we crossed our mutant with CB4856 worms. DNA was extracted from 43 F2 
individuals resulting from the MCW230 x CB4856 cross. The F2 samples were studied to identify the presence of specific single 
nucleotide polymorphisms at 18 genomic locations (3 per chromosome) and assess how the alleles segregate relative to the 
trembler phenotype. We completed genotyping at all genomic locations and our data supports the idea that the trembler 
phenotype seems to be linked to one of the markers on chromosome III. Our work is an example of how research using C. 
elegans can be done in the undergraduate environment with basic laboratory equipment.

492C	 Tips	for	early	career	scientists	on	NSF-CAREER	award	proposals

Cheryl Van Buskirk1 1) California State University Northridge.

In keeping with the focus of this year’s meeting on early career scientists, this poster aims to provide guidance and 
encouragement to new worm faculty in writing winning NSF Faculty Early Career Development (CAREER) proposals. The 
NSF-CAREER program is an exceptional funding opportunity for new investigators who are equally committed to outstanding 
research and education. The award is NSF-wide and thus is available to most areas of basic scientific research. If you are not 
yet tenured and looking to authentically integrate your research with education and/or outreach, this award is for you. Having 
served as a reviewer for these proposals, and currently in my last year of a CAREER award, I’d like to share some DOs and 
DONTs of proposal preparation and discuss ways to effectively integrate research and education/outreach components.

493A Modeling C. elegans	Protein	Structures	as	part	of	Undergraduate	Research	Projects

Katherine Walstrom1 1) New College of Florida.

Since 2014, the Biochemistry Lab at New College of Florida has been a Course-based Undergraduate Research Experience 
(CURE) with skill-building activities during the first half of the semester and a research project during the second half of the 
semester. These research projects were continued by undergraduate thesis students. We have made protein expression 
plasmids for a variety of wild-type and mutant C. elegans proteins, such as malate dehydrogenase (MDH-1 and MDH-2), 
isocitrate dehydrogenase (IDH-1), glucose 6-phosphate dehydrogenase (GSPD-1), and various globin isoforms. Most of these 
projects resulted in successful enzyme purifications and characterization measurements. However, due to various factors 
including the COVID-19 pandemic, some students were unable to complete their lab projects during the time available. To 
complete their learning experiences, the students used a variety of online tools to make and evaluate structural models of C. 
elegans proteins.

SWISS-MODEL (https://swissmodel.expasy.org/) takes the input protein primary sequence and finds homologous template 
proteins that have known 3-dimensional structures. Various parameters can be used to select the best template protein, and 
the software creates a modeled structure for the input protein. The software produces a protein data bank (PDB) file of the 
modeled protein, which can be viewed with any protein structure visualization program. Students used these structures to 
explain their experimental data or to test hypotheses that they could not test in the lab. We found that while these models 
were of good quality, they benefited from energy minimization, using either the YASARA energy minimization server (http://
www.yasara.org/minimizationserver.htm) or the UCSF Chimera program (https://www.rbvi.ucsf.edu/chimera/). To determine 
the quality of the models, websites such as MolProbity (http://molprobity.biochem.duke.edu/index.php) were used to check 
the Ramachandran plot and rotamer angles in the structures for unusual conformations of amino acids. We will present some 
specific examples of these analyses and point out potential problems. The students enjoyed learning these new skills, and they 



Abstracts

23rd International C. elegans Conference     |    201

improved their abilities to analyze and visualize protein structures. We hope that others will find these resources useful for 
their courses and research projects.

494B	 Integration	of	research	ethics	training	in	a	course-based	undergraduate	research	experience	(CURE)	exploring	
genetic	incompatibilities	in	C. briggsae

Joseph Ross1 1) California State University, Fresno.

The importance of bolstering public trust in the scientific process and its conclusions is increasingly evident. However, 
training of scientists in ethics and the responsible conduct of research (RCR) is rarely incorporated into training opportunities, 
especially for undergraduate students. In course-based undergraduate research experiences (CUREs), students participate in 
the entire process of scientific inquiry, from project conception through data analysis and dissemination. Thus, CUREs likely 
provide students with an initial exposure to various aspects of RCR, such as research misconduct, data management, and 
authorship.

To integrate RCR training in a CURE, a required biology major lab course was modified to include direct instruction in RCR, 
followed by weekly assessments. This period also involved training in nematode biology and molecular genetic techniques. 
As students worked in groups to design and conduct their novel research experiment, they experienced many situations that 
required ethical decision-making. At the start of the course, seven percent of participants (n=95) reported never having RCR 
training, despite 32% participating in faculty-led research projects and 90% having taken four or more college lab courses. 
Despite participants being predominantly third and fourth year undergraduates, at least sixteen percent did not identify which 
sentences in a research report should contain citations. Separately, two-thirds of participants were not familiar with policies 
related to image manipulation. Perhaps most critically, the participants did not feel that students participating in research have 
a role in defending against research ethics violations.

These results underscore the need to provide more direct training of RCR and highlight the role that CUREs can play in meeting 
this need. The presentation will further describe the instructional materials and activities, as well as a quantitative evaluation 
of RCR student learning outcomes. Distribution of these materials should increase the quantity and quality of undergraduate 
courses in which RCR training is incorporated.

495C	 Nematode	hunters:	a	citizen	science	approach	to	identifying	new	systems	for	the	study	of	host-virus	interactions

Catherine Byrnes1, Jessica Sowa1 1) West Chester University of Pennsylvania, West Chester, PA.

C. elegans is a popular model organism that has proved very useful for studying the cell biology of intracellular infections. 
However, its use as a model for the study of host-virus interactions has been limited by the fact that only one natural viral 
pathogen of C. elegans has been identified to date (Félix and Wang, 2019; Franz et al., 2014). The goal of this project is 
to identify novel natural nematode viruses capable of infecting C. elegans by mobilizing ordinary citizens to collect wild 
nematodes.

Studying the interactions of different types of viruses with their host’s cells can provide new insights into cell biology and host-
pathogen interactions. To date, only four viruses naturally infecting Caenorhabditis nematodes have been identified, and of 
those only one (Orsay virus) infects C. elegans (Félix et al., 2011; Frézal et al., 2019). In the past, identification of intracellular 
pathogens in wild-caught nematodes has relied on detection by microscopy of morphological changes caused by the infection 
(Félix et al., 2011; Troemel et al., 2008). This approach is relatively low throughput and requires an expert screener. Our 
approach instead uses a fluorescent reporter-based method, taking advantage of a set of genes which are expressed at low 
levels in basal conditions but highly upregulated during infection by intracellular pathogens (Bakowski et al., 2014; Reddy et 
al., 2017, 2019). Co-culturing infected nematodes together with C. elegans expressing these intracellular infection reporters 
produces fluorescence which is easily detected on a fluorescence dissecting microscope. By using this method on a large 
sampling of wild-caught nematodes, we hope to identify novel nematode viruses which can be transmitted to C. elegans.

In the pilot phase of this project, we established protocols for wild nematode collection which require minimal supplies and 
can be performed at home by people with no particular science background after viewing a series of short training videos. 
We have successfully cultured wild nematodes from these samples in the lab, and have established systems for sample intake, 
expansion and frozen stocking of the strains, performing co-culture experiments, and sharing experimental results with the 
original collectors. In the fall of 2021, we hope to expand this project by partnering with educators at a variety of levels on a 
larger scale who would be interested in incorporating nematode hunting into their science curriculum.
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496A The Caenorhabditis	Natural	Diversity	Resource:	expanded	and	enhanced

Erik Andersen1, Kathryn Evans1, Robyn Tanny1 1) Northwestern University.

Natural diversity offers a treasure trove of variants (or mutations) that can be used to understand quantitative traits and 
evolutionary processes. The Caenorhabditis elegans Natural Diversity Resource (CeNDR) has archived and disseminated wild 
strains, whole-genome sequenced those strains, and released variant data and effect predictions to the community. Also, 
CeNDR facilitates genome-wide association (GWA) mappings to connect natural differences in quantitative traits to variants 
and molecular mechanisms. Since 2016, CeNDR has shipped more than 4,000 strains and enabled over 3,000 GWA mappings 
for the community. We continue to archive and sequence new wild strains identified by collaborators and citizen scientists, 
offering more than 1,300 genetically unique strains. In addition to these new strains, we updated CeNDR to make it more 
user-friendly, created a broad-sense heritability calculator, modernized the variant browser and variant effect predictions, and 
created a powerful new GWA mapping portal. These additions and updates make CeNDR more accessible and able to facilitate 
natural variation studies in laboratories often focused on the laboratory-adapted N2 strain.

We present the evolution of CeNDR into the Caenorhabditis Natural Diversity Resource (CaeNDR) where we have incorporated 
over 1,600 C. briggsae and 700 C. tropicalis wild strains and genome sequences. The same browsers and tools created for C. 
elegans are available for these species. CaeNDR will expand comparative genomics across the three selfing Caenorhabditis 
species and enable new approaches to quantitative genetics and population genomics.

497B	 WormBiome:	A	pipeline	to	predict	functional	profiles	of	C. elegans associated microbial communities

Adrien Assie1, Dana Blackburn1, Fan Zhang1, Buck Samuel1 1) Baylor College of Medicine.

Teasing apart the dense network of molecular mechanisms that link digestive tract microbial community members to each 
other and their host is challenging in most systems due to complexity and tractability. Recently, Caenorhabditis elegans has 
emerged as a powerful model system to study host-microbe interactions. The simplicity of the C. elegans digestive tract, 
together with the nematode›s genetic amenability, and the availability of relevant microbial collections make it ideal for the 
study of the fundamental mechanisms of host-microbiota interactions. To characterize those mechanisms, we focused on 
identifying genetic features important for bacteria colonizing the C. elegans gut. We developed «WormBiome» a pipeline that 
predicts the combined functional potential of defined C. elegans gut microbiome.

The “Wormbiome” pipeline match predicted microbial abundance from 16S rRNA amplicon datasets to functional genomic 
annotations and output functional profiles for each microbial community present in the submitted dataset. Our functional 
annotations rely on curated metabolic (Metacyc) and functional annotations (KEGG) databases build on known C. elegans 
related bacteria. Then the pipeline predicts features significantly different between user-defined sample groups.

We tested the pipeline using a defined and fully sequenced 12-member model microbiome (CeMbio) grown with and without 
N2 animals. With 10 replicates for each condition, we identified 1700 significantly different features, distributed across 180 
KEGG and 63 Metacyc categories. The most abundant features belong to the lipid, amino acid, and cofactor metabolisms. 
Among genes predicted to be more abundant in worm-associated communities, we found the de novo synthesis of vitamin B12 
and metabolic pathways for host-essential amino acids, such as proline, alanine, and arginine.

We verified the pipeline’s prediction by examining the impact of nutrient depletion on gut microbiome composition by 
selectively supplementing or removing amino acids individually or altogether. Our results show that a single change in 
amino acid can affect how bacteria interact with each other and promote the growth of certain community members and 
that complete removal of amino acids promotes colonization of metabolically flexible members of the microbiome like 
Ochrobactrum. This study establishes a robust framework for identifying microbial functions that govern affect host-microbe 
associations and beneficial interactions.

498C	 Single	Cell	Tools	for	WormBase

Eduardo da Veiga Beltrame1, Valerio Arnaboldi1, Paul Sternberg1 1) California Institute of Technology.

The number of single cell RNA sequencing (scRNAseq) publications has exploded in recent years, with over 1200 studies 
currently available and over 350 new studies in 2020 alone. This wealth of data presents new challenges and opportunities on 
how to integrate, query, and display results in ways that are useful and easy to use for scientists.
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Over 85% of scRNAseq studies use human or mouse samples, and the volume of data generated by these studies is so high 
that their integration and unified management represents a formidable engineering challenge in itself. However for other 
model organisms such as C. elegans, for which there are only on the order of a dozen scRNAseq studies in the literature, data 
integration and maintenance of tools covering most of the published data is manageable by a small team with simpler tools.

This offers a fantastic opportunity for WormBase and other model organism databases that are part of the Alliance of Genome 
Resources (alliancegenome.org). We are yet to be engulfed by the tidal wave of high throughput single cell data that is 
swamping human and mouse communities, and can learn from their efforts to create tools that will be effective and useful for 
our communities.

We are presenting an overview of two WormBase single cell tools that are currently in development:

1)	A	differential	expression	tool	

for selecting cell groups to compare and visualizing dynamically generated results. In the backend the scvi-tools framework 
(scvi-tools.org) is used for Bayesian decision theory to detect differentially expressed genes.

2)	A	framework	for	visualizing	static	data

that takes in precomputed results in h5ad format, slices the data according to user selection, and returns a visualization. At the 
moment we have the following visualizations in development:

- Heatmaps & dot plots to visualize mean gene expression across select genes and cell type within an experiment.

- Ridgeline histograms to visualize individual gene abundances stratified by cell type and experiment.

- Swarm plots to visualize expression of multiple genes across all cell types relative to one cell type.

We want to hear your thoughts on these tools! 

Please come to chat with us during the poster session or email eduardo@wormbase with your thoughts. You can learn more 
about each tool the webpage and check their current development status at https://wormbase.github.io/single-cell/

499A	 Updating	the	Caenorhabditis elegans	Natural	Diversity	Resource	Variant	Browser

Sophia Gibson1, Ryan McKeown1, Erik Andersen1 1) Northwestern University, Evanston, IL.

The Caenorhabditis elegans Natural Diversity Resource (CeNDR), has made the natural genetic variation found among C. 
elegans strains publicly available since 2016. Over three million variants from 913 wild C. elegans strains can be visualized 
and explored using the Variant Browser for identifying evolutionary drivers or understanding the genetic basis of quantitative 
traits. To gauge the relative deleteriousness of these variants, we employ variant effect prediction algorithms that predict 
the functional effects for each variant in every gene in the N2 reference genome. Because the majority of algorithms employ 
a similar prediction strategy that does not consider the interaction between variants, especially variants within the same 
gene, we applied BCFtools csq, which bases its predictions on the collective functional effects of each haplotype. We further 
expanded our prediction capabilities by adding molecular characterizations of the predicted change. Previously employed 
annotation software only defined the significance of each variant based on its consequence, limiting the data presented 
when filtering for high-impact variants. With the addition of two amino acid substitution scoring matrices (BLOSUM62 and 
Grantham), which take into account the probability and molecular distance of each amino acid change, we can predict the 
significance of each protein coding variant more accurately. We also have taken into account the relative position of each 
amino acid change by calculating the percent protein at which each substitution occurs, which is useful for predicting the 
significance of nonsense and frameshift variants. Ultimately, by using a more accurate prediction algorithm and adding 
additional molecular characterizations, we provide users of the CeNDR Variant Browser better functional predictions of the 
millions of genetic variants found in the natural populations of C. elegans, enhancing future genetics research in this powerful 
model organism.

500B	 Novel	tools	for	analysis	of	C. elegans gene expression data based on organism-wide ICA-derived gene co-expression 
modules

Katie Podshivalova1, Michael Cary2, Cynthia Kenyon1 1) Calico Life Sciences LLC; 2) University of California San Francisco, CA.
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Nearly half of C. elegans genes lack a functional annotation and there is an unmet need for a method to detect biological 
signals from gene expression data that is not based on pre-assigned annotations, like GO terms. To that end, using a method 
based on independent component analysis we call DEXICA, we have defined and optimized a worm-wide atlas of high-quality 
fundamental gene co-expression modules. These 209 DEXICA modules represent responses to changes in the environment 
(e.g. starvation, exposure to xenobiotics), genes regulated by transcriptions factors (e.g. ATFS-1, DAF-16), genes specific to 
tissues (e.g. neurons, muscle), genes that change during development, as well as other complex transcriptional responses to 
genetic, environmental and temporal perturbations.

Because genes are grouped into modules based purely on how they behave in a large number of experimental assays, modules 
can provide an unbiased way to probe the hard-wired structure of the animals’ gene expression circuitry. We show that 
interrogation of DEXICA modules reveals processes that are activated in long-lived mutants in cases where traditional analyses 
of differentially expressed genes fail to do so, such as activity of HIF-1 and ATFS-1 transcription factors in isp-1 respiration 
mutants. These results indicate that DEXICA modules can reveal functionally relevant signals within transcriptomic data that 
otherwise would be missed due to incomplete knowledge of gene function, subtle gene expression changes or noisy data.

Additionally, we show that gene co-expression modules can inform the strength of the association between a gene and an 
annotation (e.g. GO term). Analysis of “module-weighted annotations” improves on several aspects of traditional annotation-
enrichment tests and can aid in functional interpretation of poorly annotated genes.

We provide an online interactive resource at http://genemodules.org/, with tutorials, in which users can find detailed 
information on each module, check genes for module-weighted annotations, and use both of these to analyze their own 
transcription data or gene sets of interest.

501C	 Caenorhabditis	Genetics	Center	(CGC)

Ann Rougvie1, Aric Daul1, Julie Knott1, Theresa Stiernagle1, Marcus Vargas1, Liz Fox1 1) Univ Minnesota.

The Caenorhabditis Genetics Center (CGC) promotes C. elegans research by curating important, genetically characterized 
nematode stocks and distributing them upon request to researchers and science educators throughout the world. The CGC is 
housed at the University of Minnesota and is supported by the National Institutes of Health - Office of Research Infrastructure 
Programs (NIH-ORIP) and nominal user fees. We strive to have at least one allele of every published gene and all useful 
chromosome rearrangements, duplications and deficiencies. Our catalog of more than 23,000 different strains also includes 
selected multiple-mutant stocks, tagged endogenous loci, and genetic tool strains for various applications such as inducible 
gene expression. Despite a university-mandated 7-week closure due to the Covid-19 pandemic, we shipped over 21,500 
strains in 2020. A small research component has enhanced the genetic tool-kit available to C. elegans researchers, in part by 
labeling existing balancer chromosomes with fluorescent markers and deleting or tagging miRNA loci. Requests for generation 
of specific miRNA deletions or balancer modifications are considered. A searchable list of strains, including information about 
each stock, is accessible through the CGC website (cgc.umn.edu) and WormBase. Orders should be placed on-line through our 
website, using credit cards for payments whenever possible. We provide yearly reports to the NIH with statistics that reflect 
our services to the worm community. A key tracked parameter is the number of published papers that acknowledge the CGC 
for providing strains. Please help us retain our funding by remembering to acknowledge the CGC in your publications!

502A	 WormCat	2.0:	improving	annotations	and	visualization	for	RNA	seq,	genetic	screens,	or	proteomics	data

Daniel Higgins1, Dominque Lui2, Amy Walker2 1) Georgia Tech; 2) UMASS Medical School.

Evaluation and interpretation of large data sets requires tools to identify statistically enriched characteristics of the data and 
visualize the results. We developed WormCat as a web-based tool to find categories of enriched genes in RNA sequencing 
(RNA seq) data and to produce graphs that allowed for comparison of multiple datasets in an intuitive manner. This tool utilizes 
a grouping of nested categories to annotate nearly all C. elegans genes. Annotation is based first on physiological function, 
and if that can not be assigned, then each gene is assigned a molecular or cell-location based category. If genes do not have 
a predicted function, they are placed in an “Unassigned” category. This is in contrast to commonly used Gene Ontology (GO) 
servers which commonly exclude around 30% of C. elegans genes that lack GO annotations. This alters category enrichment 
statistics by eliminating genes of unknown function relative to genes that are functionally annotated. We previously found that 
WormCat identified enriched gene sets not predicted by commonly used GO servers.
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In WormCat 2.0 we have enhanced the capabilities of the web-based tool, updated the annotation list and included an 
annotation list specific to protein-coding genes for proteomics searches. We have also performed validation of additional 
datasets comparing inclusion or exclusion of the “Unassigned” genes. First, we found that while the categories with the highest 
enrichment values were not changed by the exclusion of the “Unassigned” genes, enrichment scores closer to the significance 
threshold were lost. Enrichment tools such as WormCat are used to predict gene sets of interest for further experimental 
analysis. Thus, including all genes in the hypothesis space, regardless of our ability to functionally annotate them, is important 
to provide the most appropriate enrichment scores. Finally, in the analysis of published tissue-specific RNA seq data sets, we 
found that enrichment in “Unassigned” genes was not uniformly distributed among tissues. This suggests that identification of 
these genes sets through enrichment scoring may stimulate exploration of their function.

503B	 Discovery	of	new	small	molecule	inhibitors	of	methyltransferase	G9a	for	Alzheimer’s	disease	treatment

Aina Bellver-Sanchis1, Bhanwar Singh Choudhary2, Ruchi Malik2, Mercè Pallàs1, Christian Griñán-Ferré1 1) Pharmacology and 
Toxicology Section and Institute of Neuroscience, Faculty of Pharmacy and Food Sciences, University of Barcelona, Barcelona, 
Spain; 2) Department of Pharmacy, Central University of Rajasthan, Bandarsindri, Kishangarh, Ajmer, India .

Alzheimer’s disease (AD) is the most important neurodegenerative disorder, with no effective cure. The epigenetic control 
of gene expression might be affected by the addition and/or removal of post-translational changes. Alterations of these 
modifications are linked with altered gene expression, resulting in cognitive decline. G9a is a lysine methyltransferase that 
forms a heterodimeric complex able to mono- and di-methylate lysine 9 of histone H3 (H3K9me1 and H3K9me2) of the 
N-terminal tail. Those epigenetic modifications lead to transcription repression, synaptic plasticity reduction, autophagy 
dysfunction, increased OS, and neuroinflammation. Hence, we hypothesize that overexpression of the G9a and its repressive 
mark serves as a driver of the repression of learning memory genes. Novel strategies are based on the synthesis of epigenetic 
drugs, regulating gene expression and translation modifications. While several small-molecules have been published to inhibit 
G9a, one of the most common problems of the firsts inhibitors, as BIX01294, is that the concentration values of the toxicity 
range and the last activity were akin one to the other, strongly limiting its uses. Moreover, these inhibitors were not or low 
effective in in vivo studies.

In our study, several compounds were identified as a potential inhibitor through structure-based virtual screening of the 
Cambridge CNS MPO library of more than 4,50,000 compounds against G9a (PDB id: 5TTF) Maestro software (Schrodinger), 
and further in vivo screenings. Firstly, we assessed the IC50 of eleven compounds using AlphaLISA® technology. To identify 
the best new candidates G9a inhibitors for AD, a compound screening method using transgenic Caenorhabditis elegans (C. 
elegans) was used to characterize and select the most promising results for further studies. Among all the compounds, four 
were confirmed as the best candidates through different in vivo assays, such as food clearance and motility assays, which 
revealed that toxicity/function ranges were safe in C. elegans. The treatment with all G9a inhibitors recovered the age-
dependent paralysis presented by the CL2006 strain, like the well-established G9a inhibitor, UNC0638.

Thus, this work presents 4 candidates (called “CAB1, CAB2, CAB3 and CAB4”) as inhibitors of G9a with novel structures, 
providing both leads in G9a inhibitors design and demonstrating the participation in AD pathology.

504C	 The	effect	of	age	on	epigenetic	transgenerational	reprogramming	in	the	C. elegans germline

Onur Birol1, David Katz1 1) Emory University.

In 1972 Beguet observed that parental age affects fertility of the following generation in wild type worms (C. elegans). 
Offspring from the older hermaphrodites had a smaller brood size compared to their siblings from younger parents. To 
determine if this effect of age on the fertility of progeny is due to defects in maternal epigenetic reprogramming, I performed 
the analogous experiments in spr-5 mutant worms. SPR-5 (LSD1/KDM1A) is a histone demethylase that removes the 
methylation on histone 3 lysine 4 (H3K4me2) from actively transcribed genes between generations. Our lab has previously 
shown that spr-5 mutant C. elegans have a transgenerational sterility phenotype, due to increasing H3K4me2. Remarkably, 
I found that progeny of spr-5 mutant worms have a further compromised fertility with advanced maternal age (AMA) 
compared to wild type. In addition, I found that progeny of spr-5 mutant worms from young maternal age (YMA) also have 
reduced fertility. To further address whether these defects may be due to increasing H3K4me2, I determined whether 
they are exacerbated in later generation spr-5 mutants that have increased H3K4me2. Consistent with this possibility, the 
difference between the YMA and AMA groups from the peak maternal age progeny (PMA) is exacerbated progressively in later 
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generations. My results confirm Beguet’s original findings and suggest that the effect of parental age on reduced fecundity in 
the offspring may be through compromised H3K4me2 reprogramming at fertilization.

Understanding the potential link between maternal age and maternal epigenetic reprogramming is important because a) 
the effect of age on fecundity that I observe is reminiscent of the maternal age effect on the rate of autism, b) mice that are 
mutant maternally for the SPR-5 homolog LSD1 have autism-like behavior, and c) patients with LSD1 mutations display autism-
like symptoms. Thus, these experiments may provide a foundation for understanding these potential connections.

505A	 The	transgenerational	accumulation	of	repressive	H3K9me2	affects	health	and	lifespan	in	C. elegans

Jaime Croft1, Teresa Lee1 1) University of Massachusetts Lowell, Lowell, MA.

In Caenorhabditis elegans, mutations in WDR-5 and other components of the COMPASS H3K4 methyltransferase complex 
extend lifespan and enable its inheritance. Previously, we have shown that wdr-5 mutant longevity is itself a transgenerational 
trait that corresponds with a global enrichment of the heterochromatin factor H3K9me2 over twenty generations. Additionally, 
the transgenerational aspects of wdr-5 mutant longevity require the H3K9me2 methyltransferase MET-2 and are recapitulated 
by removal of the putative H3K9me2 demethylase JHDM-1. In both wdr-5 mutants and jhdm-1 mutants, the transgenerational 
acquisition of longevity is associated with a generational increase of the repressive modification H3K9me2. These results 
suggest that repressive chromatin facilitates the transgenerational establishment and inheritance of a complex trait. 
Intriguingly, we find that although both mutants eventually attain longevity, they do so with different generational dynamics 
and striking differences in health. Therefore, the genomic accumulation of repressive H3K9me2 may target pathways that will 
shed light on the complicated relationship between health and lifespan.

507C	 Understanding	the	role	of	SAM	synthases	under	heat	stress

Adwait Godbole1, Sneha Gopalan2, Thomas Fazzio2, Amy Walker1 1) Program in Molecular Medicine, University of 
Massachusetts Medical School, Worcester, MA ; 2) Department of Molecular, Cell, and Cancer Biology, University of 
Massachusetts Medical School, Worcester, MA.

S- adenosyl methionine (SAM) donates methyl groups to histones modified during gene regulatory processes. SAM is produced 
by the 1-carbon cycle and this interaction provides a key link between metabolic status and transcriptional control. We 
previously found that RNA interference with sams-1, one of the four SAM synthases in Caenorhabditis elegans, reduces SAM 
levels as well histone H3 lysine 4 methylation (H3K4me3) in intestinal cells. sams-1 deficient animals also have altered stress 
responses. They are unable to accumulate H3K4me3 at promoters of bacterial response genes, upregulate these genes or 
survive pathogenic challenge. In contrast, sams-1 animals have enhanced survival during heat shock and regulate heat shock 
gene expression normally, although metabolic gene expression is broadly downregulated. Several lines of evidence suggest 
SAM from a distinct synthase may be important. First, interference with the H3K4me3 transferase set-16 had reduced survival 
in heat shock. Second, H3K4me3 levels recovered in heat shock in sams-1 animals, suggesting SAM from a distinct synthase 
and/or activity histone modifying enzymes could contribute to this stress response. Here, we show that sams-1 and sams-
4 have distinct roles in the heat shock response, showing that the enzymatic source of SAM is a critical predictor of SAM 
function. Loss of sams-4 is distinct from sams-1 in several critical areas. sams-4 animals survive poorly after heat shock and 
is necessary for the recovery of H3K4me3 after heat shock. Next, sams-4(RNAi) animals do not exhibit the same reductions 
in metabolic gene expression during heat shock. Finally, sams-1 and sams-4 RNAi animals have distinct patterns of H3K4me3 
in both basal and heat shocked conditions in CUT&Tag assay measuring genome wide H3K4me3, with sams-1 animals losing 
enrichment at metabolic genes, similar to reductions in these genes in RNA seq. Taken together, this shows that the enzymatic 
source of SAM influences H3K4me3 patterns, gene expression patterns and physiological response to stress.

508A	 Horizontal	and	vertical	transmission	of	transgenerational	memories	via	the	Cer1 transposon

Rachel Kaletsky1, Rebecca Moore1, Chen Lesnik1, Vanessa Cota1, Edith Blackman1, Lance Parsons1, Zemer Gitai1, Coleen Murphy1 
1) Princeton University, Princeton, NJ.

Animals face both external and internal dangers: pathogens threaten from the environment, and unstable genomic elements 
threaten from within. Previously, we discovered that a single exposure to purified small RNAs isolated from pathogenic 
Pseudomonas aeruginosa (PA14) is sufficient to induce pathogen avoidance in the treated worms and in four subsequent 
generations of progeny. The RNA interference (RNAi) and PIWI-interacting RNA (piRNA) pathways, the germline, and the ASI 
neuron are all required for avoidance behavior induced by bacterial small RNAs and for the transgenerational inheritance of 
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this behavior. A single P. aeruginosa non-coding RNA, P11, is both necessary and sufficient to convey learned avoidance of 
PA14, and its C. elegans target, maco-1, is required for avoidance. Here we found that these memories can be transferred to 
naïve animals via Cer1 retrotransposon-encoded capsids. Cer1 functions at the step of transmission of information from the 
germline to neurons, and is required for C. elegans’ learned avoidance ability and for mothers to pass this information on to 
progeny. The presence of the Cer1 retrotransposon in wild C. elegans strains correlates with the ability to learn and inherit 
small RNA-induced pathogen avoidance. Together, these results suggest that C. elegans has co-opted a potentially dangerous 
retrotransposon to instead protect itself and its progeny from a common pathogen through its inter-tissue signaling ability, 
hijacking this genomic element for its own adaptive immunity benefit.

509B	 Repressive	histone	marks-associated	reproductive	defects	in	Caenorhabditis elegans exposed to chemical additives 
in plastics

Jiwan Kim1, Jinhee Choi2 1) School of Environmental Engineering, University of Seoul, Seoul, South Korea; 2) School of 
Environmental Engineering, University of Seoul, Seoul, South Korea.

Histone modifications, one of the central epigenetic process, have been proposed as the toxic mechanism of various 
environmental chemicals due to its role in transcription regulation and many other biological processes. In this study, we 
aimed to figure out the role of repressive histone marks in environmental chemicals-induced toxicity in C. elegans. To this 
end, reproductive toxicity and alteration of histone methylation status under exposure to prevalent chemical additives in 
plastics (Bisphenol A, Di(2-erhylhexyl) phthalate, 3.3’-5.5’-Tetrabromobisphenol, Hexabromocyclododecane, Triclosan) were 
examined in C. elegans model. Then, we observed whether the adverse effects by chemicals were restored in combinational 
exposure with histone methyltransferase (HMT) or histone demethylase (HDM) inhibitors, which target to H3K9 and H3K27 
methylation. Our results showed the higher toxicity of triclosan and 3.3›-5.5›-Tetrabromobisphenol than other three chemicals 
and increased protein expression level of H3K9me3 and H3K27me3 with exposure to these two additives. Interestingly, the 
recovery of reproductive defects induced by two additives occurred following target HMT inhibitor exposure, suggesting that 
repressive histone modification play a key role in adverse outcome of certain additives. To further understand epigenetically-
regulated transcriptional responses, gene expression analysis would be needed in the same manner of this study. This work 
was supported by the National Research Foundation of Korea (NRF) grant funded by the Korea government (MSIT, Ministry of 
Science and ICT) (No. 2020R1A2C3006838).

510C	 Roles	of	the	histone	variant	H2A.Z	in	post-embryonic	development	of	C.	elegans

Saho Kitagawa1, Natsumi Horii1, Nami Haruta2, Yukako Oma1, Akane Konno1, Masato Kanemaki3, Asako Sugimoto2, Masahiko 
Harata1 1) Graduate School of Agricultural Science, Tohoku University, Sendai, Japan; 2) Graduate School of Life Science, Tohoku 
University, Sendai, Japan; 3) Department of Chromosome Science, National Institute of Genetics, Mishima, Japan.

Histone variants contribute to the structural organization of chromatin and regulation of genome functions through their 
deposition into the nucleosome. The histone variant H2A.Z, one of the H2A variants, is evolutionarily conserved and is 
suggested to be involved in various biological phenomena, including post- embryonic development and tumorigenesis. 
However, since H2A.Z knockout vertebrates show embryonic lethality, the function of H2A.Z in post-embryonic development 
remains unclear. In this study, we investigated the roles of H2A.Z in post-embryonic development with C. elegans. To avoid 
the effect of a load of maternal H2A.Z gene transcripts, we attempted to use the auxin-inducible degron 2 (AID2) technology 
(Yesbolatova et al., 2020). We introduced GFP and degron tags into the locus of htz-1 (H2A.Z gene of C. elegans) using the 
CRISPR/Cas9 system and established animals expressing endogenous GFP::degron::HTZ-1 together with the AtTIR1(F79G) 
mutant. The treatment of the 5-Ph-IAA ligand for AtTIR1(F79G) induced the depletion of GFP::degron::HTZ-1 within two hours, 
allowing us to knockdown H2A.Z in stage- and cell-specific manners. The depletion of H2A.Z at the L1 larval stage results in the 
early larval arrest before or at the L2 stage. Also, we found that H2A.Z knockdown at the late L2 larval stage caused sterility. 
These results suggested that H2A.Z has essential functions during post-embryonic development at multiple developmental 
stages. Then, to reveal the cause of their sterility, we characterized the sterile animals by staining DNA with DAPI. Microscopy 
analysis revealed morphological abnormalities of sterile animals, including germline masculinization and endomitotic oocytes. 
These observations suggest that H2A.Z has essential roles in the germline sex determination and proper cell function of germ 
cells after the L2 larval stage. It is expected that the conditional H2A.Z knockdown animals contribute to further analyses of the 
stage- and tissue-specific roles of H2A.Z.

Reference: Yesbolatova, A. et al. The auxin-inducible degron 2 technology provides sharp degradation control in yeast, 
mammalian cells, and mice. Nat. Commun. 11
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, (2020).

511A	 Redundant	Mechanisms	of	X	Chromosome	Repression	in	the	C. elegans Male Germline

Braden John Larson1, Thea Egelhofer1, Susan Strome1 1) University of California, Santa Cruz.

Organization of the genome into domains of euchromatin and heterochromatin is a conserved feature of all eukaryotes and 
precise regulation of these domains is important for organism health and development. Proper formation of heterochromatin 
is crucial for transcriptional repression, chromosome segregation, and maintenance of genome integrity. Heterochromatin 
can be categorized as either facultative or constitutive. These two types of heterochromatin are often distinguished by their 
associated histone modifications: methylation of lysine 27 or lysine 9 on histone H3. H3K27me is associated with facultative 
heterochromatin, and its domains are found throughout genomes, often with developmentally regulated genes. H3K9me 
is associated with constitutive heterochromatin, and is generally concentrated in gene-poor, repeat-rich regions such as 
pericentric regions. Thus, anticorrelation of H3K27me and H3K9me domains is observed in many model organisms. However, 
in C. elegans, H3K27me and H3K9me domains show a surprising amount of positive correlation, suggesting a species-specific 
mechanism for organizing facultative and constitutive heterochromatin.

In the C. elegans germline, H3K27me is enriched on the X chromosome, and its loss leads to sterility in the F2 generation. 
Interestingly, H3K27me(-) F2 males that inherit a paternal X chromosome (Xp) and no maternal X chromosome (Xm) are 
usually fertile. The fertility of these males is dependent on H3K9me, which is enriched on the single X chromosome in the 
male germline. These observations suggest a potential redundant function of H3K27me and H3K9me in repressing the X 
chromosome in the male germline to promote fertility in subsequent generations.

We are investigating the organization and functions of H3K27me and H3K9me in the C. elegans male germline. By generating 
chimeric animals whose germlines inherit only paternal chromosomes (XpXp), we’ve shown that a double dose of paternal 
chromosomes lacking H3K27me can also support fertile hermaphrodite germline development in an H3K9me-dependent 
manner. We are comparing misexpression of genes and repetitive elements in hermaphrodite and male germlines lacking 
H3K27me, H3K9me, or both. Lastly, we are using CUT&RUN to examine the distribution of H3K27me in germ cells and to test 
whether H3K9me regulates this distribution, as it does in Mouse and Neurospora.

512B	 Chromodomain	proteins	CEC-3	and	CEC-6	promote	germ	granule	integrity	and	genome	stability

Tammy Lee1, Victor Lao1, Reta Aram1, Arneet Saltzman1 1) University of Toronto, Toronto, ON, Canada.

Cooperation between mechanisms that safeguard germline immortality is required for the continual inheritance of genetic 
information. In C. elegans, the interplay between small RNA and chromatin regulation pathways impacts fertility across 
generations, while disruption to the chromatin landscape can also lead to genome instability. The C. elegans chromodomain 
proteins, CEC-3 and CEC-6, recognize heterochromatin-associated histone H3K9 and H3K27 methylation in vitro and cec-3;cec-6 
mutant animals show progressive sterility or a ‘mortal germline’ phenotype. To understand the mechanism underlying this 
fertility defect, we are investigating the roles of cec-3 and cec-6 in germ cell fate, small RNA pathways and heterochromatin 
regulation. Live imaging of GFP-tagged PGL-1 suggests disruption of perinuclear RNA germline granules (P-granules) in cec-
3;cec-6 mutant adult germlines. A reporter assay also implicated cec-3 and cec-6 in protecting the genome against repeat 
instability. We are also examining the effects of cec-3 and cec-6 on the expression of repetitive elements, transposons and 
endogenous siRNA targets. Together, our results suggest a role for these heterochromatin reader proteins in the small RNA and 
chromatin silencing pathways that maintain germ cell fate and genome integrity.

513C	 Temporary	loss	of	the	shelterin	proteins	POT-1	or	POT-2	alters	telomeric	protein	localization	for	multiple	
generations

Evan Lister-Shimauchi1, Michael Dinh1, Paul Maddox1, Shawn Ahmed1 1) UNC Chapel Hill.

Telomere proteins protect the ends of linear chromosomes from shortening during cell replication. Deficiency for telomerase 
results in loss of telomeric sequence across multiple generations. However, there is no described role for telomeres in 
transgenerational epigenetic inheritance. The C. elegans Pot1 homologues POT-1 and POT-2, members of the shelterin 
complex, form foci at telomeres in germ cells. These foci disappear by fertilization and gradually accumulate during early 
development. We find that mutation of either Pot1 gene in sperm or oocytes alters levels of telomeric foci for multiple 
generations, despite progeny possessing wild-type Pot1 genes. pot-2 mutant gametes gave rise to progeny with abundant 
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POT-1::mCherry and mNeonGreen::POT-2 foci during early development, an effect which persisted for six generations. In 
contrast, pot-1 mutant gametes gave rise to progeny with fewer foci for several generations. We investigated a range of genes 
involved in epigenetic inheritance. While Pot1 foci were not affected by loss of genes involved in sRNA pathways, they were 
greatly diminished for at least two generations by the loss of MET-2, SET-25, or SET-32, three methyltransferases that promote 
heterochromatin formation. We propose that POT proteins may interact with H3K9 methyltransferases during gametogenesis 
to induce a persistent form of transgenerational epigenetic inheritance that influences telomeric heterochromatin.

514A	 Investigating	the	role	of	the	chromatin	remodeler	LET-418/Mi2	in	gene	regulation	and	chromatin	landscape	during	
post-embryonic development of Caenorhabditis elegans.

Shweta Avinash Rajopadhye1, David Rodriguez Crespo1, Chantal Wicky1 1) University of Fribourg, Switzerland.

Chromatin is a dynamic structure which is condensed or relaxed to allow tissue specific expression of developmental genes. 
Mi2 proteins are among conserved ATP-dependent enzymes that shape chromatin during development. In Caenorhabditis 
elegans the Mi2 homolog, LET-418, operates during developmental processes such as germ cell fate maintenance, blast cell 
proliferation and differentiation and vulval development.

To better understand the role of LET-418 chromatin remodeler, we analysed its transcriptional output at different life stages 
of C. elegans: embryo, L1 larvae and young adult. Other than an increase in the number of deregulated genes through the 
progression of the life cycle, a unique tissue enrichment signature was observed for each life stage. In addition, we found that 
a subset of upregulated genes at L1 and adult stage were organised in clusters. Most of these gene including pals, math, clec 
and fbxa gene families are involved in proteostasis and immune response. Using qRT-PCR we validated the upregulation of a 
subset of these genes, as well as additional genes located in the clusters. These results suggest that LET-418 may act globally 
on chromatin domains that contain transcriptionally co-regulated genes.

To determine if LET-418 is binding directly to these chromatin regions, we are currently performing DamID profiling 
experiments, which rely on the expression of LET-418 fused to the E. coli methylase in the worm. Furthermore, to test 
if the genome localisation of these LET-418 regulated genes is essential, we are generating transgenic strains expressing 
representative genes from a different region of the chromosome.

Altogether, these results will allow us to determine whether LET-418 is regulating these gene clusters as a chromatin domain 
located at a specific locus in the genome. Finally, to know whether this chromatin-based regulation of immune response genes 
is relevant to the pathogen response, we will test whether let-418 mutants are more resistant to pathogens.

515B	 Regulation	of	embryonic	cell	specification	by	histone	methylation

Juan D. Rodriguez1, David Katz1 1) Emory University.

In C. elegans, two epigenetic enzymes, the H3K4me2 demethylase, SPR5, and the H3K9 methyltransferase, MET-2, are 
maternally deposited into the oocyte and cooperate to reestablish the epigenetic ground state by modifying histone 
methylation. Progeny of worms lacking spr-5 and met-2 accumulate high levels of H3K4me2 in the subsequent generation. 
This inappropriate H3K4me2 is associated with a low level of embryonic lethality, as well as a severe developmental delay 
and sterility in the small number of animals that reach adulthood. In addition, the progeny of spr-5;met-2 mutants improperly 
express germline genes in somatic tissues. We hypothesized that this improper expression could result in cell lineage defects. 
To interrogate how reprogramming defects may affect early embryonic development, we are taking advantage of the invariant 
C. elegans embryonic lineage by performing automated lineage tracing experiments in spr-5;met-2 progeny. Thus far, we 
observe several stages of defects. First, in early embryogenesis, the shape of the embryos is rounder, with a diameter that 
is greater than Wild Type, and the mutant cells divide faster than Wild Type. Since these defects are prior to the onset of 
zygotic transcription, they may be due directly to the decondensed state of chromatin associated with increased H3K4me2, 
or indirectly due to altered maternal RNAs and proteins. Second, after the onset of zygotic transcription, we observe 
many changes in cell timing, along with defects in cell migration. These defects may be due to the inappropriate somatic 
transcription of germline genes that we observe in the progeny of spr-5;met-2 mutants. Interestingly, those defects happened 
around the 100-cell stage or later. In C. elegans, the maternal to zygotic transition start during the early stages, but the higher 
peak of transition occurs around the 60 to the 100-cell stage. We hypothesized that the effect at this stage is due to the ectopic 
expression of germline genes, which is a consequence of the inappropriate inheritance of histone methylation. To address this 
question, we are currently performing single-cell RNA sequencing in the spr-5;met-2 mutants embryos at different cell stages 
including the 100-cell stage.
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516C	 Chromatin	context	in	the	regulation	of	germline	genes	by	the	zinc-finger	transcription	factor	LSL-1

David Rodriguez Crespo1, Magali Nanchen1, Shweta Rajopadhye1, Chantal Wicky1 1) University of Fribourg.

Epigenetic and transcription factors control specific gene transcription profiles that instruct cells to proliferate and differentiate 
throughout development. Underlying this process the chromatin structure is dynamically shaped by different enzymatic 
complexes called chromatin remodelers. Among them, the C. elegans Mi2 homolog LET-418/Mi2 is required for post-
embryonic development and ensures that the germline-specific transcriptional program is silent in somatic cells. By performing 
a genome-wide RNAi screen, we identified a let-418 genetic interactor, lsl-1, which encodes a close homolog of the human 
ZFP57 zinc-finger transcription factor involved in imprinting.

LSL-1 is a germ cell specific protein, whose expression is first observed in the P4 blastomere and maintained in the germ cells 
through adulthood. Absence of LSL-1 activity leads to various defects. Germline nuclei do not progress normally through 
meiotic prophase and aberrant chromatin organization and nuclear morphology is observed during homologous chromosome 
pairing in lsl-1 mutants. Furthermore, an increased level of apoptosis, that relies on pairing and DNA damage checkpoints, 
is indicative of a high level of genome instability. By analysing the transcriptome of LSL-1 together with the ChIP-seq data 
available from the modERN (ENCODE) resource, we found out that LSL-1 is acting as a transcriptional activator of germline 
genes which are involved in different aspects of germline development, including meiotic chromosomes pairing and genome 
stability. Finally, we show that these defects are partially dependent on the chromatin proteins LET-418/Mi2 and HPL-2/HP1. 
We propose a model where the transcription factor LSL-1 is antagonizing repressive chromatin formation by LET-481/Mi2 and/
or HPL-2/HP1 at germline gene promoters to allow expression of the proper gene repertoire for gamete production. In the 
other hand, absence of LSL-1 from somatic cells ensures that germline genes remain silent. Further molecular analysis of this 
interaction will let us know how LSL-1 is modifying chromatin accessibility to allow transcription.

517A	 Independent	initiation	and	maintenance	of	germline	and	somatic	epigenetic	silencing

Andrei Shubin1 1) Harvard University.

Transgenerational epigenetic inheritance of sid-1 silencing (sid-1 TEI) is one of the few well-characterized examples of TEI 
that manifests in both germline and somatic tissues. Somatic sid-1 TEI requires chromatin-modifying factors, whereas 
germline silencing depends solely on RNAi factors indicating distinct mechanisms. To further characterize the roles and inter-
dependency of nuclear and cytoplasmic RNAi machinery in the initiation and inheritance of sid-1 TEI, we used a unigametic 
germline inheritance system. In this system, maternal and paternal pronuclei do not fuse at fertilization and correspondingly 
form AB and P1 cell lineages. In the case of an embryo produced by epigenetically silenced sid-1 mother, the naïve paternal 
pronucleus that forms germline cells is exposed to maternal cytoplasmic but not nuclear TEI factors. Therefore, F2-self progeny 
derived entirely from the paternal genome may inherit silencing provided by only cytoplasmic TEI information. We found these 
animals to be fully resistant to germline dpy-11(RNAi) (sid-1 silenced) for at least six generations. This result demonstrates 
nuclei-independent transmission of transgenerational sid-1 germline silencing. Surprisingly, the germline-silenced F2 animals 
failed to show any resistance to somatic dpy-11(RNAi). This result implies that nuclear TEI machinery is not required to 
transmit somatic sid-1 silencing. Moreover, somatic sid-1 silencing was not observed during the six generations of persistent 
germline silencing. This indicates that germline silencing is not sufficient to prime somatic silencing.

Taken together, our results put forward a working hypothesis that nuclear factors from the silenced parent are required to 
establish somatic silencing and that somatic and germline silencing are initiated and maintained independently.

518B	 Defining	the	functional	components	of	constitutive	heterochromatin through	genetic	interaction	screening

Anna Townley1, Roopali Pradhan1, Julie Ahringer1 1) University of Cambridge.

Constitutive heterochromatin makes up 20-50% of animal genomes and is associated with the silencing of gene expression, 
including that of repetitive elements. It is enriched for repressive histone modifications H3K9me2 and/or H3K9me3, which 
act as a binding sites for chromodomain-containing proteins related to HP1. Heterochromatin-induced gene silencing is an 
important modulator of developmental transitions, and defects in heterochromatin have been linked to a variety of human 
diseases, including cancer. The mechanisms through which heterochromatin is established and maintained have been 
extensively studied in the single-celled yeast Saccharomyces pombe, but they are not well understood in animals.
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We seek to identify and functionally dissect components of constitutive heterochromatin in C. elegans. Previous work in our 
lab identified a network of five factors that genetically interact and co-localise with H3K9me2 at repetitive elements (met-
2, set-25, let-418, lin-13 and hpl-2; McMurchy et al, 2017). These heterochromatin factors regulate transposable element 
repression, gene expression, DNA repair, fertility and growth in C. elegans, in close collaboration with small RNA pathways. 
In order to expand this network, we carried out multiple genetic interaction screens using RNAi to discover genes whose 
knockdown could enhance or suppress the phenotypes of heterochromatin-defective mutants. Strains we screened include 
mutants of H3K9 methyltransferases (met-2, set-25), HP1 orthologues (hpl-1, hpl-2), and HP1-interacting genes (lin-61, lin-
13, tdp-1). We identified genetic interactions through RNAi, using a panel of 2288 RNAi clones that target genes known or 
predicted to encode nuclear localised proteins.

The screens identified shared as well as unique enhancers and suppressors of the heterochromatin-defective mutants and 
highlighted components of ubiquitylation, SUMOylation, RNA splicing and chromatin remodelling pathways, with most 
hits having orthologues in humans. Our results expand knowledge of the network of functional players in heterochromatin 
formation and function in a metazoan organism and identify targets for in depth studies in C. elegans and human cells.

519C Control of C. briggsae germline development by TRA-1-interacting co-factors

Satheeja Santhi Velayudhan1, Yongquan Shen 1, Ronald Ellis1 1) Rowan University SOM, Stratford, NJ.

Chromatin remodelers work with transcriptional regulators to control gene expression during development. Many studies 
have focused on the role transcription factors play in evolutionary change, but much less is known about the role of 
chromatin remodelers. Gli proteins form a conserved group of Zn-finger transcription factors that regulate many important 
developmental processes. In Caenorhabditis nematodes, TRA-1 is the sole Gli protein, and acts as the terminal regulator of 
the sex-determination pathway. Both the activator and repressor functions of this Gli protein can be studied in the germ 
line, where they regulate the sperm/oocyte decision. TRA-1 activity is influenced by several chromatin regulators that may 
work as co-factors. In C. briggsae, it interacts genetically with TRR-1 (part of the TIP-60 HAT complex), WDR-5 and the NURF 
complex to promote spermatogenesis. We are studying epigenetic interactions in the germ line to learn how each co-factor 
works with TRA-1 to control its target fog-3. We made these strains to allow us to alter germ cell fates: Cbr-glp-4 (v473ts) I and 
Cbr-trr-1(v104) II. The glp-4 strain is temperature sensitive for germline development, just as the orthologous mutation is in 
C. elegans, and trr-1 mutants have decreased Tip-60 activity causing 70% of the worms become female. Next, we produced 
alleles of Cbr-tra-1 with either N-proximal (Cbr-tra-1-N-OLLAS (V455) III) or C-proximal (Cbr-tra-1-c-OLLAS (V424) III) OLLAS 
tags that retain wildtype function. We performed anti-H3K4me3 and anti-OLLAS ChIP-qPCR to amplify the TRA-1 binding site 
from the fog-3 promoter at different developmental stages, focusing on the L1 stage (long before spermatogenesis), L3 stage 
(initiation of spermatogenesis) and L4 stage (completion of spermatogenesis). The H3K4me3 CHIP signal gradually decreased 
with age, so it appears to act in early stages of germline development and not in the later stages. Perhaps one WDR-5 function 
is to promote early germline development by marking genes for potential transcription. Preliminary results with OLLAS CHIP 
revealed higher levels of TRA-1 at fog-3 when we used the N-terminal OLLAS strain (which should detect both TRA-1 activator 
and repressor) than the C-terminal strain (which should only detect activator).

520A H3K4me2 regulates the recovery of protein biosynthesis and homeostasis following DNA damage

Siyao Wang1,2, David Meyer1,2, Björn Schumacher1,2,3 1) Cologne Excellence Cluster for Cellular Stress Responses in Ageing-
Associated Diseases (CECAD), University of Cologne, Cologne, Germany; 2) Institute for Genome Stability in Ageing and 
Disease, Medical Faculty, University of Cologne, Cologne, Germany; 3) Center for Molecular Medicine Cologne (CMMC), 
University of Cologne, Cologne, Germany.

DNA damage causes cancer, impairs development and accelerates aging. Transcription-blocking lesions and transcription-
coupled repair defects lead to developmental failure and premature aging in humans. Following DNA repair, homeostatic 
processes need to be reestablished to ensure development and maintain tissue functionality. Here, we report that, 
in Caenorhabditis elegans, removal of the WRAD complex of the MLL/COMPASS H3K4 methyltransferase exacerbates 
developmental growth retardation and accelerates aging, while depletion of the H3K4 demethylases SPR-5 and AMX-1 
promotes developmental growth and extends lifespan amid ultraviolet-induced damage. We demonstrate that DNA-damage-
induced H3K4me2 is associated with the activation of genes regulating RNA transport, splicing, ribosome biogenesis and 
protein homeostasis and regulates the recovery of protein biosynthesis that ensures survival following genotoxic stress. 
Our study uncovers a role for H3K4me2 in coordinating the recovery of protein biosynthesis and homeostasis required for 
developmental growth and longevity after DNA damage.
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521B	 Towards	the	mechanistic	understanding	of	H3K23me3	in	transgenerational	epigenetics

Anna Zhebrun1, Sam Gu1, Julie Ni1 1) Department of Molecular Biology and Biochemistry, Rutgers the State University of New 
Jersey, Piscataway, United States.

We wish to understand the regulation and function of H3K23me3, an understudied histone modification that is conserved 
across the eukaryotic domain. The germline nuclear RNAi pathway in C. elegans has been used as a powerful paradigm to 
uncover novel mechanisms of transgenerational epigenetic inheritance. We recently discovered that nuclear RNAi induces 
H3K23me3, in addition to the well-known H3K9me3 and H3K27me3, at target genes. The H3K23me3 mark is deposited by 
histone methyltransferase SET-32 [1]. Absence of SET-32, but not the H3K9 HMTs (MET-2 and SET-25), is linked to a defect in 
transgenerational establishment of heritable gene silencing [2,3].

We found that set-32 single mutation does not fully abolish H3K23me3, indicating the existence of additional H3K23 HMT(s) 
[1]. In this study, we took a combined approach of genetics, biochemical and genomic experimentation to identify additional 
H3K23 HMTs. So far, we have collected RNA-seq, sRNA-seq, and ChIP-seq data and performed initial transgenerational 
phenotypic analysis for some mutant animals. To date, we have found a putative H3K23 HMT, which together with SET-32, 
is required for nuclear RNAi and robust germline development at the restrictive temperature. Both whole-genome and 
phenotypic analyses for the putative H3K23 HMT will be presented at the conference. Currently, we are investigating why 
H3K23me3 is needed for nuclear RNAi by examining its roles in regulating other components of the pathway, including siRNA 
and other histone modifications. We hope these results will help us achieve the long-term goal of understanding the channels 
and barriers of epigenetic inheritance.

[1] Schwartz-Orbach, L., Zhang, C., Sidoli, S., Amin, R., Kaur, D., Zhebrun, A., Ni, J., & Gu, S. G. (2020). Caenorhabditis elegans 
nuclear RNAi factor SET-32 deposits the transgenerational histone modification, H3K23me3. eLife, 9, e54309. https://doi.
org/10.7554/eLife.54309

[2] Kalinava, N., Ni, J. Z., Gajic, Z., Kim, M., Ushakov, H., & Gu, S. G. (2018). C. elegans Heterochromatin Factor SET-32 Plays an 
Essential Role in Transgenerational Establishment of Nuclear RNAi-Mediated Epigenetic Silencing. Cell reports, 25(8), 2273–
2284.e3. https://doi.org/10.1016/j.celrep.2018.10.086

[3] Woodhouse, R. M., & Ashe, A. (2019). Transgenerational Epigenetic Inheritance Is Revealed as a Multi-step Process 
by Studies of the SET-Domain Proteins SET-25 and SET-32. Epigenetics insights, 12, 2516865719844214. https://doi.
org/10.1177/2516865719844214

522C	 Histone	methyltransferase	inhibitor	chaetocin	strongly	and	specifically	affects	metal	responsive	genes

Elijah Abraham1, Juan Piloto1, Cheng-Wei Wu2, Ranjala Ratnayake3,4, Hendrik Luesch3,4, Keith Choe1,4 1) Department of Biology 
and Genetics Institute, University of Florida; 2) Department of Veterinary Biomedical Sciences, University of Saskatchewan; 3) 
Department of Medicinal Chemistry, University of Florida; 4) Center for Natural Products, Drug Discovery and Development, 
University of Florida.

A gene pair termed numr-1/2 (nuclear-localized metal-responsive) was previously shown to encode an SR-like protein with 
an RNA-recognition motif that promotes longevity and growth in cadmium. We recently used a genome-wide screen to 
demonstrate that numr-1/2 is activated by disruption of RNA metabolism. To investigate numr-1/2 regulation and identify 
modulators of nucleic acid metabolism, we screened over 40,000 compounds and extracts from commercial and natural 
product libraries for numr-1/2p::GFP activation. We identified six numr-1/2 inducers; three (floxuridine, 5-fluouracil, and 
actinomycin D) have well-characterized effects on DNA and RNA confirming that numr-1/2 is regulated by changes in nucleic 
acid metabolism. Fungal toxin chaetocin was the most potent and least toxic numr-1/2 inducer. RT-qPCR demonstrates that 
chaetocin induces numr-1/2 and another stress-responsive SR-like protein gene (W03G1.5) over 50-fold within 45 minutes 
without affecting expression of canonical heat shock, osmotic stress, endoplasmic reticulum stress, mitochondrial stress, or 
detoxification response genes. Chaetocin does not activate other metal-responsive genes and actually reduces expression of 
metallothionein gene mtl-2 and fluorescence of mtl-2p::GFP consistent with repression of mtl-2 transcription. A time-course 
experiment demonstrated that induction of numr-1/2 precedes decreases in mtl-2 by 1-2 hours. We find that numr-1/2 is 
required for chaetocin to repress mtl-2 fully, consistent with NUMR-1/2 negatively regulating mtl-2 transcription.

Chaetocin is a promising anticancer candidate in cell culture and in vivo models; it was first shown to inhibit histone lysine 
methyltransferase (HMT) SU(VAR)3-9 and later shown to affect thioredoxin reductase. Robust activation of numr-1/2 in C. 
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elegans provides an opportunity to harness genetic tractability to gain new insights into chaetocin bioactivity. Using a trxr-
1/2 double mutant, we find that chaetocin induces numr-1/2 independently of thioredoxin reductase. C. elegans has over 
35 predicted HMTs; we are now testing HMT mutants for induction of numr-1/2. Our results raise the possibility that histone 
methylation dynamically regulates stress-responsive genes in terminally differentiated somatic cells.

This work was supported by NSF grant IOS-1452948 and a UF Research Opportunity Seed Fund Grant to KPC, CWW, and HL.

523A	 Dissecting	the	structure-function	mechanism	of	SEM-2/SoxC	in	C. elegans

Marissa Baccas1, Vanathi Ganesan1, Lucas Pineiro1, Alexandra McKillop1, Jun Liu1 1) Cornell University.

Development of multicellular organisms requires well-orchestrated interplay between cell-intrinsic transcription factors and 
cell-cell signaling. One set of highly conserved transcription factors that plays many different roles in development is the SoxC 
group. C. elegans contains a sole SoxC transcription factor, SEM-2, which is widely expressed and is essential for embryonic 
viability and postembryonic mesoderm development. We have recently identified a new sem-2 allele, jj152. jj152 is a proline 
to serine change at amino acid 158, a highly conserved residue located near the end of the DNA-binding domain of SEM-2/
SoxC. Intriguingly, P158S is located close to the residues mutated in the human SoxC proteins, Sox4 or Sox11, in Coffin-
Siris syndrome (CSS) patients. CSS patients have growth and intellectual disabilities. The P158S mutation thus provides us 
with unique opportunities to dissect the functions of SEM-2/SoxC proteins and determine the mechanisms of the disease-
associated mutations in SoxC proteins in an intact living organism. We are conducting a series of biochemical and genetic 
experiments to determine the functional consequences of the P158S mutation on SEM-2/SoxC function.

Our studies thus far have suggested that SEM-2/SoxC may directly regulate the expression of HLH-8, a basic helix-loop-helix, 
Twist transcription factor in the postembryonic mesoderm: 1) both sem-2(P158S) and hlh-8 null mutants are egg-laying 
defective; 2) P158S mutants have reduced expression of two different hlh-8 transcriptional reporters; 3) the hlh-8 promoter 
contains a canonical SoxC DNA-binding motif, which is required for hlh-8 promoter activity. We are currently using CRISPR to 
generate an endogenous hlh-8 transcriptional reporter and testing the role of the putative SoxC binding site in endogenous 
hlh-8 expression. We are also testing whether SEM-2/SoxC directly binds to this DNA motif in the hlh-8 promoter, and whether 
the P158S mutation affects the DNA-binding affinity of SEM-2. Results from these studies will add to the understanding of 
SEM-2/SoxC-mediated regulatory network in the C. elegans mesoderm.

524B	 Studying	chromatin	regulation	at	single	cell	resolution	during	C. elegans postembryonic development

Alexander Blackwell1, Tessa Gaarenstroom1, Sander van den Heuvel1 1) Institute of Biodynamics & Biocomplexity, Utrecht 
University, Netherlands.

Despite containing identical genomes, developing cells differentiate into a plethora of diverse cell types. Distinct patterns of 
gene expression now form the basis for classifying different cell fates. How the combinatorial activity of transcription factors, 
chromatin regulators and histone modifications achieve the proper spatiotemporal patterns of gene expression is a major 
question in developmental biology. Biologists increasingly appreciate the need to investigate gene expression regulation at 
the single-cell level because much heterogeneity and complexity is lost when averaging across populations of cells. However, 
profiling chromatin at the single cell level is challenging due to limited input material.

Chromatin immunocleavage with sequencing (ChIC-seq) is an efficient method to study chromatin modifications from low 
input samples. ChIC-seq utilises antibody targeted micrococcal nucleases, leading to controlled, binding-dependent enzymatic 
digestion of DNA. This releases short fragments which become preferentially incorporated during library preparation and 
enables high resolution mapping of genomic positions. Crucially, the absence of crosslinking and immunoprecipitation steps, 
required in less sensitive techniques such as ChIP-seq, leads to minimal material loss. Recently, ChIC-seq was used to profile 
histone modifications in single human cells [1].

Adapting ChIC-seq to profile histone modifications in C. elegans will provide a powerful tool for studying the epigenetic 
regulation of development. Here, we present progress in optimising ChIC-seq for profiling chromatin modifications at single-
cell level across a developmental time-course in C. elegans. Specifically, we combine Cre/Lox lineage tracing with cell isolation 
and FACS procedures in order to isolate postembryonic mesoderm cells. Following prolonged quiescence, the mesoblast 
precursor resumes proliferation and produces fourteen muscle cells, two scavenger cells, and two migratory bipotent 
myoblasts over 24-hours. By profiling chromatin modifications at high temporal resolution, we aim to reveal regulatory 
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processes controlling cellular proliferation and differentiation. This work will shed light on how epigenetic modifications 
contribute to cellular decision making in a living animal.

[1] Ku WL, Nakamura K, Gao W, Cui K, Hu G, Tang Q, Ni B, Zhao K. (2019) Single-cell chromatin immunocleavage sequencing 
(scChIC-seq) to profile histone modification. Nature Methods, vol. 16, pages 323–325.

525C	 Precise	quantification	of	mRNAs	across	all	C. elegans embryonic stages through a microscopy and machine learning-
based approach

Laura Breimann1, 2, Ella Bahry1, Leo Epstein1, Klim Kolyvanov1, Kyle I S Harrington3, Timothée Lionnet4, Sevinç Ercan2, Stephan 
Preibisch1,5 1) Berlin Institute for Medical Systems Biology, Max Delbrück Center for Molecular Medicine, Berlin, Germany; 2) 
Department of Biology, Center for Genomics and Systems Biology, New York University, New York, NY 10003; 3) Helmholtz 
Imaging Platform, Max Delbrück Center for Molecular Medicine, Berlin, Germany; 4) Institute for Systems Genetics and 
Department of Cell Biology, NYU School of Medicine, New York, NY, USA; 5) Janelia Research Campus, Howard Hughes Medical 
Institute, Ashburn, VA, USA.

Precise quantification of mRNA transcripts in space and time throughout embryogenesis is essential for understanding gene 
regulation, a process critical for embryogenesis in all animals, including C. elegans. We developed an imaging approach using 
3D widefield microscopy-based single-molecule RNA fluorescence in situ hybridization (smFISH) to quantify mRNA transcripts. 
To count individual single-molecule mRNA spots, we developed RS-FISH, a fast 3D spot detection method that we implemented 
in Fiji that combines radial symmetry and RANSAC outlier removal. To assign each fixed, imaged C. elegans embryo to its 
developmental stage, we used advanced machine learning-based image classification that relies on the concept of auto-
encoders.

Currently, we are applying our methods to understand the role of condensins in chromosome compaction and transcription 
regulation. In C. elegans, an X-specific condensin binds to and represses X chromosomes in XX hermaphrodites by 2-fold for 
dosage compensation. In our study, we want to understand condensin DC’s effect on transcript numbers and dynamics in 
single embryos across development.

We obtained thousands of smFISH images for a set of condensin DC-regulated and control genes and extracted mature and 
nascent RNA counts in 3D, which we use to determine transcription burst characteristics throughout embryonic development. 
The distribution of total transcripts in wild-type and condensin DC-depleted embryos shows that single genes on the X 
chromosome are downregulated ~2-fold. Our machine learning approach to separate embryo images by development stage 
allowed us to observe the timing of condensin DC-mediated transcription repression, which occurs from the 100-cell stage on.

RS-FISH is freely available as a Fiji plugin, and details for installation can be found at https://github.com/PreibischLab/
RadialSymmetryLocalization and described at https://doi.org/10.1101/2021.03.09.434205

526A	 An	autoregulation	loop	in	fust-1 for circular RNA regulation in Caenorhabditis elegans

Dong Cao1 1) Information Processing Biology Unit, Okinawa Institute of Science and Technology Graduate University, 1919-1 
Tancha, Onna, Kunigami, Okinawa, Japan.

Circular RNAs (circRNAs) are always expressed tissue-specifically, suggestive of specific factors that regulate their biogenesis. 
Here, taking advantage of available mutation strains of RNA binding proteins (RBPs) in Caenorhabditis elegans, I performed 
a screening of circRNA regulation in thirteen conserved RBPs. Among them, loss of FUST-1, the homolog of FUS (Fused in 
Sarcoma), caused downregulation of multiple circRNAs. By rescue experiments, I confirmed FUST-1 as a circRNA regulator. 
Further, I showed that FUST-1 regulates circRNA formation without affecting the levels of the cognate linear mRNAs. When 
recognizing circRNA pre-mRNAs, FUST-1 can affect both exon-skipping and circRNA in the same genes. Moreover, I identified an 
autoregulation loop in fust-1, where FUST-1, isoform a promotes the skipping of exon 5 of its own pre-mRNA, which produces 
FUST-1, isoform b with different N-terminal sequences. FUST-1, isoform a is the functional isoform in circRNA regulation. 
Although FUST-1, isoform b has the same functional domains as isoform a, it cannot regulate either exon-skipping or circRNA 
formation. Finally, I generated two mutation isoforms (R446S and P447L) of FUST-1 to mimic the amyotrophic lateral sclerosis 
(ALS)-related natural mutations in the nuclear localization signal (NLS) of FUS (R524S and P525L). I found that although only 
P447L mutation dramatically affected nuclear localization, circRNA levels were significantly altered in both mutations.

527B	 Mutations	in	the	mRNA	export	complex	NXF-1/NXT-1	affect	heat-shock	driven	gene-expression
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Michael Crawford1, Michael Ailion1, Irini Topalidou1, Galen Posch1 1) University of Washington.

The heterodimer NXF-1/NXT-1 is a conserved transport receptor essential for the export of messenger RNA (mRNA) from the 
nucleus to the cytoplasm for subsequent translation. The NXF-1/NXT-1 receptor facilitates this export through interactions 
with mRNA, the nucleoporins lining the nuclear pore complex (NPC), and interactions with components of two conserved 
multisubunit TRanscription-EXport complexes, TREX and TREX-2. These complexes play key roles in the biogenesis of mRNA, 
and their interactions with NXF-1/NXT-1 link mRNA transcription and processing to export. In Caenorhabditis elegans, TREX-2 
may act as a tether between transcriptionally active gene promoters and the nuclear periphery to concentrate transcription 
and mRNA processing directly at the NPC (Rohner et al., 2013). This localization at the NPC is observed with the bidirectional 
heat-shock promoter hsp-16.2/16.41 during heat-shock in C. elegans. In this study, we describe four new alleles found in 
a genetic screen for suppressors of a toxin expressed under hsp-16.41 in C. elegans. We mapped three of these alleles to 
missense mutations within the functional domains of NXF-1 and one to the functional domain of NXT-1. These alleles confer no 
apparent phenotype under normal conditions but suppress the lethality of the toxin PEEL-1 when expressed under hsp-16.41. 
However, when the PEEL-1 toxin is expressed endogenously, the nxf-1(yak65) allele does not suppress lethality, suggesting 
that suppression during heat-shock is unrelated to PEEL-1’s native function. We propose that NXF-1/NXT-1 influences the 
expression of heat-shock activated genes due to an uncharacterized role in the recruitment of the heat-shock promoter to the 
NPC during heat-shock. This role may be mediated by interaction between NXF-1/NXT-1, nucleoporins, and TREX-2. The novel 
nxf-1/nxt-1 alleles described in this study may disrupt these interactions and diminish the localization of hsp-16.41 at the NPC 
during heat-shock, thus altering the expression of genes driven by this promoter.

528C	 Condensin	I	organizes	the	C. elegans interphase genome

Moushumi Das1, Jennifer Semple1, Todor Gitchev1, Julie Campos1, Cyril Statzer2, Collin Ewald2, Peter Meister1 1) University of 
Bern, Switzerland; 2) ETH Zürich, Switzerland.

Recent data in mammalian cells have shown the role of cohesin, a Structural Maintenance of chromosomes (SMC) complex, 
in interphase genome organization into loops and domains. Since these complexes are involved in cell division, it is difficult 
to evaluate the functional consequences of their absence in animals. Here we use Caenorhabditis elegans, an animal, 90% of 
whose cells are post-mitotic at birth. Similarly to mammals, nematodes have three SMC complexes: cohesin, condensin I and 
condensin II. Additionally, condensin IDC, a variant of condensin I, is involved in dosage compensation (DC). To uncover which 
SMC complex(es) organize the C. elegans interphase genome and evaluate functional consequences of genome unfolding, 
we constructed strains in which individual SMC complexes - cohesin, condensin I/IDC and II - are acutely inactivated in vivo 
in fully differentiated animals. We then assessed their phenotype and carried out chromatin conformation capture (Hi-C) 
and RNA-seq. Our data shows that in contrast to mammalian cells, the major determinant of genome folding in C. elegans is 
condensin I/IDC and not cohesin. Its cleavage reduces short-range contact probabilities and causes genome-wide de-compaction 
on all chromosomes. In contrast, cohesin cleavage has marginal impact while condensin II cleavage has no consequence on 
genome folding. RNA-seq data show that about a third of expressed genes are significantly differently expressed upon cohesin 
and condensin II inactivation, however the effect sizes were very small, and a similar number of genes were up and down 
regulated. In contrast, cleavage of condensin I/IDC leads to up-regulation of 93% of all expressed X-linked genes versus only 1% 
down regulated, indicating the necessity of the constant presence of condensin IDC for maintenance of DC. Cleavage of cohesin 
and condensin II has little effect on animal post-embryonic survival, as their lifespan are similar to control animals. In contrast, 
inactivation of condensin I/IDC causes drastic reduction in life expectancy; yet additional experiments show that lifespan 
reduction is due to lack of DC rather than genome unfolding. Taken together, we discovered that condensin I is the main 
SMC complex folding the nematode interphase genome, yet genome unfolding has no major effect in C. elegans in standard 
laboratory conditions, apart from X-linked gene up-regulation and its consequences.

530B	 Characterization	of	the	Role	of	the	Terminal	Adenosine	Located	at	the	pre-mRNA	Cleavage	Site

Bridget Diviak1,2, Carleigh Kendall3, Mairead Heyza4, Shannon O’Brien2, Marco Mangone2 1) Molecular and Cellular Biology 
Graduate Program, School of Life Sciences, 427 East Tyler Mall, Tempe, AZ 85287 4501, USA; 2) Personal Diagnostics, The 
Biodesign Institute at Arizona State University, 1001 S McAllister Ave, Tempe, AZ 85281, USA; 3) Barrett, The Honors College, 
Arizona State University, Tempe, AZ 85281, USA; 4) School of Life Sciences, 427 East Tyler Mall, Tempe, AZ 85287 4501, USA .

The region downstream of the STOP codon in mRNA, referred to as the 3’Untranslated Region (3’UTR), governs the length of 
mature mRNA. Specifically, the cleavage site located in this region determines where mRNA cleavage will occur and where 
polyadenylation reaction will begin, thus terminating mRNA transcription. The mRNA cleavage and polyadenylation machinery 
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in C. elegans is highly conserved to its human counterpart, with most functional domains and critical amino acids preserved. 
Dysregulation of 3’UTR processing has been observed in many diseases, such as cancer, Alzheimer’s disease, and muscular 
dystrophies, but unfortunately the molecular mechanisms underlying the mRNA transcription termination remain elusive. 
Although the exact cleavage site is not precise, our lab has identified an adenosine consistently located at the mRNA cleavage 
site. It is unclear if this adenosine is maintained in the mature mRNA transcripts proceeding cleavage and/or is used as a 
template for the polymerization of the poly(A) tail. In order to answer this question, we developed a novel terminal adenosine 
RNA methyltransferase (TAM) assay that will sense the inclusion or exclusion of this terminal adenosine at the cleavage site 
of C. eleganstranscripts by taking advantage of the human nuclear methyltransferase, METTL16. METTL16 methylates the 
underscored adenosine in its binding motif, “UACA

GAGAA”, in both mRNA and snRNA. We have cloned both the human METTL16 gene and its RNA recognition motif at the 
cleavage site of the C. elegans gene M03A1.3and co-expressed them both in the pharynx tissue. Understanding this process is 
crucial to identifying the main mechanisms behind mRNA cleavage site determination, further advancing knowledge in gene 
regulation which influences development, growth, and disease.

531C	 Modelling	mutations	in	human	Argonaute	AGO1 that	cause	neurodevelopmental	disorders:	Identical	mutations	in	
the C. elegans homolog alg-1 impair in vivo microRNA	function,	with	global	gene	expression	perturbance.

Ye Duan1, Li Li2, Amélie Piton3, Anna Zinovyeva2, Victor Ambros1 1) UMass Medical School, Worcester, MA; 2) Kansas State 
University, Manhattan, KS; 3) Hôpitaux Universitaires de Strasbourg, Strasbourg, France.

MicroRNAs (miRNA) are small regulatory RNAs that exist in all multicellular eukaryotes. Mature miRNAs are bound by 
Argonaute proteins to form the miRNA induced silencing complex (miRISC), which post-transcriptionally regulates target 
gene expression. Recently, multiple de novo coding variants in human Argonaute gene AGO1 have been reported to cause 
neurodevelopmental disorders with intellectual disability (ID). Interestingly, most of the altered amino acids are conserved 
between the miRISC Argonautes of H. Sapiens and C. elegans, suggesting evolutionarily conserved function in the miRNA 
pathway. To understand how the human AGO1 mutations may affect miRNA biogenesis and/or function, we chose a set of 
mutations that were identified as associated with ID in independent families, and used CRISPR/Cas9 genome engineering to 
introduce the identical mutations in C. elegans alg-1 gene. We found that several mutations resulted in phenotypes known 
to be characteristic of alg-1 loss-of-function. These phenotypes were remarkably enhanced in the absence of alg-2, the 
C. elegans alg-1 paralog, suggesting that the impaired functions in alg-1 are partially redundant among Argonaute genes. 
Intriguingly, some mutations resulted in retarded heterochronic phenotypes with penetrance greater than that of alg-1 null 
mutation, indicating that these modelled human AGO1 mutations have antimorphic effects on alg-1 function in C. elegans. 
To characterize how the mutations impact post-transcriptional gene regulation, we performed ribosome profiling of the 
mutants and observed perturbation of the translational levels of dozens to hundreds of genes, depend on the mutations. 
Combining the ribosome profiling analysis with RNAseq, we found that these alg-1 mutations can affect gene expression levels 
by perturbing translational efficiency and/or mRNA stability. Interestingly, a large proportion of the genes perturbed by the 
modelled mutations are known to be expressed in C. elegans nervous system, and many of them have human homologs whose 
dysfunction is known to cause neuronal disorder diseases, including the homeobox gene alr-1/ARX which is highly related 
with intellectual disability. We are currently working on understanding how the modelled human AGO1 mutations may affect 
miRNA biogenesis and/or miRISC association in C. elegans, and exploring how the C. elegans modelling may help illuminate 
the mechanisms of the corresponding human disorders. We also anticipate that these cross-clade genetic studies may advance 
the understanding of fundamental Argonaute functions, and provide insights into the conservation of miRNA-mediated post-
transcriptional regulatory mechanisms.

532A	 Cadmium	hijacks	the	high	zinc	response	by	binding	and	activating	the	HIZR-1	nuclear	receptor

Brian Earley1, Ciro Cubillas1, Kurt Warnhoff1, Raheel Ahmad1, Alan Alcantar1, Maximilian Lyon1, Daniel Schneider1, Kerry Kornfeld1 
1) Washington University in Saint Louis.

Cadmium is an environmental pollutant and significant health hazard that is similar to the physiological metal zinc. In C. 
elegans high zinc homeostasis is regulated by the HIZR-1 nuclear receptor transcription factor. To define relationships between 
high zinc homeostasis and the response to cadmium, we identified 145 cadmium-regulated genes. hizr-1 was necessary 
for activation of a subset of genes, indicating there are at least two mechanisms of cadmium-regulated transcription. 
Cadmium directly bound HIZR-1, promoted nuclear accumulation of HIZR-1 in intestinal cells, and activated HIZR-1-mediated 
transcription via the HZA enhancer. Thus, cadmium binding promotes HIZR-1 activity, indicating that cadmium acts as a zinc 
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mimetic to hijack the high zinc response. To elucidate the relationships between high zinc and cadmium detoxification, we 
analyzed three pathways: the phytochelatin pathway strongly promoted cadmium resistance but not high zinc resistance, the 
hizr-1 pathway strongly promoted high zinc resistance but not cadmium resistance, and the mek-1/sek-1 pathway promoted 
resistance to high zinc and cadmium. These studies identify resistance pathways that are specific for high zinc and cadmium as 
well as a shared pathway.

533B	 Parallel	genetics	of	regulatory	sequences	using	induced	genome	editing

Jonathan Froehlich1, Bora Uyar2, Margareta Herzog1, Kathrin Theil1, Petar Glažar1, Altuna Akalin2, Nikolaus Rajewsky1 1) Systems 
Biology of Gene Regulatory Elements, Berlin Institute for Medical Systems Biology, Max Delbrück Center for Molecular 
Medicine in the Helmholtz Association, Hannoversche Str. 28, 10115 Berlin, Germany. ; 2) Bioinformatics and Omics Data 
Science Platform, Berlin Institute for Medical Systems Biology, Max Delbrück Center for Molecular Medicine in the Helmholtz 
Association, Hannoversche Str. 28, 10115 Berlin, Germany. .

Understanding how regulatory sequences control gene expression is fundamental to explain how phenotypes arise in 
health and disease. The functions of regulatory elements must ultimately be understood within their genomic environment 
and developmental- or tissue-specific contexts. Here, we used induced Cas9 expression and multiplexed guide RNAs in C. 
elegans to create hundreds of mutations in enhancers, promoters and 3′ UTRs of 16 genes in parallel. We then analyzed the 
resulting complex populations by either selecting for phenotypic traits or reporter expression, or by DNA- or RNA amplicon 
sequencing of bulk samples. We developed a software pipeline, crispr-DART, to analyze targeted sequencing and describe the 
characteristics of >12,000 dsDNA break-induced indel mutations. We also analyzed the lin-41 3′ UTR and found that the two 
let-7 miRNA binding sites can function independently and that one of the sites is more important for mRNA repression and 
phenotype. In summary, our approach enables highly parallelized functional analysis of regulatory sequences in vivo.

534C	 Polymorphic	modifiers	of	human	α-synuclein	in	Caenorhabditis elegans

Yuqing Huang1, Yiru Wang1, Vivian Tegelbeckers1, Yuzhi Chen1, Demi Vogels1, Joost Riksen1, Jan Kammenga1, Mark Sterken1 1) 
Wageningen University & Research, Wageningen, the Netherlands.

Parkinson’s Disease (PD) is a common neurodegenerative disorder in elderly humans. PD is characterized by neuronal loss 
in the substantia nigra and an aggregation of α-synuclein into Lewy bodies. The morbidity in humans is dependent on the 
genetic background, although the exact mechanisms of background effects of genetic variation are unknown. We turned to an 
α-synuclein aggregation model in the model nematode Caenorhabditis elegans to investigate the role of genetic variation on 
α-synuclein aggregation.

We mapped regulators of gene expression (eQTL) in Recombinant Inbred Lines (RILs) constructed by crossing C. elegans 
strains NL5901 and SCH4856 which harbor the human α-synuclein. We found three regulatory hot-spots on Chromosome 
V. To pin-point the causal locus, three Introgression Lines (ILs) with wild type CB4856 introgressions in an N2 background 
on Chromosome V were crossed with NL5901. From each cross we obtained four genotypes: i) no α-synuclein and no 
introgression, ii) no α-synuclein but with introgression, iii) with α-synuclein but no introgression, iv) with α-synuclein and 
introgression. These verified the regulatory hotspot and through mining WormNet and CeNDR we found hcp-1 as potential 
polymorphic modifier influencing human α-synuclein expression in C. elegans.

We will follow up with updated RILs sequence and confirm the candidate modifier further with CRISPR/CAS-9 for gene function 
detection.

535A	 Post-transcriptional	regulation	of	egl-1BH3-only,	the	key	activator	of	apoptosis	during C. elegans development

Yanwen Jiang1, Barbara Conradt1 1) University College London.

The highly reproducible pattern of programmed cell death (apoptosis) during C. elegans development is dependent on the 
central apoptosis pathway and its most upstream component egl-1, which encodes a pro-apoptotic member of the Bcl-2 
family of apoptosis regulators. Unlike other components of the central pathway (ced-9, ced-4, and ced-3), the egl-1 gene is 
predominantly transcribed in cell death lineages (i.e. lineages in which a cell death occurs), and this specificity is mediated 
by lineage-specific transcription factors. Within a particular cell death lineage, egl-1 mRNA copy number is dynamic. Using 
single-molecule RNA FISH, we previously found a low number of egl-1 mRNAs in mothers of cells programmed to die, a high 
number in daughters programmed to die and essentially zero in daughters programmed to survive. Although the mechanisms 
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underlying this dynamic pattern are not fully understood, we have evidence that it is at least partially due to microRNA-
dependent control of egl-1 mRNA turn-over. Specifically, we reported that the miR-35 and miR-58 families of microRNAs act 
through respective binding sites in the egl-1 3’ UTR to increase egl-1 mRNA turn-over in mothers, thereby preventing their 
precocious deaths (Sherrard et al, 2017). We have now identified additional elements in the egl-1 3’ UTR that are required 
for egl-1 3’ UTR-mediated repression of reporter gene expression. These elements include a conserved 3’ terminal element 
(TPTE) that is necessary and partially sufficient to repress reporter gene expression. We hypothesize that RNA-binding proteins 
(RBPs) also play important roles in post-transcriptional control of egl-1 expression. To identify functionally relevant RBPs, 
we individually knocked down 660 genes predicted to encode RBPs and analyzed the resulting animals with respect to egl-
1 3’ UTR-dependent reporter gene expression. Using this approach, we identified 37 repressor candidates and 26 activator 
candidates. We are currently in the process of screening these candidates for potential cell death phenotypes and plan to 
verify egl-1 mRNA–RBP interactions using biochemical approaches. We propose that regulation at the post-transcriptional 
level through miRNAs and potentially RBPs is crucial for spatio-temporal control of the level of egl-1 expression in cell death 
lineages.

536B	 A	specific	window	of	NHR-23	activity	is	required	for	developmental	progression

Londen Johnson1, Joseph Aguilera1, J. Matt Ragle1, Jordan Ward1 1) University of California Santa Cruz.

Nematode molting is a remarkable process where the animals must essentially build a new epidermis underneath the old 
skin and then rapidly shed the old skin. The study of molting provides a window into the developmental program of many 
core cellular processes, such as oscillatory gene expression, coordinated intracellular trafficking, steroid hormone signaling, 
developmental timing, and extracellular remodeling. Like many of these processes, molting is coordinated by gene regulatory 
networks, and the nuclear hormone receptor NHR-23 is a master regulator. An imaging timecourse revealed oscillatory 
NHR-23::GFP expression in the epithelium which closely follows the reported mRNA expression. Previous work using RNAi 
depletion of nhr-23 suggested that molting defects are rarely observed at the first molt. We have previously generated nhr-
23::AID::3xFLAG animals carrying a TIR transgene to allow auxin-dependent depletion in all somatic tissues. When we plated 
these animals on auxin plates directly following synchronization, 100% of L1 larvae arrested and we did not observe molting 
defects, such as animals trapped in the cuticle, or dragging partially shed cuticles. Using this same strain, we observed the 
same L1 arrest phenotype when animals were shifted onto auxin within the first six hours of release from synchronization. 
However, when we delayed NHR-23 depletion until 6-12 hours after release from synchronization, animals no longer arrested. 
Instead, we observed defects, such as entrapment in the cuticle, formation of large vacuoles, abnormal tail morphology, 
and worms with a flattened morphology we termed “splatter”. Thus, our AID system has revealed a more significant role for 
NHR-23 in the L1 molt than previously reported and connected NHR-23 levels during its oscillation with two distinct classes of 
phenotypes upon depletion. Our data suggest a novel NHR-23 dependent decision point controlling molting.

537C	 Isoforms	of	eIF4G	(ifg-1)	are	differentially	expressed	to	modulate	mRNA	translation	initiation	mechanism	in	
development.

Brett D Keiper1, Jenna L Hoffman1, Eun Suk Kim1 1) Brody School of Medicine at East Carolina University.

Cellular identity is critically determined by new protein synthesis in cells. Oocytes, spermatocytes and early embryos use 
predominantly mRNA translational control to regulate in spatial and temporal gene expression rather than transcription. 
Repression of mRNAs by RNA binding proteins and licensing by miRNAs have been extensively studied in C. elegans germ 
cells. But there is far less known about the positive translation mechanisms that overcome repression. Positive regulation is 
mediated by the translational machinery, eIF4 factors, that recruit mRNAs to ribosomes. In recent years we have shown that 
recruitment, like repression, is an mRNA-selective process.

Translation factor eIF4G represents the core of the mRNA recruiting complex. In all organisms there are (at least) two major 
forms of eIF4G that utilize different mechanisms: one brings together a complex that recognizes the m7GTP mRNA cap (cap-
dependent, CD), and the other builds a complex that recruits without cap recognition (cap-independent, CI). Worms express 
these two isoforms [p170 (CD) and p130 (CI)] from a single ifg-1 gene. Here we show by fluorescent tagging of isoforms in 
vivo that the CD and CI isoforms vary greatly in abundance during late oogenesis and in early embryos. Using ifg-1 mutants 
and isoform RNAi we demonstrate that the CD:CI isoform balance plays a critical role in preventing germ cell apoptosis but 
is largely dispensable following fertilization. The exception is for P granule localization, where suppression of the CD isoform 
promotes ectopic P granules in early embryos. A Polysome-Seq survey identified a subset of mRNAs that preferentially 
translates by CI mechanism, a subset that strongly favors CD mechanism, and many that show little preference. Our findings 
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suggest that germ cells and embryos intentionally increase and decrease the CD and CI eIF4G isoforms to regulate mRNA 
translation by altering initiation mechanisms.

538A	 Identification	of	the	biologically	relevant	MEC-2	isoform

Talia Magdolna Keszthelyi1,2, Regina Legradi1,2, Timea Koles1,2, Patricia Minya1,2, Dora Palya1,2, Kalman Tory1,2 1) MTA-SE Lendület 
Nephrogenetic Laboratory, Semmelweis University, Budapest, Hungary; 2) Ist Department of Pediatrics, Semmelweis 
University, Budapest, Hungary.

Introduction:

The podocin encoding NPHS2 is the most frequently mutated gene in steroid-resistant nephrotic syndrome. We aimed to 
generate an in vivo model to study the interallelic interactions of podocin. The homologue of NPHS2 in C. elegans is mec-2 with 
17 known splice variants according to the Ensembl database. The encoded MEC-2 is expressed in six neurons and is responsible 
for gentle-touch mechanosensation. Podocin and MEC-2 are members of the stomatin protein family, both contain a PHB 
domain, both are integral membrane porteins with intracellular C- and N-termin and form oligomers. The MEC-2a isoform is 
considered to be the canonical one. This isoform shares 45% identity and 83% similarity over 275aa (72%) of podocin (383aa), 
with primarily different C- and N- terminal regions. We aimed to identify the biologically relevant MEC-2 isoform, which can 
rescue the diseased phenotype of a mec-2 mutant strain.

Methods:

Vectors encoding MEC-2 isoforms under mec-2 promoter and a selection marker (cbr-unc) were generated. To avoid 
quantitative differences due to extrachromosomal expression, we implemented the MosSCI (Mos1-mediated Single Copy 
Insertion) technique to achieve chromosomal integration. Double (mec-2 and unc-119) mutant strains were created by 
crossing. The mec-2 mutant (Tu37) strain was kindly provided by the laboratory of Prof. M. Chalfie. We used microparticle 
bombardment to transform worms. The gentle-touch sensation was examined by cat’s whiskers in a blinded experiment. RNA 
expression levels were examined by qualitative and quantitative PCR after total RNA isolation from worms.

Results:

Strains were successfully transformed with MEC-2a coding vectors. However, no rescue was achieved in strains expressing the 
MEC-2a isoform. We excluded the biological role of several isoforms based on their absent expression, as determined in total 
RNA isolated from wild type worms. A complete rescue was achieved with a 16 kb genomic sequence encoding 12 of the 17 
isoforms with intact 3’ regions. The rescue effect of several selected isoforms is currently investigated.

Conclusion:

Mutant strains can be successfully generated by the combination of the MosSCI technique and microparticle bombardment. 
The canonical MEC-2a isoform is not the biologically most relevant, as it cannot rescue the gentle touch sensation defect of the 
mec-2 mutant strain.

539B	 Apoptosis	in	the	context	of	autophagy	and	lifespan	in	C. elegans

CHANDRIKA KONWAR1, Renu Pandey1, Meenakshi Sharma1, Daman Saluja1, 2 1) Dr. B R Ambedkar Center for Biomedical 
Research, University of Delhi, Delhi; 2) Delhi School of Public Health, IoE, University of Delhi, Delhi.

Apoptosis is a genetically orchestrated execution of cells that acts as a toll-gate mechanism for the development, aging, and 
homeostasis of the cell. In order to study cellular processes and related diseases, it is essential to understand the role of 
eukaryotic gene expression in the advent or evasion of cell death. Caenorhabditis elegans can be used to rapidly assess the 
functional impact of gene mutations to understand the dynamics of gene regulation. Sin-3, a co-repressor protein that controls 
gene transcription by acting as a scaffold for the multiprotein Sin-3/HDAC complex, is known to be involved in multiple cellular 
processes. Experimental results from our laboratory showed that sin-3 mutation in C. elegans leads to an increase in ROS-
mediated autophagy along with a sharp decline in life span. In addition, sin-3 deletion abrogates normal development and 
growth in worms, resulting in cuticle defects, diminished muscle function, more susceptibility to stress, and extensive DNA 
damage surmounting to cell death. Therefore, Sin-3 may play a crucial role in the modulation of autophagy and longevity by 
regulating apoptosis. This was studied in our laboratory by an in silico analysis of the C. elegans Sin-3 protein interactome and 
it was found that certain Sin-3 interactors were involved in the regulation of cell death. In addition, sin-3 mutants showed 
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increased germline apoptosis. The major cell signaling pathways that might get upregulated in sin-3 mutation background in C. 
elegans are – DNA damage response (DDR), extracellular signal-regulated protein kinase (ERK), p38 mitogen-activated protein 
kinase (PMK), c-Jun N-terminal kinase (JNK) pathways. Our observations suggest the regulation of insulin/IGF-1 signaling (daf-
16), and JNK pathway (mek-1, jnk-1) in C. elegans by Sin-3 may play a pivotal role.

540C	 Alternative	splicing	through	m6A	modification	at	a	3’	splice	site	for	SAM	synthetase	homeostasis

Hidehito Kuroyanagi1,2, Eichi Watabe1, Marina Togo-Ohno1, Yuma Ishigami3, Keiko Hirota4, Akiyoshi Fukamizu4, Yutaka Suzuki5, 
Tsutomu Suzuki3 1) Tokyo Medical and Dental University, Bunkyo, Tokyo, Japan; 2) University of the Ryukyus, Nishihara, 
Okinawa, Japan; 3) University of Tokyo, Bunkyo, Tokyo, Japan; 4) University of Tsukuba, Tsukuba, Ibaraki, Japan; 5) University of 
Tokyo, Kashiwa, Chiba, Japan.

Alternative splicing of precursor messenger RNAs (pre-mRNAs) contributes not only to proteome diversity but also to 
regulation of gene expression levels by generating mRNA isoforms with a premature termination codon (PTC). Such 
unproductively spliced mRNAs are unstable and almost undetectable due to an mRNA surveillance system termed nonsense-
mediated mRNA decay (NMD). In order to elucidate a repertoire of mRNAs regulated by alternative splicing coupled with NMD 
(AS-NMD), we performed long-read RNA sequencing of poly(A)+ RNAs from an NMD-deficient mutant, smg-2, and obtained 
full-length sequences for mRNA isoforms from 259 high-confidence AS-NMD genes. Gene ontology (GO) analysis revealed 
enrichment of genes related to metabolism in addition to those related to RNA translation and processing. Among them 
are S-adenosyl-L-methionine (SAM) synthetase (sams) genes. SAM synthetase activity negatively autoregulates sams gene 
expression through AS-NMD. METT-10, the orthologue of human U6 snRNA methyltransferase METTL16, is required for the 
splicing regulation of the sams genes in vivo and specifically methylates in vitro the invariant AG dinucleotide at the distal 3› 
splice site (3›SS) used for the productive mRNAs. RNA immunoprecipitation with anti-m6A antibody and direct RNA sequencing 
with Nanopore technologies coupled with machine learning confirmed m6A modification of endogenous sams mRNAs. These 
results indicate that homeostasis of SAM synthetase in C. elegans is maintained by alternative splicing regulation through m6A 
modification at the 3’SS of the sams genes.

541A	 Detection	of	induced	gene	repression	using	an	in vivo protein recruitment system

Chengyin Li1, Arneet L. Saltzman1 1) Department of Cell & Systems Biology, University of Toronto, Toronto, ON, Canada.

Gene repression and heterochromatinization are associated with binding of various chromatin regulatory proteins and 
complexes. Ectopic recruitment of a protein of interest to a reporter locus is a powerful approach used widely in mammalian 
cells, Drosophila, and fungi to study transcriptional repression and heterochromatin formation. To develop an in vivo tethering 
system for investigating gene repression in C. elegans, we adapted components of the cGAL GAL4-UAS system (Wang et al. 
2017 Nature Methods). The GAL4 DNA-binding domain (DBD) without the activation domain was fused to a protein of interest 
and recruited to a 15xUAS upstream of a single copy GFP reporter. We confirmed successful tethering of Flag-tagged GAL4 
fusion proteins at the UAS by ChIP-qPCR. To establish a positive control to drive gene repression in our system, we constructed 
GAL4 DBD fused with HPL-2, a homologue of heterochromatin protein 1, and MIG-32, a predicted homologue of a polycomb 
repressive complex 1 subunit. Fluorescence quantification indicated a significant reduction of GFP intensity upon HPL-2 or 
MIG-32 recruitment at 1.6-fold and 1.9-fold, respectively. With further optimization, our recruitment system can be utilized to 
investigate the initiation of gene repression by repressive complex subunits and other heterochromatin-associated proteins in 
C. elegans.

542B	 Modelling	BAP1	malignant	pleural	mesothelioma	mutations	in	C. elegans reveals synthetic lethality between ubh-
4/BAP1	and	the	proteasome	subunit	rpn-9/PSMD13

Carmen Martínez-Fernández1, Sweta Jha2, Carina I. Holmberg2, Alberto Villanueva3, Elisabeth Aliagas4, Ernest Nadal4, Julián 
Cerón1 1) Modelling human diseases in C. elegans lab. Genes, Disease and Therapies Program. Bellvitge Biomedical Research 
Institute-IDIBELL; 2) Medicum, Department of Biochemistry and Developmental Biology, University of Helsinki; 3) Program 
Against Cancer Therapeutic Resistance (ProCURE), Catalan Institute of Oncology (ICO), Bellvitge Institute for Biomedical 
Research (IDIBELL); 4) Department of Medical Oncology, Catalan Institute of Oncology (ICO).

BAP1 is a ubiquitin C-terminal hydrolase (UCH) that presents a powerful tumor suppressor activity. There are many studies 
associating BAP1 mutations to certain types of cancer, grouped in the BAP1 tumor predisposition syndrome (BAP1-TPDS). 
However, the functional consequences of BAP1 cancer-related alterations are still largely unknown. We aimed to establish a 
model to investigate the impact of BAP1-TPDS-related mutations using C. elegans and CRISPR-Cas9.



Abstracts

23rd International C. elegans Conference     |    221

First, we generated distinct ubh-4 strains: two harboring missense mutations found in malignant pleural mesothelioma 
patients (A87D and F73V) and two with deletion alleles. None of these mutations affect animal viability. Next, to identify ubh-4 
genetic interactors, we performed an RNAi screen on an ubh-4 null background with more than a hundred genes related to the 
ubiquitin proteasome system (UPS) and cancer. We uncovered a strong synthetic genetic interaction between ubh-4 and rpn-9, 
an essential regulatory subunit of the 19S proteasome involved in proteasome assembly.

Further validation of RNAi results with mutations revealed a detrimental effect of the null allele and the A87D cancer-related 
mutation on animal size, lifespan, and germline development only combined with rpn-9 mutant background. In line with these 
observations, we noted that UBH-4:EGFP and RPN-9:wrmScarlet endogenous reporter, generated by Nested CRISPR, showed 
high expression and co-expression at meiotic regions, suggesting that ubh-4 and rpn-9 cooperate in meiotic progression by 
modulating ubiquitin-mediated proteostasis.

Finally, we have preliminary results indicating that the ubh-4 null mutant is sensitive to the proteasome inhibitor Bortezomib. 
Thus, our data suggest that pharmacological targeting of PSMD13/RPN-9 or the 19S regulatory complex could be utilized to 
compromise cell viability in BAP1-mutated tumors.

543C	 Defining	the	Roles	of	lin-28 and hbl-1 in Gonad Development

Madeleine Minutillo1, Kevin Kemper1, Eric Moss1 1) Rowan University, Stratford, NJ.

In C.elegans, the heterochronic genes are responsible for specifying the timing of non-gonadal cell division patterns 
throughout larval development. Mutations in these genes cause developmental patterns to be skipped or repeated 
inappropriately.

lin-28, lin-46, and hbl-1 are three heterochronic genes that control evens of the L2 and L3. LIN-28 is an RNA binding protein 
that has at least two mechanisms of action, one of which is to block the maturation of the microRNA let-7.LIN-46, a protein 
found only in Caenorhabditis species, and HBL-1, an Ikaros family zinc-finger transcription factor. Our goal is to define the 
relationships among these factors and determine how they control development in different tissues.

To determine their regulatory relationships, we performed epistasis analysis between lin-28, lin-46 and hbl-1. The creation of 
a double mutant containing a lin-28 null allele and a hypomorphic allele of hbl-1 lead to the discovery of a sterility defect, a 
novel phenotype with respect to heterochronic genes. Further analysis of this double mutant revealed gross morphological 
defects of the somatic gonad. The distal tip cells of the double mutant follow aberrant migration patterns causing the gonad 
arms to adopt atypical configurations. The double displays variant formation of spermatheca and of those developed, all are 
malformed. This is further observed by the irregular expression pattern of the spermatheca specific FKH-6::GFP marker in the 
double mutant. Due to the absence of developing embryos, pools of yoke are seen throughout the coelom of the animal. Our 
findings suggest for the first time a redundant role for these heterochronic genes in gonad development.

We have previously found through a yeast-2-hybrid screen that LIN-46 physically interacts with the HBL-1 protein. Remarkably, 
removal of lin-46 activity from the aforementioned double mutant resulted in the restoration of fertility.

We plan to further explore this novel sterility phenotype in order to determine how these heterochronic genes effect somatic 
gonad development. We are also using the somatic gonad as a new tool to continue studying the relationships among these 
heterochronic genes and determine if their relationship is preserved in different tissues.

544A	 Systematically	uncovering	transcriptional	regulation	of	metabolism	in	Caenorhabditis elegans

Shivani Nanda1, Wen Wang2, Xuhang Li1, Chad L Myers2, Lutfu Safak Yimaz1, Albertha J M Walhout1 1) Program in Systems 
Biology, Program in Molecular Medicine, University of Massachusetts Medical School, Worcester, MA, USA; 2) Department of 
Computer Science and Engineering, University of Minnesota, Minneapolis, MN 55455, USA.

The spatiotemporal control of gene expression helps maintain organismal homeostasis under fluctuating dietary and 
environmental conditions. For instance, transcriptional regulation of metabolic genes can lead to metabolic rewiring, a 
process where alternative pathways are utilized to meet changing metabolic demands. The majority of previous studies for 
transcriptional regulation of metabolism have focused on individual metabolic genes and pathways. However, the extent of 
transcriptional regulation of metabolism in animals on a global scale remains largely unknown. Large-scale gene expression 
datasets from various dietary and environmental conditions offer an opportunity to investigate transcriptional regulation 
of metabolism globally. We study the transcriptional regulation of metabolism in the multicellular Caenorhabditis elegans 
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at a systems level. We developed a set of in-situ pipelines to infer the relationship between transcription and metabolism. 
We have quantified the extent of transcriptional regulation of metabolism during development, across tissues and changing 
temperature stimulus. By applying a supervised approach, we have unraveled metabolic pathways that are transcriptionally 
coregulated. We have defined pathway boundaries within the existing metabolic network by combining metabolic flux 
relationships and the coexpression network of metabolic genes to extract potential tightly coregulated clusters of metabolic 
pathways. We have also mapped transcription factors (TFs) to these coregulated metabolic pathways through TF-centric 
pathway enrichment and clustering approaches. Overall, this study broadens our understanding of transcriptional regulation of 
metabolism and uncovers parts of metabolism that are transcriptionally (co)regulated with their potential regulators.

545B	 RNA	Binding	Proteins	Coordinately	Control	Lifespan	in	C. elegans

Rebekah Napier-Jameson1, Victoria Schatzman1, Olivia Marx1,2, Adam Norris1 1) Southern Methodist University, Dallas, TX; 2) 
Penn State College of Medicine, Hershey, PA.

Regulation of gene expression affects lifespan in Caenorhabditis elegans. While transcription factors have been extensively 
studied for their role in aging, less is known about how RNA binding proteins may contribute to the aging process. We 
recently performed a CRISPR/Cas-9 based Synthetic Genetic Interaction (CRISPR-SGI) screen in C. elegans focused on 
conserved neuronally-expressed RNA binding proteins, and identified many double mutants with fitness defects. In one 
notable interaction between the ELAVL ortholog exc-7 and the MBNL1/2 ortholog mbl-1, double mutants displayed a severely 
shortened lifespan (~70%). Both genes are required for regulating hundreds of transcripts and isoforms. The exc-7; mbl-1 
double mutant appears to develop into healthy young adults after which their health rapidly declines. exc-7 and mbl-1 are 
both neuronally-enriched genes. Initial experiments with mbl-1 tissue specific re-expression have shown partial rescue of the 
lifespan phenotype with re-expression in the nervous or intestinal tissues of the double mutant but not muscle tissue. Shortly 
we will be conducting experiments to test whether exc-7 expression in the nervous system is the critical tissue affecting whole-
worm lifespan seen in the exc-7; mbl-1 double mutant. We have used RNA seq data to investigate which RNAs may be uniquely 
dysregulated in the exc-7; mbl-1 double mutant. We identified eight uniquely dysregulated genes and have tested six out of 
eight of these genes in order to investigate their effects within the double mutant. We have identified one gene that appears 
to partially rescue the lifespan phenotype. nhx-6, a predicted Na/H exchanger, which was identified from our RNA Seq data 
contributes to the phenotype and is expressed in the intestine. nhx-6 partially rescues a number of exc-7; mbl-1 phenotypes, 
including intestinal permeability, defecation cycle length, and pharyngeal pumping. We are currently investigating further 
genes of interest identified through our RNA seq analysis, and testing whether they modulate the lifespan phenotype of exc-7; 
mbl-1 mutants.

546C	 The	Role	of	mRNA	Decay	in	Embryonic	Cell	Fate	Specification

Felicia Peng1, John Murray1 1) University of Pennsylvania.

During development, cells undergo dynamic changes in gene expression that are required for appropriate cell fate 
specification. Although the regulation of mRNA degradation contributes to developmental gene expression, its influence on 
these expression patterns is not well understood relative to that of transcriptional regulation. Like transcriptional regulation, 
however, the regulation of mRNA decay has the potential to be highly complex. Transcript stability is largely regulated by 
the binding of protein or RNA factors to cis-regulatory elements within the 3’ untranslated region (3’ UTR) of transcripts. 
Considering the great diversity of RNA-binding proteins and miRNAs in eukaryotes, along with differential usage of 3’ UTR 
isoforms, a complex mRNA degradation code may contribute to precise gene expression patterns during development. One 
relatively well-characterized phenomenon of developmentally regulated mRNA decay occurs during early embryogenesis, in 
which the widespread degradation of maternal mRNAs is required for the control of development to switch from maternally 
to zygotically encoded products. Increasing evidence is also emerging for the importance of zygotic mRNA degradation in 
cell fate decisions, though these studies tend to occur on a gene-by-gene basis or in the context of cell culture systems. Thus 
the extent of developmentally regulated zygotic mRNA decay remains unclear. We hypothesize that the regulation of zygotic 
mRNA degradation contributes to appropriate cell fate decisions throughout embryogenesis. To explore this, we are examining 
mRNA decay rates during embryonic development in Caenorhabditis elegans. By sequencing embryonic cells treated with 
a transcription inhibition time course, we have measured mRNA half-lives globally in C. elegans embryos. We found that 
half-lives can vary by more than an order of magnitude from gene to gene, and differences in mRNA stability correlate with 
functional classes of genes. Furthermore, analysis of the half-life distributions of tissue- and developmental stage-enriched 
genes suggests that mRNA decay is differentially regulated across different tissues and stages. Future work should extend 
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these results to measure differential degradation of the same mRNAs in different cell types and stages. Our results highlight 
that zygotic mRNA degradation is a highly regulated process with tissue- and stage-specific dynamics during development.

547A	 The	role	of	parental	diet	on	progeny´s	proteome	and	fitness

Sigma Pradhan1, Benjamin Towbin1 1) Institute of Cell Biology-University of Bern.

Animals adjust their phenotype to their environment, which is thought to provide a selective benefit under changing 
conditions. A famous example of such phenotypic plasticity is the slow down of growth and the delay of aging under dietary 
restriction (DR). Interestingly, parental DR also affects phenotypes of the F1 generation, for example, DR increases the 
starvation resistance of progeny (Jordan et al., 2019).

Molecularly, DR is associated with a global change in proteome expression, including a reduction in ribosome levels and a 
proteome-wide slow-down of protein turnover (Dhondt et al., 2016; Visscher et al., 2016). Here, we ask if and how parental 
diet impacts the proteome of the F1 progeny. We will seek causal relationships between intergenerationally transmitted 
phenotypes and the inherited proteome. Finally, we aim to determine if the parental control of the proteome provides a 
selective benefit to their progeny.

To address these questions, we have established a tool to precisely quantify ribosomal levels by measuring the luminescence 
from lysis of HiBit tagged to ribosomal proteins. We plan to globally analyze parental effects on the F1 proteome by proteomics 
and measure the dynamics of proteome changes, growth rates, and reproduction rates in different nutritional conditions by 
fluorescence live imaging in microchambers. The project will likely provide important insights about the molecular mechanisms 
and physiological significance of inter-generational inheritance induced by parental diet.

548B	 Identifying	the	role	of	Pashas	WW	domain	in	primary	microRNA	recognition	and	processing

Kailee Reed1, Erin Cafferty1, Taiowa Montgomery1 1) Colorado State University, Fort Collins, CO, USA.

MicroRNAs (miRNAs) are short, non-coding RNAs that together with their protein cofactors, bind to target messenger RNAs 
to promote mRNA decay and translational repression. miRNAs are highly conserved and are implicated in essentially all 
biological processes in plants and animals. In the absence of miRNAs, C. elegans arrest during embryogenesis. Even partial loss 
of miRNAs can lead to severe development defects. The biogenesis of miRNAs is similar from C. elegans to humans, although 
there are differences in how primary miRNA transcripts are distinguished from other RNAs in different species and even 
between different miRNA transcripts within the same species. To better understand how miRNAs are processed in C. elegans, 
we developed an mCherry-based sensor that is desilenced when primary miRNA processing is impaired. We then performed 
a forward genetic screen to identify mutations that desilence the sensor and which may therefore affect primary miRNA 
recognition or processing. We are now characterizing a line we identified in our screen that has a mutation in the WW domain 
of Pasha as we more broadly explore the role of Pasha in primary miRNA recognition and processing.

549C	 Growth	Regulation	Mediated	by	Feedback	Mechanisms	in	the	DBL-1/BMP	Pathway	of	Caenorhabditis elegans

Hannah Reich1, Cathy Savage-Dunn1,2 1) Department of Biology, Queens College, CUNY, Flushing, NY; 2) PhD Program in Biology, 
The Graduate Center, CUNY, New York, NY.

The DBL-1 signaling pathway in C. elegans is homologous to the TGF-β signaling pathway in mammals. This pathway regulates 
a number of important biological functions such as pluripotency, growth, and body size. Our work explores feedback 
mechanisms between the DBL-1/BMP signaling pathway and cuticle collagens in C. elegans. We aim to identify the mechanism 
through which cuticle collagen influences DBL-1/BMP expression. Previous work has shown that the cuticle collagen genes 
regulate DBL-1 signaling, and we hypothesize that a mechanism through which the cuticle collagen and neuron communicate 
is via mechanical forces. To determine this, we used liquid submersion to increase mechanical stress on the animal and 
subsequently analyzed DBL-1 transcriptional levels using a strain with a dbl-1 transcriptional reporter, dbl-1p::gfp. We 
found that liquid submersion, possibly via an increase in mechanical stress, leads to increased levels of dbl-1 transcription. 
Additionally, I studied a possible upstream transcription factor of the dbl-1 gene, EOR-1. ChIP-seq studies have identified 
binding sites for EOR-1 in the dbl-1 genomic region. To investigate if EOR-1 is regulated by cuticle mechanics, I performed 
RNAi knockdown of cuticle collagen genes (col-141 and rol-6) in a GFP-tagged EOR-1 strain and determined the subcellular 
localization of EOR-1::GFP. col141(RNAi) and rol-6(RNAi) worms demonstrated a clear difference in nuclear localization of 
fluorescence compared with control worms. Preliminary data indicate that the control worms have a more concentrated 
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localization of EOR-1::GFP while collagen knockdown worms have a more diffuse pattern of EOR-1::GFP. In the future, I aim to 
study specific mechanosensitive transcription factors and explore possible relationships between these transcription factors 
and DBL-1 signaling.

550A	 Identification	of	transcriptional	regulators	impacted	by	a	glucose-supplemented	diet	in	C. elegans

Jose Robledo1, David Burks1, Luhua Song1, Isai Leguizamo1, Rajeev Azad1, Pamela Padilla1 1) University of North Texas.

A high glycemic diet (i.e. high sugar diet) is among the main factors contributing to severe and detrimental human health 
issues such as type 2 diabetes, cardiovascular diseases, and metabolic abnormalities. Underlying mechanisms involved in gene 
expression regulation and metabolism as a result of a high sugar diet continue to remain poorly understood. In our study, we 
use the genetic model system Caenorhabditis elegans to further investigate the impact a glucose-supplemented diet has on 
gene expression changes/regulation. Previously, we showed that a glucose-supplemented diet increases lipid composition, 
sensitivity to stress responses, and significantly alters the transcriptome profile (RNA-sequencing studies). We observed 
differential gene expression chromosomal maps and identified various clusters majorly found in Chromosome IV/V. Given that 
a link exists between chromosomal clustering and transcriptional regulation we further sought to identify gene regulators. 
The transcriptomic analysis revealed 140 gene expression regulators among the 2,370 differentially regulated genes as a result 
of a glucose-supplemented diet. Furthermore, we identified the acs-2 gene is a glucose-responsive gene, as shown by RNA-
sequencing analysis, the acs-2::GFP reporter strain, and quantitative RT-PCR. Here, we developed a targeted RNA interference 
(RNAi) screen to identify the transcriptional regulators that respond to a glucose diet and impact the expression of acs-
2::GFP. From our screen, we identified 20 regulators that significantly impact the expression of acs-2 transcript in a glucose 
diet dependent manner; 18 regulators increase and 2 regulators decrease acs-2::GFP expression. We also identified 13 gene 
regulators that increase acs-2::GFP expression in standard RNAi diet. Several of the regulators identified also show homology 
to human gene regulators suggesting conserved gene expression regulators between C. elegans and Humans. Together, 
these studies add to our understanding of the transcriptional and molecular changes that occur in response to a glucose-
supplemented diet.

551B	 Regulation	of	anterior	genes	in	the	C. elegans embryo

Jonathan Rumley1, Amanda Zacharias2, John Murray1 1) University of Pennsylvania, Philadelphia, PA; 2) Cincinnati Children’s 
Hospital Medical Center, Cincinnati, OH.

Anterior-posterior patterning is vital for embryonic development. In animals from worms to humans, Wnt patterns the 
anterior-posterior axis. Wnt drives expression of several genes expressed in lineages derived from posterior daughters. 
Previous work in our lab and others showed that many of these posterior genes depend on Wnt pathway component POP-1/
TCF either for posterior expression or anterior repression.

There are nearly as many genes expressed in lineages derived from anterior daughter cells as there are posterior genes and 
much less is known about how these anterior genes are regulated. Anterior genes may be regulated by Wnt indirectly through 
a canonical Wnt target, directly by Wnt by non-canonical means, or by non-Wnt mechanisms. I have found that several anterior 
genes depend on POP-1 for expression in an opposite manner to posterior genes. To determine which transcription factors 
regulate an anterior gene’s expression, I dissected the cis-regulation of the anterior gene ref-2/ZIC1. I used enhancer-reporter 
strains to identify two ref-2 enhancers including one that explains its anterior-specific embryonic expression. I examined 
the expression patterns driven by enhancer fragments to identify minimal fragments sufficient to drive anterior expression. 
A fragment of one of these enhancers bears five putative TBX-37/38 binding sites, one of which I found to be essential for 
anteriorly biased expression. Synthetic enhancer-reporter constructs bearing multiple copies of this t-box site show that 
it is sufficient to drive anterior expression. By performing RNAi knockdown of pop-1, I have determined that the anterior 
expression driven by this site is dependent on pop-1. Overall this work suggests that multiple transcription factors play a role in 
anterior patterning of the C. elegans embryo.

552C	 Defining	the	mechanism	by	which	SNPC-4	and	PRDE-1	regulate	piRNA	expression	across	large	genomic	domains	in	
C. elegans

Nancy Sanchez1, Valerie Reinke 1 1) Yale University.

The Piwi interacting RNA (piRNA) is a conserved small RNA pathway that protects germ cells from consequences arising from 
foreign genetic elements such as transposons. In C. elegans, >10,000 sequence-diverse piRNA genes cluster in two distinct 
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regions on chromosome IV. However, the extent by which clustering in the genome promotes piRNA production specifically 
in germ cells remains unclear. These piRNA genes are transcribed by RNA Polymerase II (RNA pol II) and the resulting short 
RNAs are hypothesized to be produced when RNA pol II is in its “paused” state. In addition, piRNA genes are located within 
repressive chromatin environment. The transcription factors, SNPC-4 and PRDE-1 form a complex that “coats” piRNA gene 
clusters specifically in the germ line to promote piRNA production. However, the mechanism by which SNPC-4/PRDE-1 
coordinates piRNA gene expression is unknown. We are determining whether SNPC-4/PRDE-1 mediates piRNA biogenesis 
by affecting chromatin regulation and/or control of transcriptional activity. I aim to investigate the relationship between 
histone modifications and SNPC-4/PRDE-1 and to define SNPC-4/PRDE-1 interaction with RNA Polymerase II transcriptional 
events. Preliminarily, I have isolated germ nuclei from wildtype and prde-1 mutants and investigated three candidate histone 
modifications using ChIP-seq. Although there were no major differences specifically within piRNA domains, we did observe a 
global change in repressive histone modifications. We will continue to investigate whether SNPC-4/PRDE-1 may play a role in 
regulation piRNA expression via chromatin regulation, and begin to explore a possible relationship with the core transcriptional 
machinery.

553A	 ADR-2	Cellular	Localization	is	Highly	Regulated	and	Affects	its	Functionality

Noa Schneider1, Berta Eliad1, Orna Ben-Naim Zgayer1, Ayelet Lamm1 1) Technion – Israel Institute of Technology.

A-to-I RNA editing is a conserved and prevalent type of RNA modification in which adenosines (A) are converted into inosines 
(I) by Adenosine Deaminases Acting on RNA (ADAR) enzymes. ADR-2, the only enzymatically active protein in C. elegans, is 
thought to mainly localize and function in the nucleus. However, it is still not clear whether ADR-2 can shuttle in and out of 
the nucleus and in which tissues it is expressed. To elucidate the localization of ADR-2, we performed immunofluorescence 
and RNA-seq experiments. Our results show that ADR-2 is localized to the nuclei and adjacent to the chromosomes during all 
stages of the cell cycle. We also found that ADR-2 is expressed in all stages and cells during embryo development. Moreover, 
we examined whether the nuclear localization of ADR-2 would be affected if one of its known regulators, ADR-1 or ADBP-1, 
were absent. Interestingly, ADR-1 does not affect the localization of ADR-2; however, we validated previous research and show 
ADBP-1 facilitates the nuclear localization of ADR-2. We also found that ADR-2 mislocalization strongly affects the expression 
of edited genes in the embryo and to a lesser extent at L4 developmental stage. Taken together, our results suggest that the 
localization of ADR-2 is highly regulated and likely affects the function of ADR-2.

554B	 DREAM	interrupted:	Using	CRISPR/Cas9-targeted	mutagenesis	to	assess	DREAM	complex	formation	and	function

Spencer Snider1, Alex Richards1, Garret Hurt1, Paul Goetsch1 1) Michigan Technological University.

Formation of the highly conserved 8-subunit DREAM (Dp, Retinoblastoma-like, E2F, and MuvB) complex culminates in direct 
repression of cell cycle and developmental genes. We are interested in what determinants of DREAM complex formation are 
essential for transcriptional repression of target genes. Structural studies on mammalian proteins identified key interaction 
interfaces between the 3 major components of DREAM, the E2F-DP transcription factor heterodimer (EFL-1 and DPL-1), the 
Retinoblastoma-like pocket protein (LIN-35), and the 5-subunit MuvB subcomplex (LIN-9, LIN-37, LIN-52, LIN-53, and LIN-54). 
For example, MuvB interacts with LIN-35 via an LxCxE interacting motif on LIN-52. LIN-35 also interacts directly with the EFL-1 
transactivation domain via its pocket domain. DNA-binding by the E2F-DP transcription factor heterodimer and the MuvB 
subunit LIN-54 coordinate DREAM complex localization to chromatin. We hypothesize that MuvB chromatin occupancy, aided 
and stabilized by its association with E2F-DP and the pocket protein, establishes and maintains target gene repression. Using 
CRISPR/Cas9-targeted mutagenesis, we disrupted the interaction between MuvB and the C. elegans pocket protein LIN-35. 
We expected that severing MuvB from the complex would destabilize DREAM component assembly on chromatin and its 
repression of target genes. Instead, we observed that disrupting LIN-35-MuvB association did not affect DREAM chromatin 
occupancy, but we did observe upregulation of DREAM target genes. To continue our evaluation of our model of DREAM 
complex formation, we identified the conserved amino acid residues that likely mediate the protein-protein and protein-DNA 
associations for C. elegans DREAM. This analysis lays the groundwork for future application of our CRISPR/Cas9 functional 
genomics pipeline to establish how the molecular events that drive DREAM complex function contribute to target gene 
repression.

555C	 A	Worm’s	Perspective	on	Early	Birds:	Probing	Links	Between	Conserved	Biological	Timing	Mechanisms	in	
Nematodes and Mammals

Becca Spangler1, Guinevere Ashley1, Carrie Partch1, Jordan Ward1 1) University of California Santa Cruz.
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During development, genes must be expressed at both the correct time and location. C. elegans utilizes two separate biological 
timing mechanisms to coordinate development during progression from larvae to adult. The heterochronic pathway ensures 
the correct spatial and temporal execution of developmental events through a network of protein regulators and microRNAs. 
The molting cycle coordinates the replacement of the old skin with a new one to allow for growth. LIN-42 has a critical role 
as a transcriptional regulator that links the heterochronic pathway to the molting cycle. While the mechanisms that underlie 
LIN-42 control of gene expression remains elusive, the general molecular mechanism of its mammalian homolog, PER, and its 
role in regulating circadian rhythms, is better understood. Similar to PER levels that oscillate with ~24-hour rhythmicity, LIN-42 
levels oscillate in rhythm with each molt and the key domains conserved between LIN-42 and PER are essential to the circadian 
function of PER. Here, we leverage our knowledge of PER function to investigate the biochemical relationship between LIN-42 
and KIN-20, a protein homologous to the primary kinase responsible for regulation of PER function and influence on the clock, 
Casein Kinase 1δ (CK1δ). We show that the C-terminus of LIN-42 contains two highly conserved kinase-binding motifs that 
interact with mammalian CK1δ, suggesting that the domains that anchor the kinase to PER2/LIN-42 may be utilized in a similar 
mechanism. We also show that LIN-42 is phosphorylated by CK1δ to a similar degree and within the same timeframe as CK1 
phosphorylation of a PER substrate. C. elegans mutant strains containing deletions of conserved regions show drastic changes 
in the expression pattern of LIN-42 when compared to wild-type. By exploring the roles of LIN-42 and the C. elegans CK1δ 
homolog, KIN-20, we aim to identify the biochemical links between these evolutionarily divergent timing mechanisms.

556A	 SNA-3:	an	essential,	nematode-specific	protein	is	a	novel	key	component	of	the	spliced	leader	trans-splicing 
machinery

Rosie Spencer1, Rotimi Fasimoye1, Eva Soto-Martin1, Haitem Elmassoudi1, Peter Eiljers1, Marius Wenzel1, Bernadette Connolly1, 
Jonathan Pettitt1, Berndt Müller1 1) Institute of Medical Sciences, University of Aberdeen, Scotland.

We are investigating spliced leader (SL) trans-splicing and its key RNA and protein components as potential anthelmintic 
targets, using Caenorhabditis elegans as a model system. SL trans-splicing is an essential process in nematode gene expression 
that facilitates translation by replacement of the 5’ untranslated region of most mRNAs with the spliced leader 1 (SL1). The 
splicing reaction involves an interaction between the SL1 snRNP, the nascent pre-mRNA and the spliceosome. Although SL 
trans-splicing was discovered more than 30 years ago, we know little about the molecular mechanism(s) by which this is 
achieved. To address this, we have carried out a comprehensive molecular characterisation of the SL1 snRNP.

This work expands and refines our understanding of the proteins involved in SL1 trans-splicing: we have analysed factors 
co-immunoprecipitating with the SL1-specific protein SNA-1, giving us insight into the interaction of the SL1 snRNP with the 
spliceosome. Proteins critical for SL1 trans-splicing were identified using established RNAi-based qPCR and gfp-reporter gene 
assays (https://doi.org/10.1093/nar/gkx500). This led to the identification of a novel, essential trans-splicing factor termed 
SNA-3. SNA-3 is a highly conserved, nematode specific protein containing NADAR domains, which have been linked to NAD/
ADP-ribose metabolism and may have N-glycosidase activity. SNA-3 interacts with several highly-conserved proteins associated 
with RNA processing including the CBC-ARS2 complex components NCBP-1 and SRRT/ARS2 involved in co-transcriptional 
determination of transcript fate.

Together, these observations implicate SNA-3 in key steps linking SL1 trans-splicing to the transcriptional control of gene 
expression. The identification of another essential, nematode-specific protein involved in SL1trans-splicing strengthens the 
hypothesis that the acquisition of SL trans-splicing requires the evolution of novel machinery required to modify the activity of 
the spliceosome. The novelty of these proteins makes them ideal targets for the development of new anthelmintics.

557B	 Investigating	the	interplay	between	sRNA	pathways	and	germ	granules	in	Caenorhabditis elegans

Adam Sundby1, Julia Sobotka1, Uri Seroussi1, Julie Claycomb1 1) University of Toronto.

Small RNA (sRNA) pathways are critical regulators of gene expression, germ cell integrity, and fertility. At the core of these 
pathways are effector complexes composed of sRNAs and their binding partners, the Argonaute (AGO) proteins. C. elegans 
expresses 19 different AGOs. Our lab has systematically characterized all 19 AGO expression patterns and observed that 
eight AGOs localize to germ granules. Germ granules are conserved, phase separated RNA/protein rich organelles that are 
only present in germline cells. Four different types of germ granules, P granules, Z granules, Mutator foci, and SIMR foci, are 
present in C. elegans and appear to perform separate functions. Germ granules can either be distributed in the cytoplasm, 
or associated with nuclear pores. In fact, up to 75% of nuclear pores are associated with P granules, therefore a extensive 
proportion of germline transcripts pass through germ granules upon exiting the nucleus. Disruption of germ granules leads 
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to defects in RNA processing and stability, transgenerational RNA interference (RNAi), and fertility. We aim to identify which 
AGOs and germline transcripts localize to each of the granules, and how AGOs and germ granules interact to carry out their 
functions. For example, CSR-1b is an essential AGO which is known to localize to P granules, thus we examined the localization 
of one of its known target transcripts, pgl-3, using smFISH to identify its localization. We observed that the pgl-3 transcript 
localized to germ granules with partial overlap with CSR-1, and that this localization was disrupted in sRNA pathway, germ 
granule, and nuclear pore mutants. In parallel, our recent quantitative co-localization studies with AGO-tagged and germ 
granule-tagged strains reveal distinct patterns of AGO/germ granule overlap that strongly correlate with sRNA pathway 
function-that is, AGOs that target overlapping sets of genes via their sRNAs also display overlap with the same types of germ 
granules. Collectively, our systematic studies will uncover the sRNA and gene regulatory functions of each type of germ granule 
that are important for epigenetic inheritance and fertility.

558C	 Identifying	the	role	of	BRCA1	in	transcriptional	regulation	using	Caenorhabditis elegans

Ishor Thapa1, Marlo Jeffries1, Mikaela Stewart1 1) Texas Christian University, Fort Worth, Texas, USA.

Breast cancer susceptibility protein 1 (BRCA1) and its heterodimeric partner BARD1 play an essential role in genomic stability 
by regulating DNA damage repair, cell-cycle checkpoints, and transcription regulation. Germline mutation in either of these 
genes exposes individuals to a higher risk of developing breast and ovarian cancer. The Caenorhabditis elegans orthologs, brc-1 
and brd-1, also regulate DNA damage repair and cell cycle checkpoints; however, their role in regulating gene transcription 
is still unknown. Here, we show the transcriptional regulation function of brc-1 and brd-1 is conserved in worms using the 
cyp-13A subfamily of genes, which are the homolog of a human estrogen metabolizing gene CYP3A4. Using gene expression 
analysis, we found that knocking out brc-1 resulted in significant upregulation of four cyp-13A subfamily of genes, and 
loss of brd-1 function led to upregulation of six cyp-13A subfamily of genes. Our finding provides insights into how brc-1/
brd-1 transcriptional regulation function is conserved in worms and further validates using C. elegans as a model system to 
investigate BRCA1 functions.

559A	 Dissecting	interactions	across	gene	regulatory	layers:	FUST-1,	TDP-1,	and	CEH-14	are	coordinately	required	for	
gonad development

Morgan Thompson1, Angela Neunuebel1, Olivia Marx1, Adam Norris1 1) Southern Methodist University.

Gene expression is a multistep, carefully controlled process with distinct regulatory layers. Previous work in our lab suggested 
that crosstalk between these layers plays a significant role in coordinating gene expression. Recently, we embarked on a 
systematic reverse-genetic interaction screen with the goal of identifying functionally relevant coordination of gene expression 
across regulatory layers in the nervous system. We are particularly interested in crosstalk between transcription and RNA 
processing. We crossed previously-generated CRISPR-Cas9 RNA binding protein (RBP) deletions with existing transcription 
factor (TF) mutant strains, creating over a hundred RBP;TF double mutants. We screened these double mutants for unexpected 
phenotypes not seen in either of the constituent single mutants. A novel phenotype in the double mutant indicates a genetic 
interaction between the corresponding RBP and TF. The strongest double mutant phenotypes were further investigated to 
characterize underlying mechanisms that contribute to the phenotype. We have identified several strong genetic interactions 
by studying double mutants with a variety of unexpected phenotypes.

Here, we present evidence that two ALS-related RBPs, FUST-1 and TDP-1, have a similar interaction with the transcription 
factor CEH-14. The loss of any one of these three genes alone has no significant effect on the overall health of the organism. 
However, fust-1; ceh-14 and tdp-1; ceh-14 double mutants both exhibit strong temperature-sensitive reproductive defects. 
Both double mutants, when grown at 25° C, exhibit deformed gonads, resulting in reduced egg production and correlating 
with an increased prevalence of males. RNA-seq results suggest that fust-1; ceh-14 and tdp-1; ceh-14 undergo similar 
gene dysregulation that cannot simply be explained by their shared ceh-14 mutation. The similarity of the double mutant 
phenotypes suggests that these three genes are involved in the same process. Additionally, the lack of a similar phenotype in a 
fust-1 tdp-1 double mutant implies that FUST-1 and TDP-1 interact with CEH-14, but not with each other. Our findings implicate 
an important role for CEH-14, FUST-1, and TDP-1 in orchestrating gonad development in C. elegans.

The physiological roles of FUST-1 and TDP-1, as well as their human homologs FUS and TDP43, have not yet been fully 
characterized. We hope that our findings will shed light on a fundamental role that these RNA binding proteins share.

561C	 Transcriptional	analysis	of	the	response	of	C. elegans to ethanol exposure
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Mark Sterken1, Marijke van Wijk1, Elizabeth Quamme2, Joost Riksen1, Lucinda Carnell4, Laura Mathies2, 3, Andrew Davies2, 3 , 
Jan Kammenga1, Jill Bettinger2, 3 1) Laboratory of Nematology, Wageningen University; 2) Department of Pharmacology and 
Toxicology, Virginia Commonwealth University; 3) Virginia Commonwealth University Alcohol Research Center; 4) Department 
of Biological Sciences, Central Washington University.

Ethanol consumption induces differential gene expression that are likely to at least partially underlie the progression to 
alcohol use disorder. We use C. elegans to study the effects of ethanol on nervous system function. To understand the gene 
expression dynamics that occur upon ethanol exposure, we conducted a time series experiment exposing C. elegans to a 
behaviorally intoxicating dose of ethanol for 30, 60, 120, and 480 minutes. The number of differentially expressed genes was 
positively correlated with exposure duration. We used K- means clustering to cluster genes based on expression over time 
and divided them in 5 distinct clusters. Gene ontology analysis showed enrichment for processes known to be involved in 
ethanol responses, for example: drug metabolism – cytochrome P450 and metabolic pathways. Furthermore, at eight hours 
of exposure several genes that are known to be involved in physiological response to ethanol were down regulated; some 
of those genes have been previously identified as direct ethanol targets, including the gene encoding the BK SLO-1 channel, 
the synaptic protein-encoding unc-13 gene, as well as genes involved in GABA signaling, suggesting a simple model in which 
downregulation of direct ethanol targets could decrease the depressing effects of ethanol and could contribute to the 
development of tolerance to ethanol.

Our exposure paradigm delivered ethanol in the absence of food, and we found that eight hours of food deprivation had a 
significant impact on overall gene expression as assessed by principal component analysis and transcriptional development 
analysis. Interestingly, ethanol was able to partially rescue the effect of food deprivation at eight hours, extending previous 
observations that C. elegans can use ethanol as a calorie source.

This timeseries captured gene expression dynamics in response to ethanol over time and will be used as a resource for our 
follow up studies, including investigating natural variation in gene expression in response to ethanol.

562A	 The	role	of	circadian	rhythm	homologs	LIN-42	and	KIN-20	in	gene	regulation	and	development

Priscilla Van Wynsberghe1, Collin Parrow1, Rory O’Brien1, Katherine McJunkin2 1) Colgate University; 2) National Institute of 
Diabetes and Digestive and Kidney Diseases, NIH, Bethesda, MD.

The C. elegans heterochronic pathway, which regulates developmental timing, is thought to be an ancestral form of the 
circadian clock in other organisms. An essential member of this clock is the Period protein whose homolog, LIN-42, in C. 
elegans is an important regulator of developmental timing. LIN-42 functions as a transcriptional repressor of multiple 
genes including the conserved lin-4 and let-7 microRNAs. Like other Period proteins, levels of LIN-42 oscillate throughout 
development. In other organisms this cycling is controlled in part by phosphorylation. KIN-20 is the C. elegans homolog of 
the Drosophila Period protein kinase Doubletime. Worms containing a large deletion in kin-20 have a significantly smaller 
brood size, develop slower than wild type C. elegans, and display an uncoordinated phenotype. We have previously shown 
that KIN-20 impacts lin-42 phenotypes. In addition, KIN-20 is important for post-transcriptional regulation of mature let-7 and 
lin-4 microRNA expression. However, the mechanisms by which KIN-20 regulates LIN-42 and microRNA biogenesis are unclear. 
We have utilized CRISPR technology to generate epitope-tagged variants of LIN-42 and KIN-20 in order to further explore the 
relationship between these important, conserved genes and development.

563B	 Genetic	regulators	of	Integrator	complex	mediated	snRNA	processing	in	C. elegans

Brandon Waddell1, Cheng-Wei Wu1 1) University of Saskatchewan.

Small nuclear RNA (snRNA) molecules are essential components of the spliceosome, which in eukaryotic cells is responsible 
for the removal of introns from pre-mRNA and ligation of exons into mature mRNA transcripts poised for translation. 
Approximately one third of all disease-causing mutations in humans affect the splicing of mRNA, including various types 
of cancer and neurodegenerative diseases. Therefore, the elements involved in splicing regulation are of interest in 
understanding the mechanistic origin of various human diseases. Recently, a novel protein complex called the Integrator 
was discovered as the principal regulator and processing factor of snRNA molecules. Integrator recognizes a “3’ box” 
sequence element within the snRNA transcript and directs its cleavage and maturation. The matured snRNA transcripts are 
then directed to the spliceosome to regulate RNA splicing. In humans, malfunction of the Integrator has been implicated in 
neurodevelopmental disorders and cancer. However, how the Integrator is regulated remains poorly understood.
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Using the genetically tractable organism Caenorhabditis elegans as a model system, we constructed an in vivo Integrator 
malfunction GFP reporter to monitor snRNA misprocessing and performed a genome-wide RNAi screen searching for 
genetic regulators of snRNA processing. This screen identified several novel genes that, when knocked down, induce snRNA 
misprocessing. Most of the candidate genes discovered in this screen have been shown to function in RNA interference 
processing and nuclear transport regulation. Using qPCR, knockdown of several candidate genes confirmed the endogenous 
misprocessing of U2 and U4 snRNA indicating that these genes indeed influence Integrator activity. Interestingly none of the 
candidate genes have previously been reported to regulate RNA splicing, suggesting they act as novel regulators of Integrator 
via a yet to be identified mechanism.

564C	 Auxin-Inducible	Degradation	of	DREAM	Proteins,	LIN-9	and	LIN-54,	in	Caenorhabditis elegans

Emily Washeleski1, Karli Chosa1, Paul Goetsch1 1) Michigan Technological University.

The highly conserved Dp, Retinoblastoma-like, E2F, and MuvB (DREAM) transcriptional repressor complex is best known as a 
negative regulator of cell cycle progression. We previously established that the 5-subunit MuvB complex innately functions 
as the mediator of DRM target gene repression in Caenorhabditis elegans. How the DREAM complex mediates transcriptional 
repression remains an outstanding question, primarily because MuvB complex activity is required for viability, limiting the 
utility of mutational analyses. To overcome such limitations, we are utilizing the Auxin-Inducible Degron (AID) system to 
precisely and rapidly degrade MuvB subcomplex components in C. elegans. Using CRISPR/Cas9-mediated genomic editing, 
we degron-tagged two key MuvB components, lin-9 and lin-54, and crossed each into a transgenic strain expressing the 
Arabidopsis thaliana TIR1 E3 ubiquitin ligase in somatic cells. We expected that auxin-induced degradation of either LIN-
9, which we hypothesize functions as a core structural component of MuvB, or LIN-54, which acts as the sole DNA-binding 
component in MuvB, would lead to upregulation of DREAM target genes. Interestingly, we observed that degradation of the 
LIN-54 but not LIN-9 caused upregulation of DREAM target genes within a 6-hour auxin treatment timecourse in L1 larvae. 
Our results suggest that MuvB chromatin localization mediated by LIN-54 is critical for DREAM target gene repression. These 
studies lay the foundation for future degron-mediated analyses assessing DREAM complex function.

565A	 Tissue-specific	transcriptional	regulation	by	ELT-2	and	ELT-7	in	the	developing	Caenorhabditis elegans intestine

Robert Williams1, David King1, Izabella Mastroianni1, Erin Osborne Nishimura1 1) Biochemistry and Molecular Biology, Colorado 
State University, Fort Collins, CO.

The Caenorhabditis elegans intestine – a clonally-derived, 20-cell organ – is a powerful model of organogenesis owing to its 
relative simplicity. We seek to map the gene regulatory networks that specify and differentiate the intestine. We want to 
understand how key transcription factors ELT-2 and ELT-7 work together to regulate intestine genes.

ELT-2 is an intestine-specific GATA transcription factor necessary for larval viability and sufficient for C. elegans intestinal 
development. ELT-7 works redundantly with ELT-2, and deletion of both enhances intestine deformities observed in ELT-2 
deletion alone. Despite extensive and fruitful study, it is still not well understood how ELT-2 engage different sets of target 
genes over time and how they compete with, cooperate with, or stimulate other transcription factors to execute stage-specific 
transcriptional outcomes within the intestine. One challenge in addressing these questions is that the field lacks a clear 
developmental time course of intestine-specific transcriptome profiles. To characterize the changing intestinal transcriptome, 
we have optimized FACS purification of intestine cells at embryo and L1 developmental stages and performed RNA-seq on 
populations of ~90% pure intestine cells. Comparative studies between our transcriptome profiles, published ELT-2 ChIP-seq 
data, and published sets of elt-2 and/or elt-7 dependent genes are leading us to insights into ELT-2 regulatory behavior.

Though ELT-2 is generally associated with transcriptional activation, we have observed that ELT-2 directly binds and represses 
expression of intestine expressed transcription factors PQM-1 and ETS-4. This finding suggests that ELT-2 repression may 
tune or maintain proper gene expression levels for a subset of target genes. Additionally, we have observed a subset of ELT-2 
repressed target genes that are intestine depleted and instead associated with neuronal or germline biology. This suggests that 
ELT-2 repression may play a role in protecting the intestine from inappropriate or competing cell fates. Finally, we identified 
over-expression of the elt-2 promoter in the absence of ELT-2 protein, indicating that ELT-2 binding may down-regulates its 
own promoter through a negative feedback loop. We demonstrated that elt-2 promoter over-expression is ELT-7 dependent. 
Together these data suggest that ELT-2 both represses and activates target intestine genes, with ELT-7 primarily serving as an 
activator.

566B	 Dual	role	of	the	RNA-binding	protein	PUF-8	-PUM1,2 in programmed cell death
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Jimei Xu1,2, Ryan Sherrard1, Kyoko Ikegami1, Barbara Conradt1,2 1) Faculty of Biology, Ludwig Maximilian University of Munich, 
Planegg-Martinsried, Germany; 2) Department of Cell and Developmental Biology, University College London, London, United 
Kingdom.

Programmed cell death, also referred to as apoptosis, is critical for the removal of ‘unwanted’ cells and is conserved from 
nematodes to humans. How programmed cell death is regulated is still not fully understood. The core programmed cell death 
pathway in C. elegans consists of four genes egl-1 BH3-only, ced-9 Bcl-2, ced-4 Apaf-1 and ced-3 caspase, which act in a simple linear pathway. 
The most downstream gene, ced-3, encodes a caspase, which triggers cell death execution once its activity has reached a 
certain ‘lethal’ threshold. We present evidence that the C. elegans homolog of the mammalian RNA-binding proteins PUM1 
and PUM2, PUF-8, plays a dual role in the control of programmed cell death during embryonic development. First, we found 
that the puf-8 gene has anti-apoptotic activity and prevents the ced-3caspase-dependent precocious death of mothers of cells 
programmed to die. Using single-molecule RNA fluorescent in situ hybridization (smRNA FISH), we show that the loss of puf-8 
causes a significant increase in the copy number of ced-3 mRNA in the RID neuroblast, a ‘mother’ of a cell programmed to 
die, which suggests that puf-8 prevents the precocious death of mothers by promoting ced-3 mRNA turnover. Second, we 
found that puf-8 has pro-apoptotic activity and promotes the death of cells programmed to die. However, the loss of puf-8 
does not affect the copy number of ced-3 mRNA in cells programmed to die, which indicates that in this context, PUF-8 has 
targets other than ced-3caspase and/or acts through mechanisms other than mRNA turnover. Interestingly, we found that the loss 
of puf-8 increases the size of the RID sister cell, which is the smaller daughter of the RID neuroblast and which is programmed 
to die. An increase in the size of cells programmed to die has previously been shown to compromise the ability of these cells 
to undergo programmed cell death. Therefore, puf-8 may promote programmed cell death by ensuring that the sizes of cells 
programmed to die are below a certain ‘lethal’ size. Finally, based on these findings, we propose that the dual role of PUF-
8 -PUM1,2 in the control of programmed cell death is critical for the robustness with which the same 131 cells reproducibly die 
during C. elegans development.

567C	 Programmed	DNA	Elimination	in	the	parasitic	nematode	Ascaris:	Are	Argonautes	and	their	associated	small	RNAs	
involved?

Maxim Zagoskin1, Jianbin Wang1, Richard Davis2 1) The University of Tennessee, Knoxville; 2) University of Colorado School of 
Medicine, Aurora.

Programmed DNA elimination in the nematode Ascaris is a developmentally regulated process that reduces the somatic 
genome, while leaving the germline genome intact. It occurs in early embryogenesis at 4 to 16 cell stage in all somatic 
lineages. The eliminated DNA consist of repetitive sequence as well as ~1,000 germline-expressed genes. The biological role 
of this process appears in part to be a gene silencing mechanism. Ascaris DNA elimination involves specific chromosomal 
DNA breaks and changes in the holocentric chromosomes. The DNA breaks and loss of CENP-A in specific chromosomal 
regions defines the retained and eliminated regions of chromosomes. In ciliate programmed DNA elimination, small RNAs 
are known to mark retained or eliminated genome regions during DNA elimination. To examine if small RNAs contribute to 
Ascaris programmed DNA elimination, we identified Ascaris small RNAs, 10 Argonautes, and characterized Ascaris small RNAs 
associated with 7 Argonaut proteins including all WAGOs. Immunostaining of embryos during programmed DNA elimination 
indicated that WAGO-2 specifically stains retained DNA while WAGO-3 predominantly localizes to chromosome fragments 
that will be eliminated. ChIP-seq data also showed some enrichment of WAGO-3 Argonaute on eliminated DNA regions. We 
also carried out small RNA sequencing and analysis in embryos enriched for DNA elimination mitoses by sorting with H3S10p 
labeled embryos or chromatin IP with WAGO-2 and WAGO-3. Small RNA sequencing of embryos enriched for DNA elimination 
(sorted) did not identify any small RNAs associated with the sites of chromosome breaks or changes in CENP-A localization that 
contribute to DNA elimination. Chromatin IP identified specific sets of small RNAs corresponding to repeats for WAGO-2 and 
mRNAs for WAGO-3. Overall, however, these small RNAs do not appear to specifically target retained vs eliminated regions as 
anticipated. WAGO-3 small RNAs appears to be enriched for nascent RNAs associated the eliminated regions. The possible role 
of WAGO-2 and WAGO-3 and small RNAs in Ascaris programmed DNA elimination will be further discussed.

568A	 Integrating	bulk	and	single	cell	transcriptomics	for	accurate	detection	of	tissue-specific	gene	expression

Alec Barrett1, Erdem Varol2, Mingfeng Li1, Rebecca McWhirter3, Seth R. Taylor3, Alexis Weinreb1, Nenad Sestan1, Oliver Hobert2, 
David M. Miller III3, Marc Hammarlund1 1) Yale University School of Medicine; 2) Columbia University; 3) Vanderbilt University 
School of Medicine.
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Advances in RNA-seq for bulk and single cell (sc) approaches have produced increasingly fine dissections of the C. elegans 
transcriptome. Although both techniques can yield transcriptomes for individual cell types, each comes with strengths 
and weaknesses. scRNA-Seq affords high resolution, but suffers from dropout, leading to false negatives. Bulk sequencing 
detects more genes, but suffers from contaminating cell types, resulting in false positives. In this work we integrated these 
orthogonal approaches to improve the accuracy of both methods. We used bulk samples collected for specific neuron types 
and sc datasets for all C. elegans neurons and additional non-neuronal cells (1). We used sc data to estimate contamination in 
each bulk sample, and developed novel methods for removing these gene counts. In one approach we used linear histogram 
matching to scale sc counts, and subtracted putative contamination using data from non-neuronal clusters. In another 
approach we used bootstrapping to estimate gene level contributions from target and contaminating tissues in sc data 
and apply them to bulk counts, providing a bootstrap sample distribution of corrected expression data. We assessed these 
approaches in two ways: 1) Measuring improvements in calling genes with known expression in all neurons; 2) Examining 
effects on eliminating genes expressed exclusively in contaminating tissues. We found that our analysis reduced false positives, 
while maintaining robust true positive detection, thus offering a unique strategy for utilizing complementary bulk and sc RNA-
Seq data sets to enhance the accuracy of cell-specific expression profiling data.

1. Taylor SR, Santpere G, Weinreb A, Barrett A, Reilly MB, Xu C, et al. Molecular topography of an entire nervous system. 
bioRxiv. 2020:2020.12.15.422897.

569B	 Deciphering	a	cis-regulatory	code	for	tissue-specific	alternative	splicing

Sanjana Bhatnagar1, John Calarco1 1) University of Toronto.

Alternative splicing is a major contributor of cellular complexity and it is regulated in a highly tissue- and context-dependent 
manner. Many studies have focused on investigating the major regulators of alternative splicing, cis-elements and trans-
factors, by learning predictive models on native sequences and through in vitro studies or cell-based screens. However, 
investigating the roles of a multitude of these factors in a more systematic manner in vivo is challenging and remains an 
understudied area. The goal of our project is to develop a high-throughput system to investigate the different cis-elements 
and trans-factors controlling alternative splicing in different contexts in vivo. To this end, we have employed a parallel reporter 
assay (PRA) in Caenorhabditis elegans using reporters to monitor alternative splicing patterns in specific cell and tissue types. 
We have used this approach to screen thousands of random sequences and have identified 469 putative intronic cis elements 
enhancing or repressing alternative splicing patterns in neuronal tissue. I will further extend this approach to identify sequence 
features and trans-factors associated with other tissue- as well as single neuron-biased splicing patterns. Together, this work 
will provide insight into the mechanisms governing tissue and cell-specific splicing patterns in vivo.

570C A catalogue of nematode karyotypes

Mark Blaxter1, Chloe Leech1, David Lunt2 1) Wellcome Sanger Institute; 2) School of Biological, Biomedical, & Environmental 
Sciences, University of Hull.

Observation of the behaviour of nematode chromosomes during meiosis by Boveri was critical to the development of the 
germline theory of inheritance in the late 19th century. In the current era of genomics, knowledge of the karyotype of a 
species is very useful in conditioning expectations of the assembly. Caenorhabditis elegans has six chromosomes, comprising 
five autosomes and an X. Other Caenorhabditis species also have six chromosomes, but in the sister group to Caenorhabditis, 
the Protorhabditis-Diploscapter clade, chromosome numbers range from 6 to 1. These changes in chromosome number imply 
changes in gene linkage, and also therefore in gene coregulation. Previous catalogues of nematode chromosome numbers 
were limited in scope (for example including data from only plant parasites or only animal parasites) or contain species names 
that are no longer current. We have collated a catalogue of chromosome numbers, and sex determination karyotypes, from 
literature from 1883 to the present day. We identified the current names for species described in older literature, and placed 
these data in a modern taxonomy. We identified chromosome counts for 218 species from 95 genera in 44 families. As is often 
the case in Nematoda, free-living species from non-rhabditid Chromadoria, Enoplia and Dorylaimia are poorly represented, 
Haploid chromosome numbers range from 1 to over 50, with variability especially in the plant parasitic Meloidogyninae. 
The modal reported haploid chromosome number is 6. Sex determination mechanisms, derived from karyotypic differences 
between males and females, and between different spermatid nuclei, are commonly XX-XO with several independent origins 
of XX-XY systems. Ascaridomorpha includes many species with multiple X chromosomes. Many nematodes are parthenogens, 
and parthenogenesis is associated in some lineages with polyploidy (triploidy and tetraploidy). The catalogue is available via 
the Genomes on a Tree system (https://goat.genomehubs.org/preview).
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571A	 Computational	Analysis	of	UDP-glycosyltransferase	Variation	across	Strains	of	Caenorhabditis elegans

Kyra Chism1, Ari Levin1, Rockford Watkins1, Maci Benveniste1, Niyelle Tucker1, Aleya Johnson2, Bailey Nicolas3, Rahil Taujale1, 
Muhammad Zaka Asif1, Arthur Edison1 1) The University of Georgia; 2) Fort Valley State University; 3) Clemson University.

Caenorhabditis elegans are simple non-parasitic nematodes with a relatively short life cycle and a wealth of genomic 
information across multiple databases, making them ideal model organisms. However, little is known about the UDP-
glycosyltransferases (UGTs) responsible for their innate detoxification response. UGTs are a large family of phase II enzymes 
responsible for the glycosylation of small molecules across organisms, thus interacting with small molecules such as toxins 
in the worms’ immediate environment. The Edison Vertically Integrated Projects (VIP) Computational Team is a group 
of undergraduate students who are working to identify the diversity that exists in UGTs across C. elegans isolates from 
different geographical locations found in the Caenorhabditis elegans Natural Diversity Resource (CeNDR) database in order 
to make inferences about their evolutionary relationships and functions. The CeNDR database is a collection of wild isolates 
of C. elegans and their genomic data found globally used by researchers worldwide. Out of the 250 glycotransferases are 
responsible for transferring sugar molecules to various substrates, there are about 79 UGTs that transfer sugar molecules to 
small molecules including toxins. Two approaches were implemented to identify UGTs and make inferences based on their 
variation. First, we created a catalog of UGTs in the N2 reference strain and used them to create a phylogenetic tree that 
allowed us to depict the relationships between the UGT protein sequences. For our second approach, we quantified UGT 
variation using the strains found in the CeNDR database. The results and inferences from this research will help us explore 
possible functions of UGT genes and improve our understanding of UGT variation in C. elegans.

573C C. elegans transposable elements harbor diverse transcription factor DNA-binding motifs

Jacob Garrigues1, Amy Pasquinelli1 1) University of California, San Diego.

Transposable elements (TEs) are powerful agents of evolution that can rewire transcriptional programs by mobilizing and 
distributing transcription factor (TF) DNA-binding motifs throughout genomes. To investigate the extent that TEs provide 
TF-binding motifs in C. elegans, we determined the genomic positions of DNA-binding motifs for over 200 different TFs (1). 
Surprisingly, we found that almost all of the examined TFs have binding motifs that reside within TEs, and all types of TEs have 
at least one instance of a TF motif, demonstrating that TEs provide previously unappreciated numbers of TF-binding motifs to 
the C. elegans genome. After determining the occurrence of TF motifs in TEs relative to the rest of the genome, we identified 
numerous TF-binding motifs that are highly enriched within TEs compared to what would be expected by chance. Consistent 
with potential functional roles for these TE-enriched TF-binding sequences, we found that significantly more TEs with TF motifs 
display evidence for selection compared to those lacking motifs through the use of publicly available genome variation data 
(2). We also compared the locations of TE-residing TF motifs to published ATAC-seq (3) and ChIP-seq (4) data, which identify 
regions of open chromatin associated with TF DNA binding and regions bound by TFs of interest, respectively. Strikingly, 
we found that all of the TF motif types that occur in TEs have instances of residing within accessible chromatin, and the 
overwhelming majority of TF-binding motifs located within TEs associate with their cognate TFs, suggesting extensive binding 
of TFs to sequences within TEs. Additionally, TEs with accessible or TF-bound motifs reside in the putative promoter regions of 
~14% of all protein-coding genes, providing widespread possibilities for influencing gene expression. Taken together, our work 
shows that TE-provided TF-binding sites are ubiquitous in C. elegans and have broad potential to rewire gene expression.

1. Weirauch et al. (2014) Cell 158:1431-1443.

2. Cook et al. (2016) Nucleic Acids Research 45:D650-D657.

3. Daugherty et al. (2017) Genome Research 27:2096-2107.

4. Kudron et al. (2018) Genetics 208:937-949.

574A	 Genes	essentiality	in	various	genetic	backgrounds

Paulina Gąsienica1, Katarzyna Toch1, Kamila Zając1, Marta Labocha1 1) Institute of Environmental Sciences, Jagiellonian 
University.

Essential genes can be defined as the ones which are crucial for organism survival and reproduction. 
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They are responsible for the functions which are most important for the organism fitness pointing out to the most 
fundamental biological processes. They play a significant role in evolution, as their loss leads to the organism death or inability 
to reproduce. But this simple definition is not sufficient as gene essentiality is context dependent and vary with genetic and 
environmental background. So, the same mutation might lead to cell/organism death or severe sickness in some but not all 
genetic and environmental contexts. Most studies on gene essentiality were done in one genetic background. That means, 
that many genes essential in other genetic contexts were probably unidentified. Although the number of studies analysing 
gene essentiality in different genetic and environmental contexts is increasing, they are mainly done with unicellular organisms 
or cell lines. There is noticeable underrepresentation of such studies in multicellular, whole organisms. In this study we aim 
to uncover context dependence of gene essentiality in model multicellular organism, Caenorhabditis elegans. We show 
how essentiality of genes is changing depending on genetic context by using three different wild type worm isolates: N2, 
LKC34, and MY16. Our set of targeted genes included 100 essential and 200 nonessential genes based on DEG database 
(www.essentialgene.org). Each query gene was inactivated by RNA interference (RNAi) and mutant fitness was measured 
quantitatively as the rate of bacterial food consumption. We identified new essential genes indispensable in i) all three (22), 
ii) two (10), and iii) only one (11) genetic background. From previously identified N2 essential genes, we confirmed their 
essentiality in two additional backgrounds (68 genes), or one of them (9 cases). As we see even in a study encompassing only 
three strains, and 300 genes, we can observe substantial context dependence of gene essentiality. This have very important 
practical consequences as well. When working on gene therapies researchers should consider that different strategies might 
be needed depending on genetic background in which they will be used.

575B	 New	ends	with	new	technology:	chromosome	diminution	in	Oscheius	nematodes

Pablo Manuel Gonzalez de la Rosa1, Alan Tracey1, Robin Moll1, Manuela Kieninger1, Mark Blaxter1 1) Tree of Life, Wellcome 
Sanger Institute.

Chromosome diminution involves specific deletion of parts of the germline genome from somatic cells. This phenomenon, 
first described in ascaridid nematodes, has been found widely (in protists, plants and animals), but occurs sporadically within 
any given clade. Using long read genome sequencing we identified chromosome diminution in the rhabditine nematode 
Oscheius tipulae, where this phenomenon had not been reported before. Many kilobases of DNA are removed from each end 
of every chromosome, including deletion of expressed genes, and new telomeres synthesized (see https://doi.org/10.1093/
g3journal/jkaa020). By long-read sequencing of additional species we have identified similar patterns of diminution across the 
genus Oscheius - deletion of subtelomeric sequence and addition of new telomeres. Using these sequences we have explored 
the genomic contexts of diminution and begun to test hypotheses of the mechanism and functions of diminution. Long read 
sequencing has changed our understanding of Oscheius genomes, and we wonder if diminution processes may be more widely 
distributed.

576C	 Using	WGS	to	identify	intragenic	suppressors	of	zyg-1 in Caenorhabditis elegans reveals the importance of genomic 
context	in	phenotypic	interpretation

Francesca Jean1,2, Susan Stasiuk1,2, Tatiana Maroilley1,2, Andrew Galbraith1,2, Maja Tarailo-Graovac1,2 1) Cumming School of 
Medicine, University of Calgary, Calgary, AB; 2) Alberta Children›s Hospital Research Institute, University of Calgary, Calgary, AB.

Intragenic modifiers can have dramatic effects on phenotypic outcomes, and in disease, can affect attributes such as severity 
or age of onset. However, the focus of many modifier screens in model systems is the identification and interpretation of 
extragenic variants rather than understanding the link between intragenic modifiers and phenotype. Accordingly, technological 
advances in the field, such as the use of whole-genome sequencing (WGS) or CRISPR, tend to be reserved for the discovery 
and interpretation of extragenic variants, whereas intragenic modifiers still rely on more traditional methods, such as PCR 
and Sanger sequencing. We demonstrate that intragenic modifier discovery and interpretation following modifier screens 
benefits greatly from WGS and CRISPR technologies by subjecting strains generated from a chemical mutagenesis suppressor 
screen using a temperature-sensitive zyg-1(it25) allele to WGS, filtering for intragenic variants using an in-house pipeline, 
and validating with CRISPR and homology-directed repair. Following this method, we rapidly identify that approximately 10% 
of our strains contain intragenic zyg-1 variants. By re-creating the intragenic variants in the parental strain, we show that 
most intragenic variants suppress the original phenotype, but this is not universal. Based on this, we encourage extending 
variant validation using CRISPR to intragenic variants to determine whether they are truly capable of modifying the original 
primary variant and to what extent. For those intragenic variants that are capable of suppressing, the position of the variant 
in comparison to the original primary variant matters; closer modifying variants are more likely to be true suppressors and 
have a higher suppression ability, which has important implications in understanding complex alleles in disease. Finally, 
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genomic context, as provided by WGS, plays an important role in our interpretation of the contribution of the variant to 
suppression dynamics. For instance, several of the strains contain extragenic variants that, in addition to the intragenic 
variant, are proposed to enhance suppression. In contrast, we identified a strain with substantial genetic burden, dampening 
the suppression ability of the intragenic variant. Altogether, this work describes a methodology for the high-throughput 
identification of intragenic modifiers and highlights the importance of thoroughly understanding the phenotypic contribution 
of intragenic modifiers.

577A	 Long-read	sequencing	and	de	novo	genome	assemblies	reveal	complex	chromosome	end	structures	caused	by	
telomere	dysfunction	at	the	single	nucleotide	level

Eunkyeong Kim1,2, Jun Kim1,3, Chuna Kim4, Junho Lee1,2,3 1) Department of Biological Sciences, Seoul National University, Seoul, 
Korea; 2) Institute of Molecular Biology and Genetics, Seoul National University, Seoul, Korea; 3) Research Institute of Basic 
Sciences, Seoul National University, Seoul, Korea; 4) Aging Research Institute, Korea Research Institute of Bioscience and 
Biotechnology, Daejeon, Korea.

Karyotype change and subsequent evolution is triggered by chromosome fusion and rearrangement events, which often 
occur when telomeres become dysfunctional. Telomeres protect linear chromosome ends from DNA damage responses 
(DDRs), and telomere dysfunction may result in genome instability. However, the complex chromosome end structures and 
the other possible consequences of telomere dysfunction have rarely been resolved at the nucleotide level due to the lack 
of the high-throughput methods needed to analyse these highly repetitive regions. Here we applied long-read sequencing 
technology to Caenorhabditis elegans survivor lines that emerged after telomere dysfunction. The survivors have preserved 
traces of DDRs in their genomes and our data revealed that variants generated by telomere dysfunction are accumulated 
along all chromosomes. The reconstruction of the chromosome end structures through de novo genome assemblies revealed 
diverse types of telomere damage processing at the nucleotide level. When telomeric repeats were totally eroded by telomere 
dysfunction, DDRs were mostly terminated by chromosome fusion events. We also partially reconstructed the most complex 
end structure and its DDR signatures, which would have been accumulated via multiple cell divisions. These finely resolved 
chromosome end structures suggest possible mechanisms regarding the repair processes after telomere dysfunction, providing 
insights into chromosome evolution in nature.

578B	 Evidence	of	loop-extrusion	by	X-specific	condensin	in	C. elegans

Jun Kim1, Ana Morao1, David Jimenez1, Laura Breimann1,2, Sevinc Ercan1 1) New York University; 2) Institute for Biology, 
Humboldt University of Berlin, Berlin, Germany.

Unlike most eukaryotes that have two condensins for compacting DNA during mitosis/meiosis, C. elegans have evolved a 
third version called dosage compensation condensin (condensin DC). The condensin DC, which shares 4 out of 5 subunits 
with condensin I, localizes to the X-chromosome throughout interphase to repress transcription in XX hermaphrodite. In vitro 
experiments have shown that human condensin I and II perform loop-extrusion, a process by which a DNA molecule is linearly 
contracted resulting in formation of a loop. We are interested in whether condensin DC performs a similar function and how it 
is regulated in vivo.

We investigate a few potential regulators of condensin DC based on their requirement for the repression of transcription on 
X-chromosome. We performed Hi-C data in embryos and in L3 using Arima Hi-C kit, which generates high resolution interaction 
matrix based on utilization of two 4-base cutters. Our analysis of Hi-C data in embryo and larva suggests that condensin DC is 
a loop-extruder. We conclude that while loop-extrusion by condensin DC is necessary, the mechanism by which it represses 
transcription is unclear. Overall, we provide the basis for interrogating how loop-extrusion may have evolved to partake in 
chromosome-wide repression of transcription.

579C Modeling Timothy Syndrome in Caenorhabditis elegans

Kerry Larkin1, Rosemary Bauer1, Harold Smith1, Andy Golden 1 1) National Institute of Diabetes and Digestive and Kidney 
Diseases, NIH, Bethesda, MD.

Timothy Syndrome (TS) is a rare genetic disease arising from mutations the gene CACNA1C, which codes for a subunit in 
calcium channel Cav1.2 expressed throughout the body. Because of the gene’s wide-ranging expression, TS patients have 
a variety of symptoms in different organ systems including arrhythmias, neurodevelopmental delays, hypoglycemia, and 
syndactyly. Like many rare genetic diseases, treatment options for patients are limited and there is no cure. It is not clear how 
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the mechanism of the disease functions to cause a complex array of symptoms in the many organ systems. The nematode 
Caenorhabditis elegans provides an excellent model system in which to study the genetic underpinnings of TS further as 
it contains an orthologous gene to CACNA1C: egl-19. We have used the CRISPR/Cas-9 system to create missense alleles in 
egl-19 corresponding to TS patient CACNA1C alleles. While CRISPR is a modern gene editing technique with few off-target 
editing effects, a previous egl-19 missense allele with mutation G365R was historically generated by random mutagenesis 
with ethyl methanesulfonate (EMS). We observed significant differences between strains with the same missense mutation 
created by CRISPR versus EMS, with the EMS strain demonstrating far milder phenotypes. Our CRISPR generated G365R allele 
is embryonic lethal, while the EMS-derived strain is viable. Through further analysis, we hypothesized this EMS strain also 
contains a suppressor mutation that is repressing the phenotype of the egl-19 mutation. Here, we use a molecular mapping 
strategy and whole genome sequencing techniques to find both the location and identity of this unknown suppressor. We 
then aim to characterize this gene and uncover how it functions as a regulator of the orthologous TS phenotype. This regulator 
could provide insight into new molecular targets for TS therapeutics to better treat the syndrome at the cellular level.

580A	 Genome-wide	profiling	reveals	a	dual	role	for	histone	H2A	mono-ubiquitylation

Kailynn MacGillivray1, Daniel Fusca1, Luomeng Tan1, Reta Aram1, Arneet Saltzman1 1) University of Toronto.

Polycomb complexes are major regulators of chromatin state. Variant Polycomb Repressive Complex 1 (PRC1) is responsible 
for histone H2A lysine 119 mono-ubiquitylation (H2AK119ub), a post-translational modification associated with the regulation 
of gene expression and development. Histone H2A ubiquitylation is believed to work cooperatively with PRC2-mediated 
histone H3 lysine 27 trimethylation (H3K27me3) to repress gene expression, however recent evidence suggests that PRC1 may 
have H3K27me3-independent functions as well. In C. elegans, putative PRC1 component homologs, mig-32 and spat-3, and 
PRC2 homologs have different associated mutant phenotypes, suggesting they play partially distinct roles. However, whether 
C. elegans PRC1-like and PRC2 complexes and corresponding histone modifications function independently is currently 
unknown. To investigate the relationship between H2AK119ub and H3K27me3 in C. elegans, we performed ChIP-seq and 
RNA-seq profiling in wildtype and mig-32 mutant embryos. We discovered that the majority of H2AK119ub and H3K27me3 
peaks were distinct, with co-enrichment of the two histone modifications found at only a small subset of protein coding 
genes. Likewise, we observed a large decrease in H2AK119ub in mig-32 mutants, whereas the distribution of H3K27me3 
was not significantly affected, suggesting that H2AK119ub and H3K27me3 are regulated independently. Surprisingly, many 
H2AK119ub peaks were instead co-localized with H3K4me1 and H3K27ac, suggesting a role for H2AK119ub at enhancers. We 
found that H2AK119ub was also enriched at promoter regions of highly expressed genes and that H2AK119ub-associated 
genes were enriched for functional annotations related to nervous system development, which is consistent with roles for 
mig-32 and spat-3 in neuronal migration and axon guidance (Karakuzu et al. 2009 Development). We identified many genes 
with H2AK119ub-enriched promoters that were significantly upregulated in mig-32 mutants. Interestingly, while many of these 
upregulated genes are highly expressed in wildtype worms, a subset are normally H3K27me3-repressed, implying a potential 
cooperation between H3K27me3 and H2AK119ub in regulation of a subset of genes. Together, our results indicate a dual role 
for H2AK119ub in the regulation of C. elegans gene expression, with both H3K27me3-dependent and H3K27me3-independent 
activities.

581B	 Characterizing	complex	genomic	rearrangements	in	C. elegans using short-read Whole Genome Sequencing

Tatiana Maroilley1,2, Xiao Li1,2, Matthew Oldach1,2, Francesca Jean1,2, Susan Stasiuk1,2, Maja Tarailo-Graovac1,2 1) Departments 
of Biochemistry, Molecular Biology and Medical Genetics, Cumming School of Medicine, University of Calgary, Calgary AB, 
Canada; 2) Alberta Children’s Hospital Research Institute, University of Calgary, Calgary AB, Canada.

Structural variants (SVs) and complex rearrangements are a significant, but understudied, part of genomic natural diversity. 
They can also result in various phenotypes in Caenorhabditis elegans. Additionally, certain strains, known as balancers, carry 
various types of spontaneous or induced (X-rays, gamma irradiation, chemical mutagens, or more recently CRISPR-Cas9) 
chromosomal rearrangements. Because those rearrangements abolish or reduce crossover events between large portions of 
the C. elegans genome, balancers have been used for decades to maintain lethal mutations, facilitate strain construction, or 
capture mutations. However, despite the advent of sequencing technologies, detecting SVs and complex rearrangements is 
challenging and thus, in most mutagen-induced balancers, the chromosomal rearrangements have not been characterized at 
the molecular level. High-throughput WGS sequencing, based on short-reads (srWGS), is the most economical, accurate, and 
widely supported technology at this time. Yet, the length of short-reads is often reported as limiting the detection of complex 
genetic events. Long-read technologies are then recommended as an alternative despite their increased costs. Here, we 
applied srWGS alongside tailored bioinformatics approaches to unravel complex genomic rearrangements in several C. elegans 
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balancer genomes. Our method successfully identified complex balancer rearrangements such as reciprocal translocation 
(eT1), large deletion (eDf43), chromosome fusion (sC4), and free duplication (sDp3). We were also able to identify and 
experimentally confirm several chromoanagenesis events. Therefore, our results show that we can maximize the possibilities 
of srWGS by implementing meticulous analytical approaches. Higher confidence in complex variant calls from srWGS will help 
to molecularly characterize C. elegans balancers and in the future, to decipher the full spectrum of natural genetic variation in 
C. elegans.

582C	 Functional	Analysis	of	Variants	in	a	Gene	Associated	with	Early	Onset	Epilepsy

Kathryn McCormick1, Trisha Brock1, Kolt McBride1, Matthew Wood2, Matthew Bainbridge2, Chris Hopkins1 1) InVivo Biosystems, 
Eugene, OR; 2) Codefied Genomics, CO.

Syntaxin Binding Protein, or STXBP1, is a human gene that is associated with neonatal and early onset epilepsy, as well as 
developmental delays. In this work, we replaced the C. elegans ortholog of STXBP1, unc-18, with the human coding sequence 
for STXBP1. We then introduced 32 pathogenic and 25 benign variants into the sequence using CRISPR. The movement and 
morphology of the strains were analyzed using WormLab. We utilized the resultant 25 quantified features to train two parallel 
machine learning classifiers, Random Forest (RF) and Support Vector Machines (SVM). The classifiers were evaluating using 
the area under the Receiver Operating Characteristic curve (AUROC) and the precision-recall metric (PR). Both algorithms were 
found to perform well (AUROC = .94 and .85 for SVM and RF, respectively) and agreed on all variants except two 2 benign and 
2 pathogenic. We next introduced 24 Variants of Uncertain Significance (VUS) into the human coding sequence for STXBP1 
and phenotype the resultant strains. We found 6 variants that both classifiers classified as Pathogenic, 15 variants that both 
classifiers classified as Benign, and 3 for which the two classifiers disagreed. We conclude that protein humanization, variant 
introduction, and phenotypic characterization, and machine learning classification is a viable workflow for the functional 
analysis of variants in the STXBP1 gene and can help to resolve VUS that are clinically relevant.

583A	 Improved	reference	genomes	for	Caenorhabditis briggsae

Nicolas D. Moya1,2, Lewis Stevens3, Robyn E. Tanny1, Huimin Na4,5, Rojin Chitrakar6, Job Dekker4,7, Marian Walhout4,5, L. 
Ryan Baugh6,8, Erik C. Andersen1 1) Department of Molecular Biosciences, Northwestern University, Evanston, IL, USA; 2) 
Interdisciplinary Biological Sciences Program, Northwestern University, Evanston, IL, USA; 3) Tree of Life, Wellcome Trust 
Sanger Institute, Hinxton, Cambridgeshire, UK; 4) Program in Systems Biology, Department of Biochemistry and Molecular 
Pharmacology, University of Massachusetts Medical School, Worcester, MA, USA; 5) Program in Molecular Medicine, 
Department of Biochemistry and Molecular Pharmacology, University of Massachusetts Medical School, Worcester, MA, USA; 
6) Department of Biology, Duke University, Durham, NC, USA; 7) Howard Hughes Medical Institute, Chevy Chase, MD, USA; 8) 
Center for Genomic and Computational Biology, Duke University, Durham, NC, USA.

Decades of research have led to the development of comprehensive genome resources that have been essential to study the 
Caenorhabditis elegans species. In parallel, the emergence of Caenorhabditis briggsae as a model system has been useful 
to make interspecies comparisons. Despite the importance of C. briggsae as a model, its genome resources have not been 
developed to the same extent as C. elegans. The current genome of C. briggsae reference strain AF16 contains thousands 
of unresolved gaps and numerous mis-assemblies. Because of these issues, C. briggsae gene models remain incomplete 
and have numerous structural errors in protein-coding genes. We sought to exploit the latest sequencing technologies and 
computational tools to provide the highest quality C. briggsae genome resources to date. First, we generated high-quality 
genome assemblies for two strains of C. briggsae: QX1410 (a “tropical” strain isolated in Saint Lucia that is closely related 
to AF16) and VX34 (a divergent strain isolated in China). These genome assemblies incorporate high coverage Oxford 
Nanopore PromethION long reads and chromosome conformation capture (Hi-C) data. Second, we genotyped 99 recombinant 
inbred lines generated from reciprocal crosses between QX1410 and VX34. Using these data, we produced a high-quality 
recombination map that validated the placement of scaffolds after genome assembly. Third, we sequenced the transcriptomes 
of each strain to high coverage using Pacific Biosciences SMRT and Illumina platforms. We developed a computational pipeline 
that leverages long and short RNA reads to generate a genome annotation for each strain. These new genome annotations 
have improved accuracy and completeness relative to the AF16 genome. Fourth, our research group currently maintains 
over 1,600 C. briggsae wild strains, comprising the largest collection worldwide. We sequenced the genomes of this entire 
collection to high coverage using the Illumina platform. We mapped the sequences of all wild strains to the QX1410 genome 
to call single nucleotide variants across the entire population. These high-quality genome resources will facilitate new avenues 
of research, including quantitative and population genetic studies of C. briggsae, and enable informative comparisons with C. 
elegans.
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584B	 Characterization	of	the	terminal	adenosine’s	influence	on	cleavage	and	polyadenylation	of	C. elegans mRNAs

Emma Murari1,2, Shannon Obrien1, Mairead Heyza3, Marco Mangone1 1) The Biodesign Institute, Arizona State University, 
Tempe, AZ; 2) Molecular and Cellular Biology Graduate Program, Arizona State University, Tempe, AZ; 3) School of Life 
Sciences, Arizona State University, Tempe, AZ.

The cleavage and polyadenylation of pre-mRNAs is a critical step needed for RNA transcription termination and maturation. 
This process is executed by a large multi-subunit complex known as the RNA cleavage and polyadenylation complex (CPC). The 
CPC binds to the polyadenylation signal (PAS), which is a conserved hexameric element located at the end of the transcript’s 
3’ Untranslated Region (3’UTR). The CPC then performs the cleavage reaction at the polyadenylation (PS) site. Despite their 
importance, PS element locations in eukaryotic genomes are poorly characterized. Prior research from our lab revealed 
that the distance between the PAS and the PS elements is not constant and a buffer region between 12-14 nt from the PAS 
element is needed by the CPC in order to perform a successful cleavage reaction. Our lab recently identified an enrichment 
of adenosine nucleotides at the PS site and demonstrated that their removal alters the location of the cleavage site in vivo, 
suggesting an important novel role of the PS element in pre-mRNA cleavage and polyadenylation.

In order to further study the involvement of this terminal adenosine located at the PS site, we developed a novel in vivo 
cleavage and polyadenylation assay which we will use to determine the optimal buffer region length and further study the role 
of the terminal adenosine at the cleavage site.

For these experiments, we have used the M03A1.3 3’UTR since it uses only one canonical PAS element (and thus does not use 
alternative polyadenylation) and has a buffer region of 14 nt. We have prepared a GFP reporter construct containing a mutated 
M03A1.3 3’UTR with no adenosines between the PAS and PS elements. This GFP reporter construct was used to prepare seven 
new mutants containing a terminal adenosine inserted at specific locations between 17 and 29 nucleotides downstream of the 
PAS site. The results of this assay will provide a working framework which we will use to model PS elements in the 5546 genes 
in the worm transcriptome, which currently lack annotated 3’UTR data. Our work will greatly improve our understanding of 
pre-mRNA cleavage and polyadenylation in C. elegans and will allow us to provide a needed reference for PS elements in the 
worm transcriptome to the scientific community.

585C	 SLIDR	and	SLOPPR:	Computational	pipelines	for	the	discovery	and	characterisation	of	spliced	leader	trans-splicing 
and	polycistronic	RNA	processing	reveal	the	evolutionary	dynamics	of	SL2	trans-splicing across the Nematoda

Marius Wenzel2, Andreea Marin1, Lucrezia Piccicacchi1, Berndt Müller1, Bernadette Connolly1, Jonathan Pettitt1 1) Institute of 
Medical Sciences, University of Aberdeen, Foresterhill, Aberdeen AB25 2ZD, UK; 2) School of Biological Sciences, University of 
Aberdeen, Zoology Building, Tillydrone Avenue, Aberdeen AB24 2TZ, UK.

The organisation of genes into operons — clusters of genes which are transcribed as polycistronic RNAs — is a feature of all 
known nematode genomes. Spliced leader trans-splicing is essential for the expression of downstream operonic genes because 
the spliced leader provides the 5’ cap to their otherwise uncapped transcripts. In C. elegans, a specialised spliced leader, 
SL2, is specific for transcripts derived from downstream operonic genes via a process that is mechanistically distinct from the 
more generic SL1 trans-splicing. Studies of nematodes outside of Clade V failed to detect SL2 trans-splicing, with downstream 
operonic gene transcripts being trans-spliced to SL1. This led to the hypothesis that SL2 trans-splicing is recent innovation 
and that SL1 trans-splicing is the ancestral mechanism for resolving nematode polycistronic RNAs. However, a rigorous 
investigation of this hypothesis requires the comprehensive genome-wide characterisation of both operons and spliced leader 
trans-splicing. This has, until recently, been challenging, and their identification has historically relied upon sequence similarity 
with C. elegans, which may bias the results.To systematically investigate spliced leader trans-splicing and operon organisation, 
we have developed two fully automated discovery and annotation pipelines, SLIDR and SLOPPR (https://doi.org/10.1186/
s12859-021-04009-7), that enable the comprehensive characterisation of spliced leader trans-splicing and operon organisation 
in any organism using standard RNA-Seq datasets. Using these tools, we showed that SL2 trans-splicing is more broadly 
distributed than previous studies suggested; it is found in all Clade I nematodes that we investigated (http://www.rnajournal.
org/cgi/doi/10.1261/rna.076414.120). However, we were unable to detect SL2 trans-splicing in any Clade III nematode, 
consistent with previous studies, and could only detect it in a small sub-set of Clade IV nematodes. These distributions can 
be explained either by loss of an ancestral SL2 trans-splicing mechanism in multiple lineages, with SL1 acquiring the role in 
processing polycistronic RNA; or by the convergent evolution of SL2 trans-splicing in selected lineages. I will present data that 
favours the former explanation provides a possible scenario to explain how SL1 might replace SL2 trans-splicing despite the 
latter’s broad conservation and therefore functional importance.
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586A	 Crispr-ing	C. elegans genes conserved to humans

Vinci Au1, Erica Li-Leger1, Stephane Flibotte1, Kiana Martin1, Lisa Fernando1, Claudia Doell1, Viktorija Juciute1, Mark Edgley1, 
Julie Knott2, Marcus Vargas2, Heenam Park3, Wilber Palma3, Harald Hutter4, Paul Sternberg3, Donald Moerman1, Ann Rougvie2 1) 
Dept. of Zoology, University of British Columbia, Vancouver, BC, Canada; 2) Dept. of Genetics, Cell Biology and Development, 
Univerity of Minnesota, Minneapolis, MN; 3) Dept. of Biol. & Biological Engineering, California Institute of Technology, 
Pasadena, CA; 4) Department of Biological Sciences, Simon Fraser University, Burnaby, BC, Canada.

We are continuing our community resource project to generate gene deletions of high value to those interested in human 
biology and disease. Our highly coordinated three-site knockout (KO) production strategy has branches in California, 
Minnesota, and British Columbia, with the Canadian branch transitioning from the University of British Columbia to Simon 
Fraser University upon the retirement of KO legend Don Moerman. We employ a dual-pipeline strategy to generate KOs, 
with the Minnesota and Canadian sites using a scheme based on the Calarco Lab’s dual selection cassette method. It deletes 
all or most of the target gene, effectively eliminating function. In addition, it replaces the gene with a fluorescent reporter, 
allowing simple tracking of the allele in cases where the mutation results in homozygous lethality or sterility, or fails to cause 
a discernible phenotype, facilitating genetic manipulation of the alleles. Alternatively, the California site developed and uses 
a “STOP-IN” cassette that places stop codons in all three reading frames near the beginning of the coding region, eliminating 
activity. This method does not allow visual tracking of alleles but has the advantage in that it inserts a unique guide RNA 
recognition site, enabling reversion of the locus to wild-type allowing the phenotype to be reassessed. This feature is desired 
by some users, for example those performing metabolomics experiments requiring quantitation of phenotypes that are 
sensitive to strain background effects. Each gene edit is carefully confirmed, and validated strains are grossly phenotyped and 
promptly deposited into the Caenorhabditis Genetics Center (CGC) strain collection along with detailed strain information. To 
date, 1,040 of our KOs are available through the CGC. Going forward, we plan to target an additional 2500 C. elegans orthologs 
of human genes, prioritizing known or suspected human disease genes, druggable gene classes, as well as understudied 
genes that are conserved to humans but that have no actionable information. Finally, we will consider community requests to 
prioritize specific genes.

587B	 Genomic	landscape	of	the	obligately	outcrossing	Caenorhabditis becei

Jose Salome-Correa1, Solomon Sloat1, Luke Noble1,2, Matthew Rockman1 1) New York University, New York, NY; 2) Institut de 
Biologie de l›Ecole Normale Superieure IBENS, Paris, France .

Breeding systems determine the way genes are transmitted to the next generation, consequently driving genetic variation 
and genome evolution. Breeding systems may also play a role in the activity and prevalence of transposable elements. 
Selfing should increase the selection efficacy against TEs as a result of high homozygosity, with the majority of TEs present 
having reached fixation through genetic drift. Conversely, outcrossing should facilitate the spread of TE insertions throughout 
populations, and result in a higher number of moderately deleterious mutations. In the Caenorhabditis group Elegans, there 
doesn’t appear to be a clear pattern of TE dynamics across partially-selfing species and obligately outcrossing species. Most 
species in the Elegans group, appear to have chromosomal heterogeneity in repeat density, with chromosome arms being 
more repeat rich, and gene poor, than the centers. This association is not always consistent, as is the case for the outcrossing 
species C. inopinata and C. bovis, where some, but not all, repeat types have a more uniform distribution across the 
chromosome, with little divergence between copies, which may indicate recent TE activity. It is currently unknown whether 
these observations are also found across species from the obligately outcrossing Caenorhabditis group Japonica. Here we 
present the first chromosome-scale assembly for a species belonging to the Japonica group, Caenorhabditis becei. This high-
quality assembly was generated from PacBio long read data, Hi-C data, and a genetic map of an advanced intercross panel. 
The gene annotation for this genome was generated using Iso-Seq data and RNA-seq data from C. becei, as well as orthologous 
protein-coding and protein sequences from other Caenorhabditis species. We then characterized features such as synteny to 
other Caenorhabditis species, genome size, recombination rate domain structure, gene content, orthology, and distribution. 
We created a classified library of repetitive elements identified through de novo approaches. We generated TE annotations for 
the C. becei genome, and we reveal the patterns of repeat density, prevalence, distribution, and divergence.

588C	 CRISPR-	Nanobodies	from	C.	elegans	as	an	therapeutic	approach	for	Erythroblastosis	Fetalis

Akanksha Singh1 1) CSIR-NEERI.
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Erythroblastosis fetalis is a consequence of incompatibility amongst Rh-negative antigen from mother and Rh-positive antigen 
of foetus thus resulting in hemolysis. The hemolysis usually results in respiratory problems, neurological disorders or even 
heart failure. C.elegans is known to be homologous to some extent with human genome and produces monoclonal antibodies. 
The nanobodies from C. elegans are engineered with CRISPR Cas 9 technology where Cas 9 protein has been incorporated 
into nanobodies that will accelerate its efficiency. The engineered nanobodies will target genes like RHD and RhCE that are 
prominent in RBC membranous environment. The nanobodies with Cas-9 might block the interaction of Rh-negative antibodies 
with Rh-positive antibodies of foetus as by refusing the recruitment of Rh-negative antibodies in placenta. Antibodies from the 
C. elegans are extracted and engineered to produce nanobodies with encoded Cas 9 protein. The haemoglobin obtained from 
foetus are mixed with haemoglobin from mother with Rh-antigens in vitro. After a period of 24-48 hours, when engineered 
nanobodies are treated with blood by ELISA technique indicated reduced count of Rh-positive antibodies thus blocking RHD 
gene not allowing the interaction with Rh-negative antibodies. The aim of the study was to study molecular interaction 
occurring after exposure of nanobodies to Rh- antigens present in foetal blood.

Keywords:

Erythroblastosis fetalis, Rh-negative, hemolysis, C. elegans, CRISPR Cas 9, RHD , RHCE, haemoglobin, nanobodies.

589A	 The	smallest	genome	in	the	genus	Caenorhabditis

Simo Sun1, Dayi Mehmet1, Natsumi Kanzaki2, Yasunobu Maeda1, Akemi Yoshida3, Taisei Kikuchi1 1) Division of Parasitology, 
Department of Infectious Diseases, Faculty of Medicine, University of Miyazaki, Japan; 2) Kansai Research Center, Forestry and 
Forest Products Research Institute, Japan; 3) Laboratory of Genomics, Frontier Science Research Center, University of Miyazaki.

Caenorhabditis elegans is a powerful laboratory model that has provided several key findings in molecular and developmental 
biology and neuroscience in the past decades. However, only little is known about the evolutionary history of the nematode 
and the relatives. Recent extensive surveys of new Caenorhabditis species around the world revealed that the diversity in the 
genus is bigger than we previously expected. Those resources are useful to get evolutionary insights for better understanding 
of biological phenomena identified in C. elegans researches and provide opportunities to perform deep evolutionary analyses 
on morphology, behaviors and genomes.

Here we report a new Caenorhabditis species C. sp. 36, which has the smallest genome in the genus. The new gonochoristic 
species was isolated from a weevil (Niphades variegatus) collected in the dead log of Masson’s pine in Tokyo Japan. 
Morphologically, the species possesses the typical characteristics of the Elegans supergroup species except the body size is 
a little smaller. Using Illumina, Nanopore and Hi-C technologies, we assembled the C. sp. 36 genome into six big scaffolds 
accounting for the chromosomes. The genome assembly size was as small as ~58Mb, the smallest among the well-defined 
Caenorhabditis genomes. Phylogenetic analysis revealed that C. sp. 36 is a close relative of C. japonica whose genome size 
is one of the biggest in the genus (156 Mb). For a comprehensive genome comparison with C. sp. 36, we also sequenced 
C. japonica genome using aforementioned technologies and achieved a big improvement from the wormbase ver WS279. 
Though the two genome sizes are different by three times, similar numbers of protein coding genes (16929 and 17652 genes, 
respectively) were predicted for C. sp. 36 and C. japonica, which are comparable numbers with other Caenorhabditis species. 
Whereas a total CDS span dose not differ much from other spices, intron and intergenic regions showed big size differences. 
Compared to C. elegans, C. sp. 36 has ~19.5Mb and ~18.2Mb smaller intron and intergenic spans, respectively. In contrast, 
those of C. japonica are ~26.3Mb and ~32.8Mb larger than of C. elegans, respectively. A deeper intron analysis revealed that 
although intron birth/death trends differed depending on each lineage of Caenorhabditis, each-intron length rather than per-
gene intron counts mainly contribute to the intron span differences. Repeat analyses showed that transposons, especially DNA 
transposons are the main factors involved in the intergenic region differences.

590B	 Genome	organization	of	Caenorhabditis brenneri

Anastasia Teterina1,2, John Willis1, Charles Baer3, Patrick Phillips1 1) Institute of Ecology and Evolution, University of Oregon, 
Eugene, OR; 2) Center of Parasitology, Severtsov Institute of Ecology and Evolution RAS, Moscow, Russia; 3) Department of 
Biology, University of Florida, Gainesville, FL.

Caenorhabditis brenneri is an outcrossing species of nematodes in the ‹Elegans› supergroup (Rhabditida) formally described 
by Sudhaus and Kiontke in 2007. C. brenneri is one of the most genetically diverse eukaryotes, roughly every tenth nucleotide 
is polymorphic, which makes it comparable to hyperdiverse bacteria (Dey et al. 2013). To study such a tremendous amount of 
diversity on the genome-scale, we need high-quality data and a chromosome-scale reference genome. We created a super-
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inbred C. brenneri strain VX0223 (300 generations of inbreeding) to remove the residual heterozygosity and constructed 
a telomere-to-telomere genome assembly using highly accurate long-reads, short-reads, and genome-wide chromatin 
organization data, as well as full-length transcript sequencing and RNA-seq for the genome annotation. We have shown that 
C. brenneri has a similar pattern of genome organization to other Caenorhabditis species, with a higher gene density in the 
central regions of chromosomes and the peripheral parts of chromosomes enriched with repeats. However, the percentage 
of the repetitive elements in the genome is lower than in other outcrossing species of Caenorhabditis, only 16.3% (C. remanei 
and C. inopinata have 23% and 30%). That is inconsistent with the previously reported higher repeat abundance in C. brenneri    
(Feschotte et al. 2009, Fierst at al. 2015), which is probably connected to the higher duplication level and redundancy in the 
previously available genome assemblies (caePb2 and GCA_000143925.2).

591C Genomes of 15 Oscheius tipulae isolates from Chernobyl

Sophia Tintori1, Patrick Ortiz1, Maxim Ivanenko2, Ihor Chyzhevskyi3, Timothy Mousseau4, Matthew Rockman1 1) New York 
University, New York, NY; 2) Schmalhausen Institute of Zoology, Kiev, Ukraine; 3) State Specialized Enterprise «Ecocentre», Kiev, 
Ukraine; 4) University of South Carolina, Columbia, SC.

Background ionizing radiation is a ubiquitous environmental carcinogen that is usually considered safe, due to its low levels 
and our cellular pathways for detecting and repairing damaged DNA. While the key players in these pathways are known, much 
has yet to be learned about how they vary in the wild, and how such naturally-occuring variants affect DNA repair efficiency. 
One approach to understanding such variation is to compare the genetics and cell biology of radiation-tolerant animals to that 
of closely related radiation-sensitive animals.

In search of radiation-tolerant animals, we have collected nematodes from the fruits and soils of the Chernobyl Exclusion 
Zone, a landscape altered by contamination from the world’s largest nuclear power plant accident 35 years ago. We have 
recovered and cryopreserved 298 isolates, and have begun investigations into 15 such strains of Oscheius tipulae, isolated 
from sites ranging in ambient radiation levels. De novo genome sequencing and assembly of these 15 animals reveals multiple 
chromosome rearrangements.

592A	 Sign	and	reciprocal	sign	epistasis	across	different	environments

Katarzyna Toch1, Mateusz Buczek1, Marta Labocha1 1) Jagiellonian University, Krakow, Poland.

Epistasis is a phenomenon of different loci interacting with each other, ergo having non-independent effect. But even 
though genetic interactions are widely spread across genomes their importance is still being questioned. Depending on 
the perspective, epistasis is said to either play an essential role in both applied (animals and plants breeding, forensics, 
personalized medicine) and evolutionary biology (emergence of sex, speciation, shaping evolutionary landscapes) or to 
be seen as a noise of linear genes effect. In general, epistasis can be either positive, when double mutant has higher than 
expected fitness, or negative, when the fitness is lower than expected. Sign and reciprocal sign epistasis are peculiar cases of 
genetic interactions, where one or both mutations have effect opposite from both mutations combined. We have tested over 
1000 pairwise interactions in standard conditions and in three different environmental stressors: heat shock (37°C), oxidative 
(H2O2) and mutagenic (MMS) stress. We have found that sign epistasis is a prevalent event; 40-78% of all significant interactions 
are in fact sign epistasis. What is even more interesting, we were able to detect few examples of reciprocal sign epistasis, 
however only in harsh environments; one in MMS treatment and four in H2O2 treatment. All of them were the examples of 
positive reciprocal sign epistasis – despite the deleterious effect of both single mutations, double mutant exhibited higher 
than expected fitness (higher than animals without any mutations). Both sign and reciprocal sign epistasis are a game changer 
when it comes to predicting fitness landscapes. As much as sign epistasis is able to slow down the process of reaching fitness 
optimum, reciprocal sign epistasis can actually block it, unless e.g. two mutations occur simultaneously. Our findings are 
notably important, since they point to the importance of considering environment in studying genetics and evolutionary 
scenarios.

593B	 Variant	Discovery	mapping	for	identification	of	phenotype	causing	mutations:	case	studies	and	a	new	online	
pipeline

Feng Xue1, Lourdes Riquelme Dominguez1, Richard Poole2, Maria Doitsidou1 1) University of Edinburgh; 2) University College 
London.
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Mapping by sequencing has become an accessible method for identifying phenotype-causing mutations in C. elegans. The 
main strategy for this is bulked segregant analysis, which involves outcrossing the strain carrying the mutation of interest with 
a polymorphic strain and assaying the segregation of genetic markers in pooled samples as a means for mapping qualitative 
traits. This strategy has been broadly implemented in the Hawaiian variant mapping method, where a strain carrying the 
mutation of interest is outcrossed to the CB4856 polymorphic background.

Variant discovery mapping (VDM) combines bulked segregant analysis with an isogenic backcross, performed between the 
mutant and the non-mutagenized starting strain. VDM uses mutagen-induced variations as markers for mapping. By using the 
non-mutagenized starting strain to perform the mapping cross, VDM allows mapping of mutations in strains with complex 
genetic backgrounds or mutations with phenotypes that are affected by polymorphic genetic backgrounds.

Here, we present a new online pipeline for VDM on the public Galaxy server, which can be used as an alternative to the 
Cloudmap pipelines (Minevich et al. 2012) that have now deprecated. The new VDM pipeline uses Freebayes as a variant 
caller, along with easy-to-use tools for SNP subtraction and generation of mapping plots that support outputs from GATC, 
Freebayes, and MiModD variant callers. We further present case studies where we apply the VDM strategy and our new 
pipeline to map and clone several novel, dominant and recessive mutations, that suppress trp-4(ot337) induced dopaminergic 
neurodegeneration.

594C	 Use	of	C. elegans for investigating functional consequence of orthologous variants

Atiyye Zorluer1, Sebiha Cevik1, Oktay I. Kaplan1 1) Abdullah Gül University.

The widespread use of next-generation sequencing technologies has resulted in the emergence of millions of new genetic 
variants in humans and non-human species. One of the most important key tasks in genomics is to differentiate harmful 
genetic variants from non-harmful variants to diagnose disease better. Computational prediction tools and experimental data 
have helped to shed light on the functional importance of human genetic variants in this respect. However, mutants bearing 
human equivalent variants, known as orthologous variants (OrthoVar), have gotten less attention, even though they can be 
beneficial resources for unraveling the functional data for human OrthoVars. Here we used ConVarT (https://convart.org/), an 
OrthoVar search engine, to look for human OrthoVars in C. elegans. We selected ift-140, which encodes ciliopathy associated 
intraflagellar transport 140, because a null mutation causes easily detectable cilia abnormality in C. elegans. We identified 
conserved amino-acid positions that undergo amino acid changes within IFT-140 and discovered seven different variants that 
fall into this category, three of which have human OrthoVars. We obtained variant carrying mutants from CGC generated by 
the Million Mutation project and performed a fluorescent dye uptake assay, which indirectly assesses cilia structure. Except for 
V444I, none of these mutants exhibit Dye uptake defect, indicating that these variants are likely non-harmful variants. V444I 
mutants have a temperature-sensitive Dye uptake defect as well as IFT protein accumulations in the cilia, which is similar to 
the ift-140 null mutant phenotype. We are currently performing a rescue analysis for this variant. We then generated two 
mutants with human OrthoVars (G680S, P702A), and our thorough analysis found that the P702A variant (Human P726A, 
reported likely pathogenic) is a null mutant of ift-140, but not G680S (Human G704S, VUS). Our current OrthoVar-focused 
study has uncovered the functional implications of nine variants (5 human OrthoVars), and we believe that functional 
assessment of human OrthoVars can provide valuable insight into human variants.

595A	 CUT&Tag	in	Caenorhabditis elegans

Abraham Aharonoff1, David Jimenez1, Sevinç Ercan1 1) New York University.

Chromatin immunoprecipitation followed by massively parallel sequencing (ChIP-seq) has been the gold standard for 
analyzing interactions between DNA and proteins in the field of gene regulation. It does, however, require a considerable 
number of cells. Alternative strategies like CUT&RUN and CUT&Tag have been introduced to overcome the limitations of 
cell number. CUT&Tag utilizes a transposome consisting of a Tn5 transposase fused with proteins A and G, which direct the 
transposase to an antibody bound to its target. The transposase is also pre-loaded with sequencing adapters, which allows for 
antibody directed tagmentation followed by library preparation. Here, we applied CUT&Tag to purified nuclei of embryos using 
at least five different antibodies. We will present our progress in applying this technique to nematodes and share our data.

596B	 A	tool	for	warp	speed	genetics	in	C.	elegans
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Karen Artiles1, Christian Frøkjær-Jensen2, Andrew Fire1 1) Stanford University School of Medicine, Department of Pathology, 
Stanford, CA, USA; 2) King Abdullah University of Science and Technology, Biological and Environmental Science and 
Engineering Division, Saudi Arabia.

What if we could rapidly and reliably homozygose every locus in the C. elegans genome during genetic manipulations? What if 
we could combine the full nuclear information from one C. elegans strain with cytoplasmic contents from a second strain? We 
can do both, and it is remarkably easy!

Besseling and Bringmann (2016) identified a molecular intervention for C. elegans in which premature segregation of maternal 
and paternal chromosomes in the fertilized oocyte can produce viable animals exhibiting a non-Mendelian inheritance pattern. 
Overexpression in embryos of a single protein regulating chromosome segregation (GPR-1) provides a germline derived 
clonally from a single parental gamete. We present a collection of strains and cytological assays to consistently generate and 
track non-Mendelian inheritance. These tools allow reproducible and high-frequency (>80%) production of non-Mendelian 
inheritance, the facile and simultaneous homozygosis for all nuclear chromosomes in a single generation, the precise exchange 
of nuclear and mitochondrial genomes between strains, and the assessments of non-canonical mitosis events.

597C Transgenic hph::gfp gene fusion allows streamlined screening for C. elegans gene knockouts

Sarah Brivio1, Rotimi Fasimoye1, Bernadette Connolly1, Berndt Müller1, Jonathan Pettitt1 1) University of Aberdeen.

We are interested in understanding the protein and RNA components of the spliced leader trans-splicing machinery. Previous 
work has implicated a set of novel non-coding RNA components, the SmY RNAs, in spliced leader trans-splicing. These 
RNAs are encoded by 12 distinct genes and we are in the process of systematically deleting them to understand the precise 
mechanistic roles of their products.

To facilitate this approach we have developed a novel hph::gfp reporter transgene that allows tagging and knockout of any 
gene of interest in a single injection via CRISPR/Cas9 induced homology directed repair (HDR). This method generates a loss 
of function allele and a fluorescent protein fusion reporter, while the hph hygromycin resistance gene facilitates the selection 
process. The fusion protein is functional, successfully generating both broad cytoplasmic fluorescence and hygromycin 
resistance in the assayed worms.

This hph::gfp repair template provides a simple and flexible approach - it can be modified by oligo cloning to be flanked by 
homology arms corresponding to the region upstream and downstream of any gene of interest.

This approach significantly reduces the time and labour required to achieve each knockout, facilitating our goal of complete 
smy gene complement knockout. Our results to-date show that loss of ten of the twelve smy genes impair spliced leader trans-
splicing, confirming the role of this enigmatic set of RNAs in this process.

598A	 Non-transgenic	Functional	Rescue	of	Neuropeptides

Elizabeth DiLoreto1, Douglas Reilly1,2, Jagan Srinivasan1 1) Worcester Polytechnic Institute; 2) Tufts University.

Neuropeptides are small proteins produced in the nervous system that regulate synaptic communication by modulating the 
response of G-protein coupled receptor signals. Neuropeptides serve to repurpose neural circuits: a single gene can encode 
multiple peptidergic regulatory elements, making it difficult to identify roles of discrete and active neuropeptides. Here, we 
present a novel tool for the functional rescue neuropeptides that exploits an RNAi feeding-like technique using E. coli delivery 
to feed genetic loss-of-function C. elegans mutants active peptides. This technique allows us to tease apart unique roles of 
individual neuropeptides encoded by single genes. Using our rescue-by-feeding paradigm, we rescue three neuropeptides that 
have previously been rescued using canonical, transgenic methods – pdf-1, trh-1, and ins-6 – to examine the efficacy of the 
paradigm. Our study confirms that some peptides are functionally redundant, while others that appeared to play similar roles 
in transgenic rescues are indeed unique. Finally, we argue that the mechanism of peptide delivery is reminiscent of the mRNA 
uptake observed in RNAi feeding paradigm, though we are currently exploring the mechanisms of how the peptide rescues the 
phenotype and altering delivery methods to work in other bacterivores. While these neuropeptide genes encode simpler pro-
peptide products, we have recently employed this method to decipher the role of flp-3-encoded peptides– a FMRFamide-like 
neuropeptide gene which encodes ten unique peptides. We postulate that this rescue-by-feeding paradigm can offer the ability 
to dissect the functional landscape of neuropeptide genes, previously inhibited by the bandwidth limitations of combinatorial 
transgenic analyses.
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599B	 A	faster	and	more	efficient	RNASeq	protocol	supports	new	approaches	for	studying	gene	regulation	and	tissue	
composition	in	C. elegans

Olivier Martin1,2, Matthias Eder1, Nicholas Stroustrup1,2 1) Centre de Regulació Genòmica (CRG), Barcelona, Spain; 2) Universitat 
Pompeu Fabra (UPF), Barcelona, Spain.

Individuals with identical genotypes often show high phenotypic variability. To better characterize inter-individual differences 
in aging, we further optimized the low-input Smart-seq2 RNASeq strategy (Picelli et al., 2014; Serra et al., 2018) to support 
routine collection of high-quality C. elegans transcriptomes. Compared to conventional techniques that require thousands of 
individuals as input material, we have validated our method to show that it can produce robust results from single individuals, 
and scales up to pools of thirty worms at which point it replaces existing bulk methods. This combination of single and pooled 
RNASeq provides a quantitative means for studying variation in gene regulation and tissue composition between individuals 
and across populations.

Looking to increase throughput and reduce cost over existing approaches, we identified an eccentricity of the Smart-seq2 
template-switching polymerase that in C. elegans leads to an aberrant amplification of specific ribosomal RNAs independent of 
the poly-dT primers used during reverse transcription. More generally, we find that Smart-seq2 template-switching oligomers 
bind non-specifically to multiple non-coding RNAs. We solve this problem by combining biotin-labeled primers with an 
additional bead purification step after reverse transcription. This procedure excludes all non-coding RNAs and increases our 
effective sequencing depth by 4.5 fold, providing pooled or single-worm transcriptomes at dramatically lower cost.

We demonstrate the usefulness of this new method to identify novel downstream targets of the daf-2 insulin/IGF receptor.

References

Picelli, Simone, et al. «Full-length RNA-seq from single cells using Smart-seq2.» Nature protocols 9.1 (2014): 171-181.

Serra, Lorrayne, et al. «Adapting the Smart-seq2 protocol for robust single worm RNA-seq.» Bio-protocol 8.4 (2018).

600C	 Tissue-specific	transcription	footprinting	in	C. elegans	using	RNA	PoI	DamID	(RAPID)	and	Nanopore	sequencing

Georgina Gómez Saldivar1, Peter Meister2, Dominique A. Glauser1 1) Department of Biology, University of Fribourg, 
Switzerland.; 2) Cell Fate and Nuclear Organization, Institute of Cell Biology, University of Bern, Switzerland..

Differential gene expression across cell types is a major determinant of multicellular organism development and physiology. In 
C. elegans, it is notoriously difficult to characterize individual cell types due to the difficulty to obtain comprehensive tissue-
specific gene transcription data. Available methods require tissue dissociation and cell sorting from large worm populations or 
the use of transgenic approaches to purify transcripts from the target cell type. This can be challenging when the considered 
cell type is hard to separate from surrounding cells or is a rare cell type.

Here, we present the RNA Pol DamID (RAPID) approach, in which the Dam methyltransferase is fused to a ubiquitous RNA 
polymerase subunit in order to create transcriptional footprints via methyl marks on the DNA of transcribed genes. We 
implemented a Cre-lox recombination system to target specific tissue and 3rd generation sequencing (Oxford Nanopore 
Technologies) to eliminate the need for an external sequencing facility and streamline data acquisition to achieve analyses 
from DNA extraction to sequencing results in less than a week.

To validate the method, we determined the polymerase footprints in whole animals and in different tissues from intact young 
adults. We obtained meaningful transcriptional footprints in line with RNA-seq studies in whole animals, muscle and intestine. 
To challenge the sensitivity of RAPID and demonstrate its utility to determine novel tissue-specific transcriptional profiles, we 
determined the transcriptional footprints of the pair of XXX cells, representing 0.2% of the somatic cell content of the animals. 
We identified 2362 genes potentially transcribed in XXX cells, among which the few known XXX markers, such as daf-9 and 
sdf-9. Using transcriptional reporters for a subset of new hits, we confirmed that the majority of them were indeed expressed 
in XXX. Interestingly, results of a gene ontology analysis on a refined list of 275 genes, whose expression is strongly enriched 
in XXX cells as compared to other profiled tissues, are in line with the endocrine function of these cells, with implications in 
signalling and dauer formation. A transcription factor predictive tool also revealed an association with specific transcription 
factors playing a role in dauer formation.
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Taken together, our work establishes RAPID as a valid method for the determination of polymerase footprints in specific tissues 
of C. elegans without the need for cell sorting or RNA tagging.

601A	 A	model	for	partial	depletion	of	disease	gene	homologs	reveals	dose-dependent	effects	of	the	Kabuki	Syndrome-
related	factors	SET-16/KMT2D	and	UTX-1/KDM6A

Nathaniel Ortiz1,2, Jaejoon Choi1,2, Olaf Bodamer1,2, Eunjung Lee1,2, Maxwell Heiman1,2 1) Boston Children›s Hospital; 2) Harvard 
Medical School.

Human genetic disorders often involve haploinsufficiency, in which disruption of just one copy of a gene causes disease 
symptoms. For example, the developmental disorder Kabuki Syndrome (KS) is caused by disruption of a single copy of the 
genes that encode the histone modifying factors KMT2D and KDM6A. By contrast, in laboratory organisms, loss-of-function 
mutations are typically recessive. For example, null alleles of the C. elegans KS gene homologs, SET-16 and UTX-1 respectively, 
appear outwardly normal as heterozygotes (50% gene dose) but are lethal as homozygotes (0% gene dose). We reasoned that 
more severe depletion of SET-16 and UTX-1 – for example, to 10% or 20% of normal levels – might provide a better model 
of the cellular defects caused by haploinsufficiency in KS. In order to systematically manipulate protein levels, we turned to 
the auxin-inducible degron (AID) system. We inserted tandem GFP and AID tags at the endogenous SET-16 and UTX-1 genes. 
Consistent with previous reports, we find that SET-16 and UTX-1 are both expressed in all, or nearly all, cells beginning in 
mature gametes and continuing through adulthood. We find that titrating auxin levels causes a dose-dependent depletion of 
SET-16 or UTX-1 as assessed by GFP intensity, using either a somatic- or germline-specific TIR1 ubiquitin ligase. For example, 
in somatic cells of animals treated with 0 mM, 0.01 mM, 0.1 mM, or 1.0 mM auxin, we observed relative GFP intensities of 
100%, 74%, 24%, and 1% for SET-16 and 100%, 14%, 3%, and 0% for UTX-1. To determine how partial depletion affects cellular 
phenotypes, we performed transcriptional profiling of SET-16 or UTX-1 somatic depletion strains grown under each auxin 
condition, in triplicate. We identified ~3000 and ~1500 genes whose expression levels are significantly correlated to the extent 
of SET-16 or UTX-1 depletion, respectively, across conditions. Overall, the gene lists were highly concordant, for example, 95 of 
the 100 genes whose expression is most highly correlated with SET-16 levels are also significantly correlated with UTX-1 levels. 
Intriguingly, 24 of the top 100 affected genes are members of the pals gene family, which has been implicated in gene silencing 
and pathogen-driven stress responses. Overall, this study provides a general strategy for partial depletion of disease-relevant 
genes that may better reflect the cellular changes that occur in human disorders involving genetic insufficiency.

602B	 Whole	Gene	Humanization	as	Platform	for	Disease	Diagnostics	and	Therapeutics	Discovery.

Christopher Hopkins1, Trisha Brock1, Kathyrn McCormick1, Kolt McBride1, Adam Saunders1, Christine Kim1, Jennifer Lawson1, 
Lauren Resch1 1) InVivo Biosystems, Eugene, OR.

Disease research is being greatly impacted by advances in genome-editing. CRISPR and its related techniques now allow the 
creation of precision animal models of human disease. With the ease of genetic manipulation in C. elegans, the fast lifecycle, 
and the wealth of phenotypic assays, they are a great genetic model, however, not all human disease variants can be inserted 
into C. elegans due to sequence divergence. We have developed a method of Whole Gene Humanization to overcome this 
drawback. First a human gene coding sequence is inserted as a gene replacement of its ortholog sequence in the C. elegans. 
When this rescues the abnormal function present in the locus null, the system becomes confirmed for conservation of 
biological function between the worm and human genes. Next, a test clinical variant is installed into the humanized locus and 
a set of deep phenotyping assays are performed to determine the landscape of phenotypic activity. The variant’s phenotypic 
profile is referenced against the phenotypic profiles of training-set comprising of at least 11 strains (5 established benign, 5 
established pathogenic variants, and one wt-humanized control). A receiver operator characteristic (ROC) curve is applied 
to the euclidean distance of the established benign and pathogenic variants from the wt-humanized control control. The 
harmonic mean separating benign from pathogenic, is then applied to the test clinical variant’s euclidean distance from 
wt-humanized control. When the clinical variant shows a phenotypic cosegregation with the pathogenic that is above the 
harmonic mean, an assessment of abnormal function is achieved. We are applying this methodology to over 15 disease-gene 
targets. Functional rescue of 86% of the test disease loci was achieved which will enable disease modeling in a humanized 
locus.

603C	 High-contiguity	genomes	from	single	nematodes

Christopher Laumer1, Erna King1, Manuela Rebecka Kieninger1, Mark Blaxter1 1) Wellcome Sanger Institute.
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Nematodes are one of the most abundant phyla in the animal kingdom. Along with Caenorhabditis elegans, several other soil 
nematodes and some parasitic species have been established as laboratory model organisms. For these species well-annotated 
and high-quality reference genomes have been established. Usually a huge number of animals are pooled to generate libraries 
for sequencing resulting in a final genome sequence of the species. However, the information about the diversity within the 
species is usually lost and only a fraction of nematode species can be cultivated and studied in laboratories. Small size and 
cryptic anatomical features makes the isolation of sufficient nematodes of the same species within a meiofaunal community 
extremely difficult.

We are developing a low-input method for generating high-quality annotated genomes and can generate long-read HiFi 
genomic DNA libraries and transcriptome libraries from a single isolated nematode. We are working towards also generating 
Hi-C chromatin conformation capture libraries and linked-read genomic libraries for single individuals. Initial studies using 
single individuals of the soft-bodied flatworm Stenostomum confirmed that preparing all four libraries from single animals is 
indeed achievable, despite the limited number of cells. We optimised different tissue disruption methods to recover intact 
nuclei from individual animals. With these intact nuclei in suspension we can isolate RNA, high molecular weight DNA and take 
a fraction of the nuclei for Hi-C library preparation.

Through optimizing the extraction protocol and different library preparation steps we will be able to gain sequencing data of 
long-read, proximity-read, linked-read and transcriptome sequencing which will provide us with a high-quality genome. Thus, 
it will be possible to explore the genomic diversity within populations, among populations and across species at the resolution 
of single individuals. Further, this low-input method will be of great benefit for identifying and studying these and other 
meiofaunal species, and understanding the ecology of their communities.

604A	 Single	Nucleotide	Substitutions	Effectively	Block	Cas9	and	Allow	for	Scarless	Genome	Editing	in	Caenorhabditis 
elegans

Jeffrey Medley1, Shilpa Hebbar1, Joel Sydzyik1, Anna Zinovyeva1 1) Division of Biology, Kansas State University, Manhattan, KS.

In C. elegans, direct germline delivery of Cas9 ribonucleotide protein complexes along with single-stranded DNA repair 
templates is reliably used to induce genome editing through homology-directed repair (HDR). As Cas9 generates DNA breaks 
based on complementarity to a guide RNA sequence, additional blocking mutations are often required to prevent Cas9 
from continuing to create DNA breaks after homology-directed repair has occurred. Current practices prioritize creating a 
silent mutation within the PAM sequence (NGG) that is essential for Cas9 activity. In cases where the PAM cannot be silently 
mutated, it is recommended to design several silent mutations within the 20 nucleotide guide portion of the donor to 
minimize the risk of Cas9 targeting DNA after HDR. While this approach works well for protein-coding sequences where silent 
mutations can be easily designed, it remains challenging to predict how extraneous blocking mutations will affect non-coding 
sequences such as non-coding RNAs, untranslated regions, and other regulatory sequences. To overcome this challenge, we 
tested whether single-nucleotide substitutions within the guide sequence were sufficient to block Cas9 and allow for efficient 
genome editing. Our results show that single nucleotide substitutions are sufficient to allow for efficient genome editing and 
recovery of edited animals. We propose that when the intended mutation is located within the guide sequence, additional 
blocking mutations are not essential to recover edited animals. Surprisingly, we found that edited animals can be readily 
recovered without introducing any Cas9 blocking mutations, albeit with reduced efficiency, suggesting a temporal block might 
restrict Cas9 from continuing to target DNA after HDR. We show that single nucleotide guide substitutions effectively, though 
not completely, block Cas9 from targeting repaired DNA. We found that editing of the maternal genome occurs at much 
greater frequency than the paternal genome, and that maternal editing appears to have increased rates of HDR. We suggest 
that mating to balancer chromosomes before injection can be used to select for maternally-provided haplotypes that are more 
likely to be edited through HDR, and substantially reduce screening efforts post-injection. Collectively, our findings expand 
the repertoire of genome editing strategies in C. elegans and allow for scarless genome editing in cases where incorporating 
extraneous blocking mutations are not possible.

605B	 Recombination-based	approaches	for	efficient	knock-ins,	robust	transgene	expression,	and	modular	strain	
construction

Michael Nonet1 1) Washington University Medical School.

The ability to introduce exogenous sequences into the genome at specific sites has transformed C. elegans research. However, 
two major areas still limit this technology. First, both the accuracy and efficiency of creating large insertions is sub-optimal. 
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Secondly, expression from single copy inserts often limits the utility of these reagents. Recently, I introduced a Recombination-
Mediated Cassette Exchange (RMCE) method for creating large-DNA single copy transgenes at defined landing sites at 
improved frequency and fidelity over current MosSCI and CRISPR/SEC methods (Nonet, 2020 Genetics). The system integrates 
DNA using FLP and excises a selection cassette using Cre. Insertion events occur at 1 per 3 injected animals. Furthermore, the 
insertions are faithful since they result from recombination rather than repair.

To address expression issues, I used RMCE to improve bipartite reporter systems which have not been exploited by the C. 
elegans community. I introduced an improved GAL4/UAS system, a lexA/lexO system, a tet OFF tetR-QF/tetO system and a 
QF2/QUAS system that all function in single copy and provide for more robust expression.

Bipartite expression systems improve expression, but the complexity of genetic manipulation of these multi loci systems limit 
their practical utility. To overcome these limitations, I have developed additional methods that permit the creation of bipartite 
insertions at a single locus. First, I have developed a tandem RMCE method, in which the initial insertion includes not only 
the first insert, but also an additional mini-landing site. After isolating the initial integration event, a second insert can be 
integrated at the same position.

Second, I developed Recombination-Mediated Homolog Exchange (RMHE) which permits recombining two RMCE insertions 
integrated at the same landing site from a trans to a cis configuration. Single insertions are created containing either an 
attP site 5› of the insertion or an attB site 3’ of the insertion. After crossing into a germline phiC31 expression background, 
trans heterozygotes recombine to cis in approximately 15 percent of the progeny. I outline a new approach in which a panel 
of appropriately attB- or attP-tagged lines can be easily recombined permitting flexible mixing and matching of driver and 
reporter lines to rapidly create novel complex bipartite reporter strains.

606C	 Self-Selecting	Clone-Free	Transgene	Integration	in	Caenorhabditis elegans- Expanding	the	Toolkit

Zachary Stevenson1, Megan Moerdyk-Schauwecker1, Brennen Jamison1, Erin Petruccione1, Patrick Phillips1 1) University of 
Oregon, The Institute of Ecology and Evolution.

The integration of transgenes in Caenorhabditis elegans has traditionally utilized transposable elements or bombardment, with 
current protocols adopting CRISPR-based integration. CRISPR also allows for the creation of custom-designed integration loci. 
Here, we take advantage of this experimental freedom to design such loci, or ‘landing pads,’ to facilitate transgene integration. 
These landing pads are designed for integration-specific selection, thereby avoiding the selective benefit of array formation 
and consequent false positives, eliminating the need for anti-array selection or co-CRISPR methodologies. Within the genome, 
landing pads are built with a partial Hygromycin B resistance gene missing the promoter and the 5’coding sequence. In 
addition, a synthetic unique guide RNA target sequence is present upstream for targeting by Cas9. Six synthetic guides were 
pre-tested to choose an optimal guide target, and four were identified with similar integration efficiencies. Donor homology 
plasmids are constructed with the transgenic cargo plus the rps-0p::HYGR∆ 5’ coding sequence. As the Hygromycin B resistance 
gene has been split, there is no selectable advantage in the array. Only upon integration is the Hygromycin B resistance 
restored. A landing pad locus was initially constructed on Chr. II, and we recently expanded the toolkit, creating landing pad 
strains and plasmid donors for Chr. I and III. For each landing pad/donor pair, the Hygromycin B resistance gene is flanked by 
unique Lox sites, allowing for optional removal of the resistance gene without inducing interchromosomal rearrangements. 
Additional donor plasmids have been constructed to allow for self-excision of the resistance gene, similar to Dickinson et al. 
2015.

In addition to streamlining the integration process, we bypassed the requirement for pre-constructed plasmids. It is known 
that C. elegans can stitch together linear dsDNA fragments with homology-directed repair (HDR), which has been used for 
clone-free transgenesis. We tested two and six-part transgenic insertions for sqt-1(e1350) and found functionally integrated 
transgenes for both. We couple this strategy with our synthetic landing pads to streamline the transgenesis process from PCR 
to confirmed single copy integration in as little as five days. Overall, the combined approach provides an economical and rapid 
method to generating single-copy transgenes for C. elegans.

607A	 RNA	Pol	II	binding	changes	in	auxin-inducible	degradation	system	in	C. elegans

Siyu Sun1, Ana Morao1, Sevinc Ercan1 1) New York University, NY, NY.

Techniques to study protein function in living cells is useful in the investigation of biological regulatory mechanisms. Among 
the Caenorhabditis elegans transgenic toolkits, the Auxin-Inducible Degradation (AID) system provides spatial and temporal 
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control of protein degradation in both a conditional and reversible manner. The AID system utilizes the F-box related protein 
TIR1, which upon auxin addition, leads to the degradation of AID degron tagged target protein. In C. elegans, the usage of 
AID system is commonly in transgenic lines that express the modified Arabidopsis thaliana TIR1. Here, we report that lifelong 
exposure to 0.01mM, 0.1mM, and 1mM auxin does not significantly affect the morphological quantified phenotypic features 
or embryo lethality in TIR1 expressing strain CA1200. However, Pol-II ChIP-seq enrichment profile upon 60 minutes of auxin 
treatment in CA1200 worms shows a dramatic shift within coding regions, which is notable for researchers who are using this 
strain doing any ChIP-seq analysis.

608B	 Minimal	PAM	nucleases	and	expanded	nested	CRISPR	tools	to	facilitate	CRISPR-Cas	genome	editing

Jeremy Vicencio1, Dmytro Kukhtar1, Miguel Ruiz1, David Brena1, Mariona Cots1, Julian Ceron1 1) Bellvitge Biomedical Research 
Institute (IDIBELL), L›Hospitalet de Llobregat, Spain.

Many C. elegans CRISPR-based genome editing protocols have been developed in the last few years, ranging from plasmid-
based approaches to cloning-free methods. We contributed to this collection of methods with nested CRISPR (Vicencio et 
al., Genetics 2019), facilitating the efficient and cloning-free generation of knock-in strains. We have also investigated the 
relationship between fragment length and efficiency to determine insertion limits given a single double-strand break. Our data 
demonstrate that insertion efficiencies decrease as the inserted fragment›s length increases from 600 bp to 1600 bp. In terms 
of expanding our tools, we have developed new nested CRISPR sequences for the insertion of SL2::mCherry, GFP::H2B, and 
GFP::degron::3xFLAG tags.

We are interested in testing the efficiency of nucleases aside from Cas9 to overcome the NGG PAM limitation. Our comparative 
studies of Cas9 and Cas12a (TTTV) PAM indicate that both nucleases are equally efficient for inserting a fluorescent tag. We 
have also explored the use of Cas9 variants with minimal PAM requirements, namely SpG (NGN) and SpRY (NRN > NYN). Our 
preliminary results using ribonucleoproteins (RNPs) and a strain endogenously producing SpG Cas9 validate their use in C. 
elegans, albeit with adjusted conditions, to produce both imprecise indels and precise knock-ins. As examples, we observe up 
to 80% efficiency for knocking out a wrmScarlet reporter and up to 20% efficiency for knocking in a 100-bp fragment using SpG 
(NGC PAM). Overall, these tools will further expand genome editing possibilities in C. elegans with new nucleases that allow 
editing of previously inaccessible sites and an expanded catalog of nested CRISPR sequences that require little to no additional 
optimization.

609C	 Novel	approaches	to	studying	maternal	transcript	regulation	in	C. elegans

Karl-Frederic Vieux1, Katherine McJunkin1 1) Laboratory of Cellular and Developmental Biology, NIDDK Intramural Research 
Program, National Institutes of Health, Bethesda, MD, USA.

In most model organisms of sexual reproduction, transcription is interrupted before the end of oogenesis, only to resume in 
the early embryo, after several rounds of mitosis. In the meantime, during the maternal-to-zygote transition (MZT), the fully 
differentiated oocyte must clear away maternal transcripts before the zygote becomes totipotent and autonomous. In the 
absence of transcription, post-transcriptional gene regulation is the dominant form of gene expression. RNA regulation is 
therefore critical for early embryogenesis during the MZT.

Recent single molecule imaging methods have provided great insight into different aspects of RNA biology. One such method 
images nascent peptides on individual transcripts. Briefly, a reporter transcript is comprised of a coding sequence containing 
repeated SunTag motifs and a 3’UTR containing 24 tandem MS2-stem-loop hairpin structures. A GFP-tagged antibody fragment 
that binds to SunTag motifs is co-expressed, identifying sites of translation. An MS2 binding protein tagged with mCherry is 
also co-expressed, allowing for visualization of the transcript. The multiplexed nature of the SunTag and stem-loop motifs 
amplifies the corresponding signals, allowing for single-molecule resolution. Various features of translation can be dissected 
from the quantification of the signal intensities, the number of corresponding foci, and their localization.

We are adapting this approach to study post-transcriptional control of maternal transcripts in germlines and embryos during 
the MZT of C. elegans. First, we reduced the repetitive nature of the 24 SunTag cassette sequence while optimizing codons 
for expression in C. elegans. Next, this cassette was inserted upstream of an endogenous coding sequence of interest (nos-
2), using a CRISPR approach. In these tagged strains, single molecule FISH and immunofluorescence will be used to label 
transcripts and nascent SunTag-containing peptides, respectively, to characterize translation across tissues and developmental 
stages. Combined, this system will provide new perspectives and tools to dissect the dynamics of maternal transcripts and 
deepen our understanding of RNA regulation in the germline and the early embryo in C. elegans.
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610A	 Investigating	the	Role	of	sRNA	and	Argonautes	in	Intercellular	Communication

Madeline Beer1, Robert X. Lao1, Uri Seroussi1, Julie M. Claycomb1 1) University of Toronto.

The nematode Caenorhabditis elegans uses sRNA and Argonaute proteins (AGOs) to degrade, inhibit the translation of, or 
upregulate target transcripts in a process called RNA interference (RNAi). Remarkably, the worm is capable of taking up 
dsRNA from the environment via its intestine and transporting to distant tissues to elicit RNAi systemically. While some of 
the mechanisms of systemic RNAi are understood, one question that remains is: do AGOs themselves move throughout the 
animal? There is precedent for mobile AGOs in multiple species. For example, the pathogenic nematode Heligmosomoides 
bakeri secretes sRNAs and an AGO called exWAGO during infection to manipulate expression of mouse immunity genes. 
There are three homologs of exWAGO in C. elegans that localize to the apical membrane of the intestine (the intestinal 
Secondary AGOs, iSAGOs). Their apical intestinal localization places them at an interface with the environment. Our lab used 
IP/MS to identify protein interactors of iSAGOs and found interactors are involved in membrane and vesicular transport. I 
hypothesize that the localization of iSAGOs to the intestinal apical membrane allows them to take up dsRNA and sRNA from 
the environment, and transmit RNAi signals to other tissues in the worm. To test this, I will determine how iSAGOs are localized 
to the intestinal apical membrane, define the roles of iSAGOs in mediating host-pathogen interactions, and determine whether 
iSAGOs are necessary for systemic RNAi. This research will illuminate the mechanisms by which the iSAGOs are involved in 
intercellular communication.

611B	 Sensitized	piRNA	reporter	identifies	multiple	RNA	processing	factors	involved	in	piRNA-mediated	gene	silencing

Jordan Brown1, Donglei Zhang2, Heng-Chi Lee1 1) University of Chicago, Chicago, IL, USA; 2) Huazhong University of Science and 
Technology, Wuhan, Hubei, China.

Metazoans guard their germlines against transposons and other foreign transcripts with small RNAs, in particular with PIWI-
interacting RNAs (piRNAs). Due to the robust heritability of piRNA initiated silencing in C.elegans, previous screens using 
Caenorhabditis elegans were strongly biased to uncover members of this pathway in the maintenance process but not in 
the initiation process. To identify novel piRNA pathway members, we have utilized a sensitized reporter strain which detects 
defects in both initiation and downstream processes. Using our reporter, we have identified pre-mRNA splicing factors, 
Integrator Complex subunits, protein import components, and nuclear pore components as essential for piRNA-mediated 
gene silencing. Remarkably, only four out of the 30 nuclear pore components tested were required to silence our reporter. 
We have shown that one of these components, NPP-7, exists both in a membrane-bound form at the nucleoplasmic-facing 
nuclear pore as well as in a soluble form that accumulates in germ cell nucleoli. The loss of nucleolar NPP-7 through disruption 
of the nucleolus itself also triggered desilencing of our reporter, indicating that nucleolar NPP-7 is essential for piRNA pathway 
function. Additionally, we showed that two Importin class genes – ima-3 and imb-2 – which trigger reporter desilencing when 
depleted are necessary for the nuclear localization of the piRNA pathway Argonaute HRDE-1. Further, we have shown that the 
splicing factors, Importin genes, and nuclear pore components which triggered desilencing of our reporter are all essential 
for the maintenance of silencing but largely dispensable for piRNA biogenesis itself. In contrast, the snRNA processing cellular 
machine termed the Integrator Complex is required for piRNA production. Intriguingly, although the Integrator Complex 
contains over a dozen subunits that are critical for 3’ end resolution of snRNAs, only four of these components are required 
for piRNA biogenesis. Knockdown of these components results in depletion of both mature piRNAs and piRNA precursors, 
and in the 3’ elongation of piRNA precursors in adult worms. This finding is consistent with the recently reported role of the 
Integrator Complex in piRNA biogenesis. Using our sensitized piRNA reporter, we have shown that multiple facets of piRNA 
silencing are dependent on extant RNA processing machinery that has been co-opted to function in the piRNA mediated 
genome surveillance pathway.

612C Reverse complementary matches simultaneously promote both back-splicing and exon-skipping

Dong Cao1 1) Information Processing Biology Unit, Okinawa Institute of Science and Technology Graduate University, 1919-1 
Tancha, Onna, Kunigami, Okinawa, Japan.

Circular RNAs (circRNAs) play diverse roles in different biological and physiological environments and are always expressed in a 
tissue-specific manner. Tissue-specific circRNA expression profile can help understand how circRNAs are regulated. Here, using 
large-scale neuron isolation from the first larval stage of Caenorhabditis elegans (C. elegans) followed by whole-transcriptome 
RNA sequencing, I provide the first neuronal circRNA data in C. elegans. I show that circRNAs are highly expressed in the 
neurons of C. elegans and are preferably derived from neuronal genes. More importantly, reverse complementary matches 
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(RCMs) in circRNA-flanking introns are not only required for back-splicing but also promote the skipping of exon(s) to be 
circularized. Interestingly, one pair of RCM in zip-2 is highly conserved across five nematode ortholog genes, which show 
conserved exon-skipping patterns. Finally, through one-by-one mutagenesis of all the splicing sites and branch points required 
for exon-skipping and back-splicing in the zip-2 gene, I show that exon-skipping is not absolutely required for back-splicing, 
neither the other way. Instead, the coupled exon-skipping and back-splicing are happening at the same time.

613A	 Characterization	of	a	potential	gene	interaction	between	spr-5,	met-2,	and	mep-1 in determining germline versus 
soma in C. elegans

Sindy Chavez1, Jovan Brockett1, Brandon Carpenter1, Onur Birol1, Karen Schmeichel2, David Katz1 1) Emory University; 2) 
Oglethorpe University.

In C. elegans, histone modifying enzymes aid in the activation and repression of genes that are required to distinguish germline 
from soma. For example, SPR-5 is a histone demethylase that removes the activating histone modification H3K4me1/2 and 
MET-2 is a histone methyltransferase that adds the repressive histone modification H3K9me2. Together, these two histone 
modifying enzymes work synergistically to establish a totipotent ground state by shutting down the transcription of germline 
specific genes that were expressed in the germline of the parents. Previous studies have shown that spr-5;met-2 double 
mutants produce progeny that experience a severe developmental delay at the L2 larval stage. Transcriptomic analysis of these 
animals indicated that the delay is largely due to the inappropriate expression of germline expressed genes in somatic tissues. 
Here we explore the possibility that the chromatin state established in the early embryo by SPR-5 and MET-2 is reinforced in 
the later embryo by ATP-dependent chromatin remodeling activity. MEP-1 is a component of the ATP-dependent epigenetic 
deacetylase complex, MEC. Similar to spr-5;met-2 double mutants, mep-1 mutants fail to suppress germline genes in somatic 
tissues, as indicated by the misexpression of PGL-1 and GLH-3 germline proteins in the soma of L1 larvae. We tested a 
potential interaction between these two pathways by subjecting spr-5, met-2 and spr-5;met-2 mutants to mep-1 RNAi. mep-1 
knockdown when combined with any of these mutant backgrounds, results in an exacerbated developmental delay phenotype. 
The “triple” mutant is most severe, displaying a full L1 arrest. To fully understand the molecular basis of this synergy, we 
performed RNA-sequencing on these arrested L1 larvae versus controls. We find very little evidence of new expression changes 
induced in the triple mutants compared to controls. Instead, we find that expression changes in the spr-5;met-2 double 
mutants are exacerbated in triple mutants. This suggests that MEP-1 specifically reinforces the repressed chromatin state 
established by SPR-5 and MET-2 reprogramming at fertilization. These results help establish how chromatin modifying enzymes 
work together to establish developmental cell fates.

614B	 piRNAs	regulate	transcriptional	programs	during	germline	development

Eric Cornes1, Loan Bourdon1, Meetali Singh1, Florian Mueller2, Piergiuseppe Quarato1, Blaise Li3, Germano Cecere1 1) 
Mechanisms of Epigenetic Inheritance, Dpt of Developmental and Stem Cell Biology, Institut Pasteur, Paris, France; 2) Imaging 
and Modeling Unit, Institut Pasteur, Paris, France; 3) Bioinformatics and Biostatistics Hub, Department of Computational 
Biology, Institut Pasteur, Paris, France.

The RNA-guided targeting of nucleic acids is an ancient and conserved mechanism of cellular immunity that has been 
evolutionary adapted and diversified to regulate eukaryotic gene expression. In animal germ cells, PIWI-interacting small RNAs 
(piRNAs) have been extensively characterized as a defense mechanism targeting transposable elements (TEs) to promote 
fertility and genome integrity. In a nutshell: loaded into PIWI effector proteins, piRNA sequences provide mRNA targeting 
specificity by antisense-complementarity, promoting gene silencing through a variety of mechanisms. Yet, piRNA sequences do 
not necessarily match TEs, pointing to extended possibilities in gene regulation.

In C. elegans, piRNAs do not require perfect complementarity for targeting and PIWI/piRNA complexes promiscuously 
interact with most of the germline transcriptome without necessarily affecting mRNA levels. In fact, several mechanisms 
have been proposed to confer resistance to piRNA-mediated silencing of endogenous germline genes, including the targeting 
and licensing of mRNAs by the Argonaute protein CSR-1. Therefore, whether piRNAs regulate endogenous gene expression 
programs remains largely unexplored.

Studying piRNA pathway functions in the context of the developing C. elegans germline we show that spermatogenic genes 
are susceptible to piRNA-mediated transcriptional silencing during late spermatogenesis, a function required to ensure proper 
germ cell differentiation.
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This nuclear piRNA signaling requires the activity of two spatially distinct biomolecular condensates present in the perinuclear 
environment of germ cells, also known as germ granules. Our results show that the organization of germ granules changes 
dynamically during development, and a particular configuration enable nuclear piRNA silencing at a specific time and 
location in the germline tissue, allowing the spermatogenic piRNA-dependent small RNA biosynthesis and loading onto the 
downstream nuclear Argonaute HRDE-1. These results suggest that changes in germ granule composition directly influence 
nuclear processes through modulation of small RNA related activities. We demonstrate that the silencing capacity of piRNAs on 
spermatogenic genes is also determined by the targeting of the Argonaute CSR-1, which preferentially targets spermatogenic 
mRNAs and antagonizes piRNAs silencing in early phases of spermatogenesis, suggesting that the targeting of mRNAs by 
different small RNA pathways is flexible and dynamic and depends on the developmental context.

Overall the results of our work show that the function of piRNAs can be co-opted to regulate endogenous transcriptional 
programs during development, and might contribute to expand the notion that piRNAs do not only function as a cellular 
immune system but also act as extremely versatile regulators of gene expression programs in animals.

615C RNA polyphosphatase PIR-1 regulates endogenous small RNA pathways

Hui Dai2, Daniel Chaves1,3, Weifeng Gu2 1) Department of Molecular Medicine, University of Massachusetts Medical School, 
Worcester, MA, USA; 2) Department of Molecular, Cell and Systems Biology, University of California, Riverside, Riverside, CA, 
USA; 3) Faculdade de Medicina, Universidade de Lisboa, Lisboa, Portugal.

Eukaryotic 5′-triphosphorylated RNAs (ppp-RNAs) are tightly regulated to promote cellular functions and prevent recognition 
by antiviral RNA sensors. For example, RNA capping enzymes utilizes their triphosphatase domains to remove the γ phosphates 
of ppp-RNAs during RNA capping processes, generating capped RNAs for RNA protection, nuclear export and translation. 
PIR-1 (phosphatase that interacts with RNA and ribonucleoprotein particle 1) is closely related to RNA capping enzymes. 
However, some members of PIR-1 family may serve as an RNA polyphosphatase, removing both the β and γ phosphates from 
ppp-RNAs. Here, we show that C.elegans PIR-1 is indeed an RNA polyphosphatase, converting ppp-RNA to p-RNA. Although 
WT PIR-1 dephosphorylates ppp-RNA and then rapidly releases product p-RNA, the catalytic-dead PIR-1(C150S) selectively 
binds and remains tightly bound to ppp-RNA substrates without dephosphorylation. Our proteomics analyses revealed that 
PIR-1 interacts with ERI (Enhanced RNAi) complex components, including DCR-1, RRF-3, DRH-3, ERI-1b and RDE-8, all of 
which are required for the biogenesis of 26G-RNAs. We showed that PIR-1 is also required for the biogenesis of 26G-RNAs. 
For example, 26G-RNAs that depend on the ALG-3/4 Argonautes, were ~10-fold less abundant in pir-1 mutants than in WT 
worms. We showed that 26G-RNAs are produced in a semi-phased manner along mRNA templates via a coordinated action 
of RRF-3, which generates short triphosphorylated double-stranded (ds) RNAs and Dicer, which dices blunt-ended dsRNAs in 
a special mode. PIR-1 plays at least two roles in this process:1) promoting recruitment of Dicer to triphosphorylated dsRNAs; 
and 2) dephosphorylating 26G-RNA precursors. Moreover, we showed that PIR-1 may be required for the biogenesis of CSR-1-
dependent small RNAs either directly or indirectly. Our findings suggest that PIR-1 likely modulates both Dicer-dependent and 
Dicer-independent small RNAs and provide insight into how cells utilize a conserved RNA phosphatase to respond and regulate 
cellular and viral ppp-RNA species.

keywords

: RNA phosphatase; RNAi; germline gene regulation; regulation of triphosphorylated RNA; spermatogenesis; embryogenesis; 
germline small RNAs; mRNA regulation; double-stranded RNAs; RNA binding proteins.

616A Developmentally regulated microRNA decay of the mir-35 family is seed sequence dependent

Bridget Donnelly1,2, Katherine McJunkin1 1) National Institutes of Health, NIDDK, Bethesda, MD; 2) Johns Hopkins University, 
Biology, Baltimore, MD.

The mir-35 family of microRNAs (miRNA) in Caenorhabditis elegans are maternally contributed as well as zygotically expressed 
in early embryos. Expression of the mir-35 family, which consists of 8 miRNAs, mir-35-42, is essential for viability; complete 
loss of the mir-35 family results in embryonic lethality. mir-35 family abundance is developmentally regulated and sharply 
decays at the end of embryogenesis. While there is much known about the biogenesis and functions of miRNAs, very little is 
known about the decay mechanisms of miRNAs. Because of this tight regulation of the mir-35 family during development, this 
family of miRNAs is an interesting model for studying the mechanisms of miRNA decay. The mir-35 family has two defining 
characteristics: the first is a shared, family-specific seed sequence (nucleotides 2-8 at the 5’ of the miRNA), and the second is 
preferential loading into the Argonaute protein ALG-2 (rather than the better studied ALG-1). We are interested in ascertaining 
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whether either of these characteristics play a role in the regulated decay of the mir-35 family. To examine if the mir-35 family 
turnover is seed sequence-specific, we mutated the seed sequence of the mir-35 miRNA via CRISPR and monitored levels 
of the mutant mir-35 as it compares to wild type mir-35. We detected perdurance of mutant mir-35 past embryogenesis, 
demonstrating the necessity of the seed sequence in regulating mir-35 family decay. We found that the mir-35 seed mutants 
were loaded into ALG-2 similarly to wild type mir-35, indicating that altered Argonaute loading is not the cause of the altered 
turnover of the mir-35 seed mutants. Therefore, ALG-2 loading is not sufficient for regulated turnover since mutant mir-35 
is misregulated despite its normal loading into ALG-2. Having shown that the seed sequence is necessary for mir-35 decay, 
we next interrogated whether the seed is sufficient for the regulated decay of the mir-35 family. We mutated all residues of 
mir-35 outside of the seed region and observed that these miRNAs are decayed fairly similarly to wild type mir-35. Thus, the 
seed is largely sufficient to elicit developmentally timed decay. Overall, our findings contribute to a better understanding of 
the regulation of mir-35 family abundance in early development. By elucidating the mechanisms of mir-35 family decay, this 
research will offer insight into the broader mechanisms that couple miRNA decay to developmental progression.

617B	 PRG-1	and	ZNFX-1	act	in	parallel	to	regulate	small	RNA-mediated	transgenerational	epigenetic	inheritance

Daniel Durning1, Takao Ishidate1,2, Ahmet Ozturk1, Craig Mello1,2 1) UMass Medical School, Worcester, MA; 2) Howard Hughes 
Medical Institute, Chevy Chase, MD.

The PIWI-interacting RNA (piRNA) pathway in Caenorhabditis elegans engages thousands of endogenously encoded piRNAs 
within perinuclear nuage (P-granules) to scan RNAs exiting the nucleus. Sufficient base-pairing between a piRNA and a 
target RNA elicits a silencing response that is maintained transgenerationally by worm-specific Argonaute (WAGO) pathways 
following recruitment of RNA-dependent RNA polymerases (RdRPs) which synthesize 22 nt RNA species with a bias for a 
5’ guanosine (22G-RNAs). We previously described ZNFX-1 as a factor involved in piRNA-triggered RNA-induced epigenetic 
silencing (RNAe); ZNFX-1 was also found to engage the CSR-1 pathway which targets endogenous genes to protect them 
from silencing. Our study identified ZNFX-1 as being involved in positioning of RdRPs along small RNA-targeted transcripts to 
promote uniform 22G-RNA production to prevent bias for 5’ targeting of mRNAs. Here we report that ZNFX-1 acts in parallel 
with PRG-1 to affect epigenetic inheritance of signals for both CSR-1 and WAGO target genes; small RNA sequencing shows 
us that 22G-RNAs targeting WAGO-target genes are strongly reduced in prg-1;znfx-1 double mutants relative to either single 
mutant or wild-type, and the double mutant sees increased expression of transposases for transposons Tc1 and Tc3 as shown 
by quantitative PCR (qPCR). Some small RNA targets whose targeting 22G-RNAs are depleted in a prg-1 single mutant see 
increased small RNA production in prg-1;znfx-1, which may be the result of these genes becoming targets for CSR-1 rather 
than WAGOs. Furthermore, we see that unlike znfx-1 single mutants which are defective in RNAi inheritance, prg-1;znfx-1 
double mutants can inherit RNAi, consistent with the idea that loss of endogenous small RNAs frees up small RNA machinery 
to respond to an exogenous RNAi trigger, also suggesting that PRG-1 activity negatively regulates, and ZNFX-1 function is 
dispensable for, RNAi inheritance. Moving forward, we will immunoprecipitate Argonautes in the CSR and WAGO pathways and 
sequence the small RNA populations being loaded into these Argonautes to better understand how loss of PRG-1 and ZNFX-
1 activity affects endogenous small RNA pathways, and we will sequence small RNAs in animals grown on RNAi to develop a 
clearer picture of how these factors act in RNAi inheritance. We will also use DNA and RNA fluorescence in-situ hybridization 
(FISH) to look at spatial regulation of RNAs undergoing desilencing in these mutants.

618C	 RNA	helicase	RHA-1	safeguards	thermosensitive	sperm	fertility	by	promoting	small	RNA-mediated	mRNA	clearance

Olivia Gaylord1, Jordan Brown1, Wei-Sheng Wu2, Heng-Chi Lee1 1) University of Chicago, Chicago, IL; 2) National Cheng Kung 
University, Tainan, Taiwan .

Male fertility and sperm development are thermosensitive processes whereby germline exposure to high temperature 
reduces viable sperm. Small RNAs and Argonaute proteins play critical roles in male fertility, particularly at high temperature 
conditions. In C. elegans, several small RNA pathways function in spermatogenic germlines and target germline expressed 
mRNAs. Argonaute CSR-1 targets many spermatogenesis genes and recent evidence highlights a dual role for CSR-1 in mRNA 
protection and mRNA clearance, the second requiring CSR-1 catalytic activity to slice mRNA targets. Whether and how these 
distinct functions of CSR-1 promote male fertility remains largely unkown. Intriguingly, a germline enriched helicase RNA 
helicase A (RHA-1) is also required for male thermosensitive fertility. Here we show that, in rha-1 mutants, CSR-1 small RNAs 
exhibit a slight decrease in overall abundance. The CSR-1 small RNAs are preferentially depleted from the coding sequence 
rather than the 3’ UTR of target mRNAs, similar to the reported CSR-1 small RNA defects found in CSR-1 slicer mutant. 
When analyzing the mRNA levels of CSR-1 target genes, rha-1 mutants show increased CSR-1 mRNA targets, including 
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spermatogenesis genes. Taken together, our results suggest RHA-1 facilitates CSR-1 slicing of mRNA transcripts to promote 
mRNA clearance. Our study further highlights the critical role of small RNA-mediated mRNA clearance in sperm fertility.

619A	 Comparative	analysis	of	nematode	small-RNA	pathways	using	Gametocyte	specific	factor-1	(GTSF-1)

Shamitha Govind1, Miguel Almeida2, Rene Ketting1 1) Institute of Molecular Biology, Mainz, Germany; 2) Gurdon Institute, 
University of Cambridge, UK.

Evolutionary arms race with transposable elements has greatly diversified the sRNA pathways in individual species. This 
resonates in the GTSF-1 proteins, which are essential for sRNA pathways in many species but show evolutionary plasticity 
by acting at different steps of the pathway in different species. In D. melanogaster, GTSF-1 is a downstream factor where it 
binds a nuclear Ago and drive transcriptional silencing of transposons. However, in M. musculus, GTSF-1 acts upstream of 
the pathway by binding a cytoplasmic Ago and enabling the biogenesis of sRNAs. Surprisingly, in C. elegans, GTSF-1 is not 
involved in transposon silencing and does not bind Ago proteins. It instead forms a protein complex with an RNA Dependent 
RNA polymerase (RdRP) called RRF-3. Together they facilitate the biogenesis of siRNAs (26G RNAs), which ultimately targets 
pseudogenes and other recent gene duplications.

This striking functional plasticity of GTSF-1 led us to hypothesize that even closely-related species have very customized sRNA 
populations. We are curious whether biochemical building blocks that together make a sRNA pathway can be differentially 
used to better meet the specific needs for genome defense in individual species

To address this, we are studying GTSF-1 proteins in a set of nematodes i.e. C. inopinata, C. briggsae and P. pacificus. GTSF-1 
is well conserved and these nematodes each carry a single homologous gtsf-1 gene. We wish to characterize GTSF-1 in these 
nematodes using transgenic techniques, transcriptomics and proteomics. The study will describe a general molecular function 
of GTSF-1 like proteins in small RNA biology. Further, it will reveal how small RNA pathways have evolved during nematode 
evolution in relation to genome characteristics and gene-regulatory needs of the individual species.

620B	 Distinguishing	between	self	and	non-self	siRNA	encoded	in	the	C.	elegans	genome

Zoran Gajic1, Diljeet Kaur1, Julie Ni1, Chenzhen Zhang1, Matthew Kim1, Julia Hong1, Sam Gu1 1) Rutgers, The State University of 
New Jersey.

RNAi plays an evolutionarily conserved function in silencing of transposons and other foreign DNA to protect genomic 
integrity, especially in the developing germline. C. elegans provides a highly tractable system to study this pathway and its 
role in transgenerational epigenetic inheritance. Despite recent progress, the biogenesis and regulation of the endogenous 
siRNAs remain elusive. To address this question, we recently developed the “siRNA generator” approach using CRISPR, by 
inserting various DNA sequences from protein-coding genes, which normally produce low levels of endo-siRNAs, into a LTR 
retrotransposon that produces abundant endo-siRNAs. The objective of this approach was twofold: 1) to determine how this 
insertion affects the siRNA profile of the host retrotransposon and 2) to determine whether the siRNAs produced from the 
inserted sequence are sufficient to silence the target gene in trans. To our surprise, we found that C. elegans germline can 
distinguish between siRNAs that target germline-expressed protein-coding genes (self siRNAs) and siRNAs that target the 
host transposon (non-self siRNAs) even though they are produced from the same locus. We are currently conducting analysis 
to determine the sequence and genetic requirement of the “self siRNA suppression” phenomenon, and its implication in 
transgenerational epigenetic regulation. Our work will provide insights into the regulation of siRNA homeostasis and how an 
eukaryotic genome distinguishes between self and foreign nucleic acids.

621C	 A	convenient	strategy	for	generating	small	RNA/mRNA	high-throughput	sequencing	libraries

Hui Dai1, An-phong Nguyen1, Weifeng Gu1 1) Univ of Calif Riverside.

High-throughput sequencing has become a standard and powerful tool for analyzing nucleic acids in this big data era. To 
sequence RNA/DNA, a cDNA/DNA library is usually generated with target sequences ligated with specific 5’ and 3’ linkers. 
Unlike mRNA, small RNA often contains multiple modifications including 5’ cap or triphosphate and 2’-O- methyl, requiring 
additional processing steps before linker additions during the cloning processes. And due to low expression levels, it is 
difficult to clone small RNA starting with a small amount of total RNA. To simplify the cloning process, we have developed a 
new strategy to clone 5’ modified or unmodified small RNA in a one-pot reaction (inside a single PCR tube) with all the steps 
carried out sequentially using liquid manipulation and as little as 20 ng total RNA (at a single worm level). The 7-hour cloning 
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process only needs ~1-hour labor, a mutiple-fold labor reduction as compared to the canonical cloning methods. Moreover, 
our method can efficiently clone purified mRNA, simplifying the need to prepare two cloning systems, one for small RNA and 
the other for mRNA; the barcoded PCR primers utilized in the cDNA amplication process (PCR) are also compatible with those 
in the genomic DNA cloning protocols, basically unifying all the PCR primers required for amlifying cDNA and DNA (a significant 
cost reduction since multiple barcoded primers are needed in PCR for pooling samples in the final step). Our method is 
more convenient for cloning modified RNA, sensitive, versatile and cost-effective than available methods. Moreover, we are 
developing a low cost home-made Ribo-minus method for enriching mRNA to replace the cost-prohibitive commercial kits. 
These methods will greatly promote nucleic acid related research.

622A	 Antisense	ribosomal	siRNAs	inhibit	RNA	polymerase	I-directed	transcription	in	C.	elegans

Shouhong Guang1, Shimiao Liao1, Xiangyang Chen1, Ting Xu1, Xuezhu Feng1 1) University of Science and Technology of China.

Eukaryotic cells express a wide variety of endogenous small regulatory RNAs that function in the nucleus. We previously found 
that erroneous rRNAs induce the generation of antisense ribosomal siRNAs (risiRNAs) which silence the expression of rRNAs 
via the nuclear RNAi defective (Nrde) pathway. To further understand the biological roles and mechanisms of this class of small 
regulatory RNAs, we conducted forward genetic screening to identify factors involved in risiRNA generation in Caenorhabditis 
elegans. We found that risiRNAs accumulated in the RNA exosome mutants. risiRNAs directed a NRDE-dependent silencing 
of pre-rRNAs in the nucleolus. In the presence of risiRNAs, NRDE-2 accumulated in the nucleolus and colocalized with 
RNA polymerase I. risiRNAs inhibited the transcription elongation of RNA polymerase I by decreasing RNAP I occupancy 
downstream of the RNAi-targeted site. Meanwhile, exosomes mislocalized from the nucleolus to nucleoplasm in suppressor of 
siRNA (susi) mutants, in which erroneous rRNAs accumulated. These results established a novel model of rRNA surveillance by 
combining ribonuclease-mediated RNA degradation with small RNA-directed nucleolar RNAi system.

623B	 Annotation	of	primary	microRNA	transcripts	using	conditional	depletion	of	Drosha	drsh-1.

Anna Zinovyeva1, Dustin Haskell1, Ganesh Panzade1 1) Kansas State University.

microRNAs (miRNAs) are a class of small noncoding RNAs that interact with many developmental and cellular pathways and 
are critical for the regulation of gene expression. Most miRNAs are transcribed by RNA Pol II and undergo successive enzymatic 
processing step by nucleases Drosha and Dicer. Mature miRNAs load into Argonaute proteins to form the miRNA induced 
silencing complex (miRISC). The first enzymatic processing step, performed by the endonuclease Drosha is responsible for the 
cleaving the pre-miRNA structure from the primary miRNA transcript, a process that often occurs co-transcriptionally or shortly 
thereafter. The speed of Drosha processing means that primary transcripts are poorly represented in total RNA samples and 
thus difficult to characterize. To overcome this hurdle, we utilized an auxin-induced degron system to conditionally deplete 
Drosha and greatly reduce processing of primary transcripts, leading to their accumulation. We then performed RNAseq to 
map the primary miRNAs and allow for their annotation. Furthermore, we analyzed the effects of Drosha depletion on the 
mature miRNA population and the transcriptome as a whole. In addition to annotating a fraction of primary miRNAs, we 
uncovered previously unannotated Drosha-dependent transcripts. This analysis furthers miRNA gene annotations and will 
facilitate future research on miRNA biogenesis.

624C hrpa-1 coordinates with miRNAs to regulate gene expression in C. elegans.

Shilpa Hebbar1, Ganesh Panzade1, Anna Zinovyeva1 1) Kansas State University.

Regulation of gene expression is essential for normal physiology and development. One of the ways cells regulate gene 
expression is through a class of non-coding RNAs called microRNAs (miRNAs). miRNAs associate with Argonaute proteins to 
form miRNA Induced Silencing Complexes (miRISCs), which post-transcriptionally repress gene expression by targeting mRNA 
3’UTRs through partial sequence complementarity. We previously identified HRPA-1 (Heterogenous nuclear RibonucleoProtein 
(HnRNP) A homolog) as a potential interactor of miRISC. Using an endogenous GFP tag, we show that HRPA-1 is ubiquitously 
expressed throughout C. elegans development with a strong expression in the nucleus. To determine whether HRPA-1 is 
functionally important for miRNAs, we knocked down hrpa-1 in sensitized miRNA mutant backgrounds. mir-48 mir-241(nDf51) 
animals show a partially penetrant heterochronic phenotype including delayed expression of the adult collagen col-19::gfp. 
Deletion of hrpa-1 in mir-48 mir-241(nDf51) background enhanced these defects suggesting that hrpa-1 is important for 
let-7 family miRNA activity. Similarly, loss of hrpa-1 strongly enhanced developmental defects associated with other miRNA 
sensitized mutants, lsy-6(ot150) and let-7(n2853). Small RNA sequencing revealed depletion of hrpa-1 results in an increase 
of mature miRNA levels for some miRNAs and a decrease in mature miRNA levels for other miRNAs. Surprisingly, let-7 miRNA 
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levels increased upon hrpa-1 depletion, while miR-84 and lsy-6 miRNA levels remained unchanged. Overall, our data suggest 
that HRPA-1 activity is important for regulation of gene expression and directly or indirectly interacts with miRNAs, potentially 
by affecting miRNA biogenesis. To identify the effects of loss of hrpa-1 on global gene expression, we performed RNAseq 
and identified 143 genes that were significantly disrupted. Interestingly, a predicted interactor of HRPA-1, R06C1.4 and a 
homolog of a yeast component of cleavage and polyadenylation factor I (CF I), was found to be significantly downregulated. 
RNAi knockdown of R06C1.4 partially recapitulated the enhancement effects on miRNA sensitized mutant developmental 
phenotypes observed with hrpa-1 loss. We propose that hrpa-1 could be affecting miRNAs by (i) influencing biogenesis or 
processing, and (ii) potentially affecting miRNA targets through mRNA processing mechanisms.

625A	 Intrinsically	disordered	protein	PID-2	modulates	Z	granules	and	is	required	for	heritable	piRNA-induced	silencing	in	
the Caenorhabditis elegans embryo

Maria Placentino1, António Miguel de Jesus Domingues1, Ida Isolehto1, Jan Schreier1, Sabrina Dietz2, Svenja Hellmann1, Bruno 
FM de Albuquerque1, 3, Falk Butter2, René Ketting1 1) Institute of Molecular Biology, Biology of Non-coding RNA Group, Mainz, 
Germany; 2) Institute of Molecular Biology, Quantitative Proteomics Group, Mainz, Germany; 3) Graduate Program in Areas of 
Basic and Applied Biology, University of Porto, Porto, Portugal.

Argonaute proteins (AGOs) are involved in many gene regulatory processes and use small RNAs as guides to find their 
target. C. elegans employs several small RNA mediated pathways to initiate and maintain proper gene regulation throughout 
development. In germ cells, 21U RNAs and associated Argonautes are particularly important to maintain an immortal germline. 
21U RNAs trigger a silencing mechanism that is dependent of amplification of 22G RNAs by RNA dependent RNA polymerase. 
Strikingly, silencing responses can become independent of triggering 21U RNAs and maintained across generations, a 
mechanism called RNA epigenetic memory (RNAe). Components of small RNA pathways often localize to perinuclear phase 
separated condensates termed germ granules. The exact functions of germ granules are not clear, but it is known that they are 
necessary for proper function of small RNA pathways and inheritance of small RNAs. Intrinsically disordered regions (IDRs) can 
mediate multivalent protein-protein interactions and are often important for phase separation.

We show that maternally provided 21U RNAs are sufficient to initiate RNAe in embryos and that the IDR containing protein 
PID-2/ZSP-1 is required for this process. PID-2/ZSP-1 localizes to and affects the appearance and number of Z-granules[1][2]. 
Furthermore, we found that PID-2/ZSP-1 mutually exclusively interacts with PID-4 and PID-5. Mutants lacking PID-4 and PID-5 
partially phenocopy pid-2 mutants. Interestingly, even though PID-4 and PID-5 interact with PID-2, they localize to the adjacent 
P-granules rather than Z-granules.

We identify distinct interacting proteins for PID-4 and PID-5. For instance, PID-5 interacts with the X-prolyl aminopeptidase 
APP-1 and PID-5 itself has an APP-1 related domain that is likely catalytically inactive. Several AGOs contain intrinsically 
disordered N-terminal tails and are predicted substrates for APP-1, suggesting a role for N-terminal processing in small RNA 
pathways and germ granule dynamics.

Taken together, we have found a protein complex that affects small RNA mediated regulation and germ granules, potentially 
providing a mode of communication between different granules, and are on the route to understand the functional 
relationship between small RNA mediated gene regulation, epigenetic inheritance, and phase separation.

[1] Placentino et al. EMBO J, 2021

[2] Wan et al. EMBO J, 2021

626B	 Deletion	of	circRNAs	derived	from	the	crh-1	CREB	locus	increases	mean	lifespan	of	C. elegans

Brian Jorgensen1, David Knupp1, Jaffar Bhat3, Jeremy Grubbs2, Pedro Miura1, Alexander van der Linden1 1) University of Nevada, 
Reno, Reno, NV; 2) University of Pennsylvania, Philadelphia, PA; 3) Government Degree College, Jammu & Kashmir, India .

Circular RNAs (circRNAs) are an abundant class of non-coding RNAs with largely uncharacterized functions. CircRNAs are 
formed via backsplicing, whereby a downstream splice donor of an exon covalently bonds to an upstream splice acceptor, 
linking the 3’ and 5’ ends in a continuous circle. Hundreds of circRNAs increase in expression during aging, a phenomenon 
found across phyla, but their function in the aging process is mostly undiscovered. Previously, we identified two highly 
abundant circRNAs arising from exon 4 of crh-1, an ortholog of human CREB1. Within crh-1, two large reverse complementary 



Abstracts

23rd International C. elegans Conference     |    255

motifs (RCMs), that can facilitate backsplicing, flank the circularizing exon of crh-1 (exhibiting 83% base complementarity), 
giving evidence that these RCMs could drive circularization. Using CRISPR/Cas9, we deleted the downstream RCM sequence 
of crh-1 to uncover its effect on age-accumulated circRNA formation, and impact on lifespan. In four independent crh-1 
circRNA (circ-crh-1) CRISPR-generated alleles, RCM deletion resulted in complete loss of circ-crh-1 expression in both young 
and old adults without disruption of linear crh-1 expression or activated phospho-CRH-1 protein levels. Introduction of exon 
4 from crh-1 with flanking RCM sequences into circ-crh-1 mutants restored the loss of circ-crh-1. Interestingly, mutants of 
adr-1, a double-stranded RNA-specific adenosine deaminase (ADAR), resulted in increased circ-crh-1 expression levels in 
both young and old adults. These results suggest that RCMs likely drive circ-crh-1 formation, which is depended on ADAR 
function. Remarkably, two independent RCM deletion alleles of circ-crh-1 showed a small but significantly increased mean 
lifespan (~11% change) but decreased thermotolerance, suggesting these mutants may extend the period of frailty. Finally, 
we performed RNA sequencing on wild-type and circ-crh-1 mutants and identified 17 significantly downregulated genes, 
which may contribute to the observed lifespan phenotype. Our findings represent the first circRNA-specific knockout in C. 
elegans, and this strategy for circRNA specific deletion can be applicable to study the functions of other circRNAs in C. elegans. 
Furthermore, these results highlight a new role for the crh-1 circRNA in the regulation of lifespan and suggest that circRNAs 
may be a target for further understanding healthy aging.

627C	 Characterizing	the	regulatory	role	of	uridylation	on	small	RNA	activity	in	C. elegans germline development

Leanne Kelley1, Ian Caldas2, Yasir Ahmed-Braimah1, Yini Li1, Matthew Sullenberger1, Katherine McJunkin3, Eleanor Maine1 1) 
Syracuse University, Syracuse, NY; 2) Cornell University, Ithaca, NY; 3) Section On Regulatory RNAs, NIH, Bethesda, MD.

RNA regulation, from RNAi networks to maternally provided mRNAs, is essential for proper germline development and identity. 
Modifications to RNAs, such as the addition of nucleotides to the 3’ end, can alter their function and affect biological activity. 
Poly(U) polymerases (PUPs), also known as terminal uridylyl transferases (TUTases) in vertebrates, place uridines on the 3’ end 
of RNAs, an event called uridylation. While the presence of uridylation is well-documented on small non-coding RNAs (sRNAs) 
and mRNAs in many model organisms, the functional significance of uridylation is less clear. The uridylation catalyzed by PUPs 
usually mark the RNA for degradation, but other functions are being discovered. Identifying which sRNAs are being uridylated 
will provide a better understanding of how RNA tailing influences development.

The roles of pup-1, pup-2, and pup-3 have previously been described in the C. elegans germline (Li and Maine 2018). Under 
temperature stress, the combined loss of pup-1 and pup-2 resulted in ectopic somatic expression in the germline, disorganized 
P-granules, and sterility by the third generation. In addition, pup-1 and pup-2 act redundantly to suppress pup-3 expression. 
In this work, we aim to connect the developmental defects of pup-1, pup-2, and pup-3 mutants to 3’ uridylation activity on 
sRNAs. We performed sRNA-seq experiments to examine changes in sRNA expression and 3’ tailing in pup-1, pup-2, and pup-3 
deletion mutants. Uridylation is the most prevalent tail type, followed by adenylation, among siRNAs, miRNAs, and piRNAs. 
The overall proportion of uridylated sRNAs in pup-2(0) and pup-3(0) mutants are comparable to wildtype, while it is decreased 
in pup-1(0), pup-1/-2(0), and pup-3(0);pup-1/-2(0) mutants. When examining total sRNA abundance, pup-2(0) and pup-3(0) 
have few differentially expressed sRNAs compared to wildtype whereas pup-1(0), pup-1/-2(0), and pup-3(0);pup-1/-2(0) have 
many. Among ~2,670 differentially expressed sRNAs, 41% are shared between pup-1(0) and pup-1/2(0) while <1% are shared 
between pup-2(0) and pup-1/-2(0). However, 935 sRNAs are differentially expressed only in pup-1(0) and another 630 only in 
pup-1/-2(0), indicating that the combined loss of pup-1 and pup-2 has unique effect on sRNA expression. Future analysis will 
determine if uridylation is responsible for maintaining correct gene expression in the germline and how it affects different 
Argonaute-based classes of 22G-siRNAs.

628A	 An	alternative	ERGO-1	pathway	in	a	sibling	species	of	C. elegans, C. inopinata

Taisei Kikuchi1, Vicky Hunt2, Simo Sun1, Ryusei Tanaka1, Akemi Yoshida3, Asako Sugimoto4 1) Faculty of Medicine, University of 
Miyazaki; 2) Department of Biology and Biochemistry, University of Bath; 3) Laboratory of Genomics, Frontier Science Research 
Center, University of Miyazaki; 4) Graduate School of Life Sciences, Tohoku University.

The recent discovery of Caenorhabditis inopinata, a sibling species of C. elegans, provides an opportunity to investigate the 
conservation and diversification of small RNA (sRNA) pathways in two closely related species. We report that the microRNA, 
PIWI and male-expressed ALG-3/4 siRNA pathways are highly conserved in C. inopinata and C. elegans. However, C. inopinata 
has lost key components of the female-expressed ERGO-1 siRNA pathway associated with the clearance of transcripts. C. 
inopinata do not express the ERGO-1 associated 26G primary siRNAs and have similar sRNA expression profiles to C. elegans 
ergo-1 and eri-6 mutants. However, expression of the downstream secondary 22G siRNAs is retained in C. inopinata. We have 
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identified a class of 22U siRNAs that are candidates for an alternative ERGO-1 siRNA. The 22U loci overlap with 22Gs and target 
similar genes but, unlike C. elegans 26Gs, are not dicer-processed. We also identified an Argonaute protein with an expression 
profile similar to the C. elegans ERGO-1, as a candidate for an alternative ERGO-1 Argonaute protein. Our results indicate that 
there has been a partial loss of the ERGO-1 pathway in C. inopinata and an alternative ERGO-1 pathway has evolved.

629B	 The	role	of	MORC-1	in	regulating	CSR-1	germline	gene	licensing

Jessica Kirshner1, Colette Picard2, Natasha Weiser1, Suhua Feng2, Kai Inoki1, Nicita Mehta1, Steven Jacobsen2, John Kim1 1) Johns 
Hopkins University; 2) University of California, Los Angeles.

In C. elegans, germline gene expression is tightly regulated by endogenous small RNA (endo-siRNA)-mediated gene regulatory 
pathways. Nuclear RNAi pathways function to silence pseudogenes, transposons, and protein-coding genes not intended 
for germline expression by inducing heterochromatin formation. An opposing small RNA-mediated pathway also exists to 
promote germline gene expression. This pathway is governed by a distinct subset of endo-siRNAs that interact with the 
essential Argonaute protein, CSR-1, to facilitate transcription of target genes. This atypical “gene licensing” RNAi pathway 
is mechanistically poorly understood. Our lab identified a role for the conserved Zinc-finger ATPase MORC-1 in maintaining 
silencing downstream of nuclear RNAi. Unexpectedly, we uncovered a novel role for MORC-1 in the germline licensing 
pathway. By purifying germline nuclei from C. elegans and using ChIP-seq to identify the endogenous germline binding sites 
of MORC-1, we found that MORC-1 binds the transcriptional start sites of germline-expressed genes, significantly overlapping 
with CSR-1 regulated targets. CSR-1 targets are specifically upregulated in the morc-1(-) mutant by mRNA-seq. Further, in 
vitro data using purified C. elegans MORC-1 demonstrates that MORC-1 efficiently condenses DNA. Additionally, we show 
that morc-1 expression is directly regulated by CSR-1. Mutations of morc-1 and csr-1 genetically suppress each other. While 
morc-1(-) mutants display a germline mortal (Mrt) phenotype, morc-1(-) mutants on csr-1 RNAi maintain fertility beyond either 
single mutant alone. This rescue of fertility is accompanied by restoration of gross germline morphology. Taken together, we 
propose a novel mechanism for csr-1-mediated gene licensing: in a csr-1 mutant, its target, morc-1, is overexpressed, resulting 
in enhanced condensation of MORC-1 target loci and repression of these germline-expressed genes. Therefore, we posit a 
novel role for MORC proteins in regulating csr-1-dependent germline gene licensing.

630C Target-dependent requirements of regulators for gene silencing during RNA interference

Daphne Knudsen1, Laura De Ravin1, Pravrutha Raman1, Farida Ettefa1, Mary Chey1, Antony Jose1 1) Dept. of Cell Biology and 
Molecular Genetics, University of Maryland, College Park.

RNA interference (RNAi) is a widely used method for regulating gene expression, whereby the addition of double-stranded 
RNA (dsRNA) results in the silencing of genes with matching sequence. Although initial processing of dsRNA is generic, our 
observations suggest target-specific requirements of downstream regulators for silencing in C. elegans. After ingestion of 
dsRNA, all tested target genes require import of dsRNA into the cell, processing by an endonuclease, and loading of the 
primary Argonaute RDE-1 with small interfering RNAs (siRNA) that is used to bind complementary mRNAs. However, the 
pathways required for the downstream production of secondary siRNAs and the secondary Argonautes required for silencing 
can vary based on the target. All silencing of the hypodermal gene bli-1 was eliminated in animals that lack either the 
intrinsically disordered protein MUT-16 or the Maelstrom domain-containing protein RDE-10, which have both been implicated 
in the production of secondary siRNAs. However, silencing of the muscle gene unc-22 was only eliminated upon loss of both 
MUT-16 and RDE-10. Similarly, all bli-1 silencing, but not unc-22 silencing, was eliminated in animals that lack the secondary 
Argonaute NRDE-3. Thus, branches of the RNAi pathway can be selectively required for silencing specific target sequences. 
These selective requirements could reflect a qualitative difference in the kind of regulators needed or a quantitative difference 
in the amount of regulators needed for silencing of the two targets. Consistent with a quantitative difference, the requirement 
for NRDE-3 to silence bli-1 can be overcome by loss of the exonuclease ERI-1 or by the overexpression of the dsRNA-binding 
protein RDE-4, which are both perturbations thought to enhance the processing of long dsRNA. Changing features of the two 
targets using genome editing and then quantifying secondary siRNA accumulation along with mRNA localization could suggest 
an explanation for the observed selectivity. Understanding these gene-specific requirements will aid the development of 
effective strategies to silence any gene of interest for therapeutic and agronomic applications.

631A	 Studying	the	tissue-specific	functions	of	the	conserved	mir-51 family of microRNAs

Kasuen Kotagama1, Acadia Grimme1, Katherine McJunkin1 1) National Institute of Diabetic and Digestive and Kidney Diseases, 
Bethesda, MD, USA.
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MicroRNA (miRNA) are small non-coding RNAs that regulate gene expression post-transcriptionally by targeting mRNAs for 
translational inhibition and degradation. MiRNAs are functionally categorized into families based on nucleotides 2-7 at their 5’ 
ends, which is referred to as the “seed” region. Due to the length of the seed sequence, a single miRNA is capable of regulating 
many target transcripts, and identifying functional miRNA targets can be difficult. Members of a miRNA family share the same 
seed sequence and are believed to have largely overlapping targets.

The mir-51/100 family of miRNAs is widely conserved across metazoans and is essential for embryonic development in C. 
elegans. In the worm, this miRNA family consists of six mature miRNAs, mir-51 through mir-56, and loss of the entire mir-51 
family leads to embryonic lethality with a pharynx unattached phenotype. Experiments with extrachromosomal transgenes 
indicate that the mir-51 family members are functionally redundant when rescuing the embryonic lethality. The redundancy 
between family members indicates that the mir-51 family probably shares a core set of essential targets; however a 
comprehensive list of the essential targets regulated by the mir-51 family remains elusive.

The mir-51 family is expressed beyond embryonic development, and hypomorphic mir-51 family mutants that bypass 
embryonic lethality display post-embryonic phenotypes, which include developmental delays, reduced brood size, and food 
avoidance, suggesting that the mir-51 family has functions beyond embryonic development. In this study, we will attempt 
to identify the post-embryonic roles of the mir-51 family using tissue-specific techniques. We have generated transgenic 
strains expressing mir-52 tissue-specifically in the intestine, body wall muscle, pharynx and neurons in a mir-51 family 
hypomorphic background and are testing these strains for rescue of post-embryonic phenotypes. By combining these tissue-
specific requirements with bioinformatic predictions of miRNA targets and tissue-specific transcriptome data, we will identify 
candidate miRNA targets. We will then use CRISPR-Cas9 to perform deletions in the predicted miRNA binding sites of these 
candidate genes and attempt to recapitulate the post-embryonic phenotypes caused by deficiency of the mir-51 family. The 
overall goal of this study is to identify the essential targets of this conserved miRNA family and to investigate the significance 
of these interactions for development.

632B	 The	role	of	the	microRNA	miR-71	in	amyloid	β	plaque	formation	in	a	C. elegans model

Daniel Lenchner1, Alexandre de Lencastre1 1) Quinnipiac University, Hamden, CT.

Alzheimer’s Disease is an aging-associated neurodegenerative disease associated with plaque formation and Aβ(1-42) peptide 
aggregation in the brain. Previously, we have shown that the aging-associated microRNA (miRNA) miR-71 delays pathogenicity 
caused by human Aβ(1-42) expression in C. elegans. To examine if miR-71 might reduce the aggregation of Aβ(1-42), we 
used the Congo-Red derivative X-34, which allows for the observation of amyloid aggregation in vivo. We measured Aβ(1-42) 
aggregation in mutants that either deleted or overexpressed miR-71. Surprisingly, the greatest number of aggregates formed 
in strains that overexpress miR-71 suggesting that miR-71 might actually facilitate Aβ(1-42) aggregation. We hypothesize 
that miR-71 activates stress response pathways that modulate the proteotoxicity caused by Aβ(1-42) either by increasing the 
aggregation of soluble, but toxic, Aβ(1-42) or by decreasing the size of each plaque, thereby reducing the proteotoxicity caused 
by each. Our current experiments intend to confirm our initial findings and to test these hypotheses.

633C	 Functional	analysis	of	HRPK-1	domains	reveals	domain	and	subcellular	localization	requirements	for	miRNA-
mediated	gene	expression	regulation.

Li Li1, Anna Zinovyeva1 1) Division of Biology, Kansas State University, Manhattan, KS.

microRNAs (miRNAs) are small non-coding RNAs that post-transcriptionally regulate gene expression. Heterogeneous nuclear 
ribonucleoproteins (hnRNPs) have recently emerged as factors important for miRNA processing and/or activity. We previously 
showed that C. elegans HRPK-1 (an hnRNPK homolog) physically interacts with C. elegans Argonaute ALG-1 and genetically 
interacts with multiple miRNA families, suggesting that HRPK-1 coordinates with miRNA in regulating gene expression. 
Disruption of HRPK-1 function alters mature miRNA levels, suggesting that HRPK-1 contributes to miRNA processing. To 
better understand the molecular mechanisms by which HRPK-1 influences gene regulation, we performed a comprehensive 
functional domain analysis of HRPK-1 protein using CRISPR/Cas9 genome editing. These mutations include inactivation of 
predicted nuclear localization and exporting signals, PLD domain deletion, and KH domain mutations disrupting HRPK-1 RNA 
binding activity. We found that all HRPK-1 mutations contribute to HRPK-1 function in coordinating with miRNAs to some 
extent. For example, mutating the predicted NLS motif abolishes endogenous HRPK-1 expression in the nucleus and enhances 
the cell fate defect phenotype of lsy-6(ot150) and the heterochronic phenotype of mir-48 mir-241(nDf51), suggesting that the 
nuclear localization is required for HRPK-1 function with regards to miRNA-mediated gene regulation. We will describe our 
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data on HRPK-1 domain requirements and present models on how HRPK-1 may modulate miRNA activity. Our investigation 
of HPRK-1 functional domains furthers our understanding of how hnRNP proteins may coordinate with miRNAs in gene 
expression regulation.

634A DOT-1.1 histone methyltransferase loss leads to lethality dependent on RNAi pathways

Thomas Liontis1, Alla Grishok1 1) Boston University School of Medicine.

DOT-1.1 is a C. elegans homolog of yeast Dot1 (disruptor of telomere silencing-1) and mammalian DOT1-like (DOT1L). DOT1 
enzymes catalyze mono-, di-, and tri-methylation of histone H3 lysine 79 and their loss leads to lethality in metazoans.

Previously published research from our lab described enhanced antisense and non-coding RNA transcription under conditions 
of reduced DOT-1.1 occupancy on chromatin. We also found that dot-1.1(lof) embryonic and larval lethality is completely 
suppressed by the RNAi-deficient rde-4 and rde-1 mutants, but not by mutations unrelated to RNAi. Since RDE-4 and RDE-1 are 
required for siRNA production, our results suggested that ectopic endogenous dsRNA and siRNAs cause dot-1.1(lof) lethality.

Next, we tested whether mutation in the enhanced RNAi mutant eri-1 could suppress dot-1.1 lethality, and it did. We are still 
considering the possibility of ectopic rde-4, rde-1, and eri-1-dependent siRNAs playing a direct role in silencing of a specific 
gene(s) causing lethality. However, it is equally possible that ectopic dsRNA generated in dot-1.1(lof) saturates Dicer and does 
not allow proper expression of miRNA(s). In this scenario, both rde-1/4 and eri-1 deficiency would free Dicer.

We are conducting more suppression experiments with RNAi-related mutants and will present our new results at the 
conference.

635B	 Functional	analysis	of	male	gonad-enriched	microRNAs	in	Caenorhabditis elegans 

Lu Lu1, Allison Abbott1 1) Marquette University.

Gene regulation mediated by microRNAs (miRNAs) at the post-transcriptional level has been suggested important for 
producing functional sperm in diverse species including C. elegans, however, the specific regulatory roles of miRNAs in this 
process are largely unknown. To address this question, I proposed to study function of miRNAs enriched in male gonads, 
which are approximately 95% germ cells and 5% somatic cells. I isolated adult gonads of males and hermaphrodites for small 
RNA sequencing and the analysis revealed a differential miRNA expression profile between hermaphrodite and male gonads, 
which also indicates the different miRNA profile between oogenesis and spermatogenesis. Specifically, 29 miRNAs were 
found to be higher in the male gonads compared to the hermaphrodite gonads, with two miRNA clusters, mir-2209.2-2209.3 
and mir-4807-4923.1, overrepresented among male gonad-enriched miRNAs. These 29 miRNAs have potential to function 
in regulating normal spermatogenesis. Many of them did not have available loss of function mutations. Therefore, we used 
CRISPR/Cas9 genome editing to generate miRNA mutants with single miRNAs or a miRNA cluster deleted. To identify miRNAs 
that regulate sperm formation or function, male and hermaphrodite fertility in miRNA mutants were assessed by mating 
assay, brood size assay, and sperm quantification. For male fertility, while the results suggested that single miRNA or miRNA 
cluster is dispensable for sperm function, four miRNA mutants produced fewer mature spermatids, suggesting possible defects 
in spermatogenesis. And two of these miRNAs mutants also had lower brood size in hermaphrodites, likely due to defects 
in spermatogenesis. Computational analysis using male gonad-enriched miRNAs, published gonad transcriptome data, and 
miRNA target predictions was used to reveal miRNA-target regulatory network in male gonads, which suggested complex 
genetic miRNA interaction to regulate germ cell development and differentiation during spermatogenesis. Our analysis on 
multiple mutants further suggested genetic interaction between these miRNAs. Future studies will further characterize the 
molecular mechanism accountable for the spermatogenesis defect in these four miRNA mutants. Taken together, this study 
will further our understanding of specific roles of miRNA in the male germline and somatic gonad that promote male fertility 
and fecundity.

636C	 mRNA	Splicing	Promotes	Polyadenylation	and	Counteracts	Novel	Default	Argonaute	Silencing	in	the	Germline	of	
Caenorhabditis elegans

Yekaterina Makeyeva1, Masaki Shirayama1, Craig Mello1 1) University of Massachusetts Medical School, Worcester, MA.

Mechanisms that safeguard the germline genome are essential for species preservation. For example, in metazoans the 
PIWI Argonaute pathway promotes genome integrity by silencing transposons and newly acquired foreign genes. PIWI 
Argonautes engage genomically-encoded piRNAs to detect their targets and to trigger gene regulation at both the mRNA 
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and transcriptional level. However, the question of how foreign or aberrant gene expression is detected in the germline is 
still poorly understood. In yeast, genes with suboptimal mRNA splicing signals can trigger Argonaute silencing, and a similar 
connection has been made in the silencing of C. elegans early embryo transcripts with weak and abnormal splicing by the 
ERGO-1 ERI small RNA pathway.

Here we show that the removal of introns from a gene and replacement with a cDNA-derived open reading frame results 
in complete silencing of the gene in the C. elegans germline. For example, a transgenic copy of gfp-tagged cdk-1 gene (cdk-
1::gfp) yields robust germline and somatic expression. However, an intronless cdk-1::gfp transgene fails to express in the 
germline and can also transitively silence other intron-containing gfp transgenes. Transitive silencing depends on the WAGO 
Argonaute pathway and is correlated with robust production of RNA-dependent RNA Polymerase (RdRP)-derived antisense 
small RNAs from the unspliced RNA. Silencing and small RNA production were also observed when introns were removed from 
the endogenous oma-1 gene. Surprisingly, although transitive silencing requires the WAGO Argonaute pathway, the intronless 
genes (themselves) remain silenced in WAGO-pathway mutants, suggesting that an additional, cis-mode, of silencing occurs on 
intronless genes.

The known primary Argonautes including prg-1, ergo-1, alg-3/4, and rde-1 are not required for the initiation of “intronless” 
silencing. Northern blot analysis revealed that intronless genes yield only a shorter mRNA isoform that appears to lack 
polyadenylation. These findings suggest mRNA splicing serves as a licensing step in germline gene expression promoting both 
polyadenylation and protein translation in cis, while preventing mRNAs from becoming default templates for RdRP-dependent 
transitive Argonaute silencing.

637A	 piRNAs	prevent	runaway	amplification	of	siRNAs	from	ribosomal	RNAs,	histone	mRNAs,	and	other	coding	gene	
mRNAs

Taiowa Montgomery1, Brooke Montgomery1, Tarah Vijayasarathy1, Kailee Reed1 1) Colorado State University.

Piwi-interacting RNAs (piRNAs) are a largely germline-specific class of small RNAs found in animals. Although piRNAs are best 
known for silencing transposons, they regulate many different biological processes. Here we identify a role for piRNAs in 
preventing runaway amplification of small interfering RNAs (siRNAs) from certain genes, including ribosomal RNAs (rRNAs) and 
histone mRNAs. In C. elegans, rRNAs and some histone mRNAs are heavily targeted by piRNAs, which facilitates their entry into 
an endogenous RNA interference (RNAi) pathway involving a class of siRNAs called 22G-RNAs. Under normal conditions, rRNAs 
and histone mRNAs produce relatively low levels of 22G-RNAs. But if piRNAs are lost, 22G-RNA production is highly elevated. 
We show that 22G-RNAs produced downstream of piRNAs likely function in a feed-forward amplification circuit. Thus, our 
results suggest that piRNAs facilitate low-level 22G-RNA production while simultaneously obstructing the 22G-RNA machinery 
to prevent runaway amplification from certain RNAs. Histone mRNAs and rRNAs are unique from other cellular RNAs in lacking 
polyA tails, which may promote feed-forward amplification of 22G-RNAs. In support of this, we show that the subset of histone 
mRNAs that contain polyA tails are largely resistant to silencing in piRNA mutants. Despite hyperproduction of 22G-RNAs 
in piRNA mutants, the effects on histone and rRNA expression are modest and may have a negligible impact on germline 
development.

638B	 Exploring	Argonaute	Loading	Mechanisms	and	Unloaded	Argonaute	Stability

Humberto Ochoa1, Siyuan Dai1, Takao Ishadate1, Craig Mello1 1) University of Massachusetts Medical School.

Argonaute proteins catalyze RNA-guided search to direct RNA interference (RNAi) and micro-RNA based gene silencing. These 
natural programmable search mechanisms have fundamental roles in gene regulation and development. In addition, a new 
class of precision medicines function by artificially programming Argonautes with synthetic guide RNAs (siRNAs) designed to 
target disease-related gene expression. Despite a great deal of knowledge and research on Argonaute mediated silencing, 
surprisingly little is known about how Argonaute proteins normally acquire and load their RNA guides. Understanding how 
Argonautes are properly loaded could provide novel insight into aberrant loading events in human diseases. Transgenerational 
silencing in the C. elegans germline depends on a constant cycle of de-novo Argonaute synthesis and loading necessary 
to generate robust supplies of Argonaute guide complexes that transmit silencing via the sperm and egg to offspring. Our 
previous investigation of this silencing process has identified protein candidates for factors that stabilize and promote the 
loading of unloaded Argonautes. One of these is GLH-1, where perturbation of the ATP binding domain increases affinity to 
unloaded WAGO-1. Here we design and validate unloadable mutations of WAGO-1 to further probe the role of the GLH-1 
ATP binding cycle in loading WAGO-1. We report that unloadable mutations of WAGO-1 are stably expressed, with no signs 
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of innate instability despite previous reports. We also find that inhibition of WAGO-1 loading and perturbation of GLH-1 
ATP binding cycle work synergically to reveal a soluble, cytoplasmic complex of WAGO-1 and GLH-1. Future work will aim to 
leverage the unloadable mutations of WAGO-1 and other germline Argonautes to identify loading co-factors.

639C	 Annotation	of	isomiR	dynamics	across	the	C. elegans developmental stages

Ganesh Panzade1, Isana Veksler-Lublinsky2, Anna Zinovyeva1 1) Kansas State University, Manhattan, KS; 2) Ben-Gurion 
University of the Negev, Beer-Sheva, Israel.

microRNAs (miRNAs) are short, ~22 nucleotides, small RNAs that repress genes through mRNA destabilization and translational 
repression. During canonical miRNA biogenesis, several miRNA species, or isoforms, known as isomiRs, are produced from a 
single precursor miRNA. The isomiRs are thought to be generated through Drosha or Dicer cleavage at alternate positions on 
either the primary or the precursor miRNAs, generating truncated or extended 5’ or 3’ miRNA ends. Because mature miRNA 
sequence modifications can alter their gene target repertoire, we wished to investigate the extent of isomiR prevalence 
and dynamics across C. elegans developmental stages. We performed small RNAseq from staged animals to assess isomiR 
variability across developmental stages. Using isomiR-SEA (Urgese et al 2016) for isomiR identification and quantification, we 
provide an isomiR profiling map against the miRBase annotated miRNAs at all stages of C. elegans development. We found 
that many miRNAs display isomiR level variability at different developmental stages, suggesting that the functional specificity 
of isomiRs to the developmental stage may exist. Not surprisingly, 3’ end miRNA alterations were more frequent than the 
potentially seed-altering 5’ end extensions or truncations. Some miRNAs had isomiRs that were just as, or more abundant 
than their annotated canonical mature miRNAs. These isomiRs included those with 5’ end truncations and deletions, predicted 
to target new, potentially distinct sets of genes. Overall, we will present annotation of isomiR dynamics across C. elegans 
developmental stages, which we hope can provide us with insights into miRNA biogenesis and the intriguing potential of 
isomiR function.

640A	 Investigation	of	the	role	of	the protein	complex	PETISCO	in	C. elegans embryonic viability

Joana Pereirinha1, Ricardo Cordeiro Rodrigues1, Rene Ketting1 1) Institute of Molecular Biology, Mainz.

The PIWI/piRNA pathway is a highly conserved small RNA pathway. Central to the pathway is an RNA silencing complex made 
of an Argonaute protein of the PIWI clade and PIWI-interacting RNAs (piRNAs), which target transposons in animal germlines. 
In C. elegans, piRNAs also target endogenous protein-coding genes, making the PIWI/piRNA pathway an important regulator 
of gene expression. C. elegans piRNAs are referred to as 21U RNAs since they are 21 nucleotides long and have a 5’ bias for 
uridine monophosphate.

We recently identified a protein complex driving 21U RNA biogenesis, which we named PETISCO (Cordeiro Rodrigues et al., 
2019). However, we found that PETISCO can have different functions depending on whether it interacts with the proteins PID-1 
(PiRNA Induced silencing Defective) or TOST-1 (Twenty-One U antagoniST). PETISCO:PID-1 complex participates in the 21U RNA 
biogenesis by interaction and stabilization of the 21U RNA precursors. While being important for gene regulation, the loss of 
PID-1 is not embryonic lethal. In contrast, PETISCO:TOST-1 is not involved in 21U RNA biogenesis but is nevertheless essential 
for embryonic development of the subsequent generation (Cordeiro Rodrigues et al., 2019; Zeng et al., 2019). The molecular 
function of this complex as well as the observed lethality effect is not yet understood.

Based on preliminary data, we hypothesize that the PETISCO:TOST-1 complex regulates replication-dependent histones mRNA 
expression. In this study we want to characterize the PETISCO::TOST-1 complex and dissect its role in embryogenesis. This 
study would highlight the role of 21U RNA pathway factors in gene expression and C. elegans embryonic development.

641B	 The	Germline	KH	Protein,	TOFU-7,	engages	the	HSP-90	chaperone	and	PRP-19	spliceosome	components	to	promote	
piRNA-dependent	epigenetic	silencing.

Redi Metali1, Cole Pero1, Craig Mello1,2 1) University of Massachusetts Medical School; 2) Howard Hughes Medical Institute.

Genetic studies in eukaryotes have implicated spliceosome components in Argonaute-mediated silencing. Little is known 
however about how this occurs and whether or not it involves direct participation in small RNA biogenesis and downstream 
silencing, or more indirect effects for example on the expression of Argonaute pathway proteins. Here, we show that the C. 
elegans germline KH protein TOFU-7, previously reported as a piRNA-related factor, interacts by yeast 2 hybrid with SFTB-2, 
CDC5L and M03F8.3., components of the PRP-19 splicing complex. TOFU-7 also interacts with HSP-90, a chaperone required for 
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loading piRNA guides onto PIWI. These factors are all required for piRNA-mediated establishment of silencing, yet their genetic 
behavior suggest they may function at different steps of the piRNA pathway. In tofu-7 mutants PRG-1 and mature piRNAs are 
completely absent. In contrast, depletion of HSP-90 or CDC5L using an auxin-inducible system results in rapid disappearance of 
TOFU-7 protein and a mobility in shift in PRG-1. The tofu-7 phenotype is epistatic to the degron depletion of HSP-90 or CDC5L 
resulting in absent rather than mobility shifted PRG-1. Our findings support a model in which TOFU-7 engages HSP-90 and 
PRP-19 components to enable PRG-1 loading and stability. Future studies will also explore the possibility that PRP19 complex 
recruits the spliceosome to promote piRNA biogenesis.

642C Germline inherited small RNAs facilitate the clearance of untranslated maternal mRNAs in C. elegans embryos

Piergiuseppe Quarato1,2, Meetali Singh1, Eric Cornes1, Blaise Li1, Loan Bourdon1, Florian Mueller1, Germano Cecere1 1) Institut 
Pastuer; 2) Sorbonne Université.

Inheritance and clearance of maternal mRNAs are two of the most critical events required for animal early embryonic 
development. However, the mechanisms regulating this process are still largely unknown. Here, we show that together with 
maternal mRNAs, C. elegans embryos inherit a complementary pool of small non-coding RNAs that facilitate the cleavage 
and removal of hundreds of maternal mRNAs. These antisense small RNAs are loaded into the maternal catalytically-active 
Argonaute CSR-1 and cleave complementary mRNAs no longer engaged in translation in somatic blastomeres. Induced 
depletion of CSR-1 specifically during embryonic development leads to embryonic lethality in a slicer-dependent manner and 
impairs the degradation of CSR-1 embryonic mRNA targets. Given the conservation of Argonaute catalytic activity, we propose 
that a similar mechanism operates to clear maternal mRNAs during the maternal-to-zygotic transition across species.

643A	 Regulation	of	antiviral	responses	in	C. elegans embryos

Supraja Ranganathan1, Brenda Bass1 1) Department of Biochemistry, University of Utah, Salt lake city, Utah.

C. elegans embryos utilize various endogenous RNA interference (RNAi) pathways to modulate signaling and ensure normal 
development. One such pathway is the 26G endogenous RNAi pathway, where certain transcripts are processed by a complex 
which includes Dicer (DCR-1), RDE-4, and the RNA-dependent RNA polymerase, RRF-3. Using the transcript as a template, 
RRF-3 synthesizes an antisense strand, and DCR-1 cleaves the resulting dsRNA into small-interfering RNAs (siRNAs) that 
are 26 nucleotides long with a bias for guanosine at the 5′ end (26G siRNAs). Deleting rrf-3 disrupts the 26G pathway and 
makes the worms hypersensitive to extracellular dsRNA. Recently, the Bass lab discovered that genes upregulated in rrf-3(-/-) 
embryos overlap with a set of genes known as the Orsay virus-induced genes (OVIGs). OVIGs are genes that are upregulated 
during infection with Orsay virus (OV), a naturally infecting C. elegans pathogen. Interestingly, worms that lack rrf3 evade 
the virus better than wildtype and have significantly less viral load relative to wildtype. Upon OV infection and OV genomic 
RNA replication, the viral replication intermediates are recognized by DRH-1, a Dicer-related helicase, which leads to the 
upregulation of OVIGs. We observed that two-thirds of the OVIGs upregulated in rrf-3(-/-) embryos are only DRH-1-dependent 
during OV infection. We show that DRH-1 is not necessary for induction of OVIGs in rrf-3(-/-) embryos. These results suggest 
that other pathways are involved in the regulation of OVIG expression. We propose that the resulting accumulation of 26G 
target transcripts and proteins upon disrupting the 26G RNAi pathway leads to the induction of an OVIG response. We are 
developing a fluorescent reporter to identify the triggers that induce an antiviral response in rrf-3(-/-) embryos.

Keywords:

26G RNAi pathway, rrf-3, OVIGs, DRH-1

644B	 Father	knows	best:	Small	RNA-mediated	regulation	of	male	fertility	and	paternal	epigenetic	inheritance	in	
Caenorhabditis elegans

Mathias Renaud1, Amanda G. Charlesworth1, Uri Seroussi1, Jenna Woock1, Julie M. Claycomb1 1) Department of Molecular 
Genetics, University of Toronto, Toronto, Canada.

With diverse roles in essential biological processes including development, genome stability, and fertility, small RNA (sRNA) 
pathways are key regulators of gene expression. sRNAs direct sequence-specific gene regulation by associating with effector 
Argonaute proteins (AGOs) to either degrade, inhibit translation, or promote expression of target transcripts. With a robust 
developmental program and an expanded group of 19 AGOs, Caenorhabditis elegans is a superb system to study these highly 
conserved regulatory mechanisms. Our lab has systematically characterized the expression and sRNA populations associated 
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with all 19 AGOs in C. elegans. In doing so, we identified four AGOs expressed in the gonad only during spermatogenesis, and 
nine AGOs expressed constitutively in the germline. Although it is well established that sRNA pathways are essential for fertility 
in multiple organisms, the bulk of worm sRNA research has focused on roles in oogenesis. Therefore, we aim to understand 
how these 13 AGO/sRNA pathways contribute to proper sperm development and paternal epigenetic inheritance. By assessing 
trans-generational fertility in single and multiple spermatogenesis-specific ago mutants, we have observed stress-induced 
reductions in fertility that can be rescued by mating to wild-type males, pointing to defects in spermatogenesis. Our current 
efforts are focused on understanding the molecular mechanisms by which the spermatogenesis AGOs contribute to the 
development and differentiation of fertile sperm. Because mature spermatids can carry several potential epigenetic couriers 
to progeny, including chromatin modifications and sRNAs, we also aim to understand which AGOs and sRNAs are passed from 
father to progeny via sperm. Using our set of GFP-tagged AGOs, we determined that only two AGOs are packaged into mature 
sperm, one in the nucleus and one cytoplasmically. Collectively, our work will define new pathways and gene regulatory modes 
that contribute to male fertility and epigenetic inheritance.

645C A small RNA-mediated feedback loop maintains proper levels of 22G-RNAs in C. elegans

Alicia Rogers1, Carolyn Phillips1 1) University of Southern California.

Proper functioning of RNA interference (RNAi) is essential to regulate gene expression, maintain chromatin structure, and 
protect against expression of foreign genetic elements in all animals. In C. elegans, several classes of small RNAs act to silence 
or license expression of mRNA targets. ERI-6/7, which is formed via trans-splicing of eri-6 and eri-7 pre-mRNAs, is a helicase 
required for the biogenesis of endogenous ERGO-1-class 26G-siRNAs and acts as a negative regulator of the exogenous RNAi 
pathway because the two pathways compete for access to the downstream 22G-siRNA amplification pathway. We found that 
the genomic locus encoding eri-6 contains two distinct regions that are targeted by endogenous 22G-siRNAs. Loss of these 
22G-siRNAs disrupts expression of the eri-6/7 trans-spliced mRNA and therefore production of ERGO-1-class 26G-siRNAs, 
ultimately freeing up the downstream 22G-siRNA amplification pathway for increased production of 22G-siRNAs from other 
small RNA pathways. In this way, the pathway acts like a negative feedback loop, to ensure homeostasis of gene expression by 
small RNA pathways. Recently, similar feedback loops that maintain chromatin homeostasis have been identified in yeast and 
Drosophila melanogaster. Our findings suggest that autoregulatory mechanisms are employed across multiple gene regulatory 
pathways, and that these mechanisms are likely evolutionarily conserved.

646A	 An	RNAi	Screen	to	Identify	Factors	that	Enhance	microRNA	Activity	After	Dauer

Himal Roka (Pun)1, Xantha Karp1 1) Central Michigan University.

Proper execution of developmental events and their timing is crucial for animals to develop normally. Many animal species 
can pause their development by entering a stress-resistant and developmentally arrested diapause stage. This interruption can 
disrupt the timing of important biological processes such as cell fate specification and differentiation. Despite this disruption, 
wild-type animals develop normally after diapause. The mechanisms by which developmental pathways accommodate 
diapause can be studied using C. elegans dauer larvae. Dauer occurs after the second larval molt in response to unfavorable 
conditions. During dauer, progenitor cells such as seam cells pause their development. Seam cells divide in a particular 
pattern and sequence at each larval stage, called stage-specific cell fate, and differentiate at adulthood. After dauer, seam 
cells complete development normally. MicroRNAs act as a molecular switch to regulate seam cell fate by downregulating 
target genes that specify early cell fate. MicroRNAs regulate their targets as a part of the microRNA-Induced Silencing 
Complex (miRISC) that includes the core Argonaute proteins ALG-1 and ALG-2. In alg-1(0) mutants, stage-specific cell fates 
are reiterated. Interestingly, seam cell fates occur normally in alg-1(0) mutants that have experienced dauer diapause. This 
observation suggests that miRISC function is enhanced after dauer to allow cell fates to occur normally. Here, we are using 
RNAi to screen for factors that potentiate miRISC function in post-dauer animals. Specifically, we are screening for reiterative 
phenotypes in post-dauer alg-1(0) adults. We are focused on conserved kinases and RNA-binding proteins as factors that are 
most likely to regulate miRISC function. Thus far, we have screened 25% of the genes in our list. We have identified nekl-3 as 
a potential candidate gene to enhance microRNA function after dauer. nekl-3 encodes a kinase that promotes molting. We 
are currently investigating the mechanism underlying the nekl-3(RNAi) phenotype observed in our screen. Once complete, 
we expect our work to provide insight into the mechanisms by which microRNA pathways can be modulated to allow normal 
development after diapause. Because we are focusing on conserved genes, these findings may be relevant across animal 
species.

647B	 Natural	genetic	variation	in	multigenerational	non-genetic	phenomena	in	C. elegans
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Marie Saglio1, Lise Frézal1, Sayran Saber2, Gaotian Zhang1, Luke Noble1, Charles Baer2, Marie-Anne Félix1 1) Institut of Biology of 
ENS, Paris; 2) University of Florida, Gainesville.

While heredity mostly relies on DNA sequence, other molecular and cellular features are heritable across generations. This 
non-DNA based memory could be of importance for adaptation of organisms to varying environments. Here we test whether 
and how non-genetic inheritance systems are modulated by natural genetic variation using two experimental paradigms: the 
mortal germline phenotype and memory of RNA interference.

The mortal germline (Mrt) phenotype is a progressive onset of sterility over multiple generations. Temperature-sensitive 
Mrt mutations are known to affect small RNA pathways, histone methylation and thereby multigenerational inheritance. We 
previously showed that some C. elegans natural isolates display a temperature-sensitive Mrt phenotype. Using recombinants 
between two isolates, we had identified a globally rare causal polymorphism in the set-24 gene.

To identify polymorphisms explaining a greater part of natural variation in the Mrt phenotype, we performed a genome-
wide association study using 95 isolates. A strong association on chromosome III was found, and replicated across two labs. 
Introgressions of chromosome III from the Mrt isolate JU775 in non-Mrt genetic backgrounds confirmed the association. These 
results show that a genetic variant underlying the multigenerational phenotype is found at intermediate frequency at the 
species scale.

The sterility phenotype is likely suppressed in nature, by variation in temperature or potentially other interactions. We indeed 
find that naturally associated bacteria or infection by microsporidia strongly suppress the Mrt phenotype. Thus, the Mrt 
phenotype is likely revealed by unnaturally homogenous standard laboratory conditions, thereby providing an experimental 
handle on natural variation in transgenerational inheritance pathways. Importantly, we also reveal a positive, condition-
dependent effect of an intestinal “pathogen”, affecting the C. elegans germline.

In addition to the Mrt phenotype, we turned to directly assay the memory of RNA interference, using a pie-1::GFP silencing 
paradigm. C. elegans isolates also differ greatly in the number of generations of silencing memory of an RNAi trigger provided 
only in the first generation; some isolates do not show any memory. Moreover, genetic variation on chromosome III also 
underlies the short RNAi memory of JU775 compared to N2.

Overall, we show that multigenerational memory is widely modulated by natural genetic variation in C. elegans.

648C	 Characterizing	the	PASH-1-independent	mir-1829 family in C. elegans

Rima Sakhawala1, Katherine McJunkin1 1) National Institute of Diabetes and Digestive and Kidney Diseases Intramural Research 
Program, National Institutes of Health, Bethesda, Maryland .

MicroRNAs (miRNAs) must be processed in order to mature and successfully bind to target mRNAs to exert translational 
repression and/or mRNA degradation. Through the canonical miRNA biogenesis pathway, miRNAs are transcribed from 
intergenic or intronic loci by RNA polymerase II. The resulting primary miRNAs are then processed by the Microprocessor, 
an enzyme complex that consists of Drosha, a catalytic RNase III enzyme, and a homodimer of the RNA-binding protein 
DGCR8 (known as PASH-1 in C. elegans) to produce a precursor miRNA. Subsequent processing by Dicer, another catalytic 
RNase III enzyme, produces the miRNA that is loaded into Argonaute to regulate gene expression. However, there are 
many noncanonical pathways that bypass one or more steps in the canonical processing pathway. Notably, the biogenesis 
of mirtrons bypasses Microprocessor cleavage and instead relies on mRNA splicing. In this Microprocessor-independent 
pathway, splicing of small introns generates miRNA precursors suitable for Dicer processing. Recent data from our lab using 
a temperature-sensitive allele of pash-1 in C. elegans revealed a unique family of PASH-1-independent miRNAs, the mir-1829 
family. The mir-1829 family is derived from unusually long introns (ranging from 844-1861 nucleotides in length) of three 
host genes that have no apparent overlapping functions. We aim to characterize the biogenesis of the mir-1829 family in C. 
elegans, first determining whether they require Dicer for maturation and if they are splicing-dependent. We will also examine 
if they function in repression and play a role in physiology. Thus far, we have generated multiple mutant strains with various 
combinations of mir-1829 family members deleted to determine if they display any mutant phenotype. Understanding the 
biogenesis and function of the mir-1829 family will provide further insight into noncanonical miRNA processing pathways and 
the biology of miRNAs.

649A	 Exploring	the	function	of	an	ancient	miRNA	family	that	is	essential	for	C. elegans embryogenesis
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Emilio Santillan1, Jingkui Wang1, Luisa Cochella1 1) Research Institute of Molecular Pathology, Vienna Biocenter, Vienna, Austria.

Biogenesis of microRNAs (miRNAs) is essential in animals, as disruption of this pathway leads to developmental arrest in 
multiple species. Interestingly, in most studied animals, developmental arrest during embryogenesis is mainly caused by the 
absence of functionally redundant groups of miRNAs, called miRNA families. In the case of C. elegans, embryonic arrest in the 
absence of miRNAs seems to be primarily due to loss of two miRNA families, both highly expressed in the embryo: the miR-35 
and miR-51 families.

Here, we set out to investigate the function of the miR-51 family, evolutionarily related to miR-100 (the most conserved 
animal miRNA). The members of this family, miR-51 through 56, share the same seed sequence, but differ in their remaining 
sequence. Only simultaneous deletion of the six members leads to arrest during embryogenesis, while presence of at least 
one of them is sufficient to allow for completion of the process. However, the contributions of the different family members to 
larval development differ and it is unclear whether this is due to their differences in sequence, in expression pattern or in dose. 
Moreover, despite the importance of this miRNA family, we have no knowledge about its functionally-relevant targets or its 
cellular impact on embryogenesis.

Using the extensive genetic toolbox available in C. elegans, we have shown that, unlike what happens with other miRNA 
families in the worm (e.g. the let-7 family), the sequence beyond the seed is not responsible for the differences observed 
during larval development. However, using a quantitative assay to explore dose-dependency in the miR-51 family function, 
we found quantifiable differences upon changes in miR-51 family concentration. Our results suggest that the miR-51 family 
regulates, as a whole, a common target or set of targets in a dose-dependent manner.

To find the target/s of the family, we performed RNAseq in wild type and miR-51 family deficient embryos, at different 
timepoints of embryogenesis. Our data show that several genes seem to be regulated by this family -including the homolog of 
the NOTCH receptor, lin-12. We are currently validating our hits by generating endogenous reporters of gene expression,and 
will report our updated efforts in the search for functional targets of this miRNA family.

650B	 Developing	a	Comprehensive	Tissue-Specific	miRNAome	by	Nuclear	Isolation	and	Small	RNA	Sequencing	in	C. 
elegans

Anna Schorr1,2, Alejandro Felix-Mejia2, Angeli Sirilan2,3, Marco Mangone1,2 1) Molecular and Cellular Biology Graduate Program, 
School of Life Sciences 427 East Tyler Mall Tempe, AZ 85287 4501; 2) Virginia G. Piper Center for Personalized Diagnostics, The 
Biodesign Institute at Arizona State University, 1001 S McAllister Ave, Tempe, AZ, USA; 3) Barrett, The Honors College, Arizona 
State University, 751 E Lemon Mall, Tempe, AZ 85281.

Tissue and cell identity relies heavily on the 3’ untranslated region (3’UTR) of mRNAs, which contain several regulatory 
elements required for proper gene expression. Mechanisms including alternative polyadenylation (APA), which produces 
distinct 3’UTR isoforms, and downregulation through microRNAs (miRNAs), are essential in establishing tissue identity through 
modulating gene expression. The networks formed between these distinct mechanisms spin a complex web around tissue 
and cell identity, which are poorly understood in metazoans. Previous experiments in our lab utilized an immunoprecipitation-
based approach which identified APA allows mRNA transcripts to evade miRNA targeting in a tissue-specific manner in 
the model organism C. elegans. In addition, we identified miRNA targets in the intestine and body muscle tissues, but this 
approach is unable to identify specific miRNA populations, which are essential pieces in the post-transcriptional regulation 
puzzle. Identifying tissue-specific miRNA populations will provide a better understanding of how gene regulation modulates 
identity.

With the ultimate goal of producing a comprehensive tissue-specific miRNAome in C. elegans, we developed a novel approach 
in which RNA is isolated from tissue-specific nuclei using FACS sorting then sequenced. The miRNAs identified with this method 
are validated using a second unbiased RT-qPCR -based approach. To develop strains expressing fluorescent tissue-specific 
nuclei, the mCherry fluorochrome was fused to the C. elegans histone H2B ortholog, his-58. Six worm strains were prepared 
expressing this construct specifically in the intestine (ges-1p), body muscle (myo-3p), hypodermis (dpy-7p), seam cells (grd-
10p), and excitatory (nmr-1p) and

GABAergic neurons (unc-47p). Briefly, the worms are homogenized in a tissue grinder with a clearance slightly wider than the 
diameter of the nuclei, then the lysate is sequentially filtered and centrifuged before FACS isolation. Finally, RNA is isolated and 
the library is prepped with the Nextera XT kit. Our initial results support the validity of this methodology which will be over-
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imposed to tissue-specific miRNA targets and the tissue-specific 3’UTRome datasets available in our lab. This will ultimately 
provide the first comprehensive tissue-specific miRNA and 3’UTR Interactome in a living organism.

651C De novo damaging variants in microRNA processor DROSHA are associated with a severe progressive neurological 
disorder

Jacob H. Seemann1, Amanda L. Minogue1, Kelly Schoch2, Michael F. Wangler3,4,5,6, Shinya Yamamoto3,4,5,6, Vandana Sashi2, Hugo J. 
Bellen3,4,5,6,7, Swathi Arur1,5 1) Department of Genetics, University of Texas MD Anderson Cancer Center, Houston, TX ; 2) Division 
of Medical Genetics, Department of Pediatrics, Duke University School of Medicine, Durham, NC ; 3) Department of Molecular 
and Human Genetics, Baylor College of Medicine, Houston, TX; 4) Jan and Dan Duncan Neurological Research Institute, 
Texas Children’s Hospital, Houston, TX ; 5) Program in Developmental Biology, Baylor College of Medicine, Houston, TX ; 6) 
Department of Neuroscience, Baylor College of Medicine, Houston, TX; 7) Howard Hughes Medical Institute, Baylor College of 
Medicine, Houston, TX.

DROSHA encodes a ribonuclease that is a subunit of the Microprocessor complex and is involved in the first step of microRNA 
(miRNA) biogenesis. To date, DROSHA has not been associated with a Mendelian disease. DROSHA is constrained for 
missense variants and moderately intolerant to loss of function. Sequencing of a human patient with profound intellectual 
disability, epilepsy, brain white matter atrophy, microcephaly and dysmorphic features revealed a de novo heterozygous 
variant p.D1219G in the conserved Ribonuclease III domain of DROSHA. In worms, CRISPR knock-in of the orthologous 
drsh-1 (p.D943G) variant, when homozygous, results in loss of miRNA expression and heterochronic phenotype. A separate 
mutation targeting the catalytic site of the RNAase III domain of drsh-1(E946Q), phenocopies the heterochronic phenotype of 
the patient variant drsh-1 mutant. The existing drsh-1 deletion alleles used in the field, when homozygous, result in normal 
somatic development through adulthood, but the adult germlines display sterility. To determine whether the heterochronic 
phenotypes in the CRISPR generated alleles were arising due to off-target effects, we generated trans-heterozygotes between 
the CRISPR alleles and the drsh-1(tm654) allele. The trans-heterozygous mutants display the heterochronic phenotype of 
the CRISPR alleles. These data suggest that (a) the phenotypes observed in the drsh-1(p.D943G) and the drsh-1(E946Q) are 
because of a loss of drsh-1 function. (b) the alleles may be maternally dominant, despite being wild-type in a heterozygous 
state. Together, our data show that the DROSHA variant found in the patient presented here is likely maternally dominant and 
loss of function, and results in a severe developmental phenotype in both worms and humans.

652A	 Translation	and	codon	usage	regulate	Argonaute	slicer	activity	to	trigger	small	RNA	biogenesis.

Meetali Singh1, Eric Cornes1, Blaise Li1,2, Piergiuseppe Quarato1,3, Loan Bourdon1, Florent Dingli4, Damarys Loew4, Simone 
Proccacia1,5, Germano Cecere1 1) Institut Pasteur, UMR3738, CNRS, Paris, France; 2) Institut Pasteur, USR 3756, CNRS, Paris, 
France; 3) Sorbonne Université, Collège doctoral, Paris, France; 4) Institut Curie, PSL Research University, Paris, France; 5) 
Università di Trento, Trento, Italy.

In the Caenorhabditis elegans germline, thousands of mRNAs are concomitantly expressed with antisense 22G-RNAs, which 
are loaded into the Argonaute CSR-1. Despite their essential functions for animal fertility and embryonic development, how 
CSR-1 22G-RNAs are produced remains unknown. Here, we show that CSR-1 slicer activity is primarily involved in triggering the 
synthesis of small RNAs on the coding sequences of germline mRNAs and post-transcriptionally regulates a fraction of targets. 
CSR-1-cleaved mRNAs prime the RNA-dependent RNA polymerase, EGO-1, to synthesize 22G-RNAs in phase with ribosome 
translation in the cytoplasm, in contrast to other 22G-RNAs mostly synthesized in germ granules. Moreover, codon optimality 
and efficient translation antagonize CSR-1 slicing and 22G-RNAs biogenesis. We propose that codon usage differences encoded 
into mRNA sequences might be a conserved strategy in eukaryotes to regulate small RNA biogenesis and Argonaute targeting.

653B	 Understanding	the	spatial	organization	of	the	somatic	RNAi	response

Maya Spichal1, Yuchen Yang1, Craig Mello1, 2 1) RNA Therapeutics Institute, University of Massachusetts Medical School, 
Worcester, MA; 2) Howard Hughes Medical Institute, Worcester, MA.

RNA interference (RNAi) was first discovered in C. elegans and is a well conserved mechanism that regulates gene expression 
and fights pathogens like viruses. Gene expression is tightly controlled in the nuclear space and the genome has been shown 
to spatially segregate into active “euchromatin” and silenced “heterochromatin”. Heterochromatin is often localized at the 
nuclear periphery, while euchromatin is more likely to be found in the nuclear space. Our preliminary results indicate that 
the RNAi silencing response is able to initiate a reorganization of the nuclear space of the germline. Upon silencing initiation, 
RNAi silenced mRNA and DNA localize to one germ granule at the nuclear periphery, which can be visualized by smRNA and 
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DNA FISH. Mutants deficient for RNAi fail to concentrate the silenced DNA and/or mRNA at the granule, suggesting that the 
reorganization has functional implications. We are currently analyzing whether the somatic RNAi silencing response leads to a 
similar restructuring of the nuclear space.

Somatic cells possess somatic granules that can be visualized by GFP tagged to the DEAD box RNA helicase, RDE-12, which also 
localizes to germ granules. DEAD box RNA helicases trigger the unwinding of RNA molecules, which is required for many RNA 
processing steps. In an effort to uncover functional properties of somatic granules, we mutated different RDE-12 DEAD box 
helicase motifs by CRISPR. Mutations in these motifs lead to RNAi dysfunction and RDE-12 mislocalization in germ granules. 
One mutation in the DEAD box domain, which likely prohibits RNA substrate release, provokes an aggregation of RDE-12 
specifically in somatic granules. Our results suggest that RDE-12 plays distinct roles in RNAi processing in the germline and 
somatic tissue.

654C	 Exploring	the	role	of	small	RNA-	and	sumoylated	NuRD	complex-mediated	silencing	in	germline	identity	
maintenance

Wendy Tan1, Heesun Kim1, Yuehe Ding1, Craig Mello1,2 1) RNA Therapeutics Institute, University of Massachusetts Medical 
School, Worcester, MA; 2) Howard Hughes Medical Institute.

Due to the germline’s responsibility to pass on genetic information in all sexually reproducing organisms, it is not surprising 
that multiple layers of control maintain germline totipotency. However, the identities and mechanisms of these layers have 
yet to be fully elucidated. Multiple lines of evidence point towards the importance of repressive epigenetic modifications in 
maintaining germline identity. In embryos, the essential CCCH zinc finger protein PIE-1 maintains germline specification by 
preventing somatic differentiation programs. Our group has shown that PIE-1 also functions in the adult germline to facilitate 
the sumoylation and formation of a nucleosome remodeling and histone deacetylase (NuRD) complex containing the histone 
deacetylase HDA-1/HDAC, zinc finger protein MEP-1, and ATP-dependent chromatin remodeler LET-418/Mi2. Further work has 
shown that this sumoylated NuRD complex promotes fertility and piRNA-mediated epigenetic silencing. Notably, recent work 
from our group suggests that loss-of-function of key piRNA and WAGO-class 22G pathway components, prg-1, rde-3, or wago-
9, or expression of unsumoylatable HDA-1 K444/459R results in increased expression of a subset of spermatogenic and soma-
specific genes in the germline. Therefore, we hypothesize that the recently described sumoylated NuRD complex promotes 
germline identity. To determine whether the sumoylated NuRD complex and upstream piRNA and WAGO-class 22G pathways 
contribute to safeguarding germline identity, we have employed an assay described by the Tursun lab that partially primes the 
conversion of germ cells to neuron-like cells. Preliminary data suggests that knockdown or knockout of core components of 
the PIE-1-dependent sumoylated NuRD complex or the piRNA and WAGO-class 22G pathways result in loss of germline identity 
in this assay, further implicating these pathways in germline identity maintenance. Future studies will determine whether 
other components of this complex and its associated pathways are also required and aim to further elucidate the intricate 
mechanisms underlying germline identity maintenance.

655A	 pre-piRNA	trimming	and	2′-O-methylation	protect	piRNAs	from	tailing	and	degradation

Benjamin Pastore1, Hannah Hertz1, Ian Price1, Wen Tang1 1) Ohio State University.

The Piwi/piRNA pathway suppresses transposable elements and promotes fertility in diverse organisms. Maturation of piRNAs 
involves pre-piRNA trimming followed by 2′-O-methylation at their 3’ termini. We show that 3’ termini of C. elegans piRNAs 
are subject to nontemplated nucleotide addition and piRNAs with 3’ addition exhibit extensive base-pairing interaction 
with their target RNAs. Animals deficient for PARN-1 (pre-piRNA trimmer) and HENN-1 (2′-O-methyltransferase) accumulate 
piRNAs with 3’ nontemplated nucleotides. In henn-1 mutants piRNAs are shortened prior to 3’ addition whereas long isoforms 
of untrimmed piRNAs are preferentially modified in parn-1 mutant animals. Loss of either PARN-1 or HENN-1 results in 
modest reduction in steady-state levels of piRNAs. Deletion of both enzymes leads to depletion of piRNAs, desilencing of 
piRNA targets, and impaired fecundity. Together, our findings suggest that pre-piRNA trimming and 2′-O-methylation act 
collaboratively to protect piRNAs from tailing and degradation.

656B	 High-resolution	microscopy	reveals	C. elegans germ granule organization

Celja Uebel1, Fabien Pinaud1, Carolyn Phillips1 1) University of Southern California, Molecular Biology Department, Los Angeles, 
CA.
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RNA interference is a widely conserved mechanism of gene regulation and silencing wherein small RNAs, 18-30 nucleotides 
in length, target and downregulate deleterious transcripts. In C. elegans germ cells, RNA silencing is coordinated through 
perinuclear nuage containing at least four compartments: P granules, Z granules, Mutator foci, and SIMR foci. Multiple of these 
compartments are phase-separated condensates and maintain distinct structures within the surrounding bulk cytoplasmic 
phase, similar to the immiscibility of oil droplets in water. Fluorescent widefield microscopy reveals that these compartments 
are closely adjacent to one another, yet also appear as separate and distinct puncta. It remains unclear 1) how these 
compartments are organized on the nanomolecular scale, 2) what constitutes the interface between compartments, and 3) 
how these compartments exchange small RNAs, proteins, and transcripts to facilitate RNA silencing. Our work aims to address 
the unknowns of nuage organization and interaction to model RNA silencing through phase-separated condensates.

We use ectopic protein expression, aliphatic alcohol, and heat stress to probe the interactions and characteristics of P granules 
and Mutator foci, and have discovered that these condensates remain separate yet adjacent in ectopic environments, respond 
differentially to perturbation of hydrophobic interactions and, after disruption, can re-establish adjacency in a dynamic 
manner. The re-establishment of granule interaction may indicate the separate and adjacent nature of these condensates is 
essential for proper siRNA routing and silencing.

Using 3D-STORM imaging, we reveal the nanomolecular scale of Mutator foci and capture a preliminary view of protein density 
and distribution within the condensate. To image multiple condensates in high resolution we use 3D-Structured Illumination 
Microscopy and find previously uncharacterized P granule “pocket” formations that house Z granules, Mutator foci and SIMR 
foci, alluding to a more interesting granule organization than previously suspected. Ultimately this work on understanding 
RNA silencing through C. elegans germ granules may also provide fundamental biological insight to how phase-separated 
condensates coordinate cellular processes.

657C	 Extending	immunity	through	small	RNA	inheritance

Sophie Veigl1 1) Tel Aviv University, Tel Aviv, Israel.

Invertebrate immune systems are most often characterized by a “lack of x” compared to mammalian immune 
systems (Pradeu & Du Pasquier, 2018). “Lacking” processes akin to clonal selection and expansion of B- and T-cells, C. elegans 
is believed not to display an adaptive immune response. Ideas and concepts guiding the description of immunity-related 
phenomena, such as self/nonself, biotic/abiotic, and innate/adaptive, are developed from a mammalian perspective. This 
perspective is, however, epistemically pernicious, as it excludes other possible instantiations of immune systems. Ideally, a 
framework that resists biases is also a framework that describes the processes studied more accurately (Longino, 2008).

I will give a conceptual talk, discussing the possibility of reinterpreting C. elegans small RNA inheritance as a transgenerational 
adaptive immune system. Upon viral infection, C. elegans produces virus-derived RNAs (viRNAs), which immunize offspring 
against repeated infection (Rechavi et al., 2011). Similar heritable responses are launched against abiotic stressors (e.g., Houri-
Ze’evi et al., 2016).

I will discuss C. elegans small RNA inheritance as an intersection of genetic- and immune systems. Considering small RNA 
inheritance as part of the C. elegans immune system requires redefining immune systems in several ways. An immune system 
is, first and foremost, a system that immunizes. Any step further needs to avoid presupposing particularities based on what 
works in mammals. On the one hand, the differentiation between biotic and abiotic stressors needs to break down. On the 
other hand, the idea of self/nonself, organism/environment, needs to be reconsidered: Apart from small RNAs recognizing 
what is “foreign,” other small RNAs transmit information on what is “self” (Rechavi, 2014). Inheriting self- and nonself-
recognizing small RNAs results in an intricate equilibrium, shifted by environmental stimuli (Ishidate et al., 2018), and thus, 
what the organism will recognize as “self” and “nonself.” The environment continuously “blends into” the organism.

In conclusion, I will not only show how examining C. elegans small RNA inheritance helps overcome biased accounts of 
immune systems but also how it contributes to addressing current theoretical questions in immunology that debate the 
adequacy of self-nonself-, danger-, and continuity theory (Matzinger, 1994; Pradeu, 2012) as overarching theoretical 
frameworks.

658A	 Functional	interplay	between	microRNAs,	RNA	binding	proteins,	and	alternative	polyadenylation	in	Caenorhabditis 
elegans.

Stav Lutzky1, Isana Veksler-Lublinsky1 1) Ben-Gurion university of the Negev.
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Regulation of gene expression is fundamental for proper development, homeostasis, and adaptation to the environment for 
all living organisms. Post-transcriptional gene regulation, which takes place between the transcription and the translation 
of a gene, is largely controlled by two classes of regulators, microRNAs (miRNAs) and RNA-binding proteins (RBPs). MiRNAs 
are short non-coding RNA molecules that hybridize to complementary sequences on target mRNAs, usually located in the 
3’UTR region, and repress their translation or mediate their degradation. RBPs also perform their function by binding to 
mRNAs; however, their binding sites can be located in various regions including 5’UTRs, coding sequences, and 3’UTRs. Unlike 
miRNAs’ repressive role, the regulatory activity of RBPs may be positive or negative, depending on the protein, the mRNA, 
and the biological context. In recent years, a wide repertoire of functional connections between miRNAs and RBPs has been 
discovered, uncovering a new level of complexity in gene expression regulation. These connections include mutual regulation 
of the same target mRNAs by both miRNAs and RPBs.

Since both miRNAs and RBPs bind to the 3’UTR region of mRNAs, its length may add a layer of complexity to the interplay 
between miRNAs and RBPs. 3’UTR length is regulated by alternative polyadenylation (APA). By changing the position of 
polyadenylation, APA can generate transcripts with multiple 3′ UTR isoforms, each containing distinct regulatory elements 
(e.g., miRNA and RBP binding sites). In this study, we used C.elegans UTRome.org data that provides 3’UTR variants across 
different tissues, to study the coordination between miRNAs and RBPs in tissue-specific gene regulation that happens through 
binding to 3’UTRs. We performed a comprehensive analysis to explore regulation by individual miRNA and RBPs, as well as 
mutual regulation by both miRNAs and RBPs. We identified miRNA-RBP pairs that show statistically significant differential co-
targeting across tissues. Our results provide evidence for complex gene regulatory networks that involve multiple factors such 
as miRNAs and RBPs.

659B	 Regulation	of	C. elegans Argonaute proteins by Arginine Dimethylation

Dylan Wallis1, Dieu An Nguyen1, Carolyn Phillips1 1) University of Southern California.

RNA silencing is a critically important mechanism through which cells regulate gene expression and protect the genome against 
aberrant RNAs, transposons, and viruses. This suppression of aberrant transcripts is carried out by the evolutionarily conserved 
small RNA pathway. Small RNAs are loaded onto Argonaute proteins to induce silencing through sequence recognition of 
specific transcripts through a variety of different silencing mechanisms including post-transcriptional or co-transcriptional 
silencing. In recent studies, it has been shown that some Argonaute proteins are modified with dimethylarginine within 
arginine/glycine-rich regions (RG/RGG motifs). In D. melanogaster, dimethylation of the Argonaute protein Aub is required 
for assembly of the ping-pong complex and ultimately for piRNA mediated transposon silencing. However, it remains unclear 
whether there are any general principles underlying the function of Argonaute modification by dimethylation.

First, to determine if any of the 27 C. elegans Argonaute proteins are dimethylated, we identified Argonaute proteins 
containing RG/RGG motifs. The proteins with the highest incidence of these motifs are the cytoplasmic Argonautes ERGO-1, 
CSR-1, ALG-3 and PRG-1, and the nuclear Argonaute HRDE-1. These five Argonaute proteins were tagged using CRISPR and 
immunoprecipitated. Following mass spectrometry analysis, we identified multiple dimethylation sites within each of these 
Argonaute proteins.

Next, to understand the physiological role of these dimethylarginine modifications, we used CRISPR to generate methylation-
defective mutant Argonaute proteins. We are currently focusing on the PRG-1 RG-motif mutant, and assessing how mRNA and 
small RNA expression change compared to wild-type and a prg-1 null mutant. To further probe PRG-1 function in the absence 
of dimethylarginine, we will next determine whether the PRG-1 RG-motif mutant activates a sensor for piRNA silencing activity 
and whether it has transgenerational fertility defects. This work will define the functional relevance of Argonaute protein 
methylation in the C. elegans germline.

660C Neuronal control of maternal provisioning in response to social cues

Jadiel Wasson1, Gareth Harris2,3, Sabine Keppler-Ross1, Trisha Brock4, Abdul Dar5, Rebecca Butcher5, Sylvia Fischer6, Konstantinos 
Kagias2, Jon Clardy7, Yun Zhang2, Susan Mango1 1) Biozentrum at the University of Basel; 2) Department of Organismic and 
Evolutionary Biology, Harvard University, Cambridge, Massachusetts; 3) Department of Biology, California State University, 
Channel Islands, California; 4) InVivo Biosystems, Eugene, OR; 5) Department of Chemistry, University of Florida, Gainesville, 
Florida; 6) Division of Infectious Diseases, Boston Children’s Hospital, Boston, Massachusetts; 7) Department of Biological 
Chemistry and Molecular Pharmacology, Harvard Medical School, Cambridge, Massachusetts.
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Mothers contribute cytoplasmic components to their progeny in a process called maternal provisioning. Provisioning is 
influenced by the parental environment, but the

molecular pathways that transmit environmental cues between generations are not well understood. Here we show that in C. 
elegans, social cues modulate maternal

provisioning to regulate gene silencing in of 5 fspring. Intergenerational signal transmission depends on a pheromone-sensing 
neuron and neuronal FMRF (Phe-Met-

Arg-Phe)-like peptides. Parental FMRF signaling dampens oxidative stress resistance and promotes the deposition of mRNAs 
for translational components in progeny, which

in turn reduces gene silencing. This study identifies a new pathway for intergenerational 10 communication that links neuronal 
responses to maternal provisioning. We suggest that loss of social cues in the parental environment represents an adverse 
environment that stimulates stress responses across generations.

661A In vivo CRISPR screening for biologically important mir-35 targeting	sites	in	C. elegans

Bing Yang1, Matthew Schwartz2, Katherine McJunkin1 1) 1National Institute of Diabetes and Digestive and Kidney Diseases 
Intramural Research Program, National Institutes of Health, Bethesda, Maryland 20815, USA; 2) Department of Biology, 
University of Utah, Salt Lake City, Utah 84112, USA.

microRNAs play fundamental roles in maintaining appropriate gene expression levels. They repress multiple target genes 
through complementarity between the “seed” sequence at position 2-7 of the 5’ end of the microRNA and the 3’UTR of the 
target gene. Identifying miRNA target genes is difficult, and delineating which targets are the most biologically important 
is even more difficult. Therefore, we devised a novel strategy to test the phenotypic impact of individual microRNA–target 
interactions by disrupting each predicted miRNA-binding site by CRISPR–Cas9 genome editing in C. elegans. We developed a 
multiplexed negative selection screening approach in which edited loci are deep sequenced, and candidate sites are prioritized 
based on apparent selection pressure against mutations that disrupt miRNA binding. Importantly, our screen was conducted in 
vivo on mutant animals, allowing us to interrogate organism-level phenotypes. We used this approach to screen for phenotypic 
targets of the essential mir-35-42 family. By generating 1130 novel 3’UTR alleles across all predicted targets, we identified egl-1 
as a phenotypic target whose derepression partially phenocopies the mir-35-42 mutant phenotype by inducing embryonic 
lethality and low fecundity. This study demonstrates that the application of in vivo whole organismal CRISPR screening has 
great potential to accelerate the discovery of phenotypic negative regulatory elements in the noncoding genome.

662B	 Understanding	cluster	assistance	of	microRNA	biogenesis	in C. elegans 

Bing Yang1, Katherine McJunkin1 1) 1National Institute of Diabetes and Digestive and Kidney Diseases Intramural Research 
Program, National Institutes of Health, Bethesda, Maryland 20815, USA.

MicroRNAs are a class of genome-encoded small non-coding RNAs with an average size of 22 nucleotides. MicroRNA 
biogenesis employs a two-step mechanism. The first step is the cleavage of primary microRNA transcripts (pri-miRNA) 
into precursor microRNAs (pre-miRNA) by the DROSHA/DGCR8 Microprocessor complex. The second step involves the 
Dicer nuclease, which processes the pre-miRNA into mature microRNA products. Mature microRNAs that originate from a 
polycistronic transcript often vary widely in their expression levels, partially due to their different optimality in secondary 
structure for the Microprocessor complex. In mammalian cells, a phenomenon describing the indispensable role of one helper 
pre-miRNA in assisting the Microprocessor-mediated cleavage of another recipient pre-miRNA in the same cluster was recently 
described (cluster assistance effect). ERH and SAFB2 were identified as co-factors of the Microprocessor complex in this 
pathway. In C. elegans, about 35% of the well-annotated microRNAs are encoded in clusters, and we aim to understand cluster 
assistance in regulating microRNA biogenesis in C. elegans. Therefore, we generated mutants of the orthologous genes in C. 
elegans (erh-1, erh-2 and safb-2) using CRISPR, followed by deep sequencing of miRNAs from each of these mutants in embryo 
and young adult stages to determine whether these factors play a role in cluster assistance in C. elegans.

663C	 Distinct	pathways	for	exporting	dsRNA	in	systemic	RNAi

Keita Yoshida1, Yuji Suehiro1, Sawako Yoshina1, Shohei Mitani1 1) Tokyo Women’s Medical University, Japan.
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In C. elegans, ingestion of double stranded RNA (dsRNA) can induce systemic RNAi. Despite widely using this phenomenon as 
a gene knockdown method, it has not been well understood how ingested dsRNA is transported within and exported from the 
intestine where dsRNA is taken up from the environment. We screened for mutants that show deficiency in the feeding RNAi 
and identified two novel genes in which lesions affect the intercellular transport of dsRNA. One is Y39A3CL.1 encoding a novel 
endomembrane-associated protein that has no homologs outside of nematodes. Then, we refer to this gene as rexd-1 (RNAi 
EXporting Defective). The other is tbc-3, which encodes a TBC domain-containing Rab GTPase activating protein. We found that 
REXD-1 and TBC-3 can act in a cell non-autonomous manner, suggesting that they promote export of dsRNA during systemic 
RNAi. Next, we examined genetic interactions between rexd-1, tbc-3 and sid-5, which encodes an endosome-associated 
protein involved in transport of dsRNA across the intestine. The tbc-3 mutation enhanced the RNAi resistance phenotype 
of both rexd-1 and sid-5 mutations, whereas the interaction between rexd-1 and sid-5 mutations showed relatively weak 
enhancement of the phenotype. These results indicate that REXD-1, TBC-3 and SID-5 act in redundant pathways in systemic 
RNAi. Furthermore, we found that rexd-1, tbc-3 and sid-5 triple mutants have strong resistance to RNAi triggered by ingested 
dsRNA except for genes expressed in the intestine. In contrast, RNAi was efficiently induced in the triple mutants when dsRNA 
was injected into the pseudocoelom. These results suggest that in rexd-1, tbc-3 and sid-5 triple mutants, neither uptake of 
dsRNA nor intracellular RNAi machinery but export of dsRNA from the intestine is strongly impaired. Despite inability to export 
dsRNA, transport of a yolk protein from the intestine to germ cells as well as dynamics of secretion signal-fused GFP was not 
affected in the rexd-1, tbc-3 and sid-5 triple mutants. Therefore, it is possible that transport of dsRNA is separately regulated 
from general secretion pathways. Our results revealed that REXD-1 and TBC-3, together with SID-5, constitute essential 
pathways for export of dsRNA from the intestine in systemic RNAi.

664A The RNA helicase CGH-1 regulates the liquid condensates of piRNA pathway factors to promote piRNA silencing in 
C. elegans

ZhenZhen DU1, Ying Zhang1, Tao He1, Jordan Brown2, Yabing Hu1, Chenxia He1, Kun Shi1, Wei-Sheng Wu3, Heng-Chi Lee2, Donglei 
zhang1 1) Department of Biochemistry and Molecular Biology, School of Basic Medicine, Tongji Medical College, Huazhong 
University of Science and Technology, Wuhan; 2) Department of Molecular Genetics and Cell Biology, University of Chicago, 
Chicago; 3) Department of Electrical Engineering, National Cheng Kung University, Tainan.

PIWI-interacting RNAs (piRNAs) are small RNAs that defend genomes against transposons and regulate endogenous gene 
expression in animal reproductive systems[1]. Many of the piRNA pathway factors are enriched in various perinuclear foci, 
including P/Z granules and Mutator granules[2-4]. How these liquid condensates interact and coordinate for piRNA mediated 
gene silencing is not well understood. Using a sensitized piRNA reporter strain, we performed a candidate RNAi screen and 
identified CGH-1 as a novel factor required for piRNA silencing.

CGH-1, a conserved DEAD box helicase, is a key component of P bodies. CGH-1 localizes to cytoplasmic storage bodies 
(germline P bodies) and perinuclear P granules in the C. elegans germline. Our imaging analyses suggest that CGH-1 regulates 
the localization of piRNA pathway factors. In both cgh-1 RNAi and knockout mutants, PIWI Argonaute PRG-1 is delocalized 
from perinuclear P granules; CSR-1, an Argonaute that counteracts piRNA silencing, is also not properly localized to P granules, 
while accumulation of two constitutive P granule components, PGL-1 and GLH-1, are largely normal. Perinuclear foci of 
Mutator protein MUT-16 and Z granule protein WAGO-4 are also partially dispersed in cgh-1 mutants. Interestingly, CGH-1 foci 
accumulate at the cytoplasmic side of P granules, suggesting CGH-1-containing bodies represent a separate but closely related 
granule to P granules, or that these bodies represent a subdomain of P granules. In addition, crosslinking and IP-MS identified 
P granule factors, including PRG-1, GLH-1 and CSR-1, together with P body components, as CGH-1 interactors, suggesting a role 
of CGH-1 in mediating the interactions between these two granules.

As cgh-1 is expressed broadly and cgh-1 null mutants are lethal, we developed an auxin-inducible degron (AID) tagged CGH-
1::degron::GFP strain to perform the germline specific depletion of GGH-1. Small RNA-sequencing suggests that piRNA levels 
are reduced slightly, while CSR-1, but not WAGO, bound 22G-RNAs have a 2-fold increase in cgh-1 depleted animals.

In summary, our results support a model that the RNA helicase CGH-1 promotes piRNA silencing through regulating the liquid 
condensation of piRNA pathway factors at perinuclear foci. Our research further highlights the critical role of an RNA helicase 
in mediating the interaction between distinct phase-separated bodies.

1. Ozata et al., Nat Rev Genet (2019); 2. Lee et al., eLife (2020); 3. Placentino et al., EMBO J (2020); 4. Spichal et al., Nat 
Commun (2021)
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665B	 Neuronal	circuits	and	molecular	pathways	involved	in	olfactory	imprinting	in	Caenorhabditis	elegans

Aswathy A1, Anoopkumar Thekkuveettil1 1) Sree Chitra Tirunal Institute for Medical Sciences and Technology, Poojappura.

Olfactory imprinting is a type of behavioural alteration produced during the early developmental stages of an animal. Like 
imprinting, associative learning can also alter the behavioural pattern. Caenorhabditis elegans is an excellent model to study 
alterations in neuronal connectomes because of their precise mapping and well-defined neurotransmitter pathways. C. 
elegans has been found to adapt to several learning paradigms, including olfactory, temperature, and salt chemotaxis, as well 
as olfactory imprinting. This study tried to elucidate the connectomes and neuro-modulators involved in olfactory imprinting 
and associative learning and memory. Expression of sra-11 receptors is critical for imprinted memory in worms. The difference 
in associative learning and memory after imprinting also suggests that AIY interneurons play a critical role in both these 
memory formations. We used a set of mutants with connectome defects to elucidate the neuronal circuitries involved in 
memory formation. Our results show a significant overlap between imprinting and associative learning; both sharing common 
neuronal circuits such as AWC, AIY, and RIA neurons in C. elegans. These results suggest that animals with imprinted olfactory 
memory have a better ability to learn and form both long-term and short-term memory.

Key words – Olfactory imprinting, connectome, neuromodulator, associative learning

666C Gravitaxis in C. elegans requires touch receptor neuron tubulins and TRPA-1

Caroline Ackley1,2, Neda Ziaei Kajbaf1, Lindsey Washiashi1, Ruchira Krishnamurthy1, Joel Rothman1,2 1) Molecular Cellular & 
Developmental Biology, UCSB, Santa Barbara, CA; 2) Neuroscience Research Institute, UCSB, Santa Barbara, CA.

The ability to sense Earth’s gravitational pull is essential for orientation, navigation, and/or proprioception in many organisms, 
including plants, animals, fungi, and even protists. We have found that C. elegans dauers, and to a lesser extent, adults, 
negatively gravitax when migrating on agar in 50 cm vertically oriented test chambers. We hypothesize that this behavior 
is necessary for dauer larvae to migrate away from poor environmental conditions in a natural setting and that negative 
gravitactic behavior in dauers may be modulated by other sensory inputs to halt upward movement as the animals approach 
the surface of the ground. Supporting this hypothesis, we observed that upward migration is attenuated when dauers are 
exposed to constant light and/or background EM radiation present in the lab. To assess possible molecular mechanisms for 
gravity sensation, we investigated the requirement for mechanosensory components in the behavior. MEC-4 and MEC-10 
are components of the DEG/ENaC channel involved in touch sensation and have been shown to be necessary for the stress 
response induced by hypergravity. Although we found that gravitaxis is only slightly defective in mec-10 mutants and mec-4 
mutants show no impairment in the assay, mec-7 and mec-12 mutants are entirely defective for the behavior. MEC-7 and MEC-
12 are tubulin subunits comprising the 15 protofilament microtubule structures unique to touch receptor neurons (TRNs). 
Significantly, touch-insensitive mec-12(e1605) mutants, in which the 15 protofilament structures are not disrupted, are also 
defective for gravitaxis, emphasizing the importance for the varied roles that TRN microtubules play in transducing mechanical 
force. Finally, we found that another, previously unrelated mechanoreceptor, TRPA-1, is also essential for negative gravitaxis 
in worms. Studies in D. melanogaster have shown that trpa-1 homologs pyx and pain are required for negative gravitaxis in 
the absence of light. Although TRPA-1 has been identified as a putative mechanoreceptor in C. elegans, it is primarily known 
for sensing noxious cold in PVD neurons. A homolog of trpa-1 is expressed in mammalian inner ear hair cells; hence, C. 
elegans may provide a potential model for vestibular and auditory systems in humans. Our findings provide evidence that two 
mechanosensory pathways function in parallel to mediate gravity-sensing in worms.

667A	 Discerning	the	Role	of	Neuropeptide(s)	in	C. elegans	Thermotaxis	Behavior

Rhea Ahluwalia1, Shunji Nakano1, Moon Sun Jang1, Ikue Mori1 1) Graduate School of Science, Nagoya University, Nagoya, Japan.

The C. elegans genome encodes over a hundred and fifty neuropeptide genes, which consist of three classes and partake 
in various functions such as synaptic transmission, cellular signaling and development. Despite their ubiquitous nature, 
the role(s) played by neuropeptides in several behaviors in C. elegans remains elusive. One such behavioral paradigm is 
thermotaxis, a robust behavior wherein well-fed worms have been shown to migrate towards the region of past cultivation 
temperature when placed on a thermal gradient. Studies have suggested the possible involvement of neuropeptides in 
communication within the neural circuits required for thermotaxis, however, their exact role in thermotaxis regulation is 
unknown (Narayan, A., Laurent, G. and Sternberg, P. W. (2011) and Nakano, S. et al. (2020)). In order to confirm and further 
uncover how neuropeptide(s) might be partaking in thermotaxis, we must first identify which neuropeptide(s) are involved for 
this behavior. To this end, we are performing a genome-wide neuropeptide screen to look for neuropeptide candidates that 
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may be involved in thermotaxis behavior, along with cell-specific knockout for genes crucial for neuropeptide processing in 
C. elegans. Thus far, we have tested over a hundred mutants, and none have shown strongly altered thermotaxis behavior. In 
addition, we have tested the four known pro-protein convertases in C. elegans and found that egl-3, the C. elegans ortholog 
of human proprotein convertase 2 (PCSK 2), displayed abnormal thermotaxis behavior. However, an AFD-specific knockout 
of egl-3 displayed thermotaxis behavior akin to wildtype, suggesting that egl-3 mediated regulation of thermotaxis most 
likely takes place through an alternative pathway, prompting further questions pertaining to site of action and the role of the 
neuropeptides processed by egl-3 in thermotaxis behavior. Altogether, through the genome-wide neuropeptide screen along 
with the study of the neuropeptide processing enzymes, we hope to gain a holistic insight into peptidergic modulation that 
controls thermotaxis behavior.

668B	 Detecting	signatures	of	evidence	accumulation	in	the	feeding	circuit

Luis Alvarez1, Monika Scholz1 1) Center of Advanced European Studies and Research.

During motor tasks, animals continually integrate sensory information about the environment to make informed decisions. The 
nematode Caenorhabditis elegans acquires food by the pumping action of its pharynx. Worms adapt their pumping rate to the 
available food in the environment.

It has been suggested that worms sample their surroundings by pumping and adjust their food intake accordingly, possibly 
using a decision process. We are interested in identifying the neural circuits, signals, and transfer functions in the worm that 
take place during this decision-making process. To study brain activity, we make use of SCAPE (Swept Confocally-Aligned 
Planar Excitation) microscopy. SCAPE is a novel light-sheet microscopy method that allows for whole-brain imaging in 3D at 
high volume rates. Furthermore, this technique allows imaging for long periods due to its low phototoxicity. We will show our 
advances in using this technique to image neural activity in C. elegans while feeding. We will discuss challenges in analyzing 
and interpreting these data, and show how the fast scanning speed of SCAPE improves the tracking of neurons.

669C	 Behavioral	and	Ca2+ imaging analysis of odor and temperature sensory integration in C. elegans

Yuki Aoki1, Asuka Takeishi1,2 1) RIKEN Center for Brain Science; 2) RIKEN CPR, RIKEN Hakubi.

Most of living organisms are exposed to multiple environmental stimuli at the same time in nature. When animals sense 
external stimuli of heterogeneous sources, they weigh and integrate the information in their nervous system to respond 
appropriately. It is essential for animals to make behavior choice for survival, however, the neural and molecular mechanism of 
multisensory integration is still largely unknown.

C. elegans exhibits behavioral responses against various stimuli such as temperature and odors. Previous studies have 
revealed detail neural networks and signaling pathways that are required to produce behavior in response to each stimulus. To 
understand how the nervous system process multiple information, we are investigating the behavior and neural response of 
worms that are exposed to both temperature and odor stimuli at the same time.

To examine the behavior choice of worms, we evaluated the direction of worm migration on the agar plate with thermal 
gradient and an odor. We also set up a microscope with auto-tracking stage that enable us to observe neural responses and 
locomotion of free-moving worms simultaneously with stimuli of temperature and an odor. We are currently analyzing the 
neural activities of sensory neurons and inter neurons in order to identify the neurons and the mechanisms that drive worm 
behavior. These results are expected to allow us to understand the detail neural mechanism of multi-information integration in 
a complicated environment.

670A	 Diacylglycerol	content	controls	proper	memory	utilization	through	switching	between	forgetting	and	retrieving

Mary Arai1, Itsuki Kurokawa2, Akitoshi Inoue1, Takeshi Ishihara1, 2 1) Department of Biology, Faculty of Science, Kyushu University, 
Fukuoka, Japan; 2) Graduate School of System Life Science, Kyushu University, Fukuoka, Japan.

Utilizing memories properly through forgetting and retrieving is essential for animals to be adapted to changing environment. 
Yet, its regulatory mechanisms are not fully understood. We previously reported that TIR-1/JNK-1 pathway acts in AWC sensory 
neurons accelerates forgetting of the olfactory memory in another sensory neurons, AWA. By the Ca2+ imaging analyses, 
the sensory responses to diacetyl in AWA alter in accordance with the behavioral changes during memory acquisition to 
forgetting and hence the Ca2+ response can be considered as the sensory memory trace. In this study, by using unbiased 
genetic screening, we found that mutations result in increased diacylglycerol (DAG) content, such as dgk-1, goa-1, or egl-30 



Abstracts

23rd International C. elegans Conference     |    273

(gf), suppressed the forgetting defect in tir-1 loss-of-function mutant. However, even though goa-1;tir-1 double mutant shows 
forgetting in chemotaxis like wild-type animals, their Ca2+ responses to diacetyl in AWA did not recover similarly to that in tir-1 
mutant defective in forgetting, suggesting that the sensory memory trace is retained in AWA even though the double mutant 
exhibits behavioral forgetting. On the contrary, AWC promoter::goa-1 (gf) expressing mutant showed a forgetting defect in 
behavior, while it showed recovery in Ca2+ responses. Taken together, proper DAG content in olfactory circuit is important to 
regulate the switching between forgetting and retrieving of olfactory memories without modifying the sensory memory trace. 
These results raise two possibilities that inadequate DAG content interferes memory recall, and that, in addition to the sensory 
memory trace in AWA, memory traces in other neurons are required for the memory recall. We suppose that these two 
possibilities are not mutually exclusive, and that these are consistent with the mechanisms of the memory retention and recall 
in mice.

671B	 Insulin	signaling	underlies	a	heavy-tailed	temporal	organization	in	C. elegans episodic swimming

Yukinobu Arata1, Itsuki Shiga2, Yusaku Ikeda1,3, Hiroshi Kimura3, Peter Jurica1, Ken Kiyono2, Yasushi Sako1 1) Cellular Informatics 
Laboratory, RIKEN, Wako, Saitama ; 2) Graduate School of Engineering Science, Osaka University, Toyonaka, Osaka; 3) 
Department of Mechanical Engineering, Tokai University, Hiratsuka, Kanagawa .

Episodic bouts of animal behaviors are not periodic, but temporally organized in a scale-free manner with long memory 
in many animal species including human. It is known that depression in human is associated with defects in the scale-free 
temporal organization of behaviors and impacts on social fitness, and accordingly exacerbates disease state. C. elegans crawls 
in on agar plate and swim in a solution while switching between actively-moving state and inactive state, which is referred to 
as episodic behavior. We have shown that the residence time in each state in episodic swimming has a scale-free or heavy-
tailed property with long memory. Here, we studied how the residence times between two states are cross-correlated by using 
detrending moving-average cross-correlation analysis (DMCA) to activity time series obtained from a long-term culture of C. 
elegans. We found that residence times in the active and inactive states are correlated with each other over the time scale 
from minutes to hours, or at the ultradian time scale. This temporal cross-correlation disappeared when cultured in M9 buffer 
without food bacteria, and restored when cultured M9 buffer only with glucose. Additionally, the temporal cross-correlation 
disappeared in the mutant animals of daf-2 gene, which encodes the membrane receptor for insulin growth factor signal 
and in the mutant of daf-16, which encodes a downstream transcriptional repressor FOXO. Therefore, we conclude that the 
temporal cross-correlation is achieved by the insulin signaling. Glucose metabolism disorders and behavioral disorders are 
known to be closely related in human depression, raising the possibility that the temporal organization by insulin signaling 
found in C. elegans is conserved in humans.

672C	 Exploring	the	Role	of	Neuropeptide	receptor	14	(NPR-14)	in	Caenorhabditis elegans	Sleep	Behaviour

Isabella Asselstine1, Jeffrey Boudreau1, Aishy Krishnaraj1, Ian Chin-Sang1, William Bendena1 1) Queen›s University.

Studies in human and animal models have revealed a causative link between instances of narcolepsy, a sleep disorder which 
presents with fatigue and episodes of cataplexy, and disruptions in the orexin signalling pathway. In C. elegans, a G-coupled 
protein receptor called neuropeptide receptor 14 (NPR-14) has been identified as a potential ortholog to the human orexin 
receptor-2 (OX2R). Previous phenotypic analyses of npr-14 knockout strains revealed a marked reduction in adult locomotion 
and mechanosensory stimulation compared to wildtype. These findings, along with the proposed orthologous relationship to 
OX2R, suggests that npr-14 is involved in the regulation of sleep in C. elegans. The Raizen lab has shown that C. elegans displays 
two distinct sleep pathways: the developmentally timed sleep (DTS) pathway, and the stress induced sleep (SIS) pathway. The 
objective of our research is to elucidate whether npr-14 plays a role in the DTS and/or SIS pathways. This will be achieved 
by observing DTS and SIS behaviour in npr-14 knockout worms alone and in combination with knockout and overexpression 
mutations of known components of either pathway. Results of this research may uncover epistatic interactions between NPR-
14 and components of DTS/SIS, therefore suggesting its potential position within either pathway. Successful characterization 
of npr-14’s role in C. elegans sleep may provide a model system in which the pathology of narcolepsy and other fatigue-
presenting conditions may be explored.

This work is supported by a Discovery grant from the Natural Science and Engineering Research Council (NSERC) of Canada.

673A	 Sex	differences	in	behavioral,	cellular,	and	physiological	responses	to	nutrient	restriction	in	C. elegans

Chance Bainbridge1, Douglas S. Portman1 1) Department of Biomedical Genetics, University of Rochester, Rochester, NY.
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Nutrient restriction is a universal challenge that requires animal nervous systems to coordinate cues about nutrient availability 
with current metabolic demands. Often, this requires adjustments to foraging behavior after nutrient restriction, and changes 
in physiology during prolonged food deprivation. Despite the ubiquitous requirement for nutrient intake, many animals 
show sex-specific responses to nutrient restriction. Sex differences in immediate responses to lack of food could emerge 
from sex-specific functions of shared neuronal circuits, while long term nutrient deprivation might bring about sex-specific 
changes to metabolism and usage of lipid stores. However, the mechanisms by which biological sex acts to regulate neuronal 
and physiological function and produce sex-specific responses to nutrient restriction is poorly understood. Past work from 
our lab indicates that C. elegans exhibits sexually dimorphic behavioral and neuronal responses to food deprivation. Here we 
investigate how biological sex regulates differences in C. elegans behavior and physiology due to nutrient restriction.

Our goal is to determine to what extent C. elegans exhibits sexually dimorphic behavioral and physiological responses to 
nutrient restriction and the mechanisms by which these sex-differences arise. We used behavioral recordings to determine sex-
specific foraging strategies following immediate and sustained nutrient restriction and found that males show distinct foraging 
behaviors in which they appear to maintain local search patterns longer than hermaphrodites. After immediate and sustained 
nutrient restriction we found males show diminished slowing and satiety quiescence following re-feeding. Preliminary analysis 
of genetically sex-reversed animals suggests that dimorphic foraging relies on sex-specific interactions between the nervous 
system and peripheral tissues. To determine sex differences in physiological responses over extended periods of nutrient 
restriction, we quantified differences in stress response markers and stains for lipid storage and found sex-specific changes 
to some physiological responses. In the longer term, our approach provides a unique opportunity to explore potentially 
conserved mechanisms by which biological sex can regulate encoding of internal states and animal behavior.

674B	 Wandering	versus	waiting	worms:	Loss	of	nrx-1	decreases	hyperactivity	induced	by	food	deprivation	and	
octopamine

Brandon Bastien1, 2, 3, Michael Hart2, 3 1) Neuroscience Graduate Group, Perelman School of Medicine, Philadelphia, PA; 2) 
Department of Genetics, University of Pennsylvania, Philadelphia, PA; 3) Autism Spectrum Program of Excellence, Perelman 
School of Medicine, Philadelphia, PA.

Behavior requires the precise coordination of structural and functional properties of neuronal circuits, made up of neurons 
connected by synapses. Many neuronal and synaptic genes are associated with Autism Spectrum (AS) and schizophrenia (SCZ), 
suggesting that dysregulation of circuits may underlie characteristic behavioral phenotypes. Here, we ask if and how synaptic 
genes associated with AS/SCZ control behavior. Specifically, we are testing the role of conserved AS/SCZ genes in the C. elegans 
behavioral response to a simple external stressor: food deprivation. Using a PDMS fabricated “WorMotel” and computer vision 
image analysis, we record worm activity over 8 hours in fed or food-deprived conditions and find that food deprivation results 
in a sustained increase in activity in control worms that is easily quantifiable and reproducible. Ongoing high-throughput 
analysis of many conserved AS/SCZ genes using this paradigm, identified that nrx-1 is required for the behavioral response to 
food deprivation. Multiple loss of function alleles of nrx-1, the orthologue of the human synaptic adhesion molecule, NRXN1, 
resulted in reduced activity in response to food deprivation and octopamine, a candidate neuromodulator for this behavior. 
We find that expression of NRX-1 in all neurons rescues the mutant phenotype response to food deprivation conditions. 
Interestingly, mutation of the canonical binding partner of nrx-1, nlg-1 (NLGN3), does not alter behavioral response to food 
deprivation. However, nrx-1; nlg-1 double mutants have a normal food deprivation response, demonstrating that the nrx-1 
phenotype is dependent on nlg-1. We are currently analyzing relevant neurons and synapses for changes that may underlie the 
altered response to food deprivation, in both wildtype and nrx-1 mutants. Our results suggest nrx-1 is involved in the response 
to the crucial external stimuli of food through a potentially novel function in octopamine signaling. Our work will elucidate 
the circuit and molecular mechanisms underlying the role of nrx-1 on this behavior. Together with ongoing work on additional 
genes, we will identify overlap and interactions for AS/SCZ genes in a simple circuit and behavior and uncover novel molecular 
mechanisms for these genes in behavior generation.

676A	 Vibrations	inhibit	feeding	behavior	through	a	neural	bottleneck	in	C. elegans

Elsa Bonnard1, Jun Liu1, Monika Scholz1 1) research center caesar, Bonn, Germany.

A neural bottleneck is characterized by a convergence of multiple inputs onto a smaller number of neurons. This configuration 
implies that the network compresses information encoded in the incoming signals. However, it is unclear how biological 
neuronal networks may perform such a compression and how the information content may change. The pair of RIP neurons in 
C.elegans represent a simple implementation of a neural bottleneck. The RIPs receive converging sensory inputs and provide 
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the only connections to the network controlling pharyngeal pumping through a pair of gap junctions with the pharyngeal 
I1 neurons. To investigate the role of such a bottleneck motif, we supply controlled touch stimuli to a population of worms 
while observing changes in pumping behavior. Estimating information compression requires large amounts of measurements 
of both the input and output signals. We therefore implemented a high-throughput assay taylored to supplying vibrations as 
touch stimuli while observing feeding behavior in large worm populations. We present a custom image analysis tool termed 
‘PharaGlow’ that can detect pumping events in several animals moving on standard cultivation plates. As expected, we find 
that pumping is inhibited by vibrations and this inhibition is abolished in mechanosensory defective mutants. Genetically 
disrupting the RIP-I1 gap junctions also abolished this inhibition. These results show that this connection is necessary 
for pumping inhibition by vibrations and provide us with the necessary tools to study sensory information encoding and 
compression in the RIPs neural bottleneck.

677B	 Alternative	mec-2 isoforms	exhibit	neuron	type-specific	expression	and	function

Canyon Calovich-Benne1, Xiaoyu Liang1, Adam Norris1 1) Southern Methodist University, Dallas, TX.

Alternative splicing can contribute to functional diversity by creating multiple isoforms of a single gene. Alternative splicing 
has been widely observed but it is often unknown whether specific isoforms are expressed in unique cell types, and whether 
they are functionally relevant. Neuron-specific RNA sequencing (RNA-seq) of C. elegans in our lab showed that the conserved 
membrane protein mec-2 exhibits unique splicing patterns in specific neurons. We found that the canonical long mec-2A 
isoform is expressed in mechanosensory neurons and was regulated by the mec-8 RNA binding protein, but the non-canonical 
short mec-2B isoform was detected in neurons other than mechanosensory neurons. We have recently validated our RNA-
Seq results using isoform-specific endogenous fluorescent tags, and determined that the mec-2B isoform is present in 
chemosensory neurons as well as mechanosensory neurons. We then tested whether there was a functional role for the mec-
2B isoform in chemosensory neurons. Chemotaxis assays show that mec-2 mutants have a significant deficiency in chemotaxis 
to various organic volatile odorants. Using the CRISPR-Cas9 system we forced the expression of one or the other isoform of 
mec-2 to see whether there is a difference in behaviors. We found worms expressing only the short mec-2B isoform can sense 
odors but not soft touch, while worms expressing long mec-2 can sense both odors and soft touch. When we re-introduced the 
long mec-2 isoform into mec-8 mutant, the mec-8 touch insensitivity phenotype was rescued. These experiments therefore 
demonstrate regulation of mec-2 alternative splicing resulting in isoforms with differential expression and function in different 
neuron types.

678C	 LITE-1	mediates	behavioral	responses	to	X-rays	in	C. elegans

Kelli Cannon1, Meena Ranasinghe2, Jeff Anker2, Lynn Dobrunz1, Mark Bolding1 1) University of Alabama at Birmingham; 2) 
Clemson University.

While prompt sensory detection of X-rays has been documented across a wide variety of species, relatively few studies have 
explored the underlying molecular mechanisms of these acute sensory responses. Here we report the discovery of an acute 
behavioral avoidance response in wild type C. elegans to X-ray stimulation. The endogenous C. elegans photoreceptor protein 
LITE-1, which mediates UV-avoidance behavior, was found to also underlie a similar behavioral response to X-radiation.

We observed that wild type nematodes exhibited a dramatic avoidance response to 1 Gy/s focused X-ray stimulation. The 
response consisted of a marked increase in activity, involving increased forward locomotion, omega bends, and reversals, 
observed within 2 s of stimulation onset and subsiding once the worm escaped the path of the focused X-ray beam. Moderate 
dose rates of 0.5 and 0.7 Gy/s evoked similar, but somewhat slower and less vigorous responses, while 0.2 Gy/s and sham 
(0 Gy/s) stimulation did not elicit any significant response. Nematodes with the lite-1(ce314) mutation, which renders LITE-1 
dysfunctional, failed to exhibit the X-ray avoidance behavioral phenotype seen in wild type and lite-1 intact mutant strains, 
suggesting that functional lite-1 is critical for the X-ray avoidance response.

To verify LITE-1’s sensitivity to X-rays and determine whether ectopic expression of lite-1 can confer X-ray sensitivity to 
otherwise X-ray insensitive cells, we administered unfocused X-ray stimulation to swimming pmyo-3::lite-1 worms, which 
transgenically express lite-1 in myocytes. Transgenic, but not wild type, nematodes exhibited a strong paralysis response, 
quantified as a dramatic decrease in body bend frequency and sometimes accompanied by egg ejection, in response to the 
stimulation. High dose rates of 0.56 and 0.74 Gy/s produced the most extreme effects, however, paralysis responses were seen 
at X-ray intensities as low as 0.19 Gy/s.
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Together, these results suggest that LITE-1 can function as an X-ray sensitive receptor, playing a critical role in the transduction 
of X-ray signals into neural activity to produce behavioral responses. This is the first demonstration of X-ray based optogenetic 
(X-genetic) manipulation of cellular electrical activity in intact behaving animals. As such, LITE-1 shows strong potential 
for use in this novel method of neuromodulation to transduce transcranial X-ray signals for precise, but minimally invasive 
manipulation of neural activity in mammals.

679A	 Discovery	of	a	Highly-conserved	Behavioral	Role	for	an	Interneuron	Neuropeptide	Receptor

Cynthia Chai1, Wen Chen1, Wan-Rong Wong1, Xuan Wan1, Heenam Park1, Sarah Cohen1, Paul Sternberg1 1) California Institute of 
Technology.

Throughout the animal kingdom, neuropeptide signaling mediates many survival-promoting behaviors such as foraging and the 
escape response. In C. elegans, members of two of the largest neuropeptide gene families, flp and nlp, bind to their cognate 
frpr and npr-encoding receptors to regulate many aspects of nematode behavior and physiology. However, the expression 
and function of several neuropeptide G-protein coupled receptors (GPCRs) in C. elegans still remain unknown. Here, we 
characterize 21 frpr and npr neuropeptide GPCRs with no pre-existing reagents and discover a conserved behavioral role for 
the interneuron neuropeptide receptor FRPR-14. We systematically screened 21 CRISPR-generated GPCR null mutants using 
two behavioral paradigms, the posterior light touch-induced response and freely-moving locomotion tracking assays. Although 
half of the receptor mutants screened had at least one phenotype, we found that only the frpr-14 mutant was defective in 
both. A frpr-14 GFP reporter is expressed in the AVJ and AIB interneurons, both of which are presynaptic to several command 
interneurons. However, only AVJ-specific frpr-14 cDNA expression was sufficient to rescue the full repertoire of mutant 
phenotypes suggesting a broader behavioral role for AVJ compared to AIB. To identify FRPR-14’s ligand in these behavioral 
contexts, we first screened all available flp mutants for visible motility defects. Following up with genetic epistasis analysis, we 
find FLP-3 to be a potential ligand for FRPR-14. We next applied a comparative approach by studying the orthologous Cbr-
frpr-14 in Caenorhabditis briggsae. A Cbr-frpr-14 GFP reporter is expressed in a single pair of C. brigggsae interneurons with 
strikingly similar morphology and relative anatomical position as the C. elegans AVJ neurons. While cross-species C. elegans 
AVJ-specific expression of Cbr-frpr-14 cDNA rescued all mutant phenotypes, a Cbr-frpr-14 null mutant was only defective in the 
posterior light touch-induced response. Although FRPR-14’s function at the cellular level is evolutionarily-conserved, the less 
evident conservation at the organismal level might be due to differing ligand expression patterns and/or neural architecture 
between species. Our results provide a framework for further studies on the evolution and function of neuropeptide signaling 
networks between two closely-related, genetically tractable species.

680B	 A	microbial	metabolite	synergizes	with	endogenous	serotonin	to	trigger	C. elegans reproductive behavior

Yen-Chih Chen1,2,3, Mohammad Seyedsayamdost4, Niels Ringstad1,2,3 1) Skirball Institute of Biomolecular Medicine, New York 
University School of Medicine, New York, NY; 2) Department of Cell Biology, New York University School of Medicine, New York, 
NY; 3) Neuroscience Institute, New York University School of Medicine, New York, NY; 4) Department of Chemistry, Princeton 
University, Princeton, NJ.

Natural products form the basis of many therapeutics, including small molecules used to treat neurological and psychiatric 
disorders. We performed a behavior-based screen for natural products that affect serotonin signaling by using a simple 
serotonin-dependent behavior of C. elegans, egg laying. Our screen yielded agonists of G protein-coupled serotonin receptors, 
protein kinase C agonists, and a microbial metabolite not previously known to interact with serotonin signaling pathways: the 
disulfide-bridged 2,5-diketopiperazine gliotoxin. Effects of gliotoxin on egg-laying behavior required the G protein-coupled 
serotonin receptors SER-1 and SER-7, and the Gq ortholog EGL-30. Furthermore, mutants lacking serotonergic neurons and 
mutants that cannot synthesize serotonin were profoundly resistant to gliotoxin. Exogenous serotonin restored their sensitivity 
to gliotoxin, indicating that this compound synergizes with endogenous serotonin to elicit behavior. In vivo calcium imaging 
showed that gliotoxin stimulates egg-laying muscles and that its effect on muscles, like its effect on behavior, synergizes 
with serotonin. These data show that a microbial metabolite with no structural similarity to known serotonergic agonists 
potentiates an endogenous serotonin signal to affect behavior. Based on this study, we suggest that microbial metabolites 
might be a rich source of functionally novel neuroactive molecules. We will describe new screens we are performing to mine 
the microbial metabolome for small molecules that affect animal behavior.

681C	 Distinct	neural	circuits	drive	bimodal	ethanol	chemotaxis	in	C. elegans
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Yuan-Hua Chen1, Wei-Kang Xue1, Yuan-Xia Wang1, Pei Chang2, Bo Wang1, Yanxun V Yu1,3 1) Frontier Science Center for 
Immunology and Metabolism, Medical Research Institute, Wuhan University; 2) Hongyi Honor College, Wuhan University; 3) 
Department of Neurology, Zhongnan Hospital of Wuhan University.

Environmental factors can modulate animals’ perception of a stimulus and thus change the elicited downstream behavior. It 
has been shown that ethanol can cause intoxication in C. elegans, therefore ethanol may be a cue worms would like to avoid. 
However, ethanol may also represent information about food availability worms would like to seek since fruit fermentation 
often produces ethanol. In the process of looking for ethanol-elicited behavior, we find that ethanol elicits distinct chemotaxis 
behavior in C. elegans depending on the concentration of sodium chloride. Worms are attracted toward ethanol in the 
low sodium environment (positive chemotaxis), while they exhibit strong repulsive behavior to ethanol in the high sodium 
environment (negative chemotaxis). In sharp contrast, C. elegans exhibits unimodal behavior in response to other odorants 
such as isoamyl alcohol, diacetyl, or 2-nonanone, regardless of the sodium concentration. Interestingly, we have discovered 
only sodium but not potassium or osmolality as the determining factor for worm’s bimodal ethanol chemotaxis behaviors. In 
searching for the signaling molecules involved, we have discovered that the positive chemotaxis depends on DAF-11, while 
the negative chemotaxis depends on CHE-1, GPA-3 and OSM-3. Ethanol chemotaxis in both directions depends on TAX-4 and 
EAT-4, while ODR-1 or ODR-3 is involved in neither. Analysis of the related neural circuit reveals that the negative chemotaxis 
to ethanol is likely mediated by the ASE chemosensory neurons, while the positive chemotaxis involves the AWC neurons. Our 
study provides novel insight into how environmental factors can bias chemotaxis behavior by engaging distinct chemotactic 
neural circuits. And it may provide a model to dissect how environmental factors modulate behavior.

682A	 ascr#3	imprinting	is	mediated	by	chromatin	remodeling

YongJin Cheon1, Semin Hwangbo1, Kyuhyung Kim1 1) Department of Brain and Cognitive Sciences, DGIST, Daegu, Republic of 
Korea.

Imprinting is a form of long-lasting and robust memory which has been described in many animals including human. 
C. elegans, early experience of ascaroside#3 pheromone (ascr#3, C9, asc-ΔC9) enhances ascr#3 avoidance of adult 
hermaphrodites via the functional modification of the ascr#3 avoidance circuit. Upregulation of odr-2 Ly-6-related GPI-linked 
signaling gene expression in the SMB motor neuron is required for ascr#3 imprinting (Hong et al., 2017). However, circuit 
and molecular mechanisms underlying imprinting need to be further investigated. Here we show that neuronal chromatin 
remodeling mechanism may play a critical role for ascr#3 imprinting. We first performed candidate gene search including set-
2 sSET1/MLL histone H3K4 methyltransferase gene. We found that ascr#3 imprinting is abolished in set-2 mutants. We also 
found that, whereas expression of set-2 under the control of own promoter did not rescue imprinting defect of set-2 mutants, 
these defects were partially restored upon expression of set-2 cDNA under the control of pan-neuronal promoter. We are 
currently performing additional rescue experiment. We are also observing odr-2 expression level and performing SMB Ca2+ 
imaging in set-2 mutant background. This study will allow us to define a common logic for long-lasting memory formation and 
other forms of behavioral plasticity.

683B	 Identify	the	function	of	mechanosensitive	channel	PEZO-1	in	C. elegans males

Jihye Cho1, Kyuhyung Kim1 1) Department of Brain and Cognitive Sciences, DGIST, Daegu, Republic of Korea.

The conversion of mechanical force to biological signals is crucial for the survival of animals. Mechanosensitive ion channels 
play a direct role in sensing physical stimuli and are evolutionarily conserved from bacteria to mammals. In mammals, PIEZO 
channels have been identified as ion channels that directly detect mechanical stimuli (Coste et al., 2010, Gnanasambandam 
et al., 2015, Syeda et al., 2015). C. elegans genome has a single PIEZO gene, pezo-1, which encodes 14 isoforms (Bai X et al., 
2020). However, the function of PEZO-1 in C. elegans has not been fully understood yet. To investigate its function, we first 
grouped 14 isoforms into short or long isoforms depending on the mRNA length and observed their expression patterns. 
We found that the promoter region of short isoforms is expressed in several tail neurons, including the 6th ray neurons of 
C. elegans males. Nine pairs of male ray neurons appear to have functional specialization and have been implicated to be 
involved in mating behavior (Zhang H, Yue X, Cheng H, et al., 2018). Interestingly, sensory endings of ray 6 neurons, but not 
other ray neurons, are not exposed to the external environment (Sulston and Horvitz, 1977), suggesting a distinct role in 
mechanotransduction during C. elegans mating. We are currently examining the contribution of PEZO-1 to mating behavior in 
males.

684C	 A	chemosensory	GPCR	is	required	for	a	concentration-dependent	behavioral	switch	in	C. elegans
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Woochan Choi1, Sang Eun Ryu1, YongJin Cheon1, Yeon-Ji Park1, Seoyeong Kim1, Cheil Moon1, Kyuhyung Kim1 1) Department of 
Brain and Cognitive Sciences DGIST, Daegu, 42988, Republic of Korea .

C. elegans detects a large number of odorants and elicits a multitude of olfactory behaviors (Bargmann, 1993, Cell). Previous 
genetic and behavioral experiments have identified a set of signaling genes, including olfactory receptors, but the knowledge is 
still limited. Specifically, the mechanisms of how the same odorants can elicit either attractive or aversive responses depending 
on the chemical concentration have not been known in detail. Dimethyl trisulfide (DMTS) is an organic chemical, which smells 
like garlic and is derived from bacterial decomposition. Here, we show that C. elegans attracts to a low concentration of DMTS 
via the AWC neurons and avoids a high concentration of DMTS via the ASH neurons. We then find that chemosensory GPCR sri-
14 is required for both attraction to a low concentration of DMTS and aversion to a high concentration of DMTS. The defects 
of DMTS chemotaxis in sri-14 mutants are restored when we expressed the wild-type sri-14 gene to the AWC and ASH neurons 
for attraction and avoidance, respectively. Ca2+ responses of AWC and ASH upon acute exposure to DMTS are decreased in 
sri-14 mutants. Moreover, ectopic expression of sri-14 in the ADL neurons is sufficient to elicit Ca2+ responses to DMTS in the 
ADL neurons. Furthermore, we heterologously expressed the SRI-14 receptor in the mammalian cell and found that these cells 
confer dose-dependent response upon DMTS exposure, suggesting that SRI-14 is indeed a bona fide DMTS receptor. Next, we 
investigated how downstream interneurons translate and process DMTS signals from the ASH or AWC neurons to generate 
alternative behaviors. We found that the AIB interneurons, receiving signals from AWC and ASH neurons, exhibit distinct Ca2+ 

responses depending upon the concentration of DMTS; the AIB interneurons are activated upon removal of low concentration 
of DMTS or addition of high concentration of DMTS. Moreover, the sri-14 mutation fully suppresses the AIB Ca2+ response to 
DMTS odor. Furthermore, we identified that the glr-1 and glr-5 glutamate receptors expressed in AIB are required for different 
concentration signals from low and high DMTS. Thus, our results demonstrate molecular and circuit mechanisms by which 
an animal connects chemosensory neurons detecting the same ligand to alternate downstream circuitry to efficiently trigger 
precise behavioral programs.

685A	 Role	of	MAPK/ERK	signaling	in	neurons

Amy Clippinger1, Irini Topalidou1, Michael Ailion1 1) University of Washington.

The MAPK/ERK pathway plays a critical role in regulating neuronal activity in C. elegans. The regulation of MAP3K Raf and 
its targets have been well-studied in growth and development, as unregulated ERK signaling causes cancer.However, the 
regulation of Raf activity in neurons and how ERK signaling affects neuronal activity are not understood.Overexpression of 
activated LIN-45/Raf (Raf*) in neurons results in loopy locomotion. While performing a forward genetic screen for suppressors 
of Raf*, we identified components that (1) affect the activity of Raf and (2) are downstream targets that directly affect 
neuronal activity. Loss of Kinase Suppressor of Ras 1 (KSR-1) suppresses the loopy locomotion of Raf* expressing worms. KSR-1 
is known to heterodimerize with Raf, and this is critical for Raf function. Our experiments demonstrate that even Raf* requires 
KSR-1 in neurons to promote signaling. We also identified auxiliary subunits of the voltage sensitive cation channel NCA/
NALCN as suppressors of Raf*. We found Raf* and the NCA mutant nlf-1 were mutually suppressing, as nlf-1 mutants exhibit 
a distinct “fainting” behavior that is suppressed by Raf*. We explored by what mechanism Raf* suppresses fainting, either 
by enhancing impaired NCA function or via upregulation of neuronal activity via a separate pathway. As certain tumors are 
electrically active tissues that hijack neuronal signaling pathways to promote cancerous cell growth, these studies will relate to 
both neurobiology and cancer biology.

686B	 Lipidomic	analysis	of	the	effects	of	exposure	to	ethanol	on	worms.

Tyler Crossen1, Elizabeth Quamme1, Daniel Contaifer1, Naren Kumar1, Laura Mathies1, Andrew Davies1, Dayanjan Wijesinghe1, Jill 
Bettinger1 1) Virginia Commonwealth University, Richmond, VA.

The use of alcohol causes important physiological changes that contribute to the development of alcohol use disorder 
(AUD). These ethanol-induced changes are multifaceted and are incompletely characterized. In particular, the effects of 
ethanol on the composition and quantity of lipid species is under studied. We are particularly interested in lipidomic effects 
because several lines of evidence in our laboratory have implicated lipid metabolism in acute ethanol responses in worms. 
We therefore performed an unbiased lipidomic analysis of wild-type animals exposed for 16 hours to an intoxicating dose of 
ethanol. We found that several different lipid classes responded to the ethanol exposure, and that prominent among these 
was an increase in several different lipids containing odd-chain fatty acids (OCFA). C. elegans derive most OCFAs from their 
bacterial diet. In our ethanol exposure paradigm, the animals were exposed while feeding on OP50, so we examined if the 
bacteria were responding to the ethanol treatment. We found that the bacteria did not change their OCFA levels in response to 
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ethanol, suggesting that the ethanol-induced increase in OCFA was due to effects on the worms themselves. We also observed 
that the long chain polyunsaturated omega-3 fatty acid eicosapentaenoic acid (EPA) appeared to be moved from its storage 
form in triacylglycerides to other phospholipid species, suggesting that it was mobilized in response to ethanol exposure. 
We have previously shown that EPA is required for normal acute behavioral responses to ethanol (Raabe et al., 2014), and 
that dietary EPA modulates ethanol response behaviors in mice (Wolstenholme et al., 2018). Both OCFA and EPA have been 
implicated in modulating membrane fluidity; this suggests a model in which animals modify their lipidomes in response to 
ethanol, perhaps to regulate the function of membrane proteins that are targets of ethanol. Together, these results lend new 
insight into the role of lipids in the response to ethanol exposure and provide a rich dataset for future studies.

687C	 Pseudomonas aeruginosa	Associated	Volatiles	Drive	Chemotactic	Behaviour	and	Immune	Response	In	C. elegans

Deep Prakash1, Kaling Danggen1, Varsha Singh1 1) Indian Institute of Science.

Olfaction plays an important role in threat perception in higher organisms. To understand the role of olfaction in host survival, 
we studied interaction of C. elegans with Pseudomonas aeruginosa, a bacterium commonly found in the same ecological 
niche as this nematode. P. aeruginosa acts as a pathogen against C. elegans, colonizing its gut and reducing its survival. It is 
known that C. elegans actively detects and avoids P. aeruginosa (Zhang et al. Nature 2005). We have identified two volatiles 
produced by P. aeruginosa that elicit a behavioural response in C. elegans. One of the chemicals is an attractant and the other 
is a repellent for C. elegans. The amphid neurons AWA, AWB and AWC are mainly responsible for detecting volatile odorants. 
While AWA and AWC detect attractants, AWB is responsible for detecting repellents. By studying calcium dynamics in olfactory 
neurons, we have identified specific neurons which detect volatiles from P. aeruginosa.

Through qPCR analysis, we have observed induction of P. aeruginosa specific immune response genes upon exposure to 
the volatile repellent. The induction of immune response genes is dependent on functional olfactory neurons. Further, pre-
exposure of worms to the identified repellent also increases their survival on Pseudomonas aeruginosa lawn.

Keywords: Host-microbe interactions, Olfaction, Chemotaxis, Immune response, Pseudomonas aeruginosa, Volatiles

688A	 Neuropeptidergic	modulation	of	C. elegans learning behavior

Nathan De Fruyt1, Melissa Fadda1, Jan Watteyne1, Sara Van Damme1, Liliane Schoofs1, Isabel Beets1 1) Division of Animal 
Physiology and Neurobiology, Department of Biology, KU Leuven.

Neuropeptides are an evolutionarily conserved group of neuromodulators that regulate a wide range of adaptive behaviors, 
such as learning. Yet, unravelling the molecular and circuit mechanisms underlying this neuropeptidergic modulation is 
challenging due to the diversity of neuropeptide signaling pathways, and their ‘wireless’ extrasynaptic mode of action. Using 
reverse pharmacology, we have constructed a molecular map of the C. elegans neuropeptide-receptor network. Phylogenetic 
reconstruction of the evolutionary history of nematode neuropeptide systems across bilaterian animals revealed several 
nematode-specific diversifications of neuropeptide signaling in addition to evolutionarily ancient neuropeptide pathways. 
One of these ancient, conserved pathways is a neuropeptide Y/F (NPY/F)-like signaling system that is an important regulator 
of learning behavior both in Proto- and Deuterostomia. We found that NPY/F-like FLP-34 neuropeptides are required in 
serotonergic neurons for aversive olfactory associative learning, which is functionally similar to the role of NPY in vertebrate 
learning as well as to the role of NPF in invertebrate learning. NPY/F-like neuropeptides are released from serotonergic 
neurons and signal through the G protein-coupled receptor NPR-11 in the excitatory AIA interneurons to facilitate olfactory 
aversive learning. In addition, signaling through NPY/F-like receptor NPR-11 also affects learning in salt gustatory plasticity, 
a gustatory associative learning paradigm. NPY/F-like signaling is not the only neuropeptidergic signaling system affecting 
learning behavior; we discovered additional neuropeptides that appear to be important to the learning process as well, 
including peptides that are expressed in non-neuronal cells. Our current research focuses on unravelling the functions of such 
non-neuronal neuropeptide messengers in learning and other types of behavioral plasticity.

689B	 Transcriptional	response	to	UVC	irradiation	in	sleep	deficient	animals

Hilary DeBardeleben1, Abby Hare-Harris1, David Raizen2 1) Bloomsburg University of Pennsylvania; 2) Perelman School of 
Medicine, University of Pennsylvania.

Sleep is an important and conserved behavioral phenomenon in animals. In C. elegans, there are two distinct sleep states, one 
during lethargus called developmentally timed sleep and stress-induced sleep. The function of sleep is still largely unknown. 
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Many hypothesize that it is a restorative state that allows resources to be allocated to cell processes, such as DNA damage 
repair. Stress-induced sleep is largely dependent on the ALA neuron and genetic mutants that lack the ALA neuron do not sleep 
following stress. Recently, UVC irradiation has been established as a strong and consistent inducer of sleep, also dependent 
on the ALA neuron. There is a strong transcriptional response following UVC irradiation. We asked if this transcriptional 
response supports the restorative function of sleep. We irradiated wild-type and ALA/sleep deficient mutants and did whole 
genome microarrays to look for differentially regulated pathways that tracked with the sleep phenotype. We also measured 
the transcriptional response to UVC in animals deficient in a germline. This allowed us to see the somatic cells’ response to 
UVC irradiation, with and without the sleep behavior. Using gene module analysis we discovered differential regulation of 
several gene modules across groups, notably in the oxidative damage pathway. We also used Kegg pathway analysis and saw 
differences in regulation of longevity and axon regeneration pathways. These changes could lead to a basis for understanding 
the function of sleep and what pathways are important for repair and restoration during stress-induced sleep.

690C	 Using	high-throughput	behavioural	assays	to	identify	heritable	natural	genetic	variants	in	three	Caenorhabiditis 
species

Siyu Serena Ding1,2, Priyanka Shrestha2, Loraina Stinson3, Erik C Andersen3, Andre EX Brown1,2 1) Imperial College London, United 
Kingdom; 2) London Institute of Medical Sciences, United Kingdom; 3) Department of Molecular Biosciences, Northwestern 
University, Evanston, United States.

The most standard behavioural assay involves imaging worms crawling on NGM agar. Recent developments in hardware 
and software increase the throughput of these experiments by running multiple experimental replicates in parallel and by 
automating post-acquisition worm tracking and feature extraction. We imaged and analysed the crawling behaviour of 197 C. 
elegans wild isolates in the presence of the OP50 food source, and used genome-wide association (GWA) analyses to identify 
several quantitative trait loci that are linked to specific behavioural features.

Additionally, we explored multiple behavioural assays involving more “challenging” environments, and found that these 
assays reveal more pronounced behavioural differences at the species level (between C. elegans, C. briggsae, and C. tropicalis) 
compared to the standard crawling assay. We plan to apply these behavioural assays to hundreds of wild isolates from the 
three species, in order to identify natural genetic variants that underlie heritable behavioural traits across the Caenorhabiditis 
genus.

691A	 Acetylcholine	Signaling	Genes	are	Required	for	Cocaine-Stimulated	Egg	Laying	in	Caenorhabditis elegans

Soren Emerson1, Megan Hay1, Mark Smith1, Ricky Granger1, David Blauch1, Nicole Snyder1, Rachid El Bejjani1 1) Davidson College.

Despite the toxicity and addictive liability associated with cocaine abuse, its mode of action is not completely understood, and 
effective pharmacotherapeutic interventions remain elusive. The cholinergic effects of cocaine on acetylcholine receptors, 
synthetic enzymes, and degradative enzymes have been the focus of relatively little empirical investigation. Due to its genetic 
tractability and anatomical simplicity, the egg laying circuit of the hermaphroditic nematode, caenorhabditis elegans, is a 
powerful model system to precisely examine the genetic and molecular targets of cocaine in vivo. Here, we report a novel 
cocaine-induced behavioral phenotype in caenorhabditis elegans, cocaine-stimulated egg laying. In addition, we present the 
results of an in vivo candidate suppression screen of synthetic enzymes, receptors, degradative enzymes, and downstream 
components of the intracellular signaling cascades of the main neurotransmitter systems that control caenorhabditis elegans 
egg laying. Our results show that cocaine-stimulated egg laying is dependent on acetylcholine synthesis and synaptic release, 
functional nicotinic acetylcholine receptors, and the caenorhabditis elegans acetylcholinesterases.

692B	 C. elegans as tool to study chronic stress implications

Eliana Mailen Fernandez1,2, Jessica Adams3, Melisa Monteleone1,2, Andrés Vidal-Gadea3, Marcela Brocco1,2 1) UNSAM-CONICET; 
2) Instituto de Investigaciones Biotecnológicas; 3) Illinois State University, School of Biological Sciences.

Chronic stress is one of the main risk factors for depression and other neuropsychiatric diseases. Long exposure to chronic 
stress results in changes in brain gene expression that are deleterious for organisms. Due its relevance to human health, 
our goal is to investigate the molecular pathways disrupted by chronic stress to understand how this leads to such diseases. 
Using rodent models of chronic stress, we found that stress alters neuronal protein GPM6A. GPM6A participates in neuronal 
differentiation and morphology establishment and human GPM6A has been linked to schizophrenia, bipolar disorder, 
claustrophobia and suicide patients. This links GPM6A to the stress phenomenon and depression. Nevertheless, there is a 



Abstracts

23rd International C. elegans Conference     |    281

gap between the cellular GPM6A functions and its role in systemic stress response. To fill this gap, we use the nematode 
Caenorhabditis elegans as model due to shared features between nematode and mammal nervous system and because of 
the genetic tools available. C. elegans exhibits a GPM6A ortholog, the neuronal membrane glycoprotein 1 (NMGP-1), thus, 
here we used C. elegans as a simpler model to study NMGP-1 participation in stress response. First, worms expressing GFP 
under the nmgp-1 promoter indicated us that nmgp-1 expresses in sensory amphid and phasmid neurons and in the egg-
laying apparatus. Second, we have characterized NMGP-1 functions using RNAi knockdown and two non-null, hypomorphic 
mutant alleles. Analysis of dsRNA (nmgp-1)-treated or mutant alleles showed an increased recovering time from the 
stress-resistant dauer stage and a reduced egg-laying rate with respect to control worms. In addition, defects in egg-laying 
induced egg retention (bag of worms) in nmgp-1-deficient worms. Also, worms lacking NMGP-1 showed a normal response 
to the attractant diacetyl, but an altered repulsive response to SDS. Moreover, morphologically, nmgp-1(RNAi) worms 
showed alterations on ASJ chemosensory neurons located at the nerve ring, responsible of dauer exit. Altogether these 
results suggest that NMGP-1 is involved in the stress response in C. elegans. To move forward, we will present and discuss a 
battery of experiments to score stress response: Temperature acute and chronic exposure, oxidative and osmotic stress. The 
characterization of stress response in worms lacking nmgp-1 will allow us to deepen on the stress molecular bases and mental 
diseases.

693C A glial Cl-	channel	is	the	master	regulator	of	ASH	neurons’	response	to	touch

Jesus Fernandez1, Bianca Graziano1, Nicole Encalada1, Lei Wang1, Laura Bianchi1 1) University of Miami.

In mammalian touch receptors, accessory cells, including glia, play a key role in mechanosensation. However, the mechanisms 
underlying such regulation are not fully understood. We show here that knock-out or amphid glia specific knock-down of Cl- 
channel clh-1 causes nose touch insensitivity in C. elegans. Analysis of ASH nose touch neurons’ dendrites in clh-1 mutants 
show no structural abnormality. However, Ca2+ transients in ASH neurons upon consecutive touch stimulations are altered in 
clh-1 knock-out. More specifically, while in wild type ASH neurons the second touch elicits smaller transients, this adaptation 
is absent in clh-1 knock-out animals. We further show that Ca2+ transients’ adaptation is also lost in animals in which GABA 
transmission from amphid glia is inhibited or in which GABAA channel lgc-38 is knocked down in ASH neurons. Importantly, 
this phenotype is rescued in clh-1 mutants by expression of Cl- channels clh-3 and rat ClC-2 in amphid glia, as well as by 
growth in high Cl- plates. These results support that Cl- excreted by glia via CLH-1 permeates through LGC-38 in ASH to mediate 
inactivation in these neurons upon consecutive touches. We also demonstrate for the first time that cAMP in ASH neurons 
favors Ca2+ transients’ adaptation upon touch stimulation. Indeed, using both pharmacological and genetic approaches, 
we show that the lack of adaptation in clh-1 is rescued by hyperactivation of adenylyl cyclase (acy-1) or by inactivation of 
phosphodiesterase (pde-4). Parallel behavioral experiments demonstrate that mutations and conditions in which adaptation 
of Ca2+ transients is lost, cause nose touch insensitivity, while mutations and conditions that restore Ca2+ transients’ adaptation 
restore nose touch sensitivity. Taken together our data support that reduction in Ca2+ transients in ASH upon consecutive 
touches is essential for maintaining nose touch sensitivity and that both neuronal cAMP and glial Cl- channel CLH-1 are 
required for this molecular mechanism. We suggest that this Cl- mediated mechanism of functional interaction between glia 
and neurons might be conserved across species in touch receptors and elsewhere in the nervous system.

694A	 TRPM	channels	mediate	learned	pathogen	avoidance	following	intestinal	distention

Adam Filipowicz1, Jonathan Lalsiamthara1, Alejandro Aballay1 1) Oregon Health and Science University.

Upon exposure to harmful microorganisms, hosts engage in protective molecular and behavioral immune responses, both of 
which are ultimately regulated by the nervous system. Using the nematode Caenorhabditis elegans, we show that ingestion of 
E. faecalis leads to a fast pathogen avoidance behavior that results in aversive learning. We have identified multiple sensory 
mechanisms involved in the regulation of avoidance of E. faecalis, including the GPCR NPR-1-dependent oxygen-sensing 
pathway, an ASE neuron-dependent pathway, and an AWB and AWC neuron-dependent pathway. Colonization of the anterior 
part of the intestine by E. faecalis leads to AWB and AWC mediated olfactory aversive learning. Finally, two transient receptor 
potential melastatin (TRPM) channels, GON-2 and GTL-2, mediate this newly described rapid pathogen avoidance. These 
results suggest a mechanism by which TRPM channels may sense the intestinal distension caused by bacterial colonization to 
elicit pathogen avoidance and aversive learning by detecting changes in host physiology.

695B	 HACD-1	functioning	in	neural	cells	regulates	cold	acclimation	in	C.elegans.
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Akihisa Fukumoto1, Misaki Okahata1, Yohei Minakuchi2, Atsushi Toyoda2, Akane Ohta1, Atsushi Kuhara1,3 1) Konan University, 
Japan; 2) National Institute of Genetics, Japan; 3) PRIME, AMED, Japan.

Temperature is important environmental information for biological reaction. Animals have acclimation mechanism to 
environmental temperature changes. We are studying cold acclimation and cold tolerance of nematode C. elegans to reveal 
how animals respond and acclimate to temperature (Ohta et al., Nature commun, 2014; Okahata et al., Scienceadvances, 
2019; Takagaki et al, EMBO rep, 2020). Cold tolerance is a phenomenon that 25 degrees-cultivated wild-type animals can not 
survive at 2 degrees, whereas 15 degrees-cultivated wild-type can survive at 2 degrees. Additionally, 25 degree-cultivated wild-
type is transferred to 15 degrees and stayed for 3 hours, they can survive at 2 degrees. This phenomenon is defined as cold 
acclimation (Ohta et al., Nature commun, 2014). We show here that HACD-1 has a role to regulate cold acclimation. HACD-1 
protein is homologous to human 3-hydroxyacyl-CoenzymeA dehydrogenase (HADH) that catalyzes a beta oxidation reaction 
of the fatty acid metabolism in mitochondrial matrix. When 15 degree-cultivated hacd-1 mutant animals are transferred to 
25 degrees and stayed for 3 hours, hacd-1 mutant showed abnormality of increasing survival rate of cold acclimation relative 
to wild-type.. HACD-1::GFP driven by hacd-1 promoter were observed in several head neurons and intestine. We expressed 
hacd-1 cDNA in intestine and/or almost all neurons of hacd-1 mutant. The abnormal cold acclimation of hacd-1 mutant 
was rescued by expressing hacd-1 cDNA in almost all neurons, but not in intestine. HACD-1 expression in approximately 70 
neuron pairs including essential neurons for cold acclimation such as thermosensory neurons (ASJ, ADL and ASG) and their 
interneurons (AIN and AVJ) driven by multiple neuron promoter also rescued abnormal cold acclimation of the hacd-1mutants. 
To determine the neuron type required for hacd-1-dependent cold acclimation, we are introducing a series of cell-specific 
rescue experiments. Since human HADH acts in fatty acid metabolism of mitochondrial matrix, neuronal HACD-1 could play a 
similar role in the metabolism of mitochondria, which maybe essential for cold acclimation. As ongoing progress, we are trying 
to measure a temperature of mitochondria in hacd-1 mutant and wild-type by using genetically encoded temperature indicator 
tsGFP, to determine a relationship between mitochondria temperature and animal cold acclimation.

696C K2P channel TWK-40 Regulates Rhythmic Motor Program in C. elegans

Zhongpu Yue1, Yongning Zhang1, Bin Yu1, Yueqing Xu2, Yi Li1, Lili Chen1, Wesley Hung3, Jun Meng3, Thomas Boulin4, Chenhong Li2, 
Mei Zhen3, Shangbang Gao1 1) Key Laboratory of Molecular Biophysics of the Ministry of Education, College of Life Science 
and Technology, Huazhong University of Science and Technology, Wuhan 430074, China; 2) College of Biomedical Engineering, 
South-Central University for Nationalities, Wuhan, China.; 3) Lunenfeld-Tanenbaum Research Institute, Mount Sinai Hospital, 
University of Toronto, Toronto, Ontario M5G 1X5, Canada; 4) Institut NeuroMyoGène, Univ Lyon, Université Claude Bernard 
Lyon 1, CNRS UMR 5310, INSERM U1217, Lyon 69008, France.

Background potassium (K+) leak currents, conducted by two-pore domain K+ channels (K2P), are critical for the stabilization of 
the resting membrane potential and facilitate repolarization. Although K2Ps are fundamental to widespread cellular actions, 
the K2Ps associated with motor behavior regulation remain enigmatic. Here we show that a K2P gene twk-40 regulates the 
rhythmic defecation motor program (DMP) in Caenorhabditis elegans. Indeed, disrupting TWK-40 suppresses the expulsion 
defects of nlp-40 and aex-2 mutants. By contrast, a gain-of-function (gf) mutant of twk-40 significantly reduces the expulsion 
frequency per DMP cycle. Consistently, heterogenous expression of TWK-40, together with in vivo whole-cell patch clamping, 
demonstrate that TWK-40 forms a voltage-insensitive K+ selective channel, that regulates the resting membrane potential 
of the DVB neuron. In addition, we find that TWK-40 substantially contributes to the rhythmic activity of the DVB neuron. 
Specifically, DVB Ca2+ oscillations exhibit obvious defects in twk-40 mutants. Expression of TWK-40(gf) in DVB recapitulates the 
DMP deficiency of twk-40(gf) mutants, and inhibits DVB Ca2+ oscillations in both wild-type and twk-40(lf) animals. Moreover, 
the intestinal muscles (IM), which are innervated by DVB to execute the expulsion action, also exhibit rhythm defects. IM-Ca2+ 
transient frequency, but not amplitude, was decreased and elevated in twk-40(gf) and twk-40(lf) mutants, respectively. Taken 
together, these results demonstrated that a K2P channel TWK-40 is essential for rhythmic motor regulation, which might 
provide a potential drug target for constipation.

697A	 Investigating	the	role	of	neuropeptide	receptors	npr-16	and	npr-24	in	Caenorhabditis	elegans

Sanaz Ghojeh Biglou1, Jeffrey Boudreau1, Ian Chin-Sang1, William Bendena1,2 1) Department of Biology, Queen’s University 
Kingston; 2) Centre for Neuroscience, Queen’s University, Kingston.

The conserved neuropeptide signaling pathway in C. elegans provides a promising opportunity to further advance our 
knowledge regarding the molecular basis of behaviour and physiology in higher organisms. In mammals, the peptide hormone 
family somatostatins comprise a group of various secretory proteins that control neurotransmission, metabolism and 
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memory by acting antagonistically on their respective G-Protein Coupled Receptor (GPCR). In C. elegans over 50 GPCRs act as 
neuropeptide receptors (npr), many of which have mammalian orthologs including npr-16 and npr-24. Thus, characterization 
of these receptors will allow discovery of analogous somatostatin signaling in C. elegans that can be used for studying the 
impact of specific neuropeptide and hormonal dysregulation in humans. In C. elegans, the insulin/insulin-like growth factor 
signaling (IIS) pathway is an evolutionarily conserved and well-characterized pathway required for growth, metabolism and 
behaviour with a strong impact on longevity. Previous studies have indicated the increased longevity associated with npr-16 
and -24 knockout strains. Whether the increased longevity of npr-16 and -24 knockout strains is achieved via the IIS pathway 
remains unknown. Overall, I hypothesize that npr-16 and npr-24 negatively regulate metabolism and development within 
C. elegans through the insulin signaling pathway. I will perform various phenotypic assays to determine the impact of the 
mutations on fat accumulation, dauer formation, locomotion, development and chemo-sensation. I will also create a construct 
with the promoter region of npr-16 or npr-24 fused to green fluorescent protein (GFP) using PCR fusion. The finalized amplicon 
with the GFP will be microinjected into C. elegans and used to test for localization. Finally, I will cross either npr-16 or npr-24 
mutant strains with a daf-16 knockout worm. DAF-16 is a key component of IIS pathway required for increased longevity. I will 
then test for rescue of wildtype behavior through phenotypic analyses. Characterization of npr-16 and npr-24 will provide a 
unique opportunity to enhance our knowledge about growth and development in C. elegans and aid further somatostatin-
related therapeutic studies in this model organism.

698B	 C. elegans learning strategy in T-mazes and aging-related interventions

Eleni Gourgou1, 2, Anne Goettemoeller3, Chieh Chen4, Abrielle Fretz1, Ao-Lin Hsu4,5,6 1) Mechanical Engineering, University of 
Michigan, Ann Arbor, MI, USA; 2) Institute of Gerontology, University of Michigan, Ann Arbor, MI, USA; 3) Neuroscience Honors 
Program, College of Literature, Science and the Arts, University of Michigan, Ann Arbor, MI, USA; 4) Institute of Biochemistry 
and Molecular Biology, National Yang Ming University, Taipei, Taiwan ; 5) Internal Medicine, Division of Geriatrics & Palliative 
Medicine, University of Michigan Medical School, Ann Arbor, MI, USA; 6) Research Center for Healthy Aging and Institute of 
New Drug Development, China Medical University, Taichung, Taiwan.

C. elegans’ ability to exhibit associative, non-associative and imprinted memory in the context of chemical stimuli is well 
studied. We provide evidence for a new type of associative learning, in which nematodes learn to associate food with a 
combination of proprioceptive cues and information on the structure of their surroundings (maze), perceived through 
mechanosensation. By using our custom-made Worm-Maze platform, we demonstrate that C. elegans young adults locate 
food in T-shaped mazes and, following that experience, learn to reach a specific maze arm. The observed learning is a food-
triggered multisensory behavior, which requires mechanosensory and proprioceptive input, and utilizes cues about the 
structural features of nematodes’ environment and their body actions. Our findings suggest that C. elegans use a type of 
response learning strategy to achieve learning in the maze, and that structural features of the environment play a role in the 
acquired learning. In addition, we show that the observed aging-driven decline C. elegans learning in the maze can still be 
reversed at mid-age by starvation. Genetically induced dietary restriction (eat-2) and genetic alterations that extend lifespan 
(eat-2, daf-2) have an impact on nematodes’ maze performance. Lastly, we share preliminary results of a computer vision-
based, custom- made tracking algorithm, especially developed for use in the challenging, 3-dimensional maze environment. 
This is the first time that learning in a structured maze environment is methodically portrayed and extensively characterized in 
C. elegans nematodes.

699C 3-dimensional behavioral arenas for C. elegans

Steel Cardoza 1, Lai Yu Leo Tse2, Emily Branch3, Kira Barton2, Eleni Gourgou2,4 1) Materials Science & Engineering, University 
of Michigan, Ann Arbor, MI, United States; 2) Mechanical Engineering, University of Michigan, Ann Arbor, MI, United States; 
3) College of Science, Literature & Arts, University of Michigan, Ann Arbor, MI, United States; 4) Institute of Gerontology, 
University of Michigan, Ann Arbor, MI, United States .

In nature, C. elegans live in a rich 3-dimensional environment. However, their behavior has been assessed almost exclusively 
on the open, flat surface of NGM (Nematode Growth Medium) plates, the golden standard for C. elegans culture in the lab. 
We present a method to build 3-dimensional behavioral arenas for C. elegans by directly 3D-printing NGM hydrogel. This is 
achieved by using a highly customized fused deposition modeling (FDM) 3D-printer, extensively modified to employ NGM 
hydrogel as ink, i.e., the Parnon Printer. The result is the advancement of 3-dimensional complexity of behavioral assays. To 
demonstrate the potential of our method, we use the 3D-printed arenas to assess C. elegans physical barrier crossing ability, in 
the context of aging (young, middle-aged adults), feeding history (fully fed, starved animals) and prior experience (have been 
or not in the presence of a similar 3D structure before). We also explore the usage of 3D-printed structures to spatially confine 
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C. elegans egg laying behavior. C. elegans behavior in 3-dimensional environments is by definition not possible to explore 
on standard flat NGM plates. Therefore, the findings reported here would likely not have been brought to light if the Parnon 
Printer had not been developed. We consider these work a decisive step toward characterizing C. elegans 3-dimensional 
behavior, an area long overlooked due to technical constrains. We envision our method of 3D-printing NGM arenas as a 
powerful tool in behavioral neurogenetics and neuroethology.

701B	 Decoding	locomotion	from	population	neural	activity	in	moving	C. elegans

Kelsey Hallinen1, Ross Dempsey1, Monika Scholz1, Xinwei Yu1, Ashley Linder2, Francesco Randi1, Anuj Sharma1, Joshua Shaevitz1,3, 
Andrew Leifer1,2 1) Department of Physics, Princeton University, Princeton, NJ; 2) Princeton Neuroscience Institute, Princeton 
University, Princeton, NJ; 3) Lewis-Sigler Institute, Princeton University, Princeton, NJ.

The activity of an animal’s brain contains information about that animal’s actions and movements. We investigated the neural 
representation of locomotion in the nematode C. elegans by recording brain-wide neural dynamics in freely moving animals. 
We report that a population of neurons more accurately decodes the animal’s locomotion than any single neuron. Neural 
signals are distributed across neurons in the population with a diversity of tuning to locomotion. Two distinct subpopulations 
are most informative for decoding velocity and body curvature, and different neurons’ activities contribute features relevant 
for different instances of behavioral motifs within these subpopulations. We additionally labeled the AVA neurons within our 
population recordings. AVAL and AVAR exhibit activity that is highly correlated with one another, and they exhibit the expected 
responses to locomotion, although we find that AVA is not always the most informative neuron for decoding velocity. Finally, 
we compared brain-wide neural activity during movement and immobilization and observe that immobilization alters the 
correlation structure of neural activity and its dynamics. Some neurons that were previously correlated with AVA become anti-
correlated and vice versa during immobilization. We conclude that neural population codes are important for understanding 
neural dynamics of behavior in moving animals.

702C	 Temperature-regulated	gene	expression	changes	driving	plasticity	in	the	AFD	thermosensory	neurons

Nathan Harris1, Zihao Zhuang1, John Calarco2, Piali Sengupta1 1) Brandeis University; 2) University of Toronto.

Animals must respond to changing external stimuli by altering their behavior and physiology in order to maintain fitness. Many 
of these responses rely on neuronal and neural circuit functional plasticity, which often persist long after cessation of the initial 
stimulus. Prolonged plasticity is typically achieved through changes in gene expression in the neurons that respond to stimuli 
and execute stimulus-specific behaviors. We sought to identify genes displaying expression changes in a stimulus- and cell 
type-specific manner, and determine both how these genes enable neuronal plasticity, and how they are engaged by external 
stimuli.

We used the C. elegans thermosensory neuron pair AFD as a model for stimulus-dependent neuronal plasticity. C. elegans 
exhibits robust thermotaxis towards a preferred temperature when placed on a temperature gradient, and this preference 
can be set and reset as a function of the animal’s long-term temperature experience. The sensory and synaptic physiology of 
AFD is altered as a function of temperature experience, and this plasticity is necessary for correct thermotaxis. Temperature is 
a continuous, rather than discrete variable, and C. elegans is able to alter its behavior and AFD physiology precisely to match 
temperature changes over a large dynamic range. We previously showed that temperature experience alters gene expression 
in AFD. However, it is largely unknown what molecular logic might enable presumably analog changes in gene expression 
in response to the temperature stimulus. To identify temperature-dependent gene expression changes in AFD, we used 
translating ribosome affinity purification (TRAP) with GFP-tagged ribosomal subunits expressed specifically in AFD, followed by 
RNA-Seq. We have validated the temperature-dependent expression of a number of these genes with extrachromosomal and/
or endogenous reporters. We are functionally characterizing these genes with behavior and calcium imaging assays, dissecting 
surrounding non-coding DNA to uncover cis-regulatory features, and placing them within previously described genetic 
pathways controlling AFD thermosensation.

Our long-term goal is to use AFD to derive general principles for how external stimuli can be transduced into gene-regulatory 
signals that modulate gene expression as a function of stimulus magnitude and dynamics, enabling neural plasticity that is 
precisely regulated as a function of variations in an animal’s environment.

703A	 Uncovering	the	Molecular	Mechanisms	of	Thermosensory	Adaptation

Tyler Hill1, Piali Sengupta1 1) Brandeis University.
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Thermotaxis, the movement of animals towards a preferred temperature on a thermal gradient, is a well-studied behavior in C. 
elegans. The precise navigation strategy exhibited by C. elegans on thermal gradients is dictated via sensation of the ambient 
temperature, and modulation of motor movement in a temperature experience-dependent manner. Thermosensation is 
mediated by thermosensitive guanylyl cyclases expressed in the AFD neuron pair, the primary thermosensory neurons in this 
nematode. Interestingly, AFD responds to temperature variations only above a temperature threshold that is determined 
by the animal’s long-term temperature experience. We and others showed that in addition to long-term adaptation, the 
thermosensory response threshold of AFD also adapts rapidly to small temperature variations on a minutes-long timescale. 
These two AFD thermosensory adaptation mechanisms along with adaptation of AFD synaptic output threshold allow the 
animal to both adjust its thermosensory behaviors based on long-term temperature experience, and to retain sensitivity 
to small thermal fluctuations. We have described transcription-dependent mechanisms underlying long-term temperature 
adaptation of AFD thermosensory responses, but mechanisms of short-term adaptation are unknown. By using the fluorescent 
sensor FlincG3 to visualize changes in cGMP concentrations, we have determined that in addition to short-term adaptation of 
the calcium response threshold, cGMP dynamics in AFD also adapt rapidly. Rapid adaptation of the cGMP threshold is calcium-
dependent. Ongoing experiments are aimed at identifying the signaling proteins and their targets in AFD that mediate rapid 
thermosensory adaptation.

704B	 SWI/SNF	chromatin	remodeling	complexes	regulate	the	expression	of	innate	immunity	genes	and	modulate	acute	
responses to alcohol.

Andrew Hsiao1, Jonathan Lindsay1, Elizabeth Quamme1, Andrew Davies1, Jill Bettinger1, Laura Mathies1 1) Virginia 
Commonwealth University, Richmond, VA.

Alcohol use disorder is a significant social problem. Despite intense study, we have only a limited understanding of the direct 
and indirect targets of ethanol, leading to difficulty in generating effective pharmacological interventions. We use C. elegans 
to model the acute effects of ethanol on neuronal function in order to identify molecular targets of ethanol and determine the 
mechanisms underlying the development of tolerance to those effects. We have found that SWI/SNF genes are associated with 
alcohol dependence in human populations and that SWI/SNF complexes are important for behavioral responses to alcohol in 
C. elegans.

SWI/SNF chromatin remodeling complexes consist of multiple subunits that can be combined to generate functionally and 
molecularly distinct chromatin remodelers. Two major subfamilies of SWI/SNF are BAF (Brm/Brg1-associated factors) and PBAF 
(Polybromo-BAF) and these complexes affect different aspects of the acute response to alcohol in worms. The initial response 
to alcohol has at least two components, initial sensitivity and the development of acute functional tolerance (AFT). We found 
that BAF complexes regulate initial sensitivity to ethanol, while PBAF complexes are required in neurons for the development 
of AFT (Mathies et al, 2015). We focus here on the role of PBAF in AFT. Using neuronal rescue of swsn-9 (a PBAF subunit) 
and a temperature-sensitive allele of swsn-1 (a core subunit of BAF and PBAF), we identified 603 genes whose expression 
is regulated by PBAF in neurons and in adults (Mathies et al., 2020). Among the transcriptional targets of PBAF were genes 
involved in the innate immune response. Innate immunity is regulated by several conserved signaling pathways, including 
the p38 MAPK, ERK MAPK, TGFß, and insulin pathways, as well as the stress response. We asked if any of these pathways 
regulates acute behavioral responses to alcohol by testing representative genes in each pathway. We found strong evidence 
for the involvement of the p38 and ERK MAPK pathways in the development of AFT. We are currently examining genes that are 
regulated by both SWI/SNF and PMK-1 (p38 MAPK) to identify downstream mediators of AFT.

705C	 Genetic	Mechanisms	of	Isothermal	Tracking	Behavior	in	Caenorhabditis elegans

Tzu-Ting Huang1, 2, Shunji Nakano1, 2, Ikue Mori1, 2 1) Graduate School of Science, Nagoya University, Nagoya, Japan; 2) 
Neuroscience Institute, Nagoya University, Nagoya, Japan.

Maintaining goal-oriented behaviors in a dynamic environment could be a demanding task, which requires perpetual 
transformation between multisensory signals and motor commands to actuate actions in a coherent sequence. Nervous 
systems can process such complex computation beyond perception levels and execute complex behaviors in dynamic 
environments. How do the nervous systems achieve this efficient computation in animals performing complex tasks? To 
address the neural mechanisms required for this precise computation in sensorimotor systems, we focused on the regulation 
of isothermal tracking behavior, subjective to plasticity in their cultivation experience. On a thermal gradient under their 
physiological temperature range, C. elegans can migrate toward their previous cultivation temperature (thermotaxis) and then 
track isothermally along it at the precision of less than 0.1°C differences for up to several minutes. Previous works from our 
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lab and others have revealed the critical circuit involved in isothermal tracking behaviors, but detailed genetic mechanisms 
underlying this precise sensorimotor computation remain unexplored. From a candidate screen for mutants defective in 
isothermal tracking behaviors but normal in thermotaxis ability, we found that a mutant carrying a large deletion in the 
putative G-protein coupled receptor kinase gene grk-1 displayed fragmented isothermal tracks at the cultivation temperature 
instead of long isothermal tracks observed in wild-type animals. Pan-neuronal grk-1 expression is sufficient and required 
to maintain the isothermal tracking behavior. Although expressing grk-1 in key thermosensory neurons and interneurons, 
including AFD, AWC, AIY, and RIA, failed to restore the isothermal tracking defect of the grk-1 null mutant, simultaneous 
expression of grk-1 in two premotor interneurons AVE and RIM fully rescued the isothermal tracking defect of the grk-1 
null mutant. While our previous analysis showed that the animals with genetic ablation in either AVE or RIM could perform 
isothermal tracking behavior, our current genetic analysis on grk-1 identified regulatory roles of AVE and RIM interneurons that 
maintain the isothermal tracking behavior. The identification of AVE and RIM mediated grk-1 signaling led us to propose the 
pathway for isothermal tracking behavior is distinguishable from that of thermotaxis. Our study provides insights into precise 
sensorimotor computation of goal-driven behaviors in a dynamic environment.

706A	 Long	isoforms	of	mechanoreceptor	pezo-1	control	pharyngeal	gland	cell	activity	in	the	nematode	Caenorhabditis	
elegans

Kiley Hughes1, Ashka Shah1, Xiaofei Bai2, Jessica Adams1, Rosemary Bauer2, Janelle Jackson1, Chance Bainbridge1, Emily Harris1, 
Allison Ficca1, Ploy Freebairn1, Shawn Mohammed1, Eliana Fernández3, Marcela Brocco3, Wolfgang Stein1, Andres Vidal-Gadea1 
1) School of Biological Sciences, Illinois State University, Normal, IL, USA; 2) National Institute of Diabetes and Digestive and 
Kidney Diseases, National Institutes of Health, Bethesda, MD, USA; 3) Instituto de Investigaciones Biotecnológicas, Universidad 
Nacional de San Martín (UNSAM); Consejo Nacional de Investigaciones Científicas y Técnicas (CONICET) San Martín; Buenos 
Aires, Argentina.

Two PIEZO mechanosensitive cation channels, PIEZO1 and PIEZO2, have been identified in mammals, where they are involved 
in numerous sensory processes. While structurally similar, PIEZO channels are expressed in distinct tissues and exhibit unique 
properties. How different PIEZOs transduce force, how their transduction mechanism varies, and how their unique properties 
match the functional needs of the distinct tissues where they are expressed remain all-important unanswered questions. The 
nematode Caenorhabditis elegans has a single PIEZO ortholog (pezo-1) predicted to have twelve isoforms. While all isoforms 
share many transmembrane domains, they differ in the number shared, particularly in those underlying the differences 
between PIEZO1 and PIEZO2 in mammals. Here we use translational and transcriptional reporters to show that long pezo-1 
isoforms are selectively expressed in mesodermally derived tissues (such as muscle and glands). We show that pharyngeal 
muscles, glands, and valve all rely on long pezo-1 isoforms to respond appropriately to the presence of food. Specifically, we 
found that gland cell activation is modulated by food presence and density, but that in the absence of long isoforms of pezo-
1 gland cells had reduced activity that did not significantly respond to food. The number of pezo-1 isoforms in C. elegans, 
their differential pattern of expression, and their role in experimentally tractable processes make this an attractive system to 
investigate the molecular basis for functional differences between members of the PIEZO family of mechanoreceptors.

707B	 Exoribonuclease	ERI-1	regulates	ascr#3	avoidance	behavior	in	C. elegans

Hyeonjeong Hwang1, Sujin Jo1, Seunghee Oh1, Kyuhyung Kim1 1) DGIST, Daegu, Repulic of Korea.

Small RNAs are short, non-coding RNAs that can regulate gene expression. Recent studies suggested that small RNAs pathway 
modulates animal behavior (Juang et al., 2013; Posner et al., 2019; Picao-Osorio et al., 2015). However, the mechanisms 
by which small RNAs regulate animal behavior are not fully understood. C. elegans secretes a complex pheromone mixture 
called ascarosides. A pheromone component, ascr#3 (asc-ΔC9, C9) has been shown to elicit avoidance behavior in wild-type 
hermaphrodites (Jang et al., 2012). Here, we investigate the roles of small RNAs in ascr#3-mediated avoidance behavior. First, 
we screened candidate mutants including rrf-3, ergo-1, drh-3, dcr-1, alg-4; alg-3, and rde-4 of which gene products are known 
to regulate small RNA pathways. We found that four alleles of eri-1 mutants exhibit defects in ascr#3 avoidance. We then 
restored the phenotype by expressing eri-1 cDNA under the control of its own promoter and pan-neuronal promoter. Next, we 
examined expression patterns of eri-1 and found that eri-1 is expressed in a few neurons in the head and tail. We identified 
that these neurons include either AVJ or AVH in the head and PVP in the tail. Besides, we found a correlation between eri-1 
expression level in AVJ/AVH but not in PVP and ascr#3 avoidance; animals showing high eri-1 expression appear to exhibit 
increased ascr#3 avoidance and vice-versa. Moreover, we found that eri-1 expression levels in AVJ/AVH and ascr#3 avoidance 
are increased with maternal age. Taken together, these results indicate that exoribonuclease eri-1 regulates ascr#3 avoidance 
behavior, which provides an opportunity to study the roles of small RNAs in animal behavior.
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708C	 Viral	infection	in	C. elegans causes	sleep,	which	is	necessary	for	survival	and	energy	maintenance

Michael Iannacone1, Paul Um1, Jeremy Fodor1, 2, Alexander van der Linden2, David Raizen1 1) University of Pennsylvania; 2) 
University of Nevada, Reno.

Cellular stressors including heat shock and ultraviolet radiation (UV) cause sleep in the nematode Caenorhabditis elegans. This 
stress-induced sleep is characterized by locomotor quiescence, cessation from feeding, an increased arousal threshold, and 
rapid reversibility. We have identified a novel stressor which causes sleep in C. elegans: the Orsay virus. The Orsay virus is the 
only known virus to infect C. elegans and is related to the nodavirus, which infects other invertebrates as well as vertebrates 
including mammals. The Orsay virus exclusively infects intestinal cells. Despite infection of non-neuronal cells, Orsay caused 
sleep through a similar neuronal mechanism as sleep caused by other stressors. We hypothesized the same genetic and 
neural circuitry which controls sleep in response to UV and sleep would also control sleep in response to Orsay. Similar to 
UV and heat, mutations which affected development of the ALA neuron and processing of neuropeptides reduced sleep in 
infected animals. Conversely, mutations which affected development of the RIS neuron (which is required for UV/heat sleep) 
did not affect sleep in response to Orsay. ALA-defective animals, which had reduced sleep, had decreased survival compared 
to wild-type animals. This effect on survival was not observed in the RIS-defective animals, which slept normally. Transgenic 
overexpression of somnogenic FLP-13 neuropeptides increased the survival of infected ALA-defective animals. The survival 
benefit of sleeping animals was not explained by a difference in viral replication levels or in the transcriptional intracellular 
pathogen response. Infection with Orsay caused a decrease in global ATP levels, and this decrease was more severe in ALA-
defective animals. The decreased survival of virally-infected animals was accompanied by the proliferation of OP50 bacteria 
inside the gut of the animal, and in some cases beyond the intestines. Lifespan was extended in virus-infected animals when 
they were grown on UV-killed OP50 bacteria, suggesting that bacterial superinfection is partially responsible for virus-induced 
lethality. These findings suggest that sleep is beneficial for recovery from infection due to its effect on energetics, and this 
model presents a novel opportunity to explore the protective role of sleep in host-pathogen interactions.

709A	 Klinotactic	versus	klinokinetic	steering	strategies	implemented	in	neuroanatomical	models	for	C. elegans 
thermotaxis

Muneki Ikeda1,2, Hirotaka Matsumoto3, Eduardo Izquierdo2 1) University of California, San Francisco; 2) Indiana University, 
Bloomington; 3) Nagasaki University.

Steering behavior is a prevalent strategy of navigation in which animals make gradual adjustments of their moving direction. 
The current view holds that steering behavior is a direct orientation to a destination based on temporal comparisons of 
sequential stimulus samples. This orientation strategy is categorized as klinotaxis. However, for a small-size animal, C. elegans, 
the difference of signal intensity sampled through its sinusoidal locomotion is subtle and potentially overwhelmed by noise, 
variability, and non-uniformity in environmental signal.

We herein constructed neuroanatomically-grounded models that reproduce C. elegans thermotactic steering behavior and 
found that model worms implemented klinokinetic steering strategy; persistent thermal input sensed not through sinusoidal 
but through forward locomotion of model worms controlled their curving rates, thereby steering indirectly to a destination 
temperature. An evolutionary algorithm was employed to find configurations of the model that reproduce empirical positive 
thermotaxis in C. elegans population. In all the evolved models, steering curvature were modulated by temporally persistent 
thermal signals sensed beyond the time scale of sinusoidal locomotion of C. elegans. Persistent rise in temperature decreased 
steering curvature resulting in straight movement of model worms, whereas fall in temperature increased curvature 
resulting in crooked movement. This relation between temperature change and steering curvature reproduced the empirical 
thermotactic migration up thermal gradients and steering bias toward higher temperature. Further, spectrum decomposition 
of neural activities in model worms showed that thermal signals were transmitted from a sensory neuron to motor neurons on 
the longer time scale than sinusoidal locomotion of C. elegans.

These results indicate a previously unrecognized mechanism of C. elegans steering behavior which does not rely on its 
sinusoidal locomotion. The klinokinetic steering strategy proposed in this work is potentially employed in real worms and 
enabling reliable orientation behavior overcoming environmental noise and variability.

710B	 Predatory	feeding	behavior	is	modulated	via	three	serotonin	receptors	and	other	genetic	factors	in	the	nematode	
Pristionchus pacificus
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Yuuki Ishita1, Takahiro Chihara1, Misako Okumura1 1) Graduate School of Integrated Sciences for Life, Hiroshima University, 
Higashihiroshima, Hiroshima, Japan.

To intake proper food, animals have developed various feeding strategies. Pristionchus pacificus is a satellite model nematode 
for comparative studies with Caenorhabditis elegans. P. pacificus exhibits two types of feeding behavior: bacterial feeding 
and predatory feeding toward other nematodes. While bacterial feeding is observed in most species of nematodes in the 
same taxonomical clade, predatory feeding is only seen in the family Diplogastridae. Thus, predatory feeding is considered to 
be an evolutionally novel behavior. Previous studies revealed that the neuromodulator serotonin is a key factor to modulate 
predatory feeding behavior in P. pacificus. To elucidate downstream mechanisms regulating predation, we focused on 
serotonin receptor orthologs that have been functionally characterized in C. elegans. Using the CRISPR/Cas9 system, we 
produced flame-shift mutants of five serotonin receptors in P. pacificus. We examined predatory feeding behavior in those 
mutants and found that Ppa-ser-5 mutant and Ppa-ser-1; Ppa-ser-7 double mutant decreased predation toward C. elegans 
larvae. During predation, the Ppa-ser-1; Ppa-ser-7 mutant decreased tooth movements that are assumed to be important for 
predation. Ppa-ser-1 was expressed in the anterior pharyngeal muscles including the dorsal tooth muscle and Ppa-ser-7 was 
expressed in pharyngeal neurons including the M1 neuron, which is innervating onto the dorsal tooth muscles. Interestingly, 
the expression patterns of those serotonin receptors are partially different between C. elegans and P. pacificus, implying that 
changes in the expression patterns may be associated with evolution of the predatory feeding behavior in P. pacificus. To 
find novel genetic factors that are critical for predatory feeding behavior, we performed a forward genetic screening. Among 
5150 strains, we found five mutants that are almost completely unable to kill the prey worms. We are now searching for the 
responsible genes and examining a new genetic mechanism and evolution of predation using those mutants.

711C	 Computational	Neuroethology	to	Bridge	the	Gap	between	Connectome,	Neural	Dynamics,	and	Behavior

Eduardo Izquierdo1 1) Indiana University.

One of the current scientific challenges is to understand how the brain works. To address this challenge, we must bridge the 
gap between the information available about neural circuitry, activity, and behavior. With the growing recognition of the 
central roles that embodiment and situatedness play, the true challenge is even more difficult: to understand how behavior 
is grounded in the dynamics of an entire brain-body-environment system. It is also increasingly recognized that the largest 
challenge we face is not in collecting the data, but in developing the computational modeling tools that will allow us to 
understand the system. C. elegans is a uniquely qualified target for such an integrated modeling of a complete animal. I 
will provide an overview of the current challenges and state of the art on the effort to develop such a model. Despite the 
substantial behavioral and anatomic knowledge available, we still do not know the strengths and signs of the synaptic 
connections or the response characteristics of the majority of the neurons. However, it would be a mistake to wait until 
more data is gathered before we begin to develop the computational models. I have developed a unique computational 
approach using optimization techniques to explore the space of unknown electrophysiological parameters of the nervous 
system necessary to generate organism-like behavior. Because the models are necessarily underconstrained, each successful 
parameter search produces an ensemble of models that are consistent with the known anatomy, physiology, and behavior 
of the organism. We then analyze the properties of this entire ensemble using techniques ranging from model neuron 
recordings, neural and behavioral manipulation and lesion studies to parameter clustering, dynamical systems theory, and 
information theory. The focus of the analysis is to identify different possible classes of solutions and to thoroughly understand 
the operation of the highest-performing exemplars of each. This insight can then be used to suggest specific experiments that 
could decide between the different possibilities. In addition to accelerating the discovery and understanding of the neural 
mechanisms underlying specific behaviors of interest, I will show how this methodology allows us to begin to address key 
theoretical challenges in a situated, embodied, and dynamical understanding of adaptive behavior more generally.

712A	 Dopamine	signaling	mediates	a	homeostatic	compensation	of	locomotor	bending	amplitude	in	Caenorhabditis 
elegans

Hongfei Ji1, Anthony Fouad1, Zihao Li1, Christopher Fang-Yen1,2 1) Department of Bioengineering, School of Engineering and 
Applied Science, University of Pennsylvania, Philadelphia, PA; 2) Department of Neuroscience, Perelman School of Medicine, 
University of Pennsylvania, Philadelphia, PA.

Locomotion in a natural context requires an animal to adapt its motor patterns to changes in the environment or unexpected 
external perturbations. The mechanisms by which C. elegans sets and maintains the amplitude of its dorsoventral bending 
wave during locomotion are largely unclear. We used spatially restricted optogenetic perturbations of body wall muscles to 
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increase or decrease the bending amplitude at mid-body and found that this resulted in a decrease or increase, respectively, 
of the bending amplitude of the head. We hypothesized that the modulation of the head amplitude was a compensatory 
response to a change in midbody amplitude, sensed via proprioceptive feedback. To test this idea, we designed a microfluidic 
device to partially immobilize a portion of the worm’s body. We found that partial physical immobilization of the midbody 
resulted in an increased amplitude of the head, consistent with the result of optogenetic experiments. Next, we conducted a 
candidate screen for genes required for this posterior-to-anterior compensatory effect. We found that neither dat-1 (dopamine 
transporter) nor cat-2 (tyrosine hydroxylase) mutants display compensatory response to mid-body perturbation, suggesting 
that this locomotory modulation requires dopamine signaling. Furthermore, testing of dopamine receptor mutants dop-1, 
dop-2, dop-3, and dop-4 showed that compensation depends only on the D2-like DOP-3 receptors. These results reveal a 
dopamine-mediated homeostatic modulation mechanism for setting the amplitude of C. elegans bending waves.

713B	 Human	pain	gene	ortholog	screen	in	C. elegans

Aurore Jordan1, Andrei-Stefan Lia1, Dominique A. Glauser1 1) Department of Biology, University of Fribourg, Fribourg, 
Switzerland.

Chronic pain affects up to 30% of the population and can be caused by different factors such as injuries or genetic mutations. 
Chronic pain can take various forms like migraines, different musculoskeletal conditions (low back pain, fibromyalgia), 
neuropathic pain disorders triggered by cancer or diabetes, as well as visceral pain disorders. Available drugs are not always 
effective and could trigger many undesirable side effects. In the recent years, genes responsible for those pathologies 
have been screened in the population with methods, such as linkage analysis and genome wide association studies. Those 
approaches have revealed a plethora of new candidates but, for the majority of them, we know nothing about their function 
in the pain pathway. Because studies on pain in human are very limited, we propose C. elegans as a complementary model 
organism to study conserved nociception genes.

In the present study, we first determined a list of C. elegans orthologs for candidate human pain genes reported in the 
literature and recovered available mutants (109 mutants). We then screened these mutants for alterations in noxious heat-
evoked reversals using as high-throughput, computer-assisted behavior analysis pipeline. Using different heat intensities and 
comparing naive animals with animals repeatedly stimulated with heat, we obtained a set of measures reflecting baseline 
sensitivity profiles, and the ability to adapt (desensitize) in response to repeated stimuli. Twenty-two mutants displayed 
significant alterations and could be clustered in different categories, including fast-adapting mutants, non-adapting mutants, 
and mutants with exacerbated naive sensitivity. As a whole, our study suggests that C. elegans represent a promising model 
to tackle the function of recently identified human pain-associated genes and set the bases for additional studies on specific 
candidates.

Topics: neurobiology, behavior

Keywords: noxious heat avoidance; sensory plasticity; pain modelling

714C	 Behavioral	studies,	responses	and	chemical	synapses	on	EphR/ephrin	deficient	mutants

Karunambigai Kalichamy1, Miranda Arnold1, Tyler Hill1, Kerry McCardel1, Martin L Hudson1 1) Kennesaw State University, 
Kennesaw, GA.

In C. elegans, EphR/ephrin signaling pathways play pivotal roles in multiple biological functions, including epidermal 
morphogenesis, male tail development, cell migration, cell proliferation, cell morphology, neurite outgrowth and germ line 
apoptosis. Eph receptor, vab-1(dx31) mutants and ephrin ligands, efn-1(e1) and efn-4(bx80) mutant exhibit strong phenotypes 
like embryonic lethality, larval lethality, notched head, tail deformities and axon guidance cues. The amphid sensory neurons 
including the olfactory-sensing AWA and AWC neurons, temperature-sensing AFD neurons and gustatory-sensing ASE neurons, 
send chemical synapses primarily onto the paired AIY interneurons. The AIYs lie posterior to the pharynx and suppress turns 
and reversal behavior in wild-type nematodes. Ventral AIY neurite morphology is disrupted in vab-1, efn-1 and efn-4 mutants, 
whereas dorsal extension is disrupted in efn-4 mutant animals. How these neuronal defects affect sensory-to-interneuron 
physiology and behavior is not known. Preliminary studies on ASE neuron morphology revealed that vab-1 and efn-1 have 
only a minor role in ASE development, suggesting that distinct axon guidance programs are used for the ASE sensory neurons 
versus AIY interneurons. However, we find that food seeking behavior is significantly affected in vab-1 and efn-4 mutants when 
compared to wild-type. These data suggest that EphR/ephrin control of AIY interneuron morphology is required, in part, for 
correct sensory circuit function.
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715A	 Two	thermosensory	neurons	AFD	and	AWC	regulate	purity	of	frequency	components	in	temperature-evoked	
sinusoidal crawling

Amane Kano1, Hironori J. Matsuyama1,2, Ikue Mori1,2 1) Graduate School of Science, Nagoya University; 2) Neuroscience Institute 
of the Graduate School of Science, Nagoya University.

Migration behavior by the innate force such as walking, flapping and crawling is composed of periodic bending and stretching 
of the body parts. These behaviors consist of various frequency components. Walking includes marching consisting of a single 
frequency component and tottering consisting of multiple frequency components. Despite quantifying the purity of frequency 
components of the behavioral states and elucidating neural mechanisms controlling them are important for ethology and 
neuroscience, it is unclear how the nervous systems regulate the purity of frequency components. To address this question, 
we quantified the crawling behavior of C. elegans responding to thermal stimuli by using spectral entropy that represents 
the purity of frequency components of crawling behavior. Animals were subjected to two types of temperature stimuli: linear 
increments across the cultivation temperature (Tc) of animals with slow (0.02°C/s) and rapid (0.1°C/s) rate. Around Tc with slow 
temperature increment, animals showed pure crawling behavior consisting of small number of frequency components. To 
identify neurons required for the purity control of the crawling under temperature increment, we examined spectral entropy 
for the strains, in which thermosensory neurons AFD and AWC were genetically ablated. AFD-ablated animals showed more 
disordered crawling near Tc than that of wild type under slow temperature increment, indicating that AFD is required for pure 
sinusoidal crawling near Tc under slow temperature increment. By contrast, AWC-ablated animals showed purer crawling near 
Tc than that of wild type under both slow and rapid temperature increments, indicating that AWC disorders sinusoidal crawling 
near Tc. To clarify the relationship between AFD and AWC in the purity regulation of the crawling behavior, we performed 
behavioral test using a strain defective in temperature sensing in both AFD and AWC. This strain showed additive phenotype 
of those of AFD- and AWC-ablated strains under both slow and rapid temperature increments, suggesting that AFD and 
AWC regulate sinusoidal crawling in parallel. We also found that AFD and AWC affected each other’s calcium responses to 
the thermal stimuli. Our results suggest that two different sensory neurons that communicate each other possess opposing 
functions in regulation of a temperature-responding behavior: one organizes and the other disorders sinusoidal crawling.

716B	 Characterization	of	C. elegans	acid-sensing	DEG/ENaCs	and	their	role	in	rhythmic	behavior

Eva Kaulich1, Brian D. Ackley2, Yi-Quan Tang1, William R. Schafer1, Denise S. Walker1 1) MRC Laboratory of Molecular Biology, 
Cambridge, UK; 2) Department of Molecular Biosciences, The University of Kansas, Lawrence, KS, USA.

While the roles of classical neurotransmitters and neuromodulators in neurotransmission are well-established, less attention 
has been paid to the effect of unconventional signaling molecules such as protons on neuronal signaling. In C. elegans, protons 
secreted from the intestine are able to generate motor contractions of the defecation motor program (DMP) independent of 
the nervous system (Beg et al., 2008). Proton-receptors from the DEG/ENaC family; called acid-sensing ion channels (ASICs) 
have been described in vertebrates, but their roles in behavior are mostly uncharacterized. We have been investigating C. 
elegans acid-sensing DEG/ENaCs and their role in modulating behavior via neuronal and non-neuronal tissues. In an initial 
screen using heterologous expression in Xenopus oocytes and two-electrode voltage recording, we identified two groups of 
C. elegans pH-sensitive DEG/ENaCs based on their response to neutral and low pH. One group, including ACD-5, DEL-4 and 
the previously characterized ACD-1, is open at neutral pH and blocked at low pH, while the other group, including ASIC-1, 
ACD-2 and DEL-9, becomes activated at low pH. The proton-inactivated channel ACD-5 is highly expressed at the apical lumen 
in the intestine where it senses proton-fluctuation and maintains the intestinal pH. Gain-of-function mutations show a more 
neutral intestinal pH and prolonged DMP intervals demonstrating the importance of protons in the generation of behavior. In 
contrast, the proton-activated DEL-9 is expressed in neurons and muscles. In the motoneuron AVL, DEL-9 drives the execution 
of the DMP enteric muscle contraction, while in the vulva muscles it is responsible for the timing of egg-laying. Mutants show 
prolonged inactive states during the rhythmic behavior of egg-laying and an egg-retention phenotype that can be rescued. This 
demonstrates that proton signaling is important for diverse physiological processes and behaviors.

717C	 cGMP	phototransduction	pathway	is	involved	in	light	avoidance	behavior	in	the	nematode	Pristionchus pacificus

Nakayama Ken-ichi1, Takahiro Chihara1, Misako Okumura1 1) Hiroshima University, Hiroshima, Japan.

Sensing light is an important function for most organisms, which is mediated by photoreceptors such as opsins and 
cryptochrome. Although nematodes do not have eyes and known photoreceptors, worms can react to light and show 
avoidance behavior. Recently, a new photoreceptor LITE-1 has been identified in the nematode Caenorhabditis elegans. 
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However, LITE-1 is only conserved in the genus Caenorhabditis, and the mechanism of light-sensing in other nematodes 
is unknown. To elucidate the mechanism of light-sensing, we use the nematode Pristionchus pacificus, which has been 
established as a satellite model organism for comparison with C. elegans and does not have LITE-1 and opsins. We established 
a light-avoidance assay in P. pacificus, based on C. elegans studies. Similar to C. elegans, illumination of the short-wavelength 
light induced avoidance behavior in P. pacificus. To reveal the mechanism of the light avoidance behavior, we investigated 
mutants of six neurotransmitter-related genes. GABA and glutamate mutants had a defect in light avoidance, indicating that 
GABA and glutamate are required for light avoidance in P. pacificus. To identify genes involved in light-sensing in P. pacificus, 
we performed a forward genetic screening of the light avoidance behavior and isolated three UV light-unresponsive mutants. 
By next-generation sequencing, we found that two mutants have mutations in Ppa-tax-4 and Ppa-daf-11, respectively. TAX-4 
(a cyclic GMP-gated channel) and DAF-11 (a guanylate cyclase) are components of phototransduction in C. elegans. To confirm 
these genes are responsible for the light-unresponsive phenotype, we knocked out Ppa-tax-4 and Ppa-daf-11 by the Co-CRISPR 
method we have established previously in P. pacificus. These mutants decreased the light avoidance, suggesting that Ppa-
tax-4 and Ppa-daf-11 are required for the light avoidance behavior and a part of the light-sensing mechanism is conserved 
between C. elegans and P. pacificus. For the other mutant, we will narrow down a candidate region by SNP mapping to identify 
a responsible gene. Future analysis of these mutants may promote an understanding of the mechanism for light detection in 
nematodes.

718A	

Mechanisms of context-dependent processing of odor valence in C. elegans

Munzareen Khan1, Anna Hartmann1, Madeline Piccione1, Noelle Dwyer2, Cori Bargmann3,4, Piali Sengupta1 1) Brandeis University, 
Waltham, MA; 2) University of Virginia School of Medicine, Charlottesville, VA; 3) The Rockefeller University, New York, NY; 4) 
Chan Zuckerberg Initiative, Palo Alto, CA .

The survival of all animals is critically dependent on their ability to detect and respond appropriately to environmental cues. 
It is particularly important for animals to integrate information such as internal state and contextual cues in order to generate 
flexible and adaptive behaviors. One of the most important sensory modalities is olfaction; animals rely on olfaction to locate 
food sources, avoid pathogens and predators, and communicate with each other. However, a given odorant can elicit attractive 
or repulsive responses depending on context, intensity, and experience. How odor valence is robustly but flexibly encoded in 
neural circuits remains to be fully explored.

Here we show that C. elegans is normally attracted to the straight-chain alcohol 1-hexanol (HEX). However, in the presence 
of saturating levels of isoamyl alcohol (IAA), animals are instead robustly repelled by this odorant. Two different sensory 
pathways converge to mediate the behavioral response of C. elegans to HEX. Under normal conditions, both the AWC and ASH 
sensory neurons respond to HEX as assessed via in vivo calcium imaging. Genetic ablation and mutant analyses indicate that 
AWC is required for attraction to HEX, and appears to override ASH-driven avoidance behavior. However, while AWC exhibits 
the expected “odor OFF” calcium response to HEX in the absence of IAA, HEX instead elicits a robust “odor ON” calcium 
response when saturating levels of IAA are present. This response switch occurs cell-autonomously and is specific to HEX. The 
HEX/IAA-dependent ON response requires the ODR-3 Ga protein, whereas the HEX alone OFF response is mediated by other 
Ga proteins. Preliminarily, it appears that the ON responses in AWC alone can drive repulsion to HEX under IAA saturation 
conditions, and in the absence of AWC, repulsion can be driven by ASH. This previously uncharacterized neural coding strategy 
may allow C. elegans to efficiently use a small number of chemosensory neurons to tune and correctly regulate context-
dependent olfactory behavioral plasticity.

719B	 Identify	the	function	of	calcium-activated	chloride	channel	Bestrophin	in	C. elegans

Jimin Kim1, Seoyeong Kim1, Kyuhyung Kim1 1) DGIST, Daegu, Republic of Korea .

Bestrophin is a calcium-activated chloride channel of which gene family is identified in many organisms. In humans, 
bestrophins are encoded by the four genes; BEST1-4. BEST channels are expressed in multiple tissues and appear to mediate 
diverse functions, including cell volume regulation (Fischmeister & Hartzell, 2005; Milenkovic et al., 2015). For example, 
BEST-1 gene is expressed in the retinal pigment epithelium (RPE), and BEST-1 mutation is associated with a variety of eye 
diseases, including best vitelliform macular dystrophy (BVMD) (Marquardt et al., 1998; Petrukhin et al., 1998). However, the 
exact functions of the bestrophins have not been identified. C. elegans has 26 genes of bestrophin (best-1 to 26), of which 
expression patterns and functions remain largely unknown. To investigate the expression patterns of best genes in C. elegans, 
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we expressed a green fluorescent protein (GFP) under the control of the promoter of each best gene. We found that these 
genes are expressed in most, but not all, cell types, including intestine, muscle, hypodermal and neuronal cells. For example, 
best-3 and best-4 genes are expressed in an excretory cell, which has been implicated in osmoregulation. We are also 
characterizing nine mutants, including best-3 and best-4. Furthermore, we plan to perform electrophysiology using the best 
cDNAs to examine physiological characteristics of the C. elegans BEST channels.

720C	 Construction	of	the	map	of	odorants	and	olfactory	neurons	in	C. elegans

SeoYeong Kim1, Woochan Choi1, Kyuhyung Kim 1 1) DGIST, Daegu, Republic of Korea.

Animals must recognize and discriminate among thousands of chemicals to generate the correct behavioral response. 
Understanding basic design of a sensory system in simple animals gives the opportunity to elucidate detailed molecular and 
neural mechanisms underlying sensory responses in higher animals. The small nematode Caenorhabditis elegans detects many 
odorants via a few neuron pairs, including the AWC neurons, and elicit a multitude of olfactory behaviors (Bargmann, 1993, 
Cell). Due to the established connectome, the olfactory system of C. elegans provides an excellent model system in which to 
explore the circuit mechanisms underlying olfactory processing at the single-cell resolution. Previous genetic and behavioral 
experiments have identified a set of signaling genes, including olfactory receptors, but the knowledge is still limited.

Here we are trying to construct a comprehensive map of odorants and olfactory neurons in C. elegans. We first screened 
volatile chemicals that are not tested previously and found that animals respond to a set of volatile chemicals, including 
acetic acid, acetoin, formaldehyde, 1-propanol, or 2-propanol. We further identified that the AWC neurons are required for 
chemotactic responses to these chemicals. We then measured intracellular Ca2+ transients in response to 3,4-hexanedione, 
acetic acid, heptanoic acid, and (-)-pulegone in AWC-specific GCaMP3 transgenic worms and found that AWC alters Ca2+ 
activities in response to 3,4-hexanedione, heptanoic acid, and (-)-pulegone. Overall, this study indicates that C. elegans 
olfactory systems detect a large spectrum of volatile chemicals via the distinct chemosensory neuron-type.

721A	 Investigating	the	Genetic	Interaction	Between	Ciliary	bbs-5 and nphp-4

Melissa LaBonty1, Melissa Bentley-Ford1, Mikyla Scott1, Cameron LaFayette1, Mandy Croyle1, John Parant1, Bradley Yoder1 1) 
University of Alabama at Birmingham, Birmingham, AL.

Primary cilia are critical sensing and signaling hubs that extend from nearly all mammalian cell types. Ciliopathies are a 
spectrum of human disorders associated with defects in cilia formation and function that result in a wide and variable range 
of clinical features, often with low genotype to phenotype correlation. This phenotypic variability may stem from the presence 
of multiple modifier alleles causing different degrees of primary cilia dysfunction. To identify modifier alleles, we conducted 
a mutagenesis screen in C. elegans with a primary mutation in the ciliary transition zone component, nphp-4(tm925), and 
looked for secondary mutations that caused ciliary dysfunction. From this screen, we identified a mutation in the BBSome 
component, bbs-5(yhw62), as a genetic modifier of nphp-4(tm925) mutants. By assessing a variety of behaviors associated 
with ciliated sensory neuron function, including chemotaxis and egg laying, we find that our novel bbs-5(yhw62) mutation 
causes enhanced ciliary defects when compared to an existing mutation, bbs-5(gk537). In addition, we observe that bbs-5; 
nphp-4 double mutants carrying either bbs-5 mutation display dye filling defects in ciliated sensory neurons and defects in 
dauer formation not seen in single mutants alone. We have also investigated whether the genetic interaction between bbs-5 
and nphp-4 is conserved in two vertebrate models, zebrafish and mouse. In adult Bbs5; Nphp4 zebrafish, we observe scoliosis 
and disorganization of the outer nuclear layer of the retinal photoreceptor cells, although these phenotypes are also observed 
in adult Bbs5 single mutant animals. In contrast to zebrafish, mice with congenital expression of both Bbs5 and Nphp4 do not 
survive to weaning age. Juvenile induction of Bbs5 loss in an Nphp4 mutant background is associated with seizure-like activity 
and early mortality. These results suggest that the genetic interaction between bbs-5 and nphp-4 identified in C. elegans that 
causes enhanced ciliary dysfunction may be conserved in mice, but not in zebrafish. The mammalian conservation of this 
genetic interaction provides excellent rationale to pursue further mechanistic studies in C. elegans.

722B	 C.	elegans-based	chemosensation	strategy	for	the	early	detection	of	cancer	metabolites	in	urine	samples

Enrico Lanza1, Martina Di Rocco1,2,3, Silvia Schwartz1, Davide Caprini1, Edoardo Milanetti1,4, Giuseppe Ferrarese1, Maria Teresa 
Lonardo5, Luca Pannone6, Giancarlo Ruocco1, Simone Martinelli2, Viola Folli1 1) Istituto Italiano di Tecnologia (IIT); 2) Istituto 
Superiore di Sanità (ISS); 3) Sapienza University of Rome, Department of Biochemical Science ‘‘A. Rossi Fanelli’’; 4) Sapienza 
University of Rome, Department of Physics; 5) M. G. Vannini Hospital, Department of Surgery; 6) Bambino Gesù Children›s 
Hospital, IRCCS, Genetics and Rare Diseases Research Division.
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Olfaction is one of the primary mechanisms through which many animals adapt to environmental changes. Olfactory receptors, 
which in all animals belong to the G-protein coupled receptors (GPCRs) family, play a crucial role in distinguishing the wide 
range of volatile or soluble molecules by directly binding them with high accuracy. Chemosensation is particularly developed 
in organisms lacking long-range sensory mechanisms like hearing and vision. The genome of the nematode Caenorhabditis 
elegans possesses a remarkable number of genes encoding chemosensory receptors, making it able to detect a similar number 
of odorants as mammals, despite the extremely low number of chemosensory neurons available. Here, we show that C. 
elegans displays attraction towards urine samples collected from women with breast cancer but avoids those from healthy 
subjects. This behavior is strongly influenced by the female hormone cycle. Behavioral assays performed on animals in which 
the AWC sensory neurons were genetically ablated demonstrate an essential role of these neurons in sensing cancer odorants. 
Calcium imaging experiments on AWC neurons dramatically increase the accuracy in discriminating between positive and 
control samples (with an accuracy of 97.22%). Also, chemotaxis assays performed on mutant animals harboring individual 
deletion in genes encoding GPCRs expressed in AWC neurons allow us to identify candidate receptors that are likely to be 
involved in binding cancer metabolites. This finding suggests that a specific alteration of a restricted number of metabolites 
is sufficient for the highly accurate cancer discriminating behavior of C. elegans, which may allow in principle to identify the 
fundamental fingerprint of breast cancer.

723C Comparison of taste preferences between two divergent nematode species

Vivian Vy Le1, Nicole Kushnir1, Ray Hong1 1) California State University, Northridge.

Many different genes and proteins are involved in the molecular pathway of chemosensation. Guanylyl cyclase genes (gcys) are 
known to help detect water-soluble salts and are located in the amphid sensory neuron in the model organism Caenorhabditis 
elegans. Our study focuses on whether the role of the gcy family and chemosensory neurons are conserved between free-
living and host-associated nematode species. Pristionchus pacificus is an entomophilic nematode species that has a host 
association towards the Oriental beetle, but nothing is known about its gustatory sensitivity. We found that C. elegans and P. 
pacificus are equally attracted to bromide and chloride. In addition, we found that P. pacificus are repulsed by sodium whereas 
C. elegans are attracted to the salt. When tested with acetate discrimination chemotaxis assays, both species’ abilities to sense 
salts are reduced significantly.

In C. elegans, one of the gcys, gcy-22, is exclusively expressed asymmetrically in the ASER taste neuron and is known to have 
a board effect on salt sensing. However, the ASE homolog in P. pacificus is likely not lateralized in function. In the P. pacificus 
genome, there are 5 gcy-22 homologs, but it is unclear which if any of these gcy-22 homologs have conserved gene functions 
in salt chemotaxis.

Using CRISPR/Cas9 editing system, we investigated the possible gustatory functions of a gcy-22 homolog, PPA34960. We 
recovered 3 viable loss or reduction-of-function alleles in PPA34960: csu79, csu80, and csu81. When testing the mutants to 
salts, csu80 have a stronger attraction to NH4Br. csu79 have a stronger attraction to NH4Cl while csu80 are attracted to NH4Cl 
at a level comparable to wildtype. We are currently conducting more salt chemotaxis assays for different salts such as LiCl and 
NH4I. The characterization of guanylyl cyclase would contribute to understanding the molecular pathway of chemosensation 
and host-seeking abilities in P. pacificus and other host-associated organisms.

724A C. elegans Can	Learn	To	Associate	a	Temporally	Precise	Delivery	of	Paired	Stimuli

Eugene L.Q. Lee1, H. Robert Horvitz1 1) HHMI, Dept. Biology, MIT, Cambridge, MA, USA.

Associative learning allows animals to adapt to multiple environmental stimuli that occur proximally in space and time. How 
molecular and cellular interactions control the formation, maintenance and degradation of learned memories in precise 
spatiotemporal terms is not fully understood. C. elegans can be trained to associate multiple cues and exhibit learned 
locomotor responses. Short wavelength light is an aversive stimulus that triggers a C. elegans escape response (including 
reversals). We have developed a novel trial-by-trial associative conditioning paradigm for C. elegans that utilizes the pairing of 
a neutral odor stimulus and a noxious light stimulus. After training, worms learned to reverse to the once-neutral smell. This 
memory is short-term, with memory responses rapidly decreasing over minutes. The transient temporally precise nature of the 
stimuli delivery has allowed us to demonstrate that timed order and contiguity of stimuli presentation are critically required 
for the learning, both being features key to associative learning. In a standard classical-conditioning paradigm, the odor and 
light stimuli overlap in time. Notably, worms were even able to learn associations in a trace-conditioning procedure in which 
the presentations of the light and odor stimuli were separated in time. In 



Abstracts

23rd International C. elegans Conference     |    294

humans, trace but not standard classical-conditioning is thought to be associated with awareness of the stimulus 
contingencies. 

Mutants defective in dopamine, glutamate, and octopamine exhibited defects in learning rates and efficiencies. Intriguingly, 
mutants defective in serotonin learned more rapidly and more consistently than wild-type worms. How the interplay of order 
of stimuli and neuromodulation produce an optimal adapted learning process that is sensitive to precision in stimulus timing is 
incompletely understood. By studying how these factors influence each other at a single-cell level resolution of analysis across 
a well-defined neural circuit, we hope to gain a detailed understanding of the molecular, cellular and circuit mechanisms that 
underlie learning processes.

725B	 The	role	of	mitochondria	calcium	uniporter	in	C. elegans odor learning

Hee Kyung Lee1, Saebom Kwon1, Jessica Antonio1, Kyoung-hye Yoon1 1) Yonsei University Wonju College of Medicine.

Calcium is essential for neuronal function – for activation, synaptic transmission, and also for modulating sensory adaptation 
and synaptic strength. Calcium concentration is carefully regulated in the cell by actively sequestering calcium into ER and 
mitochondria by transporters and calcium binding proteins. Mitochondrial calcium uniporter (MCU) is the transporter 
that permits calcium entry into the mitochondrial matrix, where, in addition to buffering cytosolic calcium, it regulates 
mitochondria-mediated cellular processes such as ATP synthesis and apoptosis. However, the role of MCU and mitochondrial 
calcium in neuronal function remains largely unknown. In this study, we sought to find the role of MCU and mitochondrial 
calcium in neurons in C. elegans, by using simple odor learning paradigms.

We found that, whereas wild type strain shows significantly decreased chemotaxis index in response to 60 min pre-exposure, 
mcu-1 mutants show only a modest decrease. This was the case only for odors detected by the AWC sensory neuron, such as 
benzaldehyde and butanone. Restoring MCU-1 in all neurons and AWC resulted in normal adaptation, showing that MCU-1 
in the sensory neuron is sufficient for adaptation. Using the heat shock inducible promoter, we found that mcu-1 is required 
during early larval development (egg or L1 stage), and restoring expression after L4 or adult stage did not improve odor 
learning. Surprisingly, we found that overexpression of mcu-1 in the AWC neuron resulted in delayed forgetting of the odor 
memory. This suggests that mcu-1 may regulate the plasticity of odor memory depending on its expression levels. We are 
currently investigating the downstream mechanism of our observations.

726C	 Neuropeptides	regulate	a	novel	C. elegans oviposition behavior displayed in a three-dimensional environment

Tong Young Lee1, Kyoung-hye Yoon2, Jin I. Lee1 1) Division of Biological Science and Technology, College of Science and 
Technology, Yonsei University, Wonju, South Korea; 2) Department of Physiology, Wonju College of Medicine, Yonsei University, 
Wonju, South Korea.

The C. elegans ecological niche is a complex and diverse three-dimensional environment found mostly in rotting fruit or soil 
compost. However, C. elegans behavior and physiology have mostly been studied in 2D culture in the lab. Previously, we 
designed a cultivation habitat which we term NGT-3D and NGB-3D in which growth, brood size, and lifespan in NGT-3D are 
comparable with 2D NGM plates. Using this 3D cultivation, we observed that the adult hermaphrodites spread the bacteria out 
from the center in a “nest” like pattern and remain at the edge of this nest. We then observed a novel stereotypical oviposition 
behavior in which the mother worms occasionally wander away from the bacterial nest, lay eggs, and then return to the 
bacteria. Using a candidate mutant analysis, we found that mutants defective in the neuropeptide PDF-1, as well as its cognate 
receptor PDFR-1 that regulates roaming behavior, were also defective in the novel 3D oviposition behavior laying eggs close 
to the bacteria. In addition, we identified mutants defective in the FMRF-like neuropeptide FLP-17 and its cognate receptor 
EGL-6 that together inhibit egg-laying were also defective in the novel 3D behavior. FLP-17 is expressed in the BAG sensory 
neuron, and the EGL-6 receptor expresses in the HSN neuron that regulates egg-laying. We showed that both egl-46 mutants 
that lack the BAG neuron as well as egl-1 mutants that lack the HSN neuron were also defective for the novel 3D oviposition 
behavior. To understand what cue may be causing mother worms to lay eggs away from OP50 in 3D, we found that 2D culture 
of C. elegans with a tiny “dot” colony of OP50 could elicit a similar egg-laying behavior in which the N2 mothers lay eggs far 
away from the bacteria. We found that low oxygen exacerbates the behavior, whereas high oxygen restores egg-laying in OP50. 
However, flp-17 mutants displayed defects in the oxygen-dependent egg-laying behavior. Finally, we tested whether defects 
in 3D oviposition behavior could induce decreased reproductive fitness in 3D and showed that flp-17 mutants have decreased 
brood sizes in 3D cultivation compared to 2D. Although low oxygen itself does not affect brood size, we found that cultivation 
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with a high density of OP50 may be toxic to the young. Overall, we speculate that the novel 3D oviposition behavior may be a 
maternal behavior that increases the mothers’ reproductive fitness.

727A	 Stimulation	of	egg	laying	in	C. elegans by Salmonella	lipopolysaccharides	(LPS)	is	dependent	on	a	Gα	protein	
expressed in chemosensory neurons

Angela Ching-Yee Leung1, Kyla Wilwayco2, Myeongwoo Lee1,2 1) Institute of Biomedical Studies, Baylor University; 2) 
Department of Biology, Baylor University.

Lipopolysaccharides (LPS) of Salmonella enterica serotype typhimurium stimulates egg laying in C. elegansN2 strain. Among 
the 23 G protein α subunits in C. elegans, we found that GPA-11 is a component in the signaling pathway, since the loss-of-
function mutant did not respond to LPS stimulation while displaying wildtype stimulated egg-laying response to serotonin. 
We dissected the mutant hermaphrodites at the adult stage which are usually selected for egg-laying assays and found that 
they bore similar number of eggs to that of N2 worms. This confirms that the blunted response to LPS egg-laying stimulation 
in the mutants was not due to any limited number of eggs stored in the uterus, but was because of the absence of functional 
GPA-11 protein. The mutant was known to respond poorly to the repellent octanol but are wild-type for other traits studied. 
Therefore, our reported observation reveals another defect of the mutant. Besides, the defective egg-laying response to the 
bacterial toxin LPS is likely to be linked to innate immunity, so the involvement of the chemosensation-related GPA-11 that 
is expressed in the chemosensory ASHs and ADL neurons suggests that there is an interaction between chemosensation 
and innate immune responses. Moreover, GPA-11 is epistatic to TPH-1 involved in serotonin biosynthesis, but the G protein-
coupled receptor with which GPA-11 interacts is yet to be identified. The egg-laying system responsive to LPS stimulation may 
provide insights into this complete signaling pathway. It is also noteworthy that GPA-11 in another Caenorhabditis species, 
C. briggsae, is dysfunctional because of an altered translation frame resulted from an insertion in the first exon. Future 
investigation is needed for understanding the possible dispensability of GPA-11 in innate immunity and/or chemosensation in 
the genus.

728B	 Mechanism	for	the	munchies:	endocannabinoid	modulation	of	food	preferences	in	C. elegans.

Anastasia Levichev1, Serge Faumont1, Shawn Lockery1 1) University of Oregon, Eugene, OR.

The mammalian endocannabinoid system, comprised of the endocannabinoids AEA (N-arachidonoyl-ethanolamine) and 2-AG 
(2-Arachidonoylglycerol), their receptors, CB1 and CB2, and their metabolic enzymes, is thought to integrate internal energy 
state and sensory food cues to modulate feeding. For example, cannabinoids, acting on CB1, can increase preference for more 
palatable, calorically dense food: a response called hedonic amplification, colloquially known as “the munchies.” In mammals, 
cannabinoids can increase sensitivity to odors and sweet tastes, which may underlie hedonic amplification. We are developing 
C. elegans as a model in which to investigate the neurogenetics of hedonic amplification. We have found that exposure to 
AEA, an endocannabinoid common to mammals and C. elegans, increases the worm’s preference for strongly preferred (more 
palatable) bacteria over weakly preferred (less palatable) bacteria, mimicking hedonic amplification in mammals. Furthermore, 
AEA acts bidirectionally, increasing consumption of strongly preferred bacteria while decreasing consumption of weakly 
preferred bacteria. We also found that deletion of the CB1 ortholog, NPR-19, eliminates hedonic amplification, which can be 
rescued by expression of the human CB1 receptor, establishing a humanized worm for cannabinoid signaling studies.

Deletion of the olfactory neuron AWC, which directs chemotaxis to food, abolishes hedonic amplification. Consistent with 
this finding, calcium imaging revealed that AEA bidirectionally modulates AWC’s activity, increasing its responses to strongly 
preferred food and decreasing its response for weakly preferred food. Furthermore, AEA’s effect on AWC requires NPR-
19. However, GFP expression analysis revealed that NPR-19 is expressed ~21 neuron classes but, surprisingly, not in AWC. 
Although AEA’s effect could be mediated by NPR-19-expressing neurons presynaptic to AWC, nearly complete elimination of 
fast synaptic transmission, via a mutation in unc-13, has no effect on modulation. Instead, AEA’s effect on AWC is mediated via 
unc-31-dependent dense-core vesicle release. We are now working to identify the NPR-19-expressing neurons that pass the 
cannabinoid signal down to AWC, thereby modulating chemosensation and leading to hedonic amplification.

729C	 Is	activation	of	ASER	neurons	sufficient	to	generate	state	dependent	learning?

Jonathan Lindsay1, Laura Mathies1, Andrew Davies1, Jill Bettinger1 1) Virginia Commonwealth University.

In state dependent learning (SDL), the internal state of an organism must be the same when performing a learned behavior 
as it was during acquisition of learning. An example of such a state is ethanol intoxication. We have demonstrated that 
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ethanol intoxication during learning can confer state-dependency to olfactory adaption (Bettinger & McIntire, 2004). Olfactory 
adaptation is when previous exposure to an odorant results in a diminished behavioral response to the odorant. Animals 
trained while sober can demonstrate that they recall olfactory adaptation in the presence of intoxicating doses of ethanol. 
However, animals trained while intoxicated only express adaptation if they are tested in the intoxicated state. These state 
dependent effects of ethanol require dopamine. Dopamine is not required for olfactory adaptation, indicating that there is a 
novel input to the adaptation circuit that confers state dependency. Our goal is to identify the neuronal circuitry and molecular 
mechanisms underlying SDL. We are using mutant analysis to identify other signals in SDL. HEN-1 is a secreted ligand that 
interacts with its receptor SCD-2; this pathway has previously been shown to be required for integration of sensory stimuli 
(Ishihara et al., 2002). We have found that hen-1 and scd-2 are required for SDL. We localized the requirement for hen-1 in SDL 
to the ASER neuron; killing ASER eliminates SDL, and we could rescue state dependency in hen-1 mutants by expressing hen1 
only in ASER. We rescued SDL in scd-2 mutants by expressing scd-2 only in AIA neurons, demonstrating that expression of scd-2 
in AIA neurons is sufficient for SDL. Together, these results suggest a model in which HEN-1 released from the ASER neuron 
signals the AIA neuron through SCD-2, and this signaling causes olfactory adaptation to become state dependent. We are 
now using an optogenetics approach to ask if simply activating the ASER neuron, in the absence of ethanol, can trigger state 
dependency. Our ultimate goal is to understand the circuit and the signals, which include dopamine and HEN-1, that produce 
state dependency for olfactory adaptation to better understand how alcohol affects the learning process.

730A	 Constructing	a	tool	box	for	imaging	and	stimulating	pharyngeal	neurons	to	understand	foraging	behavior	in	C. 
elegans

Jun Liu1, Monika Scholz1 1) Max-Planck research group ‹Neural information flow›, Center of advanced european studies and 
research (caesar), Bonn, Germany.

To understand the interplay between neural circuit structure, activity, and behavior requires the ability to observe the action of 
a set of neurons underlying that behavior while the animal is behaving in a well-known circuit. Work in other organisms, such 
as the lobster has already yielded insight into variability of neural activity, expression and yet remarkable stability in behavioral 
output. However, these studies often are limited to dissected preparations and behaviors inferred from muscle or motor-
neuron activity.

In C. elegans, the circuit controlling feeding comprises only 20 neurons and is separate from the 282 somatic neurons, yet it 
controls food intake and modulates feeding rate effectively. The small pharyngeal circuit is ideally suited to understand the 
function of a contained, nearly isolated circuit in an intact, behaving animal.

Specifically, we want to understand: I) What is the function of individual pharyngeal neurons during foraging? II) How do 
pharyngeal neurons communicate with the extra-pharyngeal neurons to coordinate foraging behavior? III) What is the activity 
of individual pharyngeal neurons during foraging? To these ends, we aim to create a toolbox that targets individual and subsets 
of pharyngeal neurons for expressing a range of optogenetic tools and the calcium indicator GCaMP.

We will use the cGAL and split cGAL system developed by the Sternberg Lab which is adapted from the GAL4-UAS system 
for the C. elegans community. We create driver strains by selecting a single promoter, cGAL, or two intersecting promoters 
(forming an AND gate), split cGAL, to achieve specific expression in targeted neuron(s). We then cross these drivers with 
their UAS effector strains, such as GFP, optogenetic activator/inhibitor and GCaMP, to achieve neuron-specific expression of 
fluorophores or other desired proteins.

To search for the promoters that drive unique expression in pharyngeal neurons, we have curated information from the 
literature and transcription databases. We will generate different “promoter::cGAL” driver lines and then verify the expression 
using the GFP effector lines and the neuroPAL multicolor Atlas. Successful candidates will then be crossed to other optogenetic 
and GCaMP effector lines for targeted neuronal manipulations and calcium imaging of foraging animals.

We will present our progress in creating such a toolbox. These collectively will pave the way to understand the neuronal basis 
of foraging behavior in C. elegans.

731B	 C. elegans chooses food exactly as if maximizing economic utility

Abraham Katzen1, William Harbaugh1, Hui-Kuan Chung2, Christina Della Iacono1, Nicholas Jackson1, Paul Glimcher2, Shawn 
LOckery1 1) University of Oregon; 2) New York University.
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The well-functioning brain makes decisions that maintain and improve the animal’s welfare. These decisions are based 
on subjective values assigned by the chooser to available goods and actions. However, the neural mechanisms of value 
assignments, and choices based on them, remain obscure. To investigate this problem, we used a classic measure of 
utility maximization, the Generalized Axiom of Revealed Preference, to quantify internal consistency of food preferences 
in Caenorhabditis elegans, a nematode worm with a nervous system of only 302 neurons. Using a novel combination of 
microfluidics and electrophysiology, we found that C. elegans food choices fulfill the necessary and sufficient conditions 
for utility maximization. Moreover, as in many other animals, preferences are learned, a process we found to require intact 
dopamine signaling. Preferences are expressed as a modulation of the worm›s normal foraging movements rather than feeding 
rate. Food-specific responses of identified chemosensory neurons known to direct foraging are strengthened by training, 
suggesting they may be part of the value-assignment system. The demonstration of utility maximization in an organism having 
a nervous system of only 302 neurons sets a new lower bound on the neuronal requirements for its execution, and offers the 
prospect of an essentially complete explanation of value-based decision making at single neuron resolution.

732C	 High-throughput	EPG	recordings	reveal	the	food	exploitation-exploration	trade-off

Vincent Lanier2, William Roberts1, Jonathan Millet2, Janis Weeks1, Shawn Lockery1 1) InVivo Biosystems; 2) University of Oregon.

Whole-animal screens complement traditional screens based on cultured cells and single-celled organisms. In C. elegans, 
two of the most common whole-animals screens involve locomotion and pharyngeal pumping. Whereas high-throughput 
locomotion screens are in wide use, high-throughput pharyngeal screens are lacking. Electrophysiological measures of 
pharyngeal activity – electropharyngeograms (EPGs) – offer higher temporal resolution and signal to noise ratio than 
manual or optical methods. Recently, the ease and efficiency of EPGs was improved by placing individual worms in tight-
fitting microchannels. Electrical resistance formed where the worm contacts the channel walls generates voltage differences 
sufficient to resolve individual pharyngeal action potentials. However, this approach is currently limited to only eight worms 
per recording.

To address this deficiency, we explored the utility of bulk EPG recordings made by increasing the length and width of the 
recording channel to accommodate hundreds or even thousands of worms. In bulk recordings, where worms are loosely 
arrayed in the channel and unrestrained, the voltage signal produced by each worm is insufficient to resolve individual action 
potentials. However, the composite voltage signal, which can be conceptualized as the sum of many individual, asynchronous 
EPGs, can be analyzed by computing its power spectrum. We found that EPG power spectra generally have just two peaks: 
a low frequency peak at 0-2 Hz, and a high frequency peak at 4-6 Hz. Using serotonin dose-response curves, optogenetic 
inhibition of pharyngeal muscles, and pharyngeal pumping mutants, we found that the high frequency peak reflects 
neurogenic pumping whereas the low frequency peak reflects myogenic pumping together with locomotion. As serotonin 
concentration is increased, the high and low frequency peaks are enlarged and diminished, respectively. We propose that the 
high frequency peak reflects the proportion of worms that are nearly stationary but feeding vigorously (exploitation), whereas 
the low frequency peak reflects the proportion of worms that are moving rapidly but feeding intermittently (exploration). 
Thus, the new method quantifies not only neurogenic pharyngeal pumping, but also the distribution of animals across these 
mutually exclusive behavioral states.

733A	 Male-specific	Responses	to	State-dependent	Hermaphrodite	Signals	Facilitate	Mate	Preference	in	C. elegans

Jintao Luo1, Douglas Portman1 1) School of Medicine and Dentistry, University of Rochester, Rochester, NY.

Natural habitats of free-living nematodes can be complex and changeable. For a mixed population to reproduce dynamically, C. 
elegans males must interpret complex mixtures of signals provided by animals with different sex states, developmental stages, 
fitness levels, or even dissimilar species. A preference for comparatively healthier mates likely provides fitness advantages. 
Chemical (e.g., sex pheromones) and physical cues (e.g., vulva-locating) have both been found to be important for mate 
recognition, but the relative importance of different signals is not well understood, nor is the way in which males integrate 
these signals to make corresponding decisions. To understand how males might assess and compare the sexual attractiveness 
of potential mates, we quantified mate preference using an assay that measures the relative attractiveness of distinct mates 
(“targets”) to “tester” males.

Specifically, we found that males can distinguish hermaphrodite targets from male targets; they also recognize daf-22 
hermaphrodites as less favorable mates compared to wild type hermaphrodites. These findings confirmed the contribution 
of ascaroside pheromones in mate preference, for daf-22 lacks ascarosides. We considered flexible nutritional states 
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altering fitness and attractiveness of mates and found that males prefer well-fed targets over nutrient-deprived targets in 
a daf-22-dependent manner. Using genetically sex-reversed animals, we found that the production of daf-22-dependent 
sex pheromones requires the hermaphrodite state of intestine. Moreover, non-ascaroside signals provided by adult 
hermaphrodites, likely germline-derived and/or contact-dependent, also contribute to mate preference, based on comparisons 
between hermaphrodite and male targets at different developmental stages in both wild type and daf-22 backgrounds. In 
addition, cuticle O-glycans may mediate mate recognition, as males dislike bus-2 hermaphrodites, in which O-glycan profiles 
are changed. Furthermore, mate preference behavior is regulated by the genetic sex of the nervous system, as pan-neural sex 
reversal alters preference patterns. These studies advance our understanding of male-specific neural mechanisms behind mate 
preference and the integration of multi-sensory signals.

735C	 Food	Deprivation	Induces	Behavioral	Changes	that	Require	Metabolic	Reprogramming	and	Non-Canonical	Insulin	
Signaling

Molly Matty1, Anupama Singh1,2, Hiu Lau 1, Karina Kono1, Sreekanth Chalasani1 1) Salk Institute for Biological Studies, Molecular 
Neurobiology Lab, San Diego CA; 2) Sanford Burnham Prebys Medical Discovery Institute, San Diego CA.

Behavioral changes are easily attributable to external influences such as temperature, light exposure, and chemical stimuli. 
However, the effects of internal states such as infection status, stress, and hunger on animal behavior are often less obvious. 
We sought to determine how an internal state modifies animal behavior and define the pathways necessary to encode the 
behavioral change. Sensory integration is a conserved behavior in which an animal, or population of animals, must integrate 
attractive and repulsive signals simultaneously to decide whether to approach or avoid a cue. We conducted sensory 
integration assays in which populations of C. elegans are presented with an attractant, diacetyl, just beyond a repellant copper 
barrier. We show that acute food deprivation reversibly reduces copper sensitivity, allowing animals to engage in a “risky 
behavior”: starved animals cross the toxic copper barrier to reach the attractant ~4 times more often than well-fed animals. 
Our results suggest that decreased copper sensitivity in food-deprived animals requires the transcription factors MondoA and 
HLH-30 within intestinal cells, which likely detect and respond to the lack of food. Others have shown HLH-30 translocation to 
intestinal nuclei is correlated with the expression of a few insulin-like peptides, many of which we show are required for the 
hunger-induced behavioral change. The insulin receptor DAF-2 is required to sense and respond to these insulin-like peptides. 
We demonstrate that expression of daf-2 and downstream non-canonical insulin signaling molecules in the ASI chemosensory 
neurons sufficiently rescues this food deprivation-induced risk-taking behavior. Our work suggests that the internal state of 
hunger or food sensation links animal behavior to intestinal metabolism and neuronal function.

736A	 Vitamin	B12	regulates	chemosensory	receptor	gene	expression	via	the	MEF2	transcription	factor

Aja McDonagh1, Jeannette Crew1,2, Alexander van der Linden1 1) University of Nevada, Reno; 2) University of Nevada, Las Vegas, 
School of Medicine.

Dynamic changes in gene expression is one strategy that animals can use to modify their behavior to dietary changes, but 
the molecular mechanisms underlying diet-dependent modulation of gene expression are unclear. We show here that the 
expression of the candidate srh-234 chemoreceptor gene localized in a single ADL sensory neuron type of C. elegans is 
downregulated when animals are fed a Comamonas DA1877 bacterial diet relative to a low vitamin B12 diet of E. coli OP50 
bacteria. This dietary effect of vitamin B12 on srh-234 expression levels in ADL neurons is distinct from the starvation response 
we previously reported for srh-234 regulation (Gruner, Grubbs et al, PLoS Genetics, 2014; and Gruner, Grubbs, McDonagh et 
al. PLoS Genetics, 2016). Remarkably, this diet-modulated effect on srh-234 expression levels is dependent on vitamin B12 
endogenously produced by Comamonas, because mutant strains of Comamonas bacteria that are deficient in vitamin B12 
production fail to reduce expression levels of srh-234 in ADL. Further analysis suggest that vitamin B12 likely does not act as 
an olfactory cue released by Comamonas bacteria, and does not depend on the modification or metabolism of E. coli bacteria 
to regulate srh-234 expression. It is more likely that E. coli bacteria function as the vehicle for vitamin B12, because animals 
eating E. coli deficient in the tonB transporter shown to allow import of vitamin B12 from the extracellular environment 
suppress in part the vitamin B12-mediated reduction in srh-234. Mutations in the C. elegans mrp-5, a candidate vitamin B12 
transporter, reduced but did not abolish srh-234 expression in ADL in animals fed both E. coli and Comamonas, suggesting a 
yet unknown role for mrp-5 in srh-234 regulation. Propionate supplementation can bypass the repressing effects of vitamin 
B12 on srh-234 regulation. Consistent with these findings, we found that mutations in pcca-1 and pccb-1 encoding for 
biosynthetic enzymes in the canonical propionate breakdown pathway suppressed, at least in part, the Comamonas-induced 
reduction in srh-234 expression. We previously reported that the MEF-2 transcription factor acts together with bHLH factors to 
regulate the starvation-dependent modulation of srh-234 expression. We found that mutations in mef-2, but not in hlh-30, are 
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necessary for regulation of srh-234 mediated by vitamin B12. Together, our findings suggest a MEF-2-dependent mechanism by 
which diet-supplied vitamin B12 transcriptionally tunes individual chemoreceptor genes in a single sensory neuron type, which 
in turn may change an animals’ responses to biologically relative metabolites in their diet.

737B	 C.	elegans	PEZO-1	is	a	Mechanosensitive	Channel	Involved	in	Food	Sensation

Jonathan Millet2, Jungsoo Lee1, Luis Romero1, Valeria Vásquez1 1) University of Tennessee Health Science Center; 2) University 
of Oregon, Eugene.

PIEZO channels are force sensors essential for physiological processes including baroreception and proprioception. The 
Caenorhabditis elegans genome encodes an ortholog gene of the Piezo family, pezo-1, expressed in several tissues including 
the pharynx. This myogenic pump is an essential component of the alimentary canal in most animals whose contraction 
and relaxation depends on mechanical stimulation elicited by food content. Whether pezo-1 encodes a mechanosensitive 
channel and contributes to pharyngeal function remains unknown. Here, we leverage genetics, microfluidics, and 
electropharyngeogram recordings to establish that pezo-1 is expressed in the pharynx, including a proprioceptive-like neuron, 
and regulates pharyngeal function. Knockout and gain-of-function mutants reveal that pezo-1 is involved in fine-tuning 
pharyngeal pumping frequency, sensing osmolarity and food quality. Patch-clamp electrophysiology analyses in primary C. 
elegans embryo cultures demonstrate that pezo-1 encodes a mechanosensitive channel. Our findings reveal a novel role for 
pezo-1 in regulating food sensation in worms.

738C	 Reversal	behavior	upon	encountering	a	cliff	involves	mechanosensation

Robin Mitchell1, Shuyu Zhang1, Diana Pattillos1, Jared Young1 1) Mills College, Oakland, CA.

The precipice response is a little-understood phenomenon in which C. elegans move rapidly away from edges or gaps in an 
agar plate. First described by Chalfie et al. (2014), this behavior has yet to be characterized by the research community, and 
up until now potential underlying mechanisms remained unexplored. We hypothesized that mechanosensation underlies 
the precipice response and that mutant worms with deficient mechanosensation would exhibit the precipice response less 
frequently than N2 wild-type worms. Our experiments sought to 1) characterize the precipice response and craft a sufficient 
biological definition, and 2) test our hypothesis about mechanosensation’s role in the precipice response.

N2 wild-type worms were used to define the precipice response. Using a wire or dog whisker pick, worms were transferred 
onto small chunks of agar with smooth, 90° edges. We observed that, indeed, worms had a strong tendency to quickly reverse 
when their head went over the edge of the agar. We defined the precipice response as a reversal initiated within two seconds 
of the head going over a 90° edge. This reversal must extend for a full sine wave within two seconds. In an initial dataset of 32 
N2 worms, 26 of them (81%) exhibited the precipice response.

To test whether mechanosensation plays an important role in the precipice response, we tested three strains of worms 
with varying degrees of mechanosensory deficiency: mec-3(e1338), mec-10(e1515), and trp-4(sy595). mec-3 mutants do 
not respond to light or harsh touch, while mec-10 and trp-4 mutants exhibit partial loss of response to mechanical stimuli. 
In blinded trials, we found that mec-3 mutants exhibited the precipice response less frequently than N2, mec-10, or trp-4 
worms. Neither mec-10 nor trp-4 exhibited the precipice response at a frequency that was significantly different from the 
N2 strain. These results show that mechanosensation underlies the precipice response, and imply that near total loss of 
mechanosensation may be necessary to have a profound impact on the precipice response. This study is an illuminating first 
step in discerning the mechanisms of the precipice response in C. elegans, and may have broader implications in animal 
behavior.

739A Study on molecular mechanisms of gait switching in C. elegans

Kyeong Min Moon1, Jihye Cho1, Jimin Kim1, Kyuhyung Kim1 1) DGIST, Daegu, Republic of Korea.

Animals exhibit multiple locomotion modes referred to as gaits and switch gaits depending upon external or internal 
conditions. However, molecular mechanisms underlying gait switching are not fully understood. The nematode Caenorhabditis 
elegans is a good model system that allows us to study gait switching because animals exhibit well-defined and flexible 
locomotive behaviors. For example, animals crawl on solid surfaces with low frequency and short wavelength (Karbowski 
et al., 2006) and swim under liquid with high frequency and long-wavelength (Korta et al., 2007; Pierce-Shimomura et al., 
2008). To identify the molecular mechanisms of gait switching, we first performed a candidate mutant search. We found that 
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lim-4(ky403) mutants showed normal body posture during swimming but delayed crawl-to-swim onset time and reduced 
swimming frequency. lim-4 encodes a LIM homeodomain protein and is expressed in several neurons, including SMB and 
SAA (Sagasti et al., 1999; Kim et al., 2015). To investigate the functional role of lim-4-expressed neurons in gait transition, 
we genetically ablated the SMB and SAA neurons and found that SMB but not SAA ablated worms showed defects in onset 
time and swimming frequency, suggesting that the SMB neurons play a role in gait transition. To identify additional genes 
that mediate gait switching, we performed EMS mutagenesis and isolated seven mutant alleles (lsk56, 57, 58, 59, 66, 67, 68) 
defective in onset time and/or swimming frequency. Specifically, lsk58 and lsk66 mutants showed normal onset time but slow 
swimming frequency. Moreover, lsk57, lsk58, and lsk68 mutants showed defective body posture during swimming, whereas 
lsk58 and lsk59 showed decreased swimming speed. We are currently identifying molecular lesions of these mutants.

740B	 Tyramine	influences	associative	learning	outcomes	and	is	linked	to	a	novel	learning	phenotype	in	a	purine	
biosynthesis mutant

Corinna Moro1, Wendy Hanna-Rose1 1) Pennsylvania State University.

Adenylosuccinate lyase deficiency (ASLD; OMIM #103050) is a rare inborn error of purine metabolism disorder. Patients with 
ASLD have decreased activity of adenylosuccinate lyase (ADSL), which catalyzes two non-sequential steps in the biosynthesis 
of purines. ASLD is associated with degenerative motor deficits, seizures, mild-to-moderate cognitive impairment, autistic-like 
behavior, and seizures. We have revealed a novel learning phenotype in C. elegans animals with reduced adenylosuccinate 
lyase (ADSL-1) activity and are using the model to probe etiology of the neurobehavioral manifestations of ASLD.

Naïve control animals have a positive chemotactic response to NaCl but change their behavior after starvation (aversive cue) 
in the presence NaCl (positive cue). After cue-pairing, control animals become indifferent to NaCl in a chemotaxis assay (an 
associative learning phenotype). adsl-1(RNAi) animals retain the naïve chemotactic behavior of control animals, suggesting 
normal sensory function. However, adsl-1(RNAi) results in an altered learning behavior relative to control animals in response 
to the cue-pairing. Instead of indifference to NaCl, the adsl-1(RNAi) animals are robustly repelled by NaCl in response to the 
cue-pairing.

We have examined the role of product depletion in this behavioral phenotype via supplementation of cultures with purines 
and the role of enzyme substrate accumulation using small molecule drugs that inhibit early steps in purine biosynthesis. Both 
supplementation with adenosine and treatment with lomotrexol effectively revert the learning phenotype in adsl-1(RNAi), 
suggesting that both effects of reduced ADSL-1 activity are required to manifest the learning phenotype.

We used LC-MS to look for clues in the metabolome that might point to how behavior is altered and found that tyrosine 
levels are elevated in adsl-1(RNAi) animals. Because tyramine and octopamine are produced from tyrosine, we used genetic 
and pharmacological approaches to probe the role of these neurotransmitter/neuromodulators in associative learning. tdc-1 
mutants, which cannot synthesis tyramine, phenocopy adsl-1(RNAi), but tbh-1 mutants, which produce tyramine but not 
octopamine, do not. Additionally, supplementation of adsl-1(RNAi) animals with tyramine reverts the learning phenotype, 
suggesting that the behavioral phenotype of adsl-1(RNAi) is caused by a lack of tyramine production. Tyramine is produced 
by only a few cell types in C. elegans, including the RIM neuron that coordinates reversals during locomotion, providing a link 
to the behavioral output. We have revealed a novel learning phenotype associated with a purine biosynthesis mutant and are 
elucidating the metabolic changes in response to adsl-1 depletion that will impact on the downstream effectors identified as 
important in mediating the behavioral deficiencies.

741C Decision-making in C. elegans: Neuronal mechanisms underlying behavioral choice

Caroline Muirhead1, Jagan Srinivasan1 1) Worcester Polytechnic Institute, Worcester, MA.

Animals constantly weigh opposing sensory cues to decide and execute appropriate behavioral responses as they navigate 
their environment. These decisions and their subsequent behaviors demonstrate the nervous system’s ability to integrate 
and process heterogenous sensory information (i.e. risk or reward) into proper decision making neural correlates. We test 
a value-based decision-making model using responses to pheromones. We discovered that the pheromone, osas#9, which 
incorporates the neurotransmitter octopamine is released exclusively by starved first larval stage (L1) animals to elicit a strong 
avoidance response in conspecifics (Chute et al., 2019). This avoidance response is strongly dependent on the physiological 
state of the animal and is attenuated by the concurrent detection of food odor(s). This suggests that the possibility of nearby 
food sources can override an innate avoidance to the starvation cue, osas#9. The interplay between opposing olfactory sensory 
signals provides a strong paradigm for studying decision-making in the context of multisensory integration. Additionally, we 
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have observed disrupted decision-making in a neurodegenerative model of worms that expresses the Aβ42 peptide. We will 
present data that elucidate the signaling networks necessary for mediating attenuation to osas#9 allowing us to deconstruct 
the neural circuits controlling decisions in both healthy and disease states of the worm.

742A	 Electrophysiological	properties	of	amphid	sensory	neurons	in	C. elegans

Takashi Murayama1, Ichiro Maruyama1 1) OIST.

Since the lack of voltage-gated sodium channels in C. elegans neurons, it has long been believed that C. elegans neurons 
transmit electrical signals by passive propagation. However, we have recently reported regenerative depolarization in a major 
gustatory sensory neuron, ASEL, upon stimulation with an increase of environmental NaCl concentration. This all-or-none 
membrane depolarization may set the threshold for the sensory neuron to respond significant environmental changes. To 
test this possibility, therefore, we examined electrophysiological properties of other amphid sensory neurons. Membrane 
depolarization of amphid sensory neurons were recorded upon current injection by whole-cell patch-clamp techniques. All 14 
types of amphid neurons, which consist of 10 pairs of symmetrical neurons and two pairs of asymmetrical neurons, AWCon/
AWCoff and ASEL/ASER, showed supralinear depolarization upon current injection. In this meeting, we will report membrane 
depolarization of several amphid neurons upon puff stimulation of natural substances.

743B	 UNC-7/Innexin	Regulates	Transmission	of	Temperature	Information	during	C. elegans Thermotaxis

Airi Nakayama1, Shunji Nakano1, Ikue Mori1 1) Graduate School of Science, Nagoya University, Nagoya, Aichi, Japan.

Innexins are transmembrane proteins, and form gap junction channels and non-junctional hemichannel. Innexins are known 
to play fundamental roles in the information processing in the nervous system. We previously showed that INX-4, a member of 
innexin family, is required for thermotaxis and functions in the AFD thermosensory neuron. Since the thermotaxis abnormality 
of inx-4 mutants was very mild, we hypothesized that other innexins might also function to regulate thermotaxis. To test this 
hypothesis, we examined the thermotaxis behaviors of most of the innexin gene mutants present in the C. elegans genome 
and also assessed whether overexpression of the innexin genes in AFD affects thermotaxis. Our genome-wide survey revealed 
that UNC-7/Innexin is important for regulation of thermotaxis; overexpression of UNC-7 in AFD caused a thermophilic defect. 
We also generated strains lacking unc-7 only in AFD using Cre/loxP system and found that unc-7(AFD KO) animals displayed a 
cryophilic defect. These results indicate that UNC-7 functions in AFD to regulate thermotaxis.

To identify the critical period of unc-7, we utilized the auxin-inducible degron system and found that the activity of unc-7 in 
AFD is required later than the larval stage, suggesting that unc-7 acts at the stage after the development of AFD is completed. 
Calcium imaging revealed that unc-7 mutations did not affect temperature-evoked calcium response in AFD, indicating that 
UNC-7 functions in the downstream of calcium influx. We also investigated whether UNC-7 functioned as gap junctions 
or hemichannels. Previous study indicated that the UNC-7(Cysless), in which four cysteines in the extracellular loops are 
substituted to alanine, cannot form gap junction while maintaining the hemichannel activity. We therefore asked whether 
UNC-7(Cysless) can rescue the thermotaxis defect of unc-7(AFD KO) animals. While the expression of wild-type UNC-7 only in 
AFD rescued thermotaxis defect of unc-7(AFD KO) animals, UNC-7(Cysless) did not. This result suggests that UNC-7 regulates 
thermotaxis by functioning as gap junctions.

Our results suggest that UNC-7 functions as gap junctions to transmit temperature information from AFD to another neuron. 
We are currently identifying the gap junction partner innexin and neuron of UNC-7 in AFD. Through our research, we hope to 
understand the role of UNC-7-mediated gap junction in thermotaxis and reveal the dynamics of the gating of gap junctions 
during animal behavior.

744C Solute Carrier family 46 and aquarius intron-binding spliceosomal factor mediates temperature tolerance

Akane Ohta1, Yuki Sato1, Serina Yamashiro1, Sunao Mima1, Kazuho Isono2, Satomi Mizuno1, Teruaki Taji2, Atsushi Kuhara1,3 1) Inst. 
for Integrative Neurobio., Konan Univ., Japan; 2) Tokyo University of agriculture, Japan; 3) PRIME, AMED, Japan.

We are studying mechanisms for animal temperature response by utilizing temperature tolerance of nematode C. elegans. 
C. elegans can survive at 2℃ after grown at 15℃, while animals cultivated at 20℃ can not survive at 2℃. This cold tolerance 
is regulated by tissue networks containing neurons, intestine and sperm (Ohta et al., Nat commun, 2014; Okahata et al., 
Science Advances, 2019), in which temperature is received by DEG/ENaC, TRP and unidentified G protein-coupled receptor 
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in sensoryneurons (Takagaki et al., EMBO rep., 2020; Ohnishi et al., Scientific rep., 2020). To identify new molecules of cold 
tolerance, we introduced three approaches as follows.

(1) We decoded genome of a new cold tolerance mutant KHR018 by NGS, and found the responsible gene slcr-46.1 that 
encodes a homologue of a human amino acid transporter on the lysosomal membrane called human SLC46A3 (SoLute Carrier 
family 46 member 3). slcr-46.1 gene was expressed in neuron, intestine, cuticle and muscle cells. slcr-46.1 knock out mutant 
showed defective cold tolerance, which was rescued by expressing wild-type slcr-46.1cDNA in neuron and muscles. Human 
SLC46A3 is known to be involved in catabolic metabolite transport that excretes the antitumor agent maytansine from 
lysosomes, but other functions remain unclear. Our future study will provide novel insights into SLC46-mediated biological 
reactions.

(2) We isolated two novel mutants that were isolated as background mutations of two known mutants. By deep DNA 
sequencing, one of their responsible mutations is narrowed down to 17 candidate genes. We are trying to measure cold 
tolerance of these gene’ mutants.

(3) Temperature tolerance is essential for not only animal but also plant. By studying natural variations of Arabidopsis, a 
variation of splicing factor is found to be involved in heat tolerance. We found that the mutant animal of its C. elegans 
homologue gene AQR (aquarius intron-binding spliceosomal factor) exhibited defective heat tolerance. Interestingly, C. elegans 
AQR mutant also showed supra-normal cold tolerance. These suggest that AQR plays an opposite positive and negative 
regulatory role in heat and cold tolerance respectively. We are trying to identify downstream molecules of AQR by using 
transcriptome analysis.

745A	 acute	exposure	to	thallium	acetate	results	in	behavioral	changes,	activation	of	the	stress	response	and	
accumulation	of	metals	in	the	model	Caenorhabditis elegans

Amanda Onduras1, Priscila Gubert1, Alexandre Varão 2, Lucas Aleixo1, Leandro Amaral 3, Larissa Pereira 1 1) Universidade Federal 
de Pernambuco (UFPE); 2) Universidade São Francisco (USF); 3) Universidade Federal do Oeste da Bahia (UFOB).

thallium is a rare metal used in the electronics industry. its toxic effects have already been observed in humans and the 
nematode caenorhabditis elegans (c. elegans). this study evaluated the effects of thallium acetate on the behavior of c. 
elegans and antioxidant response. adult worms wee synchronized and remain in m9 buffer for approximately 24 h, to obtain 
worms only in l1 stage larval. the worms l1 were exposed to thallium acetate in concentrations of 50, 100, 150, 200, 250, 500, 
and 1000 µm for 1 h. after that, worms were transferred to new ngm plates with bacteria and allowed until the l4 larval stage. 
animals were tested for survival, 24 h next to the exposure, and the pharyngeal pumping and the defecation cycles, in l4 stage. 
the larval development was monitored from l1 larval stage until adulthood and body bend assays were performed in individual 
worms, during 20 s, into a plate without bacteria. after one min of adaptation, worms were scored for the number of body 
bends performed in 20 s. the reproductive capacity of the animals was also evaluated, by counting eggs from individual worms. 
the subcellular localization of daf-16 and expression of sod in stress response were evaluated in a fluorescence microscope. 
the amount of tl+ was determined in l1 stage worms using icp-ms. the worms were survival affected after 100 µm to 1000 µm 
exposure and absence or reduction of contractions in the pharyngeal muscles was observed in worms treated at 1000 µm. 
acute exposure to thallium acetate altered the peristaltic movement in the intestinal tract of worms of 500 to 1000 µm. the c. 
elegans exposed remained paralyzed for a few minutes after the treatment, which could positively impact the developmental 
delay. the results showed a significant increase in body movement. there was a significant reduction in egg-production at 
concentrations above 100 µm, suggesting that thallium acetate also affects the worm’s reproductive system. in the l1 larval 
stage worms, there was a significant activation of the antioxidant pathway, evidenced by the translocation of daf-16 from the 
cytosol to the nuclear region, but in the l4 larval stage, there was no translocation. sod-3 expression was only evidenced in the 
exposed worms l4 stage, indicates an activation of the antioxidant response to thallium acetate. the tl+ body load increased in 
a dose-dependent manner, after the development of the worm, part of the tl+ was not excreted, bioaccumulating in the body 
at lower levels. in this study, we verified new information concerning the toxicity induced by thallium acetate, using c. elegans. 
we recognize that additional studies are needed to clarify the mechanisms underlying the adverse effects of thallium, and the 
possible neural damage caused.

746B	 Identification	of	Neuropeptides	Accelerating	Forgetting	in	C. elegans with A Reverse Genetic Approach

Yuuki Onishi1, Jamine Teo1, Tomohiro Kitazono1, Takeshi Ishihara1, 2 1) Graduate School of Systems Life Sciences, Kyushu 
University, Fukuoka, Japan; 2) Department of Biology, Faculty of Science, Kyushu University, Fukuoka, Japan.
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Animals acquire and store information as memories that are required for their behavior and decision-making. To mitigate 
undesirable effects of old information stored in their brain, they must forget some dispensable memories. However, 
molecular mechanisms in forgetting are still unclear. To investigate the mechanisms of forgetting, we use olfactory learning 
in Caenorhabditis elegans (C. elegans) as a model. C. elegans is highly attracted to some odorants such as diacetyl, although, 
after prolonged exposure to odorants without food, the animals adapt to the odorants and show weak chemoattraction. 
The adapted animals can regain their chemoattraction after the cultivation on food for several hours. Previously, our studies 
showed that TIR-1/JNK-1 pathway in AWC sensory neurons accelerates forgetting of olfactory memory through releasing of 
“forgetting signals”. However, the molecular basis of “forgetting signals” remains elusive.

In this study, we identified a substance of “forgetting signals” through a reverse genetic approach. Firstly, to check the 
possibility that neuropeptides work as “forgetting signals”, we analyzed forgetting phenotypes in mutants of neuropeptide 
processing enzymes, and found that mutants of various neuropeptide-processing enzymes showed forgetting defect, 
suggested that neuropeptides might be responsible for “forgetting signals”.

Furthermore, to identify the neuropeptides that serve as “forgetting signals” secreted from AWC sensory neurons, we 
searched for candidate genes by using a database of single-cell RNA sequencing, CeNGEN (C. elegans Neuronal Gene 
Expression Network), and identified 12 candidate neuropeptide genes. By genome editing using CRISPR-Cas9, we created 
these mutants and analyzed their forgetting phenotype. Among these candidates, mutants of one neuropeptide gene showed 
forgetting defect. Moreover, injection of the genomic fragments derived from wild type could recover the forgetting phenotype 
in these mutants. These results suggest that this neuropeptide is responsible for accelerating forgetting. Further analyses of 
its function will reveal how memory forgetting are regulated through signaling pathways including “forgetting signals” and its 
receptors.

747C	 Individual	behavioral	differences	in	C. elegans

Shiori Onoue1,2, Shuichi Onami1,2 1) Graduate School of Frontier Biosciences, Osaka University, JP; 2) RIKEN Center for 
Biosystems Dynamics Research, JP.

C. elegans is attracted or repelled by many odorants. The strength of the response varies depending on the odorant and its 
concentration. However, the response is not 100% even for a strong odorant. For example, isoamyl alcohol, which is one of the 
strongest attractants for C. elegans, attracts more than 90% of the worms but does not about the remaining 10% in the typical 
experimental settings. Besides, individual worms behave differently even when they have the same genetic background. It 
remains unknown in detail how such individual differences in behaviors are created. This study aims to elucidate the unknown 
mechanisms that make individual behavioral differences in a “homogeneous” group.

To quantitatively analyze individual worms’ behavior, we developed a system that records worms’ behaviors in a 6 cm plate 
every 0.04 s by using a digital 4K single-lens reflex camera and quantitates the behaviors by using DeepLabCut, a deep 
learning-based animal tracking software tool. As a first trial, we examined chemotaxis behaviors for isoamyl alcohol by using 
this system. Our preliminary result showed that the majority of worms (~95%) migrated to the attractant, but a few of them 
(<5%) were not attracted and continued to move over a wide area in the plate.

We plan to investigate the mechanisms that make such individual behavioral differences by combining data-driven and 
experimental analyses.

748A	 Characterizing	the	Role	of	the	Mechanosensitive	Ion	Channel	TACAN	in	C. elegans Osmosensation

Hannah Owens1, Fouley Tala Tirera1, Albena Davidova1, Reza Sharif-Naeini1, Michael Hendricks1 1) McGill University, Montreal, 
QC, Canada.

Mechanotransduction occurs via ion channels whose gating is controlled by mechanical stimuli. Recently, the transmembrane 
protein TACAN was identified as a mechanosensitive ion channel crucial for sensing mechanical pain in mice, and TACAN 
homologs were shown to be highly conserved across other species such as humans and nematodes. The nematode C. elegans 
is an ideal model organism to study the molecular properties of TACAN, given its mapped connectome, simple behavior, and 
capacity for genetic manipulations. Our preliminary data suggest that the uncharacterized TACAN homolog in C. elegans is 
involved in worm mechanosensation, specifically contributing to the detection of osmotic stimuli.
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749B	 Mechanosensory	behaviors	associated	with	host	seeking	and	host	infectivity	in	the	skin-penetrating	nematode	
Strongyloides ratti

Ruhi Patel1, Elissa Hallem1 1) David Geffen School of Medicine, UCLA.

Skin-penetrating parasitic nematodes, such as the threadworm Strongyloides stercoralis, infect approximately 600 million 
people worldwide. During the infective life stage, Strongyloides infective larvae (iL3s) engage in behaviors that increase the 
likelihood of contact with a host. Upon contact, iL3s penetrate the skin of the host and develop into parasitic adults that 
colonize the gastrointestinal tract. How Strongyloides iL3s sense mechanical cues and the extent to which mechanosensation 
enables both location and infection of a host are not yet understood.

To characterize the role of mechanosensation in location of a host, we first studied the response of the parasitic nematode 
S. ratti to mechanical cues such as vibration and touch. In preliminary experiments, S. ratti iL3s moved toward applied 50 Hz 
vibrations. In contrast, S. ratti free-living adults moved away from vibrations of the same frequency. Additionally, S. ratti iL3s 
reacted less frequently to gentle touch along the body and harsh touch at the nose relative to free-living adults.

To examine how mechanosensation enables infection of a host, we developed an assay to study skin penetration in vivo. We 
observed that iL3s penetrate into 1% low-melt agarose media, whereas free-living adults do not. We are now characterizing 
the behaviors of iL3s that are penetrating rat skin.

We have also identified S. ratti homologs of several C. elegans genes that encode mechanoreceptors. We are now generating 
reporter constructs to examine the expression patterns of these genes, and to identify and label putative mechanosensory 
neurons in S. ratti. To study how the neurons sense and respond to mechanical stimuli, we will use a combination of 
calcium imaging and neuronal silencing. Additionally, we will disrupt candidate genes using CRISPR/Cas9-mediated targeted 
mutagenesis, and then compare the behaviors of mutant and wild-type iL3s to identify genes and signaling pathways required 
for host-seeking and host-invasion behaviors. Together, these experiments will provide insight into the neural and molecular 
mechanisms that drive mechanosensory behaviors in skin-penetrating nematodes.

750C	 Integration	of	neuronal	connectivity,	activity	and	synaptic	plasticity	drives	sexually	dimorphic	learning	in	C. elegans

Sonu Peedikayil Kurien1, Meital Oren-Suissa1 1) Weizmann Institute of Science, Rehovot, Israel.

Sexually dimorphic traits stemming from distinct processing of environmental cues bring about the holistic survival of the 
species and are mostly driven by sexual selection. However, the underlying mechanisms driving sex-dependent complex 
decisions remain largely unknown.

Previous studies have shown that C. elegans hermaphrodites are able to shift their preference from attraction to aversiveness 
to a specific pathogenic bacterium Pseudomonas aeruginosa (PA14), after certain hours of exposure (Zhang et al, 2005). Using 
a modified version of this learned avoidance behavior, we show that C. elegans makes sexually dimorphic choices based on 
short past experiences. The hermaphrodites learn efficiently, as was previously shown. However, males do not learn to avoid 
PA14, even after training, thus retaining their initial preference. Using a blind testing paradigm, we show that larval stages 
of both sexes are unable to shift the preference, suggesting that maturation of nervous system is necessary for short term 
experience-based plasticity. By performing fast killing assays, we show that the lethality kinetics toward PA14 toxins is similar 
in the sexes, thus ruling out dimorphic susceptibility. To understand tissue specificity in developing a learned response, tissue 
specific sex-reversal experiments were performed and the importance of the nervous system was unraveled. In the same 
vein, we show that short term exposure does not involve signaling from the gut. Previous work has shown the importance 
of the interneuron AIY within several learning circuits (Ha et al, 2010; Jin et al, 2016). By analyzing AIY synaptic activity using 
fluorescently labelled RAB-3, we show that, upon short-term exposure, there is a decrease in synaptic activity, specifically, in 
an axonal region that forms connections with the interneuron RIA (Colón-Ramos et al, 2007). While this trend was prevalent in 
both the sexes, close examination of Ca2+ fluxes in the same region, using calcium indicators, reveal dimorphic responses to the 
odor of PA14. These results suggest that downstream encoding of short-term learning is sex-dependent and thus, its neuronal 
connectivity.

To summarize, we present a model in which dimorphic processing of environmental cues, in a sex-specific manner, evokes 
diverse behavioral phenotypes that help shape the fitness of the species.

751A	 Investigating	DNA	damage	during	associative	learning	in	the	nematode	C.	elegans
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Laura Persson1, Aarati Asundi1, Noelle L’Etoile1 1) University of California, San Francisco.

Learning	allows	an	organism	to	modify	its	future	behavior	as	a	result	of	past	experience	in	ways	that	promote	survival	and	
reproduction.	For	learning	to	occur,	a	past	experience	must	be	encoded	by	changes	at	the	molecular,	cellular,	or	circuit	
levels.	Over	years	of	work	in	multiple	organisms	a	variety	of	mechanisms	for	storing	experiential	information	have	been	
elucidated.	These	include	shorter	term	transcriptional	or	translational	responses	as	well	as	longer	term	synaptic	remodeling	
and	alterations	to	neuronal	connectivity.	Interestingly,	recent	evidence	suggests	that	neuronal	activity	can	also	lead	to	
changes	in	DNA	through	the	formation	of	double	strand	breaks	(DSBs)	(Madabhushi	et	al.,	2015).	In	some	cases,	these	DSBs	
occur	in	targeted	locations	that	facilitate	the	expression	of	neuronal	genes	involved	in	learning	and	memory	(Madabhushi	
et	al.,	2015).	However,	the	induction	of	DNA	damage	during	a	learning	paradigm	in	a	freely	behaving	animal	has	not	been	
investigated,	nor	the	consequences	of	damage	on	future	neuronal	activity.	We	propose	to	monitor	the	occurrence	of	DNA	
damage	during	an	associative	learning	paradigm	in	the	nematode	C.	elegans	whose	compact,	fully	mapped	nervous	system	
makes	it	ideal	for	the	dissection	of	molecular	and	cellular	components	of	learning.	In	this	inquiry	we	will	make	use	of	an	
NRDE-2	mutant	strain	which	we	previously	found	shows	defects	in	associative	learning	as	well	as	an	accumulation	of	DSBs	
under	stressful	growth	conditions.	We	will	ask	whether	the	role	of	NRDE-2	in	preventing	or	repairing	DNA	damage	is	related	
to	its	requirement	for	optimal	associative	learning	or	whether	DNA	damage	is	increased	in	neurons	after	learning	in	the	
absence	of	functional	NRDE-2.	Through	these	studies	we	hope	to	determine	whether	modifications	to	DNA	can	serve	a	role	
in encoding learned behavior.

752B	 Long-term	behavioural	imaging	for	characterizing	the	dauer	exit	decision

Friedrich Preusser1, Stephan Preibisch1,2 1) Berlin Institute for Medical Systems Biology (BIMSB), Max Delbrück Center for 
Molecular Medicine in the Helmholtz Association (MDC), Berlin, Germany; 2) Janelia Research Campus, Howard Hughes 
Medical Institute, Ashburn, USA.

Upon unfavourable conditions during its early development, the nematode C. elegans can develop into a dauer diapause lava, 
an alternative developmental stage geared for survival, characterized by distinct morphology and behaviour. Once conditions 
sufficiently improve, larvae actively reverse dauer-specific behavioural and morphological traits and resume reproductive 
development. Therefore, the decision to exit the dauer stage is an important moment in the worm’s life history that has to be 
tightly controlled and robustly encoded. However, the temporal dynamics of behavioural adaption during dauer exit as well 
as corresponding changes in neuronal activity remain unknown. Furthermore, how different environmental factors influence 
the decision’s temporal dynamics is unclear. To fill this gap, we aimed at characterizing the dauer exit decision, focusing on the 
behavioural change for quantitatively describing the decision process. We designed and implemented the WormObserver, a 
new end-to-end solution for long-term behavioural tracking of thousands of C. elegans larvae over several hours that allows 
long term observation of dauer but also other larvae stages and is compatible with a standard stereoscope. We were able to 
identify the timing of key events during dauer exit, such as the onset of growth and, more specifically, how the timing of these 
events changes under different environmental conditions (e.g. presence vs. absence of bacteria). Moreover, using automated 
image analysis and machine learning, we have established dauer specific behavioural motifs as well as how and when these 
motifs change during the course of dauer exit. By performing our behavioural analysis in the context of different exit triggers, 
we could show that ingestion of food is required for inducing a behavioural motif change during dauer exit. Ultimately, precise 
characterization of the dauer exit decision process will improve our understanding of how robust integration of environmental 
information can encode a developmental decision in a multicellular organism.

753C	 Principles	for	coding	associative	memories	in	a	compact	neural	network

Christian Pritz1, Eyal Itskovits1, Eduard Bokman1, Rotem Ruach1, Vladimir Gritsenko1, Tal Nelken1, Mai Menasherof1, Aharon 
Azulay1, Alon Zaslaver1 1) Hebrew University of Jerusalem.

A major goal in neuroscience is to elucidate the principles by which memories are stored in a neural network. Here, we 
have systematically studied how the four types of olfactory associative memories (short- and long-term memories, each as 
positive and negative associations) are encoded within the compact neural network of C. elegans worms. By combining these 
robust training paradigms with fast confocal calcium imaging using multi-neuron and whole-brain imaging approaches, we 
systematically traced experience-dependent activity changes down to the level of individual neurites. Interestingly, short-
term, but not long-term, memory broadly altered memory-evoked responses of chemosensory neurons. Modulated activity 
in three neurons, namely AWA, AWC, and ASE, sufficed to discriminate between the different memory states. This economy 
in memory-coding neurons increases memory capacity and limits non-innate behavioral responses. In contrast, long-term 
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memory was relegated to deeper layers of the network. Primary interneurons, AIY and AIA, exhibit memory-state-dependent 
activation signatures, allowing the sensory system to resume innate functionality. In conclusion, olfactory associative memory 
appears to follow a hierarchical and temporally structured encoding logic.

754A	 Exploring	natural	genetic	variation	influencing	ethanol	response	behaviors.

Elizabeth Quamme1, Marijke van Wijk2, Mark Sterken2, Joost Riksen2, Laura Mathies1, Andrew Davies1, Jan Kammenga2, Jill 
Bettinger1 1) Virginia Commonwealth University; 2) Wageningen University, Wageningen, The Netherlands.

The propensity to develop alcohol use disorder is strongly influenced by genetics, but it has been difficult to identify allelic 
variation in humans underlying abuse liability. Natural allelic variation in the human population is likely to largely consist 
of mild change-of-function alleles of important genes that contribute to the physiological effects of ethanol. Only certain 
genes and pathways can be modified to affect alcohol response phenotypes, and only certain types of alleles are likely 
to be maintained in a natural population. Studies of laboratory-induced mutations in animal models have yielded a good 
understanding of the neuropharmacology of ethanol, but much remains to be learned about relevant natural allelic variation 
that impacts alcohol use phenotypes in humans.

We aim to advance the understanding of the natural allelic variation that exists and the pathways that can be modulated 
in wild populations to modify the neurobiological response to alcohol in wild isolates of C. elegans. We examined four 
French wild strains (JU1511, JU1931, JU1941, JU1926), of which two were isolated from a fruit (apple) and two from a plant 
(hogweed), for three acute ethanol response behaviors. We tested low dose locomotor activation, high dose initial sensitivity, 
and high dose induction of acute functional tolerance. We found that there is substantial phenotypic variation between the 
four strains for these phenotypes, strongly suggesting that there is natural allelic variation that modulates acute ethanol 
responses. To identify the causal variants, we are performing quantitative trait locus mapping using a panel of approximately 
200 recombinant inbred lines (RILs) derived from these four wild parent strains. The phenotypes vary continuously among the 
RILs tested. We have found transgressive RILs for each of the three behavioral phenotypes, indicating that there are multiple 
alleles in the population that can assort independently. Finally, at least some of the alleles influence specific aspects of the 
behavioral response to ethanol, because there is low correlation between the phenotypes in the RILs.

Together, our observations indicate that there is extensive natural genetic variation underlying independent aspects of the 
ethanol response behaviors in C. elegans. We will map these to loci and aim to confirm causal alleles using genome editing.

755B	 Male	Locomotor	Responses	to	Ascaroside	Sex	Pheromones

Gregory Reilly1, Douglas S. Portman1 1) Univeristy of Rochester.

In order to adapt to an ever-changing environment, animals must constantly monitor their surroundings in order to adjust 
their behavior accordingly. One such stimulus that has been shown to play a large role in influencing many animal behaviors 
is pheromones. Pheromones can be defined as chemicals secreted by an animal that trigger some sort of a response from 
other members of the same species. In C. elegans, the ascaroside pheromones, particularly ascaroside #3 (ascr#3), have 
sex-specific ways of influencing behavior; males exhibit attraction to ascr#3 while hermaphrodites exhibit a slight repulsion 
to ascr#3. Furthermore, males have been found to exhibit both a greater number of reversals on ascr#3 as well as spend a 
greater amount of time on areas treated with ascr#3. However, the specific locomotor behavior that males display when 
detecting ascr#3 remains poorly characterized. More generally, patterns of locomotor behavior in males have not been well 
characterized. On a patch of food, hermaphrodites stochastically switch between two locomotor states, roaming and dwelling. 
Male locomotor states, on the other hand, appear to differ from hermaphrodites; previous work has suggested that males 
may have a distinct framework for these states. To investigate these issues, we are examining the locomotor behavior of males 
with or without ascr#3 present. By recording behavior and analyzing patterns over multiple timescales, we will compare the 
architecture of male motor behavior to that of hermaphrodites and understand how it is influenced by pheromone cues. Our 
results will further elucidate how genetic sex is able to influence behavior and thus give further insight into the role genetics 
plays in the development and function of neural circuits.

756C	 Identifying	the	GPCRs	involved	in	detecting	valproic	acid,	an	anticonvulsant	and	mood-stabilizing	drug,	by	using	C. 
elegans as a chemosensor

Lucero Rogel1, Sujay Guha1, Emily Fryer2, Seung Yon Rhee2, Miriam Goodman1 1) Stanford University, Stanford, CA; 2) Carnegie 
Institution for Science, Stanford, CA.
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Valproic acid (VPA) is a short-chain fatty acid derived from the medicinal plant Valeriana officinalis. VPA possesses both 
anticonvulsant and antimanic properties and has been widely prescribed to treat epilepsy, bipolar disorder, and other 
neuropsychiatric conditions for decades, but its mechanism of action is not known. Furthermore, prenatal exposure to VPA 
is associated with birth defects, cognitive deficits, and an increased risk of autism. Thus, a better understanding as to how 
VPA exerts its therapeutic effects may provide insights needed to develop better therapeutics to promote mental health. To 
identify the molecular targets of VPA, we are using C. elegans as a chemosensor because of its defined nervous system, well-
characterized chemosensation behaviors, and conserved signaling pathways. In chemotaxis assays, we found that C. elegans 
are attracted to VPA and this behavioral response is eliminated in animals lacking the AWC chemosensory neurons. Given that 
chemosensory transduction in these cells commonly depends on G protein-coupled receptors (GPCRs), we determined how 
VPA attraction is affected in G protein mutants. In this way, we discovered that attraction to VPA is likely to be mediated by a 
GPCR(s), since egl-30 Gα protein mutants are indifferent to VPA. Indifference towards VPA, in this case, suggests that in the 
absence of functional egl-30, upon activation, the GPCR(s) is unable to transduce an intracellular response that eventually 
leads to attraction. To determine the identity of the GPCR(s) involved, we used the C. elegans Neuronal Gene Expression 
Map and Network (CeNGEN), a single-cell RNA seq database, to generate a list of 85 candidate GPCRs expressed in the AWC 
neurons. By conducting chemotaxis assays with global null mutants of candidate GPCR genes, we found that frpr-2 null 
mutants, but not those affecting other GPCRs we tested, are indifferent to VPA. Thus, FRPR-2 is a putative receptor for VPA in 
C. elegans. To test this hypothesis, we will knock out and rescue FRPR-2 specifically in the AWC neurons and express FRPR-2 in 
heterologous cells.

757A	 The	conserved	transcription	factor	mef-2 regulates sickness induced sleep

Alex Rohacek1, David Raizen1 1) University of Pennsylvania.

Sleep disruption is a common feature of neurodevelopmental disorders. As such, gaining a detailed mechanistic understanding 
of sleep circuit development will help elucidate causative factors in neurodevelopmental sleep disorders. Previous work has 
illuminated aspects of the development of sleep controlling neurons ALA (van Buskirk and Sternberg ‘10) and RIS (Turek et al 
‘13), but much is yet to be discovered regarding the larger sleep circuit and how sleep signals are interpreted by the body. C. 
elegans experience stress or sickness induced sleep (SIS) in response to infection, radiation treatment, heat shock, or osmotic 
stress. During SIS, the ALA neuron is activated by Epidermal Growth Factor (EGF) to release the sleep-inducing neuropeptides 
FLP-13, FLP-24, and NLP-8. Differential effects of these peptides on feeding and movement quiescence suggest that parallel 
pathways regulate different aspects of quiescence during sleep (Nath et al, ‘16). Myocyte Enhancer Factor 2 (MEF-2) is a 
transcription factor that regulates the expression of genes involved in development of both muscles and neurons. In C. 
elegans, mef-2 regulates muscle to neuron signaling at the neuromuscular junction (Simon et al, ’08). We find that animals 
lacking mef-2 function are defective in movement but not feeding quiescence during SIS. Mef-2 mutants are resistant to EGF 
but not FLP-13 overexpression induced movement quiescence, suggesting that mef-2 functions in the development of the ALA 
neuron. Surprisingly, we find that muscle (myo-3 promoter) but not neural (rab-3 promoter) mef-2 expression rescued the SIS 
defects in these animals. Our working hypothesis is that mef-2 regulates the development of neuronal sleep circuitry by acting 
in muscle cells.

758B	 Identifying	genes	that	contribute	to	social	defects	in	autism	using	wild-isolate	C. elegans

Kaelin Rubenzer1, Courtney Williams1, Benjamin Clites1, Jonathan Pierce1, Erik Andersen2 1) University of Texas at Austin; 2) 
Northwestern University.

Autism spectrum disorder (ASD) is a neurodevelopmental disorder often characterized by significant problems with social 
skills. Human genetic studies have associated ASD with mutations in over 200 genes; however, it is unknown which ASD 
candidate genes are causal versus coincidentally associated with social deficits. Testing for causality of ASD-related phenotypes 
in such a large list of genes is challenging, especially when one considers that expressivity of ASD phenotypes may depend 
on mutations across multiple genes. We sought to leverage the convenient behavioral genetics of Caenorhabditis elegans 
to test for social deficits in orthologs of ASD-associated genes. C. elegans displays social behaviors through social feeding 
and clumping. The common wild-type lab strain N2 displays weak social behavior due to a background mutation in the 
neuropeptide-Y-like receptor, npr-1, but most natural wild strains are strongly social. We evaluated levels of social behaviors of 
24 wild strains that harbor unique, naturally occurring variants predicted to alter function of conserved ASD candidate genes. 
We discovered that strains with predicted change-of-function mutations in ASD- implicated genes demonstrated significantly 
lower levels of social behavior compared to control social strains without these mutations. These genes include orthologs of 
human genes BCL11A, PDCD2, SHANK3, STX1A, NLGN1, IL-17, IL17R, CHD2, and SETD5. In addition to finding strains with dual 
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defects in bordering and clumping, intriguingly, we identified strains that exhibited selective defects in one of the two social 
behaviors suggesting that they are genetically separable. We also analyzed the evolutionary conservation of ASD-implicated 
genes to characterize critical regions for naturally occurring variations. Identification of genes and their critical regions that 
may predict ASD phenotypes when mutated could help medical professionals and genetic counselors identify at-risk families, 
while also providing useful insight to explain causality in the biological foundations of ASD-related phenotypes.

759C	 Identification	of	calcium/calmodulin-dependent	protein	kinase	I	(CMK-1)	phospho-targets	relevant	for	nociceptive	
plasticity	in	C. elegans

Martina Rudgalvyte1, Aurore Jordan1, Zehan Hu1, Michael Stumpe1, Dieter Kressler1, Joern Dengjel1, Dominique Glauser1 1) 
University of Fribourg.

Nociception is a conserved process serving as a self-protection system alerting animals of potential damage and underpinning 
different forms of pain in humans. Some chronic pain conditions may arise from maladaptive modulation in the nociceptive 
pathway, including within nociceptors, the primary nociceptive sensory neurons. We use Caenorhabditis elegans as a model 
due to its ability to detect noxious stimuli, perform avoidance behaviors in the form of stimulus-evoked reversals and adapt 
to repeated stimuli causing a desensitized, analgesia-like state. The worm ortholog of mammalian CaMKI/IV, CMK-1 (calcium/
calmodulin-dependent kinase-1) mediates cellular responses to increased calcium levels and is crucial in nociceptors for this 
avoidance behavior plasticity. However, the downstream elements of the CMK-1 pathway remain unclear.

Here, we performed in vitro CMK-1 kinase assays on both peptide and protein from total worm isolates in order to identify 
direct kinase target candidates via shotgun phosphoproteomics. For in vivo direct/indirect target determination, we carried out 
stable isotope labeling by amino acids (SILAC) using high-throughput quantitative phosphoproteomics. We used duplex SILAC, 
where ‘’light’’ 12-carbon and ‘’heavy’’ 13-carbon amino acids were incorporated into nematode proteins for measuring the 
amounts of phosphorylated proteins in wild type and cmk-1 null animals. By combining results obtained from these different 
studies, we were able to ascertain CMK-1 phosphorylation consensus and develop a list of potential CMK-1 targets. Mutants 
for these candidates were then tested for heat avoidance behavior to determine changes in naive sensitivity to noxious heat 
and/or adaptation. We used a computer-assisted high-throughput analysis pipeline to quantify heat-evoked reversals in naive 
animals and animals exposed to repeated stimuli. While wild type animal sensitivity decreased in response to the repeated 
heat stimuli, some mutant animals failed to adapt. In conclusion, our study reveals several potential CMK-1 targets that may 
have an important role in behavioral plasticity.

760A	 Glucose	impacts	HSN	morphology	and	induces	an	egg-laying	defective	phenotype	dependent	of	the	serotonin-
signaling pathway

Manuel Ruiz1 1) University of North Texas.

Glucose impacts HSN morphology and induces an egg-laying defective phenotype dependent of the serotonin-signaling 
pathway

Manuel Axel Ruiz and Pamela Padilla

Peripheral neuropathy is a common and often painful complication that results from a chronic state of hyperglycemia. In recent 
years, research has shown that in humans altered levels of serotonin is highly associated to a chronic state of hyperglycemia. 
Additionally, altered levels of serotonin are associated with various neurological disorders. However, the mechanism by which 
hyperglycemia impacts serotonin processes is not understood. Here we are using the genetic model system Caenorhabditis 
elegans as a hyperglycemia model to further understand the impact of a glucose-supplemented diet on the animal’s egg-laying 
behavior. C. elegans possess a nervous system that is composed of 302 neurons. In C. elegans the Hermaphrodite-Specific 
serotonergic motor Neurons (HSN) play an essential role in regulating egg-laying. Using this model organism, we conducted 
genetic and cell biological analysis to examine the role a glucose-supplemented diet has on the serotonergic HSN motor 
neurons. Our preliminary data shows that a glucose-supplemented diet impacts egg-laying and HSN morphology. A significant 
proportion of animals raised in a glucose-supplemented diet have a higher incidence of intra-uterine egg-hatching, HSN axonal 
degeneration, and abnormal HSN morphology. We used genetic mutants to dissect out the role the serotonin pathway has 
on the response to a glucose diet. Furthermore, through RNA-sequencing, we examined how a glucose-supplemented diet 
alters the expression of genes responsible of serotonergic functions. This work will lead to the further understanding of the 
molecular mechanisms that are involved on altered serotonergic neuronal functions as a result of a chronic hyperglycemic 
state.
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761B	 Olfactory	memory	consolidation	requires	the	TRPV	channel	OSM-9	in	sensory	neurons	of	the	circuit.

Mashel Fatema Saifuddin1, Kelli Benedetti1, Julia Miller1, Rashmi Chandra1, Alec Chen2, Raymond Dunn1, Julia Kaye6, Bo Zhang3, 
Saul Kato4, Maria Gallegos5, Noelle L’Etoile1 1) Department of Cell and Tissue Biology, University of California, San Francisco, San 
Francisco, CA, United States of America; 2) Lowell Science Research Program, Lowell High School, San Francisco, CA, United 
States of America ; 3) Washington University, Department of Pediatrics, School of Medicine, Washington University in St. Louis, 
St. Louis, MO 63130, USA ; 4) Department of Neurology, University of California, San Francisco, San Francisco, CA, United States 
of America ; 5) Department of Biological Sciences, California State University East Bay, Hayward, California, United States of 
America ; 6) Gladstone Institute of Neurological Disease, Gladstone Institutes, San Francisco, CA, United States of America .

Memory is one of the most important abilities of the brain. It is defined as an alteration in behavior as a consequence of 
an experience. For example, the C. elegans nematode will downregulate its chemotactic response to the innately attractive 
odor, butanone, if the odor is not paired with food. Through repeated, spaced training with this odor in the absence of food, 
C. elegans will maintain this memory for a prolonged period of time. Although transient receptor potential (TRP) channels 
are classically thought of as primary sensory receptors, it was reported that the OSM-9/TRPV5/TRPV6 (TRP vanilloid 5/6) 
channel is required for single exposure learning. Here we describe a new role for osm-9 in consolidation of memory that is 
induced by repeated, spaced training. In this paradigm, osm-9 mutant animals learn as well as wild-types, but are unable to 
consolidate the memory. Though sleep is required for memory consolidation, loss of the TRPV channel OSM-9 does not affect 
sleep. This indicates that the TRP channel promotes memory in a process that acts outside the sleep pathway. We investigate 
the endogenous expression pattern of OSM-9 and show that it is not expressed in the butanone-responsive AWC olfactory 
sensory neuron. Instead, it is expressed in the paired AWA olfactory neuron, the ASH nociceptive neurons, the OLQ and two 
other unidentified sensory neurons which are most likely ADF and ADL as they express osm-9 mRNA. Because OSM-9 acts in 
sensory neurons that do not participate in butanone sensation, this indicates that the circuit participates in olfactory memory 
consolidation.

762C	 Systematic	Behavioral	Screen	of	21st	Chromosome	Gene	Overexpression	in	C. elegans

Sophia Sanchez1, Briana Syed1, Caymee Bigham1, Sofia Smith1, Katherine Perks1, Sarah Nordquist1, Jon Pierce1 1) University of 
Texas at Austin.

Down syndrome (DS) is caused by overexpression of 21st chromosome (Hsa21) genes due to the presence of an extra copy 
of Hsa21. A major goal in DS research is to understand the individual contribution of each Hsa21 gene to the numerous 
phenotypes that accompany DS. Progress is being made using mouse models to understand the role of certain Hsa21 genes. 
However, most Hsa21 genes have not been studied in any detail. To circumvent the time and cost of mouse models for single-
gene studies, we are leveraging the speed and affordability of the nematode C. elegans. Our lab found that C. elegans has 51 
highly-conserved orthologs of Hsa21 genes. By studying loss-of-function mutants and performing RNAi for these orthologs, we 
found that 14 are essential and 10 are required for neural or muscular function in C. elegans -- 3 of which had not previously 
been studied. Through epistasis analysis, we found that the novel molecule, MTQ-2, appears to modify G-protein signaling to 
regulate rates of cholinergic synaptic transmission. Additionally, to probe how overexpression (OE) of individual Hsa21 genes 
contributes to neuronal, muscular, and developmental phenotypes related to DS, we are generating a complementary set of 
51 C. elegans transgenic strains that each overexpress a different Hsa21 ortholog. We are performing quantitative behavioral 
analyses with the OE strains to deduce which genes cause neural or muscular dysfunction when overexpressed. Thus far, 
we discovered a specific behavioral defect for six OE strains including EVA-1, a novel slit receptor involved in axon guidance 
recently discovered in C. elegans. By identifying Hsa21 genes that cause phenotypes when overexpressed in C. elegans, this 
study will highlight individual Hsa21 genes and pathways to prioritize for further study in other models and to consider as 
potential therapeutic targets for improving health in those with DS.

763A	 Transducing	touch	by	a	titin-related	protein	in	the	worm

Neus Sanfeliu-Cerdán1, Frederic Català-Castro1, Montserrat Porta-de-la-Riva1, Michael Krieg1 1) The Institute of Photonic 
Sciences (ICFO).

Of the five traditional senses, touch is the first one available to us when we are born. Despite being a relatively little 
investigated sensory modality, touch governs our daily lives, from walking and feeding to kissing and cuddling. How mechanical 
forces reach the mechanoelectrical transduction channels remains an open question. To address this knowledge gap, we 
study the mechanotransduction pathway of C. elegans’ gentle touch, which relies on the six touch receptor neurons that tile 
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the body into two receptive fields. We showed that a protein-protein interaction motif at the MEC-2 C-terminus is critical 
for mechanosensation, without interfering with its localization. To understand the function of MEC-2 C-terminus in touch, 
we conditionally coupled it to different components of the cytoskeleton. This artificial coupling was able to recover nearly 
wildtype functions of MEC-2, implying a role in force transfer. We then combined genetic engineering, microfluidics, and 
FRET-based molecular tension microscopy and found that MEC-2 is under tension when a force is applied to the body wall 
of the worm. To uncover an endogenous binding partner of MEC-2, we performed a neuronal RNAi screening. Surprisingly, 
interference of unc-89/obscn, which encodes for a protein related to the giant human titin, led to decreased touch response 
and colocalizes with wt but not mutant MEC-2 in TRNs. In summary, our study sheds light into how mechanical forces 
propagate to the mechanosensitive channels and show the first example for titin in neuronal mechanotransduction.

764B	 Role	of	Insulin	and	Insulin-like	pathway	in	Learning	and	Memory	of	Caenorhabditis elegans

Rasitha Santhosh Kanakalatha1, Anoopkumar Thekkuveettil1 1) Sree Chitra Tirunal Institute for Medical Science and Technology.

Insulin is implicated in various neurodegenerative diseases including Alzheimer’s Disease that primarily result in memory 
dysfunctions. Hence, it has been a topic of growing interest among scientists across the globe. We used the model organism 
Caenorhabditis elegans to elucidate the role of insulin pathway in the learning and memory processes. In C. elegans, the 
insulin pathway is mediated by a number of insulin peptides and a receptor, daf-2.

Our approach included an appetitive memory paradigm associated with an odor to analyse the learning and memory 
alterations in this model system. Our study involving both short- and long-term trainings showed that insulin affects learning 
and memory in a differential manner. Post- dauers with a developmental history of downregulated insulin pathway showed 
a defective memory recall. However, some mutants in the initial pathway of insulin, like the ligand ins-1 and the receptor 
daf-2, show better retention of memory. We were also able to show that this altered memory is not through the known Akt-1 
pathway. In our study, we also found that excess insulin antagonises the pathway and shows extended memory. Our studies 
also point towards the implications of dopamine in the process. The calcium imaging data also correlates with the role of 
dopamine neurons in this memory. This work establishes the role of the insulin pathway in learning and memory and that 
insulin pathway modifies the learning and memory of the worms.

Key Words: insulin, Learning and memory, ins-1, daf-2, dauers

765C	 Discriminating	between	sleep	and	exercise-induced	fatigue	using	computer	vision	and	behavioral	genetics

Kelsey Schuch1,2, Lakshmi Govindarajan1,4, Yuliang Guo1,4, Saba Baskoylu1,3, Sarah Kim1,3, Thomas Serre1,4, Anne Hart1,2,3 1) 
Carney Institute for Brain Science, Brown University, Providence, RI; 2) Department of Molecular Biology, Cell Biology, 
and Biochemistry, Brown University, Providence, RI; 3) Department of Neuroscience, Brown University, Providence, RI; 4) 
Department of Cognitive, Linguistic, and Psychological Sciences, Brown University, Providence, RI.

Fatigue is poorly understood, beyond muscle energetics. For C. elegans, swimming is a more energetically costly behavior than 
crawling and can be classified as a form of exercise (PMID 28395669). After prolonged swimming, C. elegans cycle between 
active and inactive bouts (PMID 19011210); inactive bouts may be sleep or quiescent rest. Sleep is the most well characterized 
period where C. elegans show locomotion quiescence; however, we have shown that the quiescent bouts observed after 
prolonged swimming exercise do not fully fit the behavioral criteria required to be classified as sleep (PMID 32811254). It 
is likely that this locomotion quiescence is a fatigue-induced state of quiescent rest. Using a computer vision program and 
other approaches we also tested the role of several genes previously implicated in other behavioral quiescence to determine 
whether they also affect quiescent bouts induced by prolonged swimming. We have found that while there is some overlap 
between genes involved in regulating behavioral quiescence during C. elegans sleep and exercise-induced quiescence, distinct 
pathways underlie these behaviors. Ultimately, we hope to better understand the pathways involved in regulating fatigue and 
quiescent bout cycling.

766A Temperature-stressed C. elegans males prioritize food over mating resulting in sterility

Nicholas Sepulveda1, Lisa Petrella1 1) Marquette University.

Sexual reproduction has one ancient and deeply conserved weakness: It is temperature sensitive. As climate-change associated 
infertility increases across species, understanding how temperature stress affects fertility has become an essential endeavor. 
We are interested in understanding the behavioral components of male fertility that are temperature sensitive in C. elegans 
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using two wild isolate strains (JU1171 and LKC34) and the canonical lab wild type strain (N2). We have previously shown that C. 
elegans males have a reduced response to hermaphrodites under moderate temperature stress (27°), with lesser effects seen 
in germline-associated processes. However, what behavioral or physiological somatic processes are impaired in temperature 
stressed males were unknown. We hypothesized that diminished male interest in mating temperature stressed males could 
be attributed to: (1) diminished pheromone response, (2) impaired touch response, (3) increased food drive, (4) lowered 
movement velocity and physical endurance, and/or (5) decreased mating drive. Surprisingly, we found that temperature 
stress increases pheromone response, a potentially maladaptive change that does not result in mating success. We also show 
that temperature stress perturbs the balance in male food and reproductive drives: Temperature stressed males appear to 
prioritize food over mating. In addition, we provide evidence that temperature-stressed males have diminished movement 
velocity and physical endurance, which may also contribute to their sterility especially in strains like N2 where hermaphrodites 
exercise reproductive choice and avoid males until they have depleted their compliment of sperm. We also report that LKC34 
is a previously unrecognized wild isolate where hermaphrodites employ reproductive choice. Collectively our results paint 
a picture where a temperature-stressed male’s fertility is reduced by a preoccupation with pheromones and food, lowered 
mating drive and weakened physical capacity. In essence, modest changes in temperature have profound effects on behaviors 
vital for reproductive success. Changes in behavior caused by temperature stress may prove to be conserved components 
of fertility that have been previously under-studied in comparison to facets like sperm production, and thus merit additional 
scrutiny to more fully understand why males experience catastrophic loss of fertility under moderate temperature stress.

767B	 Defining	the	Gap	Junction	Circuit	that	Modulates	Aversive	Chemosensory	Behavior	in	Caenorhabditis elegans

Savannah E. Sojka1, Aditi H. Chaubey1, Michelle C. Krzyzanowski1, Meredith J. Ezak1, Denise M. Ferkey1 1) University at Buffalo, 
SUNY Buffalo, NY.

An organism’s behavioral response to any sensory cue is reflective of an integration of both internal and external signals within 
the nervous system, making behavior a complex and context-dependent phenomenon. The sensory system mediates these 
detections through networks of neurons, which utilize both chemical and electrical synapses to communicate information.

In C. elegans, aversive stimuli are primarily detected by the ASH polymodal nociceptive neurons. These neurons form electrical 
synapses (gap junctions) with other amphid neurons that modulate avoidance behavior. We previously found that the gap 
junction innexin proteins INX-4 and INX-20 are critical for modulating the sensitivity of animals to select noxious stimuli, 
including bitter tastants such as quinine. Animals lacking either innexin are hypersensitive to dilute concentrations of these 
stimuli. Our data suggested that the role of gap junctions in this context is to regulate cGMP dynamics in the ASHs. We will 
provide an update on our efforts to identify additional innexins that function in the neural circuit that regulates ASH-mediated 
nociceptive sensitivity.

768C	 Therapeutic	Ultrasound’s	Effects	on	the	Developing	Nervous	System	of	C. elegans 

Louise Steele1, Brandon Krall1, Vivian Conrad1 1) Kent State University.

Ultrasound is widely used in diagnostic and therapeutic medical procedures, and it is becoming an important tool in 
biomedical research. As an ultrasound beam interacts with tissues in its path, changes known as “bioeffects” can result. In 
previous work, we showed that adult C. elegans exposed to therapeutic ultrasound exhibited a slow, irregular movement 
that we termed “writhing.” The posterior region of the body was sometimes more severely affected than the anterior region 
was, which suggested that nervous system damage had occurred. Further characterization of the structural and functional 
changes is underway in adults and in larvae. We have hypothesized that ultrasound exposure during early development 
may lead to nervous system defects that persist into adulthood. To test this hypothesis, L1 animals were exposed to a half-
lethal dose of 1-MHz therapeutic ultrasound. After they reached adulthood, their movement was normal. Chemotaxis assays 
suggested, however, that their sensory nervous system was impaired. Because many genes are conserved between C. elegans 
and humans, future work may help us understand the proteins and biochemical pathways that mediate ultrasound-induced 
damage and repair.

769A	 Behavior	of	C. elegans on lifespan-promoting bacterial diets

Nicole L. Stuhr1,2, Sean P. Curran1,2,3 1) Leonard Davis School of Gerontology, University of Southern California; 2) Dornsife 
College of Letters, Arts, and Science, Department of Molecular and Computational Biology, University of Southern California; 3) 
Norris Comprehensive Cancer Center, University of Southern California.
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C. elegans is a powerful model to study host-microbe interactions and address experimentally how microbes influence nervous 
system integration of sensory information. C. elegans respond to changes in food availability and environmental conditions 
through coordinated behavioral, physiological and metabolic responses controlled by signaling in olfactory sensory neurons. 
While examining the diet-dependent phenotypes of C. elegans on bacteria found in C. elegans’ natural and laboratory 
environments, we noticed that despite the Red bacteria providing a longer lifespan to the worms residing on it, the worms 
are found less often on this food source when another food is present. When worms are given the option of another bacteria, 
they will leave the Red bacteria and move to the other diet. Avoidance and attraction behavior have been observed in previous 
studies, linking neuropathways to dietary response and physiological changes. Among these physiological responses influenced 
by the sensory neurons is both lipid metabolism and lifespan. Previous studies have demonstrated that loss-of-function and 
gain-of-function olfaction mutants of Ga proteins affect lipid content and lifespan of C. elegans. In light of these behaviors 
and changes in physiology, it will be beneficial to investigate if particular neuropathways are responsible for alterations in fat 
content and lifespan due to differential dietary exposure. The expansion of the bacterial food options to use in the laboratory 
will provide a critical tool to better understand the complexities of bacterial diets and subsequent changes in physiology, 
behavior and gene expression.

770B	 C. elegans regulates its behavior via serotonergic signaling to find food and hydrogen peroxide protection.

Stephanie Stumbur1, Jodie Schiffer1, Maedeh Sevedolmohadesin1, Natalie McGowan1, William Serkin1, Vivek Venkatachalam1, 
Javier Apfeld1 1) Northeastern University, Boston, MA.

Hydrogen peroxide is a pervasive chemical weapon used by many species to damage their prey or to protect themselves 
from their pathogens. Cells rely on conserved defense mechanisms, including catalases, to avoid the damage that hydrogen 
peroxide inflicts on their macromolecules We recently discovered that C. elegans represses those defenses in response to 
sensory perception of E. coli, the nematode’s food source in the lab, because E. coli can deplete hydrogen peroxide from the 
local environment and thereby protect the nematodes1. Here, we investigated the extent to which C. elegans can tell the 
difference between bacteria that provide hydrogen peroxide protection and bacteria that do not.

To address that question, we determined the extent to which hydrogen peroxide modulates the behavior of C. elegans in 
food lawns of wildtype E. coli and mutant E. coli unable to degrade hydrogen peroxide. In the absence of hydrogen peroxide 
in the environment, C. elegans did not exhibit a preference between these two bacteria stains. However, in the presence of 
hydrogen peroxide, C. elegans remained on the wildtype bacteria lawn but was much more likely to leave the lawn of the 
bacteria that do not degrade hydrogen peroxide. This nematode behavior was conserved when we used catalase-positive 
and catalase-negative bacterial strains from the natural C. elegans microbiome, suggesting that this decision-making occurs 
in the natural environment. To determine how C. elegans senses and responds to bacteria and environmental hydrogen 
peroxide, we measured calcium dynamics in ciliated sensory neurons. We identified several neuronal classes that respond to 
hydrogen peroxide in a bacteria-dependent manner. In addition, genetic analysis showed that serotonin signaling regulates this 
nematode behavior. Our findings demonstrate that the cross-kingdom interactions between C. elegans and bacteria in their 
microbiome determine the nematode food-leaving behavior via serotonergic signaling, enabling nematode populations to find 
safety from hydrogen peroxide.

1. Schiffer JA et al. (2020). Caenorhabditis elegans processes sensory information to choose between freeloading and self-
defense strategies. eLife.

771C	 Rpamide	neuropeptides	NLP-22	and	NLP-23	mediate	egg-laying	quiescence	during	stress	induced	sleep

Sanjita Subramanian1, Matthew Nelson1 1) Saint Joseph›s University.

Sleep is a reversible state in animals, characterized by the inhibition of behaviors that occur periodically during wakefulness. 
The transitions from wake to sleep states are regulated by signaling pathways that are not fully understood. Caenorhabditis 
elegans demonstrates a reversible sleep-state following acute exposure to environmental stressors, termed as stress induced 
sleep (SIS). In adult animals, SIS is characterized by the inhibition of movement, feeding and defecation, and each of these 
behaviors is largely regulated by neuropeptidergic signaling from the ALA and RIS interneurons. We find that egg-laying 
behavior, a fundamental process, is also inhibited during SIS. Additionally, we show that egg-laying quiescence (ELQ) is a 
function of mechanisms that are partially independent of the ALA and RIS. Specifically, RPamide neuropeptides encoded by 
the genes nlp-22 and nlp-23 signal directly to the terminal structure of the egg-laying circuit, the vulval muscles, to induce ELQ. 
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Our work suggests that signaling from multiple neuropeptidergic neurons is required to inhibit essential behaviors during SIS in 
C. elegans.

772A Sperm regulates behavioral states in hermaphrodites

Satoshi Suo1 1) Saitama Medical University.

Sex differences in behavior allow animals to effectively mate and reproduce. Sex differences in behavioral states underlie 
the sex difference in the regulation of sex-shared behaviors such as locomotion. C. elegans hermaphrodites switch between 
two distinct behavioral states, roaming and dwelling, in which animals have high and low locomotor activity, respectively. 
Hermaphrodites spend most of the time in the dwelling state and various neuromodulators are involved in this regulation. We 
previously analyzed sex differences in the behavioral states and found that males spend less time in the low activity dwelling 
state than hermaphrodites on food. This behavioral difference allows males to explore a larger area of the bacteria lawn than 
hermaphrodites, which is beneficial for males to find mates and for hermaphrodites that can self-fertilize to stay with food. 
Dopamine generates the sex differences in the behavior by having the opposite effects in males and hermaphrodites, as the 
dwelling state was increased in males and decreased in hermaphrodites in dopamine-deficient cat-2 mutants, compared to the 
wildtype counterparts. Hermaphrodites produce both sperm and eggs, but exhaust sperm before eggs and effectively become 
females later in their life. It was previously shown that loss of sperm in hermaphrodites changes their behavior. In this study, I 
examined the behavioral states of sperm-defective mutants and found that sperm-defective hermaphrodites exhibit increased 
roaming compared to wildtype hermaphrodites. This may be adaptive in that this allows hermaphrodites lacking sperm to 
explore a larger area for mates as they require males to reproduce. Furthermore, the effect of losing sperm was decreased in 
cat-2 mutants, suggesting that dopamine plays a role in the regulation of behavioral states by sperm.

773B	 Neuronal SKN-1B Modulates Nutritional Signalling Pathways and Mitochondrial Networks to Control Satiety

Nikolaos Tataridas-Pallas1, Maximillian Thompson1, Alexander Howard1, Ian Brown1, Marina Ezcurra1, Ziyun Wu2, Isabel 
Goncalves Silva1, Christopher Saunter3, Timo Kuerten1, David Weinkove3, Keith Blackwell2, Jennifer Tullet1 1) School of 
Biosciences, University of Kent, Canterbury, UK; 2) Joslin Diabetes Center, One Joslin Place, Boston, Massachusetts, USA; 3) 
Magnitude Biosciences Ltd, NETPark Plexus, Thomas Wright Way, Sedgefield, UK.

The feeling of hunger or satiety results from integration of the sensory nervous system with other physiological and metabolic 
cues. This regulates food intake, maintains homeostasis and prevents disease. In C. elegans, chemosensory neurons sense 
food and relay information to the rest of the animal via hormones to control food-related behaviour and physiology. Here we 
identify a new component of this system, SKN-1B which acts as a central food-responsive node, ultimately controlling satiety 
and metabolic homeostasis. SKN-1B, an ortholog of mammalian NF-E2 related transcription factors (Nrfs), has previously been 
implicated with metabolism, respiration and the increased lifespan incurred by dietary restriction. Here we show that SKN-1B 
acts in two hypothalamus-like ASI neurons to sense food, communicate nutritional status to the organism, and control satiety 
and exploratory behaviours. This is achieved by SKN-1B modulating endocrine signalling pathways (IIS and TGF-β), and by 
promoting a robust mitochondrial network. Our data suggest a food-sensing and satiety role for mammalian Nrf proteins.

774C	 Analysis	of	AIA	interneuron	in	forgetting	of	olfactory	memory	in	Caenorhabditis elegans

Jamine Teo1, Tomohiro Kitazono1, Takeshi Ishihara1, 2 1) Graduate School of System Life Science, Kyushu University, Fukuoka, 
Japan; 2) Department of Science, Faculty of Biology, Kyushu University, Fukuoka, Japan.

Forgetting is an important process for the survival of animals towards changing environments. However, the mechanism for 
forgetting remains unclear. Caenorhabditis elegans (C. elegans), which are attracted to volatile odorants (Naïve), display weak 
chemoattraction after prolonged exposure to odorant without food (Adaptation). These adapted wild-type animals are able 
to recover their chemoattraction toward the conditioned odorant after 4 hours of normal cultivation on food (Recovery). 
This behavioral recovery is regarded as forgetting. Our previous study showed that TIR-1/JNK-1 pathway in AWC neurons 
regulates forgetting of the olfactory adaptation memory which is retained in AWA neurons. Yet, the forgetting mechanism 
between AWC and AWA are not fully revealed as no direct connection is reported between AWC and AWA. To investigate 
this, we examined the neurons which located downstream of AWC and AWA in olfactory circuit. Here, we discovered that 
animals without functional AIA interneurons displayed a defect in forgetting of olfactory adaptation for both diacetyl and 
isoamylalcohol, suggests that AIA interneurons are required for the regulation of two distinct olfactory adaptation memory. 
Acute silencing of AIA during recovery by expressing Drosophila histamine-gated chloride channel (HisCl1) cell specifically was 
sufficient to cause forgetting defect, indicates the activity of AIA during recovery is required to actively regulate forgetting. 
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To elucidate the relationship of AIA and AWC during forgetting, the behavior of animals was examined when AIA is ablated in 
tir-1 gain-of-function mutant which showed adaptation phenotype due to excessive forgetting. Lack of functional AIA neurons 
not only suppressed the excessive forgetting behavior in tir-1(gf) mutant, but also cause a defect in forgetting behavior. This 
result revealed that AIA work downstream of TIR-1 pathway in AWC to regulate forgetting. Overall, we hypothesize that AIA is 
indispensable for the attraction to odorant in animals that have just recovered from adaptation. We are currently examining 
the relationship between AWA and AIA in active forgetting of olfactory adaptation by checking the Ca2+ transient in AWA at 
different phases (naïve, adaptation, and recovery).

775A Decoding temperature-dependent behavioral states in C. elegans

Saurabh Thapliyal1, Dominique A. Glauser1 1) University of Fribourg, Switzerland.

Animal behavior is controlled by genetic components, environmental cues, past experience, and internal state. How these 
factors interact to determine behavior across timescales is poorly understood. Here we use high-content recording and 
quantitative analysis of C. elegans behavior to systematically dissect the impact of sensory input, sensory history, and internal 
state in the modulation of temperature-dependent behavioral states. Using clustering and principal component analysis (PCA), 
we show behavioral states under different conditions can be represented as a unique code of worm postural and functional 
behavioral parameters. Under constant environmental condition, worms show ‘steady-state’ behavior, which remains 
unchanged over long timescales. In response to a change in internal state or external environment, ‘steady state’ behavior 
undergoes a transition and reaches a new ‘steady state’. During the transition, some behavioral parameters remain unchanged 
while others show a temporary or long-term change. We found that long-term thermosensory history, thermosensory input 
from the environment, and change in internal state interact to modulate ‘steady-state’ behavior. These results provide insights 
about plasticity in worm behavioral code across timescales. Future investigations are directed to take a deeper dive and 
understand the mechanisms modulating ‘steady state’ and transition in the temperature-dependent behavioral states.

776B	 Neuronal	transcription	elongation	factor	TCEB-3	positively	regulates	cold	tolerance	in	C	elegans

Hiroaki Teranishi1, Toshihiro Iseki1, Natsune Takagaki1, Yohei Minakuchi2, Atsushi Toyoda2, Akane Ohta1, Atsushi Kuhara1 1) Konan 
University,Japan; 2) National Instiute of Genetics,Japan.

The cold tolerance of C. elegans that is regulated dependent on a cultivation- temperature, in which the nervous system, 
intestine, sperm and muscle coordinately function (Ohta et al., Nature commun, 2014; Ujisawa et al., PNAS, 2018; Okahata et 
al., Science advances, 2019). We reported DEG/ENaC DEG-1 and xanthine dehydrogenase XDH-1 as a positive regulator for cold 
tolerance (Takagaki et al., EMBO rep,2020), yet the mechanism for the positive regulation in cold tolerance remains largely 
unknown. We now investigate new positive regulator TCEB-3 and its site of action in cold tolerance.

Wild-type worms cultivated at 15°C can survive at 2°C, however tceb-3 mutant cultivated at 15°C cannot survive. TCEB-3 is the 
elonginA known as a conserved transcription elongation factor in a stress-responsive manner. In C. elegans, TCEB-3::GFP fusion 
protein was localized in the nucleus of many head and tail neurons, intestine and muscle cells. Decreased cold tolerance in 
tceb-3 mutants was rescued by expression of wild-type TCEB-3 in neurons, but not by expression of TCEB-3 in muscle cells or 
the intestine. These results suggest that the neural function of TCEB-3 confers cold tolerance. We are performing cell-specific 
rescue experiments of TCEB-3 to identify functional neurons that TCEB-3 involves in cold tolerance. A transcription elongation 
factor TCEB-3 probably affects a part of gene expression, which is a reason why tceb-3 mutant showed low cold tolerant 
phenotype. Here we conducted transcriptome (RNA-seq) analysis to investigate downstream factors of TCEB-3. Comparison of 
transcripts in tceb-3 mutant and wild-type worms revealed that 325 downregulated-genes and 452 upregulated- genes were 
identified in tceb-3 animals. The gene ontology categories significantly enriched in the downregulated transcripts including 
stress response, extracellular material, proteolysis and sperm-related proteins. Interestingly, transcription levels of one GPCR 
gene that is expressed in thermosensory neuron was downregulated in tceb-3, and the transcription level of two genes that is 
known to be involved in cold tolerance were upregulated in tceb-3. We speculated based on these results that a transcription 
elongation factor TCEB-3 promotes to survive at 2°C after 15°C- cultivation in neuronal cells.

777C GRK-2 signaling in sensory neurons regulates the ability of C. elegans to travel long distances

Irini Topalidou1, Michael Ailion1 1) University of Washington, Seattle.

G protein-coupled receptor kinases (GRKs) play key roles in terminating neuromodulator signaling by phosphorylating and 
deactivating G protein-coupled receptors (GPCRs). Although GRKs are critical for brain function, their particular role in 
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regulating neuronal activity is largely unexplored. C. elegans GRK-2 is required for normal chemosensation, egg-laying, and 
locomotion. Our previous work suggests that GRK-2 acts in premotor interneurons to promote locomotion and swimming by 
negatively regulating the D2-like dopamine receptor DOP-3. Here we show that GRK-2 also regulates the ability of animals to 
travel long distances (exploration or roaming) in a manner independent of DOP-3. Using neuron-specific rescuing experiments 
we show that GRK-2 acts in multiple sensory neurons to mediate this behavior. Further analysis using mutants with defects in 
ciliated sensory neurons indicates that grk-2 and the cilium-structure mutants act in the same pathway to regulate exploration. 
We then tested candidate mutants and also used mutagenesis to identify suppressors of the exploration defect of grk-2 
mutants. We identified a neuropeptide signaling pathway involving the neuropeptide FLP-1 and a neurohormonal signaling 
pathway involving the sulfotransferase SSU-1 that contribute to GRK-2- mediated exploration. Our studies of GRK-2 revealed 
neurons and molecular pathways that modulate exploration behavior.

778A	 Investigating	the	overlap	between	on-food	exploration	behavior	and	off-food	behavioral	responses	to	alcohol

Sebastian Torti1, Andrew Hsiao1, Elizabeth Quamme1, Laura Mathies1, Jill Bettinger1, Andrew Davies1 1) Virginia Commonwealth 
University, Richmond, VA.

Variation in genes that modulate the acute level of response to alcohol are predicted to play a significant role in the 
predisposition of individuals to develop alcohol use disorder (AUD) over their lifetime. We are using C. elegans to identify 
genes that are important in mediating behavioral responses to ethanol with the goal of highlighting candidate genes that are 
likely to play similar roles in humans. In a forward genetic screen for mutations that have reduced sensitivity to the effects of 
ethanol on the speed of locomotion in the absence of food, we identified a nonsense mutation in the nep-2 gene, an ortholog 
of the mammalian metalloprotease neprilysin. In C. elegans, nep-2 has been shown to be important in regulating the impact 
of population density on olfactory adaptation behavior (Yamada et al. 2010). Our working hypothesis is that NEP-2 cleaves 
a peptide that acts to suppress an effect of ethanol on locomotion speed, and that in the absence of NEP-2 function, that 
peptide accumulates and counters the effect of ethanol to a greater extent, leading to reduced ethanol sensitivity.

While investigating neuropeptide receptors (NRs) for a role in mediating this nep-2 effect on ethanol sensitivity, we examined 
a potential link between ethanol sensitivity and roaming and dwelling behavioral states. In an exploration assay, which 
serves as a proxy measure for the degree of roaming, we found that nep-2 mutants have increased exploration measures 
relative to wild-type controls, while mutants for two NRs (pdfr-1 and npr-25) each have reduced exploration on food and are 
hypersensitive to ethanol off food. This suggests that regulation of exploration-related behavioral states may also impact 
sensitivity to ethanol. We are now testing the degree of correlation between exploration and sensitivity to ethanol by 
performing exploration assays on mutants that alter behavioral responses to ethanol, and by examining the ethanol sensitivity 
of mutants that are known to alter the frequencies of roaming and dwelling. These experiments will enable us to classify genes 
and pathways that are important in mediating behavioral responses to ethanol.

779B	 Expressing	human	epithelial	Na	channel	subunits	in	C. elegans to model human salt taste

Laura van Vuuren1, Gert Jansen1, Ewout Hoorn1 1) Erasmus MC.

Human salt taste is one of the main drivers of dietary salt intake and directly correlates with blood pressure. Salt sensitivity 
and preference vary among people, but the underlying molecular mechanism of this variation is unknown. Many studies have 
shown that the epithelial sodium channel (ENaC) is the main salt sensor involved in salt taste in rodents and humans. In the 
kidney, the activity of ENaC is regulated by proteases. Recently it was shown that the salivary proteome is different in salt 
sensitive and salt insensitive tasters. We hypothesize that salivary proteases regulate ENaC open-probability and salt taste.

We use C. elegans as model to study human salt taste. C. elegans is attracted to NaCl concentrations up to 200 mM and avoid 
higher NaCl concentrations. Low NaCl concentrations are mainly sensed by the ASE neurons and high concentrations by the 
ASH nociceptive neurons. Thus far, there are no indications that ENaC channels play a role. We will generate a humanized 
NaCl-taste worm model that expresses all three human ENaC subunits in the ASH cells. We use a two-step approach using 
CRISPR/Cas9 induced homology directed repair for each subunit. We first introduced a 3.7 kb sra-6::gfp construct in a save 
harbor locus on chromosome I. This strain showed proper GFP expression in the ASH neurons. Subsequently, we introduced 
the SCNN1A gene, encoding the ENaC α subunit, after the sra-6 promoter and fused in frame with GFP. In these animals we 
see weak GFP expression in the cell bodies of the ASH neurons. We are currently in the process of integrating sra-6::mScarlet 
on chromosome II, where we will subsequently introduce the human SCNN1B gene, and sra-6::tagBFP2 on chromosome IV, 
for subsequent introduction of the SCNN1C gene. We expect that the ENaC expressing animals will be less attracted or even 
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repelled by salt. To reduce interference of the C. elegans NaCl-taste machinery, we will use che-1 mutant animals, that lack 
functional ASE neurons. This ‘humanized’ model system will subsequently be used to study the possible role that proteolytic 
processing of ENaC may have in salt detection.

780C	 CAMTA	tunes	neural	excitability	and	behavior	my	modulating	Calmodulin	expression

Thanh Thi Kim Vuong-Brender1,2, Sean Flynn1, Mario De Bono1,2 1) Medical Research Council Laboratory of Molecular Biology; 2) 
Institute of Science and Technology Austria (IST Austria).

Calcium signaling (Ca2+) regulates a wide range of essential biological processes in multiple tissues. In particular, in the nervous 
system, it mediates signal transduction, synaptic release and activity-dependent transcription important for learning and 
memory. The Ca2+ sensor Calmodulin (CaM) plays a key role in Ca2+ signaling, however, what mechanism regulates neuronal 
CaM levels is unclear. The CaM-binding transcription activators (CAMTAs) are expressed broadly and selectively in the 
nervous system, and CAMTA mutations confer multiple behavioral defects in different species including mouse and human. 
Using single-neuronal-type RNA-seq and ChIP-seq, we show that the sole C. elegans CAMTA, camt-1, is a master regulator of 
neuronal CaM expression. The pleiotropic behavioral and neuronal Ca2+ signaling defects in camt-1 mutants can be rescued by 
supplementing neuronal CaM. CAMT-1 binds multiple sites in the calmodulin promoter and deleting these sites phenocopies 
camt-1. CAMT-1 not only stimulates CaM expression, but can also inhibit it when CaM levels are high, by a feedback 
mechanism requiring CaM binding sites in CAMT-1. We also show that Drosophila CAMTA regulates CaM levels suggesting that 
CAMTAs mediate an evolutionally conserved mechanism that controls neuronal CaM levels, thereby regulating Ca2+ signaling, 
physiology and behavior.

781A	 The	C. elegans	Shugoshin	(SGO-1)	is	a	cilia	resident	protein	that	interacts	with	TAC-1/TACC

Brandon Waddell1, Kwangjin Park2, Tiffany A. Timbers2, Chunmei Li2, Lesa Giesbrecht1, Evan Quick1, Michel R. Leroux2, Carlos 
Egydio de Carvalho1 1) Department of Biology, University of Saskatchewan; 2) Department of Molecular Biology and 
Biochemistry, Simon Fraser University.

In organisms with monocentric chromosomes, the Shugoshin family of cell cycle regulators have conserved functions in spindle 
attachment and sister chromatid cohesion during mitosis and meiosis. In worms, the sole Shugoshin homolog (sgo-1) has early 
roles in meiosis but is otherwise dispensable for gamete and embryo viability. We have identified a novel function of SGO-1 
in sensory neurons. sgo-1 is expressed in a series of adult amphid and phasmid neurons where the protein localizes to the 
base of cilia. sgo-1 mutants display behavioural and dauer entry defects consistent with dysfunctional cilia. These phenotypes 
are in turn rescued by a sgo-1(+) construct specifically expressed in cilia-producing neurons. In a screen for SGO-1-interacting 
proteins, we identified TAC-1, a regulator of spindle microtubule dynamics. TAC-1 co-localizes with SGO-1 in the base of 
cilia and a tac-1 mutation suppresses sgo-1 sensory and dauer entry defects. We are exploring the hypothesis that SGO-1 
influences microtubule maintenance in the ciliary axoneme through the recruitment of TAC-1 to the basal body. These results 
add to a growing body of evidence suggesting that kinetochore and centrosomal proteins are transiently targeted to cilia and 
represent the first description of a non-nuclear role of Shugoshin in a post-differentiated cell type.

782B	 Glial	mediators	of	K+ and Cl- transport shape C. elegans olfaction and taste

Lei Wang1, Nicole Encalada2, Bianca Graziano3, Laura Bianchi4 1) University of miami; 2) University of miami; 3) University of 
miami; 4) University of miami.

Anosmia is among the most prevalent symptom of SARS-CoV-2 infection. Interestingly though, the SARS-CoV-2 virus infects the 
olfactory supporting cells, rather than the primary sensory neurons themselves. These recent findings have underscored the 
importance of the supporting cells in olfaction. However, very little is known about the mechanisms underlying the regulation 
of olfaction by the supporting cells. In C. elegans, the Amphid sheath (Amsh) glial cells are the supportive cells of the amphid 
sensory apparatus, sharing with mammalian olfactory supporting cells general function and expression of the homologs of the 
SARS-CoV-2 viral entry proteins ACE2 and TMPRSS2. To understand the contribution of the Amsh glia to sensory function, our 
lab has taken the unbiased approach of sequencing the mRNA extracted from these cells. Among the ~1,000 glial-enriched 
genes, we identified 14 ion channel and transporter genes with 2.7- to 29.6-fold mRNA enrichment in Amsh glia as compared 
to other cells. To determine whether these channels and transporter genes are needed for sensory behaviors, we performed 
behavioral assays on knock-outs and Amsh cell specific knock-downs. Our results support the predominant requirement of 
glial K+ and Cl- channels and transporters for the response to isoamyl alcohol, octanol, diacetyl, and NaCl. Given, the recent 
report that Amsh glia function as odorant receptor cells, Ca2+ imaging experiments are underway to determine whether these 
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channels and transporters alter the response of Amsh glia or sensory neurons (or both) to these sensory cues. Taken together, 
our findings expand on our understanding of the mechanisms underlying the contribution of Amsh glia to sensory perception 
in C. elegans; mechanisms that might be conserved from worm to man.

783C	 Untying	the	Gordian	Knot:	unravelling	spatiotemporal	activity	in	the	C. elegans neuropeptide-receptor	network

Jan Watteyne1, Sumin Cho1, Elke Vandewyer1, Lidia Ripoll-Sánchez3, Petra E. Vértes2, William R. Schafer3, Isabel Beets1 1) KU 
Leuven, Leuven, BE; 2) Behavioural and Clinical Neuroscience Institute - University of Cambridge, UK; 3) MRC Laboratory of 
Molecular Biology, Cambridge, UK.

Neuropeptides are important modulators of organismal physiology and behavior. Yet, the rules and constraints by which these 
modulatory substances achieve both local and widespread physiological effects remain poorly understood. Currently lacking 
is a comprehensive analysis of the neuropeptide signaling network at an organismal systems level. The C. elegans genome 
shows a broad diversity of neuropeptide pathways, harboring around 150 genes encoding neuropeptides and a similar number 
of peptide GPCRs. Using reverse pharmacology, we have systematically mapped the biochemical network of neuropeptide-
receptor interactions in the C. elegans nervous system. By screening for neuropeptide-GPCR couples, we identified receptors 
for all C. elegans RFamide-like peptides (FLPs) and many neuropeptide-like proteins (NLPs). These peptidergic pathways are 
organized into a dense signaling network including promiscuous neuropeptides and receptors. To further understand the 
functional organization of peptidergic circuits, we have adopted genetically-encoded sensors for neuropeptide-receptor 
activation that allow characterizing the spatiotemporal activity patterns of neuromodulatory signaling axes in the network. 
Using optogenetics, we found that conditional signaling of CAPA-1 neuropeptides, through activation of the neuromedin U 
receptor NMUR-1, underpins experience-dependent plasticity of salt chemotaxis behavior in C. elegans. CAPA-1 signaling 
from ASG neurons is specifically required for the retrieval, but not the acquisition, of learned salt avoidance. This highlights 
temporal aspects of neuropeptide signaling as important organizational motifs within the neuropeptide network, which we 
are further addressing with activity readouts of neuropeptide-receptor signaling. These findings and tools act as a scaffold to 
investigate how flexible behaviors emerge from neuromodulatory networks.

784A	 Explore	novel	functions	of	anti-microbial	neuropeptides

Xinyi YANG1, William Schafer1 1) MRC Laboratory of Molecular Biology.

Infections caused by pathogens have been shown to alter the behaviour of animals, in part due to interactions between 
antimicrobial response pathways and the nervous system. Recent research has shown that the activation of immune 
cells can modulate neuronal circuits, and that the nervous system in turn can regulate both innate and adaptive immune 
responses. However, it remains unclear how small, infection-related neurotransmitters could contribute to the neuro-immune 
interactions.

Here, we selected 10 epidermally expressed antimicrobial peptides (AMPs) in C. elegans, aiming at study the biological 
functions of these neuropeptides in worm behaviours. All these neuropeptides contain several YGGYG motifs, which is 
considered to have an antimicrobial function. Among them, expression level of nlp-24, nlp-29, nlp-31 are known to be up-
regulated after fungal infection (N. Pujol et al. 2008). We have generated knockout mutants for each of these antimicrobial 
peptide genes using Crispr, and failed to observe any effect of these mutations on worm locomotion, or the response to gentle 
or harsh touch. However, several AMP mutants had significant effects on egg-laying behaviour. Specifically, we discovered that 
nlp-27, nlp-28, and nlp-30 mutants exhibited increased egg-laying rates, an effect primarily due to increased egg-laying within 
the egg-laying active phase. On the other hand, nlp-29 mutant showed significantly decreased egg-laying and specifically 
decreased egg-laying rate within the active phase. These results implicate several AMPs in the control of intensity and/or 
duration of the active phase of egg-laying. Our next step is to further study if the modulated egg-laying phenotypes caused 
by the knock-out of the certain neuropeptide will be altered after culturing the worm on pathogenic bacteria. We also aim at 
discovering the corresponding receptors for these AMPs and further discovering the down-stream signalling pathways that are 
involved in egg-laying regulation.

785B	 Natural	variation	in C. elegans thermosensory behaviors

Jihye Yeon1, Patrick McGrath2, 3, 4, Erik Andersen5, Piali Sengupta1 1) Brandeis University; 2) Department of Biological Sciences, 
Georgia Institute of Technology, Atlanta, GA; 3) Department of Physics, Georgia Institute of Technology, Atlanta, GA; 4) Institute 
of Bioengineering and Bioscience, Georgia Institute of Technology, Atlanta, GA; 5) Molecular Biosciences, Northwestern 
University, Evanston, IL.
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The C. elegans N2 strain has been used as the reference strain to study diverse behaviors in the lab since its isolation in 1951. 
However, extensive experiments have established that wild strains can differ from N2 in multiple aspects of development, 
physiology, and behavior. This variation has been exploited to not only describe the genetic architectures underlying specific 
behavioral outputs but to also identify causal genetic variants that affect nervous system function. A limited number of 
previous studies have examined natural variation in thermosensory behaviors in C. elegans. Here, we tested thermotaxis 
behaviors of 32 strains from around the world. We found that JU322 and the N2-derived CC1 strains show distinct negative 
thermotaxis behaviors as compared to N2. While JU322 appears to be largely atactic, CC1 exhibits enhanced negative 
thermotaxis. Interestingly, JU323, the reference strain for the JU322 isotype, exhibits N2-like thermotaxis behaviors. We have 
recently completed whole-genome sequencing of our JU322 and JU323 isolates, and have also generated recombinant inbred 
lines (RILs) between CC1 and N2. Future work is aimed at identifying the causal genetic variants that contribute to variation in 
thermosensory behaviors.

786C	 Regulation	of	feeding-induced	sleep	by	neuropeptide	signaling	in	C. elegans

Mei Makino1, Enkhjin Ulzii1, Riku Shirasaki1, Jeongho Kim2, Young-Jai You1, 3 1) Neuroscience Institute, Nagoya University, 
Japan; 2) Dept. Biological Sciences, Inha University, South Korea; 3) Center for Hypothalamic Research, University of Texas 
Southwestern Medical Center, Dallas, TX.

Sleep and metabolism are interconnected homeostatic states; sleep cycle can be entrained by feeding cycle, and perturbation 
of sleep often results in dysregulation in metabolism. However, the neuro-molecular mechanism by which metabolism 
regulates sleep is not fully understood. We investigated how metabolism and feeding regulate sleep using satiety quiescence 
behavior as a readout in C. elegans, which mimics many aspects of postprandial sleep in mammals. From an RNA interference-
based screen of two neuropeptide families, RF-amide (FLPs) and insulin like peptides (INSs), we identified flp-11, known to 
regulate other types of sleep-like behaviors in C. elegans, plays the most significant role in satiety quiescence among 28 FLPs 
screened. A mutation in flp-11 significantly reduces quiescence, whereas over-expression enhances it. A genetic analysis shows 
that FLP-11 acts upstream of the cGMP signaling but downstream of the TGFβ pathway, suggesting TGFβ released from a pair 
of head sensory neurons (ASI) activates FLP-11 in an interneuron (RIS). Then, cGMP signaling acting in downstream of RIS 
induces satiety quiescence. Among 28 the INSs genes screened, two INS genes, ins-1 and ins-7, known to play a significant role 
in starvation-associated behavior working in AIA and URX, respectively, are inhibitory to satiety quiescence. Our study suggests 
that specific combinations of neuropeptides are released, and their signals are integrated in order for an animal to gauge the 
metabolic state and to control satiety quiescence, a feeding-induced sleep-like behavior in C. elegans.

787A	 Charactering	the	roles	of	neuropeptides	in	non-associative	learning

Alex Yu1, Catharine Rankin1,2 1) Djavad Mowafaghian Centre for Brain Health, The University of British Columbia; 2) Department 
of Psychology, The University of British Columbia.

Non-associative forms of learning (habituation, dishabituation and sensitization) are the simplest forms of learning and are 
often thought as “cognitive building blocks” for higher learning. To better understand non-associative forms of plasticity and 
the cellular and molecular mechanisms, our work focuses on neuromodulatory signalling pathways underlying these forms 
of plasticity. First, we found that egl-3 and egl-21 mutants deficient of neuropeptides showed learning deficits in three forms 
of non-associative learning, habituation, dishabituation, and sensitization,, suggesting neuropeptides play a key role in non-
associative learning. Further, we found that FLP-20/FRPR-3 signalling mediates sensitization but not dishabituation of the same 
response, and that the PDF neuropeptides differentially affect sensitization of response duration and response speed. These 
data suggest different forms of non-associative plasticity are mediated by different cellular and molecular components. We are 
in the process of testing mutations in a range of neuropeptide genes to examine how they influence non-associative learning. 
This project will generate data to better understand how neuropeptide signalling mediates different forms of non-associative 
plasticity.

788B	 Genetic	Analyses	Reveal	Redundant	Negative	Regulators	of	Caenorhabditis elegans Starvation-Odor Associative 
Learning

Joyce Yue Zhu1,2, Simone Rusu1,2, Amanda Deconinck1,2, Safa Ansar1,2, Daniel Merritt1,2, Derek van der Kooy1,2 1) University of 
Toronto, Toronto, ON; 2) Terrence Donnelly Centre for Cellular & Biomolecular Research, Toronto, ON.

Past experience of an environment can provide valuable information to guide optimal behavioural choices, but only if salient 
information can be separated from incidental information. In Caenorhabditis elegans, paired exposure to a naively attractive 
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scent and starvation results in subsequent avoidance of the scent for several hours, while the same scent in the presence of 
food fails to form this aversive memory. To understand how food presence or absence modulates formation of this memory, 
we examined the effects of genetic and pharmacological perturbations on it. Serotonin has been studied extensively as a 
satiety signal in C. elegans, but we find that while application of exogenous serotonin in place of food is able to prevent the 
formation of this memory in a manner primarily dependent on the receptor SER-4, loss of function mutations in either the 
serotonin synthesis gene tph-1 or in serotonin receptors have only a weak effect in preventing the food-mediated inhibition 
of memory formation. Mutations in the gene encoding the TGF-β ligand DAF-7, conversely, dramatically reduce the ability of 
food to block formation of the memory, and tph-1;daf-7 double mutants form the starvation memory under all but the most 
plentiful food conditions. Our findings support a model in which TGF-β, and to a lesser degree serotonin signaling, function 
in concert with an as-yet unidentified mechanism to inhibit the formation of aversive memories by signaling the presence of 
food.

789C	 A	role	for	L1CAM/SAX-7	in	fluid	regulation	and	vulva	development

Caroline Aragon1, Lihsia Chen1, Divya Alley1 1) University of Minnesota, Minneapolis, MN .

Primary congenital hydrocephalus (CH) is a progressive, life-threatening condition that arises from abnormal buildup of 
cerebrospinal fluid (CSF) in the ventricles of the brain. If untreated, intracranial pressure due to CSF accumulation can result in 
brain damage and death. While the pathophysiology underlying CH is undefined, the most common cause is loss or impaired 
function of L1, a transmembrane immunoglobulin cell adhesion molecule with well-defined roles in neuronal migration, 
synaptic regulation, and axon guidance. It is not known how impaired L1 function causes CH, but the incomplete penetrance 
and variable expressivity of L1-associated CH within families is indicative of complex genetic interactions. Uncovering L1 
functions and mechanisms of action are key to developing novel therapies and preventative measures for CH.

The C. elegans L1 homologue, SAX-7, has well-characterized roles in nervous system development and maintenance. Recently, 
we identified a genetic interaction between SAX-7 and the Ras/MAPK signaling pathway, uncovering novel roles for SAX-7 in 
fluid regulation and vulval development. sax-7 null animals with hyperactive Ras/LET-60(gf) display a synthetic phenotype of 
progressive fluid buildup that often results in mid-to-late larval lethality. Dying animals often show ruptures at the excretory 
pore, suggestive of increased internal pressure. Consistent with internal fluid build-up, sax-7 let-60(gf) animals also show 
hypersensitivity to hypotonic solutions, their bodies tending to burst shortly after immersion as compared to sax-7 and let-
60(gf) single mutants. Our conditional knockout experiments reveal a neuronal requirement for SAX-7 in this process. While 
sax-7 null animals do not exhibit vulva abnormalities, loss of SAX-7 synergistically enhances the multiple vulva phenotype 
(Muv) exhibited by let-60(gf) animals, revealing a previously uncharacterized role for SAX-7 in vulva development. Both the 
sax-7 let-60(gf) fluid buildup and Muv phenotypes can be suppressed by knocking out KSR-1, a key protein scaffold that 
promotes MAPK signaling, consistent with elevated MAPK activity as underlying the sax-7 let-60(gf) synergistic phenotypes. 
Interestingly, CH is sometimes presented in a cluster of diseases known as “Rasopathies,” characterized by elevated Ras/MAPK 
signaling. Based on these findings, we hypothesize that SAX-7 and Ras/MAPK signaling act synergistically in fluid homeostasis 
and vulval development.

790A	 Multicellular	rosettes	organize	neuropil	formation

Christopher Brittin1, Anthony Santella1,2, Kristopher Barnes1,3, Mark Moyle4, Li Fan1, Ryan Christensen5, Irina Kolotuev6, William 
Mohler7, Hari Shroff5, Daniel Colón-Ramos4, Zhirong Bao1 1) Developmental Biology Program, Memorial Sloan Kettering Cancer 
Center, New York, NY; 2) Molecular Cytology Core, Memorial Sloan Kettering Cancer Center, New York, NY ; 3) Graduate 
Program in Neuroscience, Weill Cornell Medicine, New York, NY; 4) Department of Neuroscience and Department of Cell 
Biology, Yale University School of Medicine, New Haven, CT; 5) Laboratory of High Resolution Optical Imaging, National 
Institute of Biomedical Imaging and Bioengineering, National Institutes of Health, Bethesda, MD; 6) EMF Facility, Universite de 
Lausanne, Batiment Biophore, Quartier Sorge, Lausanne, Switzerland; 7) Department of Genetics and Genome Sciences and 
Center for Cell Analysis and Modeling, University of Connecticut Health Center, Farmington, CT .

Neuropil formation requires structural organization in order to support information processing. While the organization of the 
C. elegans main neuropil (nerve ring) has been thoroughly mapped in the larva and adult, how these organizational features 
emerge from early (pre-neurite) collective cell behaviors is poorly understood. Prior to neurite outgrowth, we find that head 
neurons and surrounding cells collectively form a ring of multicellular rosettes that organize the topographic neighborhoods 
of the nerve ring. Neurite bundles that correspond directly to future topographic neighborhoods grow from rosette centers, 
travel along the ring on “bridge” cells that are simultaneously engaged in adjacent rosettes, and assemble into a scaffold 



Abstracts

23rd International C. elegans Conference     |    320

that physically links adjacent topographic neighborhoods. Laser ablation of rosette cells leads to delays in nerve ring closure, 
while laser ablation of bridge cells leads to ectopic neurite growth between rosettes. Furthermore, we find that SAX-3/Robo 
is required for proper rosette formation and neurite outgrowth from rosette centers. Our results reveal how pre-neurite 
collective cell behaviors support complex neuropil patterning.

791B	 Forkhead	transcription	factor	FKH-8	is	a	master	regulator	of	sensory	cilia

Rebeca Brocal-Ruiz1, Ainara Esteve1, Carlos Mora-Martinez1, Juan J. Tena2, Nuria Flames1 1) Instituto de Biomedicina de Valencia, 
IBV-CSIC; 2) Centro Andaluz de Biología del Desarrollo, CABD-CSIC.

Cilia are complex evolutionary conserved eukaryotic structures that, projecting from cell surfaces, perform a variety of 
biological roles. Cilia are traditionally classified into motile or sensory and hundreds of proteins take part in their composition. 
This set of genes coding for ciliary components is known as the ciliome. Mutations in the ciliome underlie an ever-growing 
group of highly pleiotropic multisystemic diseases globally termed as ciliopathies. These diseases are characterized, among 
other symptoms, by mental retardation, sensory defects and/or metabolic disorders. Despite an estimated 1 in 1,000 people 
affected by these diseases, the molecular bases of the ciliopathies are still poorly understood.

Proper cilium assembly and functionality requires the tightly co-regulated expression of ciliary components; however, little is 
known about the regulatory logic controlling ciliome transcription. Most ciliome genes are shared between motile and sensory 
cilia. RFX transcription factors (TFs) have an evolutionarily conserved role in the transcriptional regulation of both motile and 
sensory ciliome. In vertebrates, transcription of the motile ciliome is also directly regulated by FoxJ1, a Forkhead (FKH) TF. 
However, to date, TFs working together with RFX in the transcription of the sensory ciliome are unknown in any organism.

We have identified FKH-8, a FKH TF, as a terminal selector of the sensory ciliome in C. elegans. fkh-8 expression is restricted to 
the sixty ciliated sensory neurons of C. elegans, it binds the regulatory regions of the sensory ciliome, it is required for correct 
ciliome gene expression and cilium morphology and acts synergistically with DAF-19/RFX TF. Accordingly, fkh-8 mutants display 
a wide range of behavioral defects in a plethora of sensory mediated paradigms, including olfaction, gustation, and mechano-
sensation. Importantly, ciliome expression defects in fkh-8 mutants can be rescued by mammalian FoxJ1 but not other FKH TFs.

Thus, we have identified, for the first time, a TF that acts together with RFX TFs in the direct regulation of the sensory ciliome. 
Moreover, together with previous work, our results show that FKH and RFX TFs act together in the regulation of both motile 
and sensory cilia, suggesting this regulatory logic could be an ancient trait pre-dating functional sub-specialization of cilia. 
Finally, our results could help better understand the biological basis of orphan ciliopathies.

792C A C. elegans model for human PACS1 syndrome

Dana Byrd1, Yishi Jin1 1) University of California, San Diego.

PACS1 syndrome (also known as Schuurs-Hoeijmakers syndrome) is a human neurogenetic disorder characterized by distinctive 
dysmorphic facial features, intellectual disability, and developmental delays. All known PACS1 patients have de novo mutations 
causing an R203W amino acid substitution in a highly conserved position of the PACS1 protein. While PACS1 (Phosphofurin 
Acidic Cluster Sorting Protein 1) was first identified by its role in sorting the proprotein convertase furin to the trans-Golgi 
network, most understanding of PACS1 function has been attained through studies of cultured cells. To better understand 
how the R203W disease variant changes PACS1 function in vivo, we have modeled PACS1 syndrome in C. elegans. The single C. 
elegans pacs-1 gene encodes a protein that shares all conserved domains, and is 27% identical/46% similar to human PACS1. 
The furin-binding region is especially well conserved between C. elegans and humans (45% identical/70% similar) with the 
disease variant site, R203, absolutely conserved and denoted as R116 in C. elegans. We edited the endogenous C. elegans 
pacs-1 gene to generate a PACS1 syndrome model expressing PACS-1(R116W). Using drugs to probe neuronal function, we 
found that pacs-1(R116W) animals are resistant to the paralyzing effect of the acetylcholine esterase inhibitor aldicarb. 
Consistent with its neuronal function, we also found that expression of PACS1 is enriched in the nervous system. Our C. elegans 
pacs-1(R116W) provides the first germline-expressed model of PACS1 syndrome that can be screened for potential chemical 
therapeutics and further characterized to understand molecular mechanisms of the PACS1 syndrome variant.

793A Novel neurodevelopmental genes in C. elegans

Victoria Cerdeira1, Cynthia Lanteigne1, Myriam Ares1, Lise Rivollet1, Claire Benard1 1) Dept. Biological Sciences, CERMO-FC 
Research Center, Université du Québec à Montréal, Canada.
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Ongoing research with C. elegans continues to uncover fundamental principles of nervous system development and function. 
Neuron migration, axon guidance and dendritic spine development are essential to establish functional neural circuits. Our 
goal here is to study cellular and molecular mechanisms that mediate neuronal development, including that of dendritic 
spines. For this, we are characterizing several genes named mau (maternal-effect uncoordinated), which are defined by 
mutations isolated in a screen for maternal-effect viable mutations (Hekimi et al., 1995; our unpublished results). mau mutant 
animals display morphological and behavioural defects that vary in penetrance and expressivity. Our phenotypic analyses 
of mau mutants reveal that their locomotion is abnormal and variable over time, with episodes of paralysis, spasms and 
altered body postures. mau mutants have defective axon guidance, including left/right guidance choice at the ventral midline. 
Moreover, mau mutants display defects in dendritic spines number and distribution, as well as in synaptic transmission. We 
are progressing towards molecularly identifying and characterizing the mau mutants, which will provide insights on how these 
novel genes contribute to neuronal development, including of dendritic spines in vivo.

794B	 A	novel	function	for	the	kinetochore	machinery	in	neural	circuit	assembly

Dhanya Cheerambathur1, Mattie Green1 1) University of Edinburgh.

The central nervous system is a complex network of neurons and supporting cells. Its assembly is a highly orchestrated event 
that involves neurite outgrowth, fasciculation (axon bundling) and synapse formation. The molecular mechanisms that drive 
and coordinate the building of this network during development are poorly understood. As neurons develop, the neuronal 
microtubule cytoskeleton is organized and sculpted by the cell machinery to form axons, dendrites and the neural network. 
Not much is known about nature of microtubule regulators that facilitate the assembly of neural circuits. We have uncovered 
a cell division-independent function for the kinetochores, conserved multiprotein structures that connect chromosomes 
to spindle microtubules, in the assembly of neural circuits. Here we show that core microtubule-coupling machinery at 
the kinetochore, the 10-subunit KMN network (KMN: Knl1-complex/Mis12-complex/Ndc80-complex), is redeployed post-
mitotically to pattern the nerve ring, considered the “brain” of C. elegans, which consists of a dense network of axon bundles 
and synapses. KMN proteins are enriched in the extending dendrites and axons of the nerve ring. Post-mitotic degradation of 
the KMN proteins in developing neurons resulted in a disorganized nerve ring and axon morphology and fasciculation defects. 
We are currently developing genetic tools and quantitative fluorescence microscopy methods to gain further insight into how 
KMN proteins facilitate neuronal network formation. This unexpected finding for a post-mitotic function for the cell division 
machinery in developing neurons provides molecular insights into how specific microtubule regulators shape the nervous 
system.

795C	 DYF-4	regulates	patched-related/DAF-6-mediated	sensory	compartment	formation

Huicheng Chen1, 4, 5, Hui Hong1, 2, 3, Yuxia Zhang6, 7, Zhimao Wu1, 4, 5, Yingying Zhang1, 4, 5, Jinghua Hu6, Qing Wei5 1) CAS Key Laboratory 
of Insect Developmental and Evolutionary Biology, CAS Center for Excellence in Molecular Plant Sciences, Institute of Plant 
Physiology and Ecology, Chinese Academy of Sciences, Shanghai, China ; 2) Department of Thoracic Surgery, Fudan University 
Shanghai Cancer Center, Shanghai, China ; 3) Department of Oncology, Shanghai Medical College, Fudan University Shanghai 
Cancer Center, Shanghai, China; 4) University of Chinese Academy of Sciences, Beijing, China ; 5) Laboratory for Reproductive 
Health, Institute of Biomedicine and Biotechnology, Shenzhen Institutes of Advanced Technology, Chinese Academy of Sciences 
(CAS), Shenzhen, China; 6) Department of Biochemistry and Molecular Biology, Mayo Clinic, Rochester, Minnesota, USA; 7) 
Department of Cancer Biology, UT MD Anderson Cancer Center, Houston, USA.

Coordination of neurite extension with surrounding glia development is critical for neuronal function, but the underlying 
molecular mechanisms remain poorly understood. Through a genome-wide mutagenesis screen in C. elegans, we identified 
dyf-4 and daf-6 as two mutants sharing similar defects in dendrite extension. DAF-6 encodes a glia-specific patched-related 
membrane protein that plays vital roles in glial morphogenesis. We cloned dyf-4 and found that DYF-4 encodes a glia-secreted 
protein. Further investigations revealed that DYF-4 interacts with DAF-6 and function in a same pathway as DAF-6 to regulate 
sensory compartment formation. Furthermore, we demonstrated that reported glial suppressors of daf-6 could also restore 
dendrite elongation and ciliogenesis in both dyf-4 and daf-6 mutants. Collectively, our data reveal that DYF-4 is a regulator for 
DAF-6 which promotes the proper formation of the glial channel and indirectly affects neurite extension and ciliogenesis.

796A	 The	conserved	transcription	factor	UNC-30/PITX1-3	coordinates	synaptogenesis	with	cell	identity	in	C. elegans 
GABA	motor	neurons.
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Edgar Correa1, Morgane Mialon2, Xin Zhou2, Berangere Pinan-Lucarre2, Jean-Louis Bessereau2, Paschalis Kratsios1 1) Department 
of Neurology, University of Chicago Medical Center, 5841 S. Maryland Ave., Chicago, IL 60637; 2) Institut NeuroMyoGene, 
Universite de Lyon 1 - CNRS UMR 5310 - INSERM U1217, 69008 Lyon, France.

During nervous system development, it is critical for neurons to establish functional synapses. This process relies on the ability 
of a presynaptic neuron to synthesize, package, and release a specific neurotransmitter, and the ability of a postsynaptic 
neuron to present the correct neurotransmitter receptor. However, the molecular mechanisms that coordinate these distinct 
events, occurring at a pre- and a post-synaptic cell, are poorly understood. The nematode C. elegans represents a powerful 
model to study synapse development due to its known connectome, powerful genetics, and single-cell resolution analysis. 
The evolutionarily conserved transcription factor (TF) UNC-30/PITX1-3 has been shown to control neuronal communication 
between nerve cord GABAergic motor neurons (MNs) and body-wall muscle by directly activating the expression of GABA 
biosynthesis genes (e.g., unc-25/GAD, unc-46/LAMP, unc-47/VGAT) in the presynaptic side. Our preliminary data shows that 
animals lacking unc-30 gene activity display defects in GABA-Receptor (GABA-R) clustering in the postsynaptic side, although 
UNC-30 is not expressed in muscle. Intriguingly, the same GABA-R clustering defect is observed in animals lacking the short 
isoform of madd-4/Punctin (madd-4S), a secreted synaptic organizer produced by GABA MNs. Thus, we hypothesize that 
UNC-30 controls the establishment of functional synapses by activating GABA biosynthesis genes and madd-4S. We found 
that madd-4S expression is reduced in GABA MNs of unc-30 mutant animals. Chromatin immunoprecipitation followed by 
sequencing (ChIP-Seq) suggests UNC-30 controls madd-4S directly, a notion we confirmed by deleting the UNC-30 binding 
site in the context of the endogenous madd-4S locus. Besides acting as an activator of GABA synthesis genes and madd-4S, 
our preliminary data also suggests UNC-30 is required to prevent the adoption of alternative neuronal identities in GABA 
MNs. We found that several genes normally expressed in cholinergic MNs (e.g., madd-4L, glr-5, unc-53) become ectopically 
expressed in GABA MNs of unc-30 mutant animals. These findings together with ChIP-Seq data suggest an additional role for 
UNC-30 as direct repressor of alternative identities. Since these analyses rely on a null unc-30 allele that disrupts gene activity 
throughout all life stages, ongoing experiments will determine whether UNC-30 is continuously required to maintain proper 
gene expression in GABA MNs. Altogether, these findings suggest UNC-30/PITX1-3 is a transcriptional link for the coordination 
of synaptogenesis with cell identity features in C. elegans GABA MNs.

797B	 Ubiquitin	ligase	activity	inhibits	CDK-5	to	promote	axon	termination

Muriel Desbois1, Karla Opperman1, Jonathan Amezquita1, Brock Grill1,2,3 1) Center for Integrative Brain Research, Seattle 
Children’s Research Institute, Seattle, WA; 2) Department of Pediatrics, University of Washington Medical School, Seattle, WA; 
3) Department of Pharmacology, University of Washington Medical School, Seattle, WA.

Cdk5 is an atypical cyclin-dependent kinase that is involved in neurodegenerative disease, nervous system development and 
neuronal plasticity. It also has important non-neuronal roles in the DNA damage response, immune response, angiogenesis 
and cancer. Cdk5 is positively regulated primarily by its activators, P35 and P39. How Cdk5 is negatively regulated remains 
relatively poorly understood, in particular in post-mitotic neurons and in the nervous system in vivo.

Here, we identify the E3 ubiquitin ligase RPM-1 as a negative regulator of CDK-5 in C. elegans. This discovery originated from in 
vivo affinity purification proteomics with an RPM-1 biochemical ‘trap’ that enriched ubiquitination substrates, which included 
CDK-5. A combination of both biochemical and genetic findings demonstrated that RPM-1 ubiquitin ligase activity restricts 
CDK-5. Co-immunoprecipitation using endogenous proteins tagged by CRISPR/Cas9 engineering confirmed that CDK-5 binds 
to RPM-1. CDK-5 also binds to FSN-1, the F-box protein that is the substrate recognition module of the RPM-1 ubiquitin ligase 
complex. These results suggest that CDK-5 is an RPM-1 ubiquitination substrate. Genetic results indicated that RPM-1 inhibits 
CDK-5 to promote axon termination in both ALM mechanosensory neurons and SAB motor neurons. Outcomes from CRISPR 
gene-editing and cell-specific rescue experiments showed that RPM-1 restricts the kinase activity of CDK-5 cell-autonomously 
in neurons.

Thus, we have identified RPM-1 as a ubiquitin ligase that inhibits CDK-5 in vivo in the nervous system. We further demonstrate 
that CDK-5 kinase activity needs to be restrained for proper axon termination. Understanding how Cdk5 is inhibited could 
have important implications given its role in neurodegenerative disease and emerging links to neurodevelopmental disorders, 
including intellectual disability.

798C	 Kinesin-13	mediated	regulation	of	dendritic	branch	remodeling	during	the	development	of	PVD	neuron
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Swagata Dey1,2, Nitish Kumar1,3, Anindya Ghosh-Roy1 1) National Brain Research Centre, Manesar; 2) DBT/Wellcome Trust India 
Alliance Early Career Fellow; 3) Pennsylvania State University, PA, USA.

The neurological function of an organism depends on the intact neural circuitry composed of polarized neurons that undergo 
extensive structural changes during development. This is accompanied by reorganization of the underlying cytoskeleton, 
calibration of the polarized transport, and changes in the transcriptome. Unlike axons, dendrites undergo major structural 
changes throughout the lifetime of an organism but the role of cytoskeleton dynamics in this remodeling process is not clearly 
understood.

Using PVD neurons of C. elegans, we are investigating how the cytoskeleton changes during their dendritic development. The 
dendritic arbor of PVD neurons is extensive with orthogonal branches in anatomy, hierarchy, and cytoskeletal constitution. 
We found that the loss of the Kinesin-13 family microtubule depolymerizing enzyme klp-7 leads to an increased number of 
quaternary branches. The live imaging revealed that the PVD dendrites are in continuous flux during the L3 to L4 stage of 
development. The tertiary and quaternary branches display distinct phases of growth and shrinkage. Loss of klp-7 disrupts 
the equilibrium of the dynamic events of branch remodeling. Live imaging of the EBP-2::GFP revealed that although the 
relative orientation or dynamics of microtubules did not change due to loss of klp-7 function, a significant number of 
dynamic microtubules were mislocalized to the secondary dendritic branches. Furthermore, the axonal cargo, RAB-3 was 
also mislocalized to dendritic branches in the klp-7 null mutant. Relative enrichment of KLP-7 at the incipient branch points 
indicates its role in limiting branch initiation and microtubule ingression to higher-order branches.

These results highlight the balancing act of microtubule homeostasis that allows the organism to maintain an appropriate 
dendritic arbor. Our paradigm of live imaging can be adapted to explore other cytoskeletal molecules and their regulatory 
pathways.

799A	 Intraspecific	evolution	of	QR.pax	final	position	in	Caenorhabditis elegans 

Clément Dubois1, Marie-Anne Félix1 1) Institut de Biologie de l›Ecole Normale Superieure, PSL Research University, CNRS, 
Inserm, 75005 Paris, France.

The QR neuroblast migrates anteriorly in the first stage larva of Caenorhabditis elegans, while undergoing three rounds of 
division. The two daughter cells of QR.pa, QR.paa and QR.pap (henceafter called QR.pax), stop their migration in an anterior 
body position and acquire a neuronal fate. Mentink et al. (Dev Cell 2014) found that QR.pax migration stops upon expression 
of the Wnt receptor MIG-1, which surprisingly is not induced by positional clues but by a position-independent timing 
mechanism. We recently showed that the final position of QR.pax is sensitive to environmental perturbations and body size. 
Furthermore, there is natural variation on the final position that is not explained by natural variation in body size (Dubois et 
al. Development 2021). Among the isolates, CB4932 and JU1242 exhibit an opposite phenotype but are genetically close. The 
main phenotypic difference between them is the final position of QR.pap, which is much more anterior in CB4932. The aim 
now is to find the genetic basis for this displacement of QR.pap. To do so, we generated and phenotyped 200 Recombinant 
Inbred Lines (RILs) between the two parental genotypes. A Bulk Segregant Analysis on the RILs pinpointed a tight region in 
the chromosome IV associated with a difference in QR.pap final position. The region contains about 50 Single Nucleotide 
Polymorphisms (SNPs) and Indels that are different between the two strains (and N2). By building Introgressed Lines, we 
confirmed that the chromosome IV is sufficient to explain the difference in QR.pap position. The analysis of heterozygous 
progeny revealed that both alleles are semi-dominant. Overall, this study shows natural variation of QR.pax final position in C. 
elegans and examines the genetic basis of a substantial QR.pap displacement present in a wild isolate.

800B	 The C. elegans Hox gene ceh-13/labial/Hox1 controls motor neuron terminal identity

Weidong Feng1, Paschalis Kratsios1 1) Department of Neurobiology, the University of Chicago, Chicago, IL.

The phylogenetically conserved Hox gene family is known for its early roles in embryonic patterning along the anteroposterior 
axis. However, whether Hox genes exert later roles during development and post-embryonic life, remains unclear. In the 
context of the nervous system, Hox genes control fundamental processes occurring during early development, such as 
neuronal specification and axon guidance. On the other hand, we know much less about the function of Hox genes in the 
last steps of neuronal development, during which neurons obtain their terminal identity features, such as expression of 
neurotransmitters, receptors and ion channels. Among the six C. elegans Hox genes, the function of ceh-13/labial/Hox1 
remains poorly understood, in part due to the early embryonic/larval lethality observed in ceh-13 null mutant animals. Here, 
we generated a conditional allele based on the auxin-inducible protein degradation system, enabling post-embryonic CEH-13 
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depletion. This allele also serves as an endogenous ceh-13 reporter, enabling us to establish, with single cell resolution, the 
expression profile of ceh-13 in post-mitotic larval motor neurons of the ventral nerve cord. Using ceh-13 null mutants, we 
identified three terminal identity genes (acr-2/CHRNA1, unc-53/NAV1, unc-129/GDF10) as CEH-13 targets, suggesting that 
it controls the establishment of motor neuron terminal identity. We also observed lifelong expression of ceh-13 in motor 
neurons, suggesting that it is required to maintain terminal identity features in these cells. Lastly, we found that expression 
of a transgenic ceh-13 reporter is significantly reduced in nerve cord motor neurons upon either genetic removal of ceh-13 
during early development or inducible CEH-13 depletion at post-embryonic stages, raising the possibility of transcriptional 
autoregulation as a mechanism for lifelong ceh-13 expression. These findings advance our current understanding of ceh-
13/labial/Hox1 function in C. elegans and further suggest that Hox proteins control both early and late steps of neuronal 
development.

801C	 ccd-5, a novel cdk-5	binding	partner,	regulates	C. elegans ventral nerve cord pioneer axon guidance

Abigail Feresten1, Alex Yu2, Jaffar Bhat1, Richard Zapf1, Hamida Safi1, Nancy Hawkins1, Catherine Rankin2, Harald Hutter1 1) Simon 
Fraser University; 2) University of British Columbia.

During nervous system development

, axons navigate complex environments to reach synaptic targets. Growth cones of early extending axons must interact 
with guidance cues in surrounding tissue, while later extending axons can interact directly with earlier “pioneering” axons, 
“following” their path. This is how the ventral nerve cord (VNC) is formed in Caenorhabditis elegans. The first axon to extend 
along the VNC is that of the AVG neuron, which pioneers the right VNC axon tract. Motoneuron and interneuron axons of 
the motor circuit follow the AVG pioneer axon. In the absence of AVG, many VNC follower axons are misguided, causing 
locomotion defects. The mechanisms for AVG axon guidance are largely unknown.

To	uncover	genes	controlling	AVG	axon	guidance

, we conducted an enhancer screen in a sensitized nid-1 mutant background. NID-1 is a basement membrane component 
enriched along the VNC. In the absence of nid-1, the AVG axon is misguided at a low penetrance. From this screen, we 
previously identified several genes, including aex-3, a rab-3 guanine exchange factor. aex-3 and rab-3 genetically interact with 
unc-5, a receptor for the guidance cue UNC-6/netrin.

Here	we	describe	a	new	gene	in	this	pathway:

ccd-5 is a putative cdk-5 binding partner that acts in a pathway with cdk-5, aex-3, unc-18, and unc-5. ccd-5 nid-1 double 
mutants exhibit elevated navigation defects of AVG, command interneuron, and motoneuron axons. Navigation defects of 
interneuron and motoneuron axons significantly correlate with AVG pioneer axon defects. This suggests that most of the 
follower axon defects observed are a secondary effect of the AVG defects, and that ccd-5 specifically affects pioneer axon 
navigation.

To	determine	the	functional	effects	of	these	navigation	defects

, we used a multi-worm tracker to assess locomotion, responsiveness, and habituation. We found the ccd-5 single mutants 
have no significant behaviour defects, and ccd-5 nid-1 double mutants are less responsive to mechanosensory stimuli than nid-
1 single mutants. These surprisingly minor behavioral defects indicate either a high tolerance for axon guidance defects within 
the motor circuit and/or an ability to maintain synaptic connections among commonly misguided axons.

802A	 Membrane-anchored	UNC-6/Netrin	reveals	roles	of	both	close-	and	long-range	interactions	in	regulating	VD	growth	
cone dorsal outgrowth

Kelsey Ferguson1, Snehal Mahadik1, Erik Lundquist1 1) University of Kansas, Lawrence, KS.

The UNC-6/Netrin guidance cue directs dorsal-ventral axon pathfinding and is expressed in ventral cord motor neurons. 
Classically, UNC-6 was thought to form a ventral-to-dorsal gradient that was interpreted dynamically by growth cones. Our 
previous VD growth cone imaging studies indicated that the mechanism is likely more complex, involving discrete aspects 
of growth cone polarity coupled with regulation of growth cone protrusion. This polarity/protrusion model parts from the 
classical gradient model in important ways. First, growth cone polarity is separable from growth cone protrusion (Gujar et al., 
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2019). Second, UNC-40/DCC and UNC-5 receptors both have roles in growth cones that grow dorsally away from UNC-6 (Norris 
and Lundquist, 2011; Norris et al., 2014).

To further test the polarity/protrusion model, we constructed a membrane-anchored UNC-6 molecule by adding a C-terminal 
transmembrane domain through genome editing called unc-6(lq154). This mutant is predicted to lack diffusible UNC-6. 
The AVM neuron is born laterally and extends an axon ventrally toward UNC-6. As there is no contact between AVM and 
UNC-6-expressing cells, diffusible UNC-6 is predicted to be required to guide the AVM axon. unc-6(lq154) animals display 
axon guidance defects to the same extent as unc-6(ev400) null mutants, consistent with the idea that no diffusible UNC-6 is 
produced. In contrast, VD/DD axon guidance defects of unc-6(lq154) were less severe than those of unc-6(ev400), suggesting 
that unc-6(lq154) retains some function in VD/DD axon guidance. unc-6(ev400) VD growth cones were unpolarized, whereas 
polarity in VD growth cones near the ventral surface in unc-6(lq154) was normal. Growth cones further from the ventral 
surface, in the dorsal half of the animal, were unpolarized in unc-6(lq154). This result suggests that initial growth cone polarity 
is normal in unc-6(lq154), but polarity is lost as the growth cones migrate dorsally. Possibly, a close-range or contact-mediated 
interaction of UNC-6 and UNC-5 polarizes the growth cone, but longer-range diffusible UNC-6 is required to maintain this 
polarity. Preliminary studies indicate that hypomorphic unc-5 alleles, which are predicted to affect only the long isoforms 
of UNC-5, show a similar phenotype. This leads to the notion that the short unc-5B isoform mediates close-range polarity, 
possibly a contact-mediated event, whereas the long isoforms might mediate maintenance of polarity over longer distances 
requiring diffusible UNC-6.

803B	 Visualization	of	Synaptic	Remodeling

Leah Flautt1, Andrea Cuentas-Condori1, David Miller1 1) Vanderbilt University.

The architecture of the developing brain is highly dynamic with new synapses appearing as others are removed. Despite 
the key role of synaptic plasticity in sculpting circuit function, little is known of the molecular pathways that determine 
whether a synapse will be eliminated or maintained during development. To address this question, we are studying synaptic 
remodeling in GABAergic Dorsal D (DD) motor neurons in C. elegans. DD synaptic remodeling involves the translocation of 
ventral presynaptic DD terminals to the dorsal side during early larval development. Although DD remodeling was originally 
discovered by EM reconstruction, dynamic imaging methods with fluorescently labeled synaptic markers are more readily 
implemented for temporal studies of the underlying cell biological mechanisms. To circumvent the potential problem of 
over-expression from transgenic arrays, we are testing an endogenously labeled presynaptic marker, GFP::RAB-3. Because it 
is closely associated with synaptic vesicles, RAB-3 is a reliable marker for the presynaptic apparatus. In this case, we are using 
cell-specific flippase to limit GFP::RAB-3 expression to DD neurons. From snapshots of GFP::RAB-3 at five different time points 
in late L1 early L2 C. elegans larvae, we have confirmed that DD presynaptic domains are eliminated from the ventral side as 
new dorsal GFP::RAB-3 puncta emerge. We are now using our native GFP::RAB-3 marker to screen candidate genes for roles in 
the DD remodeling program. The long-term goal of this work is to identify remodeling genes that also govern synaptic plasticity 
in the human brain.

804C	 SYG-2/nephrin	mediates	incorporation	of	new	synapses	into	preexisting	circuits

Elisa Frankel1, Yongming Dong2, Jihong Bai2, Peri Kurshan1 1) Albert Einstein College of Medicine, Bronx, NY; 2) Fred Hutchinson 
Cancer Research Center, Seattle, WA.

Genetic insults that disrupt synaptogenic proteins have been well established as risk factors for an array of heritable 
neurodevelopmental and neuropsychiatric disorders, but the mechanisms by which these mutations perturb synapse assembly 
may differ at various developmental stages. Leveraging the stereotypical neuronal circuitry, genetic tractability, and optical 
accessibility of the nematode C. elegans, we are investigating the molecular mechanisms promoting the incorporation of new 
synapses into preexisting circuits. A screen in the C. elegans DA9 motor neuron revealed that the nephrin family neuronal cell 
adhesion molecule SYG-2 cell-autonomously regulates the number, size, and spacing of excitatory motor neuron synapses at 
late developmental stages. We found that SYG-2::GFP localizes to the entire presynaptic domain of DA9, rather than specifically 
at synapses like other canonical neuronal cell adhesion molecules (such as neurexin), and additionally that SYG-2 acts in the 
same pathway as NCK-1, a protein involved in actin cytoskeleton remodeling. We hypothesize that SYG-2 functions to regulate 
the addition of new synapses into preexisting circuits by modulating local cytoskeletal elements through interaction with 
NCK-1, and we are interrogating this hypothesis using structure/function studies to identify the domain(s) of syg-2/nephrin 
that regulate its cell-autonomous functions and interact with cytoskeletal remodeling pathways. An integrated understanding 
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of synaptogenesis at distinct stages of neural circuit development may shed light on how molecular disruptions to synapse 
formation manifest as neurodevelopmental disorders.

805A	 Neurexin	clustering	at	synapses	is	mediated	by	active	zone	scaffold	intrinsically	disordered	domains

Elisa Frankel1, Parise Henry1, Araven Tiroumalechetty1, Jackson Rogow1, Peri Kurshan1 1) Albert Einstein College of Medicine.

Synaptic cell-adhesion molecules (sCAMs) are thought to mediate the formation of neuronal circuits by recognizing 
appropriate trans-synaptic partners and initiating the assembly of pre- and post-synaptic specializations. Of the sCAMs, 
neurexins are among the most extensively studied, and all neurexin family members have been identified as risk factors 
for autism and other neurodevelopmental disorders. The human genome contains three neurexin genes which, through 
alternative splicing, encode ~4000 long (α), medium (β) and short (γ) isoforms that differ in their extracellular domain but 
retain an identical intracellular domain. The C. elegans genome contains a single neurexin gene nrx-1, which is expressed 
only as several long (α) and short (γ) isoforms that also share a common intracellular domain. To evaluate whether nrx-1 
isoforms are differentially expressed across the C. elegans nervous system, we generated promoter reporters for the short (γ) 
and long (α) isoforms, and found differential expression patterns. We are now using the NeuroPal tool to identify the specific 
neurons in which these isoforms are expressed. In addition, we have generated long and short isoform-specific knockouts 
of endogenously-tagged nrx-1 to reveal the contribution of each isoform to overall synaptic expression. We have previously 
shown that a short (γ) isoform of NRX-1 that doesn’t include any canonical extracellular binding domains nonetheless 
localizes to presynaptic active zones and regulates presynaptic maturation and stability. We now show that expression of the 
intracellular domain alone, targeted to the membrane with a myristoylation sequence, can rescue the nrx-1 null phenotype 
(although a cytosolic version does not), indicating that the membrane-bound NRX-1 intracellular domain is sufficient for 
mediating its presynaptic assembly functions. To identify mediators of NRX-1 localization at synapses, we performed a 
candidate screen of potential intracellular interactors using endogenously-tagged NRX-1 and identified the synaptic vesicle 
kinesin UNC-104, as well as active zone scaffold molecules SYD-1 and SYD-2. A deletion of the intrinsically disordered domain 
of SYD-2, shown previously to mediate its ability to undergo phase separation and thereby recruit additional active zone 
molecules, affected NRX-1 localization to the same degree as syd-2 null mutants, implicating phase separation as a potential 
mechanism for NRX-1 recruitment to synapses.

806B	 A	sex-specific	switch	in	glial	gene	expression	is	controlled	by	a	cell-autonomous	program	involving	MAB-3	and	
NFYA-1

Wendy Fung1,2, Taralyn Tan1, Maxwell G. Heiman1,2 1) Harvard Medical School, Boston, MA; 2) Boston Children›s Hospital, 
Boston, MA.

While both neurons and glia undergo sex-specific changes, most attention has focused on sex differences in neurons. 
In principle, glia could develop sex differences in response to their neuronal partners or they could have their own cell-
autonomous programs for sexual differentiation. In C. elegans, we discovered that CEPso glia become sexually dimorphic 
and initiate expression of a transcriptional reporter (grl-18pro:GFP) in adult males only. This change in CEPso glia occurs 
concomitantly with the activation of their neuronal partners, the male-specific CEM neurons. However, by genetically 
manipulating the sex identity of neurons and glia, we found that this sex-specific change in CEPso glia does not depend on 
CEM neurons but instead is determined by the sex identity of glia alone. Using candidate and unbiased genetic screens, we 
identified the timing factors lep-2/Makorin and lep-5 as well as the sex identity factor mab-3/DMRT as required for the sexual 
differentiation of CEPso glia. In these mutants, adult male grl-18 expression is delayed or absent, respectively. These factors 
have also been shown to control sexual differentiation of neurons, but we find that mab-3 acts cell-autonomously in CEPso 
glia to switch on adult male-specific genes. Finally, we isolated three novel alleles of the transcriptional repressor nfya-1/
NF-Y, which has not previously been implicated in sexual differentiation of the nervous system. In nfya-1 mutants, CEPso glia 
of adult hermaphrodites inappropriately express grl-18. Epistasis analysis shows that loss of nfya-1 completely bypasses the 
requirement for mab-3, suggesting that nfya-1 may be a novel downstream effector of mab-3 that regulates sex-specific gene 
expression in glia. Together, our findings suggest a model in which male-specific expression of mab-3 in CEPso glia leads to the 
repression of NFYA-1, thereby allowing male genes to switch on in adults. These results demonstrate that glia do not passively 
respond to changes in their neuronal surroundings but instead initiate their own program of sexual differentiation.

807C	 HLH-3	is	required	for	the	terminal	differentiation	of	AIM	interneurons	in	adult	males

Kimberly Goodwin1, Aixa Alfonso1 1) University of Illinois at Chicago.
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The transition of juvenile to mature cell identity is often manifested by alterations in their transcriptome, connectivity, and/or 
morphology. These changes are regulated by developmental timing and sex identity. Our research is focused on characterizing 
the role of the bHLH transcription factor, HLH-3, in the maturation of sex specific and sex shared neurons that have been co-
opted for sex specific functions. Previous work has shown that expression of hlh-3 in hermaphrodite specific neurons (HSNs) 
and ventral cord type C neurons (VCs) is necessary to acquire a terminally differentiated state in hermaphrodites (Perez & 
Alfonso 2020). We also have evidence that a number of male specific neurons, including CEMs and ray neurons, lack terminal 
identity features in hlh-3 null mutants (Marquez & Alfonso, unpublished). A growing body of evidence demonstrates that 
sex-shared neurons in males become altered to function in a sex specific manner upon the fourth larval stage to adulthood 
transition. For example, sex-shared male AIM interneurons change neurotransmitter identity during sexual maturation. To 
address whether hlh-3 has a role in the terminal differentiation of sex shared neurons coopted for sex-specific functions 
in males, we asked whether AIMs acquire their terminally differentiated state in hlh-3(lof) adult males by assessing their 
neurotransmitter identity. Our data shows that hlh-3(lof) adult males retain increased levels of eat-4(VGLUT) expression and 
lack wild type levels of cho-1(ChT) expression, that is, adult male AIM interneurons do not acquire a terminally differentiated 
state in the absence of hlh-3 function.

808A	 Decoding	pharyngeal	neuron	fate	specification

Burcu Gulez1, Berta Vidal 1, Molly Reilly1, Oliver Hobert1 1) Columbia University.

The pharynx has its own nervous system consisting of 14 neuron types that form an independent circuit almost completely 
isolated from the somatic nervous system. We know that the homeodomain transcription factor (TF) ceh-34 is required to 
specify all pharyngeal neuron types (see abstract by B. Vidal et al). We hypothesize that there must be other factors operating 
with ceh-34 in a target gene-dependent manner, forming a combinatorial code that gives each pharyngeal neuron its unique 
identity. In support of this notion, we found that ceh-34 interacts with two homeobox genes, ttx-3 and unc-86, to affect NSM 
neuron specification.

In order to find additional factors that may collaborate with ceh-34, we are using (1) a candidate gene approach based on 
homeodomain TF expression, (2) we are performing unbiased forward genetic screens and (3) we are dissecting the cis-
regulatory region of terminal effector genes. So far mutant analysis of homeobox genes expressed in the pharynx has shown 
that ceh-2, ceh-7 and vab-15 affect neurotransmitter identity in specific pharyngeal neurons, making them candidate cofactors 
for ceh-34. Furthermore, forward genetic screens have yielded four mutants with defects in nlp-8 expression in the I2 neurons. 
We are in the process of pinpointing the molecular lesion responsible for this mutant phenotype. Finally, dissecting the 
endogenous unc-17 cis-regulatory region we have identified a conserved motif required for the expression of unc-17 in MC and 
I1 neurons.

We continue to work on these three approaches, which hopefully will lead to a broad understanding of the regulatory code 
underlying pharyngeal neuron specification.

809B	 UNC-	70	(Spectrin)	acts	cell	autonomously	and	non-autonomously	to	maintain	the	neuronal	microtubule	
cytoskeleton

Liu He1, Andrea Meulenberg1, Casper Hoogenraad1, Martin Harterink1 1) Utrecht University.

The microtubule cytoskeleton plays a central role in neuron development and functioning. It serves as tracks for cargo 
transport and offers structural support to the axons and dendrites. Previously we identified a cortical anchoring complex that 
holds the microtubule cytoskeleton in place in neurons, where UNC-119 functions as a linker between the cortical UNC-44 
(Ankyrin) and the microtubule binding UNC-33 (CRMP) (He et al., 2020). Whereas ankyrin proteins are well described scaffolds 
that connect various membrane proteins to the cortical spectrin-actin cytoskeleton, it is unclear how these interactions relate 
to the role of UNC-44 (Ankyrin) in maintaining the microtubule integrity.

Here we used a floxed unc-70 (beta-Spectrin) allele for loss of function studies in a tissue specific manner. Whereas neuron 
specific depletion did lead to a strong reduction in its binding partner UNC-44 (Ankyrin), this did not lead to major microtubule 
defects. However, Spectrin depletion in both the PVD neuron and surrounding hypodermis did lead to defects in microtubule 
cytoskeleton immobilization and polarity organization in axons and dendrites. In agreement, we found that neuron specific 
depletion had only mild defect on dendritic arbors of the PVD neuron, whereas when co-depleted in the hypodermis the 
defects were much more pronounced. We are currently investigating whether hypodermal spectrin controls neuronal adhesion 
proteins such as SAX-7 (NRCAM), which in turn may bind to the UNC-44 (Ankyrin) to connect to the microtubules. Altogether, 
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we found that UNC- 70 (Spectrin) acts cell autonomously and non-autonomously to maintain the neuronal microtubule 
cytoskeleton.

810C	 PTRN-1	(CAMSAP)	and	NOCA-2	(NINEIN)	redundantly	mediate	MTOC	localization	and	microtubule	polarity	in	
dendrites

Liu He1, Martin Harterink1, Casper Hoogenraad1 1) Utrecht University,Netherlands,Utrecht.

In neurons the microtubule cytoskeleton is key for proper axon and dendrite deployment. In axons microtubules are arranged 
with their plus ends distal to the cell body, whereas dendritic microtubules are predominantly arranged with their minus ends 
distal to the cell body (invertebrates) or with mixed orientation (vertebrates). This difference in microtubule organization 
allows for selective transport into axons or dendrites to differentiate these cell extensions. It was recently found in C. elegans 
that during dendrite development of the PVD neuron, RAB-11 positive vesicles function as a non-centrosomal microtubule 
organizing center (MTOC). These vesicles localize to the growing dendritic tip to nucleate microtubules with their characteristic 
minus ends distal organization (Liang et al. eLife, 2020). However, the mechanism that localizes these MTOC vesicles to the 
dendrite tip is poorly understood. Looking for proteins that may act at the microtubule minus ends, we found that PTRN-
1 (CAMSAP) and NOCA-2 (NINEIN) act redundantly for distal MTOC localization during dendrite development; their loss of 
function leads to defects in microtubule polarity establishment. We found that NOCA-2 colocalizes to the MTOC vesicles, 
and its depletion partially disrupted the recruitment of γ-Tubulin to the MTOC vesicles. CAMSAP proteins are well described 
microtubule minus-end binding proteins that can stabilize/protect the minus-end from depolymerization. Not surprisingly 
we observed a punctate PTRN-1 distribution throughout the dendrite but also an accumulation around the MTOC vesicles. 
Surprisingly we found that during dendrite tip growth the MTOC vesicles and the surrounding Camsap puncta co-migrate 
with the growing tip, suggesting that these structures are connected. We are currently probing whether sliding of the distal 
microtubule skeleton is responsible for pushing the MTOC vesicles forward to form and maintain the dendritic minus end distal 
microtubes.

811A	 Gene	regulatory	networks	underlying	cell	fate	specification	of	a	C. elegans	sensory/inter/motor	neuron-type

Woojung Heo1, Hyeonjeong Hwang1, Kyuhyung Kim1 1) DGIST, Daegu, Republic of Korea.

Neuronal differentiation and specification are coordinated through a cascade of gene expression via interactions between 
trans-acting transcription factors and cis-regulatory elements of their target genes. However, the mechanisms by which 
specific transcription factors determine neuronal cell fate during development are still not clear. In C. elegans, the IL1 sensory/
inter/motor neurons consist of six neurons that appear to regulate the rate and pattern of foraging movement (Hart et al., 
1995). To identify molecular and cellular mechanisms by which IL1s are terminally differentiated, we searched for trans-acting 
factors and cis-regulatory motifs that are necessary and sufficient for the specification of IL1s. To investigate trans-acting 
factor, we performed candidate gene searches and forward mutagenesis screens and isolated nfya-1 mutants which show 
decreased flp-3 neuropeptide gene expression in IL1L/R. nfya-1 encodes nuclear transcription factor Y alpha subunit, which is 
evolutionarily conserved. NFYA-1 is localized to the nuclei of IL1s and transient NFYA-1 expression in nfya-1 mutants restores 
flp-3 expression. To identify cis-regulatory motifs, we performed promoter analysis of the set of genes that are specifically 
expressed in IL1s, including flp-3 (Kim et al., 2004). We identified a motif that is necessary for flp-3 expression in IL1L/R, DNA 
sequences of the motif share limited sequence conservation with putative NFYA-1 binding sequences. We also found distinct 
motifs exist in promoters of other IL1-expressed genes including unc-8 DEG/ENaC cation-sensitive channel gene and eat-4 
vesicular glutamate transporter gene. Interestingly, the motifs in unc-8 and eat-4 promoters affect not only L/R cells but all IL1 
cells. Taken together, we propose that NFYA-1 regulates asymmetric neuronal subtypes differentiation between lateral and 
dorsal/ventral neurons. We are currently identifying the precise function of the nfya-1 gene in IL1 neuronal specification.

812B	 Elucidating	the	role	of	NHR-25	in	shaping	and	maintaining	neuron	structure

Yael Iosilevskii1, Benjamin Podbilewicz1 1) Technion - Israel Institute of Technology.

The PVD sensory neuron pair offer a powerful model for studying how complex dendritic trees are patterned and their 
structure may be modified and repaired. We previously demonstrated the cell-to-cell fusion proteins (fusogens) EFF-1 and 
AFF-1 play key roles in preserving the PVD structure. EFF-1 maintains PVD stereotypic dendritic shape by retracting and fusing 
excess branching while AFF-1 mediates aspects of its regenerative potential following injury. However, the site of action, 
regulation, and temporal contribution of fusogens to neuron plasticity and function remain largely unknown.
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Unpublished results from our lab (WBPaper00043316, WBPaper00030126) identify a candidate regulatory transcription factor, 
the nuclear hormone receptor NHR-25, acting upstream to eff-1 and aff-1 activities in PVD morphogenesis and repair. We 
have previously demonstrated that nhr-25 mutants display aberrant intra-dendrite fusion events, misshaped structures, and 
persistent excessive outgrowth following injury. Epistatic analysis revealed that nhr-25 influences intra-dendrite fusions by 
inhibiting aff-1. In contrast, nhr-25 activates eff-1 to elicit pruning after injury, outgrowth, and successful regeneration. These 
genetic results lack spatial and temporal resolution, which we plan to address using the recently improved system for auxin-
inducible degradation. By using precise tissue-specific protein depletion techniques we will assay the relative contribution 
of EFF-1, AFF-1 and NHR-25 to aspects of neuron morphogenesis, maintenance, and repair. We will obtain strains edited to 
include a degron tag on the endogenous eff-1, aff-1, and nhr-25 genes. These tagged proteins will be degraded in the presence 
of the plant hormone auxin and an adaptor protein, TIR1. Since TIR1 is not endogenous to C. elegans, we could remove them 
solely in the PVD or from other specific tissues selectively expressing TIR1. Observing PVD morphogenesis and injury response 
and repair in the presence or absence of auxin in such strains will enable us to directly determine the spatial and temporal 
requirements for NHR-25 and the fusogens EFF-1 and AFF-1 in dendrite morphogenesis and repair.

813C	 Coordination	of	neuronal	activity	and	transcriptional	programs	in	motor	circuit	remodeling

Eugene Jin1, Yishi Jin1 1) University of California, San Diego, La Jolla, CA.

Neuronal plasticity and circuit stability are fundamental properties of brain development and function. Activity-dependent 
changes to neuronal connectivity often occur within a defined time window, also known as a developmental plasticity window. 
How neuronal activity contributes to such precise timing of neural circuit rewiring is a central question in neuroscience. 
Ultrastructural connectomic studies that began nearly 50 years ago revealed that during the first larval stage, the C. elegans 
locomotor circuit undergoes dramatic synaptic rewiring known as ‘DD synapse remodeling’ as postembryonic motor neurons 
are born to establish the mature motor circuit (White et al., 1978). Live imaging studies subsequently showed that presynaptic 
terminals in DD motor neurons are progressively removed from the ventral side and new synapses are formed at dorsal 
locations from mid to late L1 stages (Hallam and Jin, 1998). The precise timing of DD synapse remodeling has been shown to 
depend on several transcriptional programs and can be modulated by neuronal activity. However, it remains unclear which 
form of neuronal activity affects the time window of this developmental plasticity, and how neuronal activity is molecularly 
coupled to transcription regulation. To address this, we are using fluorescently tagged reporters for in vivo detection of the 
key transcription factors, such as LIN-14 and UNC-30. To precisely determine L1 developmental stages, we use P cell nuclear 
migration and divisions using Nomarski optics (Sulston and Horvitz, 1977). We have also generated a nuclear calcium sensor 
to measure activity in DD neurons during synapse remodeling. We will present our detailed findings on the changes in nuclear 
calcium dynamics before, during and after DD synapse remodeling.

References:

Hallam, S.J., and Y. Jin. 1998. Nature. 395(6697):78–82.

Sulston, J.E., and H.R. Horvitz. 1977. Dev. Biol. 56:110–156.

White, J.G., D.G. Albertson, and M.A. Anness. 1978. Nature. 271:764–766.

814A	 It	takes	two:	Hox	proteins	cooperate	to	specify	midbody	fates	in	male	CP	neurons

Andrea Kalis2, Kylie Burkstrand2, Kristina Lodahl2, Megan Snyder2, Emma Ferrer1, Estee Emlen1, Kevin Tran1, Jennifer Wolff1 1) 
Carleton College; 2) St. Catherine University.

Hox transcription factors are key regulators of anterior-posterior fates in animals; Hox-mediated specification of neuron fates 
on the A-P axis is essential to nervous system organization and function. In the ventral nerve cord of C. elegans males, fates 
of the nine male-specific CP neurons depend on the activities of the Hox proteins LIN-39 and MAB-5, which are expressed 
in partially overlapping domains. LIN-39 defines fates of anterior CPs 1-4, including expression of the neurotransmitter 
genes tph-1 and flp-22; MAB-5 defines fates of posterior CPs 7-9, including expression of flp-21. In the midbody, LIN-39 and 
MAB-5 together define fates of CPs 5-6, which express tph-1, but not flp-22 or flp-21. In mab-5(e1751gf) mutants, MAB-5 is 
overexpressed in the anterior ventral cord, leading CPs 1-4 to adopt normally CP 5-6-specific traits: CPs 1-4 lack flp-22::gfp 
expression and express tph-1::mCherry at high levels normally seen in CPs 5-6. This is consistent with the idea that, together, 
LIN-39 and MAB-5 are sufficient to define CP 5-6 fate.
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How are LIN-39 and MAB-5 activities coordinated to define a unique neuron fate in their region of co-expression? The lin-
39(ccc16) mutation sheds light on this question. lin-39(ccc16) specifically alters CPs 5-6, such that CPs 5-6 express posterior 
(CP 7-9-like) traits. In contrast, fates of CPs 1-4, which also normally depend on LIN-39 activity, are relatively unaffected by 
lin-39(ccc16). We hypothesize that the protein encoded by lin-39(ccc16), which is predicted to lack sequences C-terminal to 
the homeodomain, is able to specify CP fates in the absence of MAB-5 (i.e., in CPs 1-4), but is unable to interact with MAB-5 
to define CP 5-6 fates. Consistent with this, lin-39(ccc16) males express tph-1::mCherry only in CPs 1-4, whereas lin-39(ccc16) 
mab-5(0) mutants express tph-1::mCherry in CPs 1-6, suggesting that LIN-39(ccc16) is functional only in MAB-5’s absence. To 
test whether sequences C-terminal to the LIN-39 homeodomain are necessary for interactions among LIN-39, MAB-5, and 
TALE cofactor CEH-20we used bimolecular fluorescence complementation to query protein interactions in vivo. Preliminary 
results suggest that full-length LIN-39 interacts with MAB-5 and CEH-20, but that LIN-39(ccc16) fails to interact with MAB-5. 
We hypothesize that sequences C-terminal to LIN-39’s homeodomain mediate formation of a complex that contains LIN-39 and 
MAB-5, allowing them to coregulate targets to define CP 5-6 fates.

815B	 Neurodevelopmental	toxicity	assessment	after	pesticides	exposure	using	C. elegans

Yuri Lee1, Suji Choi1, Kyung Hwan Park1, Hyeseon Jeong1, A-young Jeong1, Uihyeon Yu1, Kyung Won Kim1,2 1) Hallym University, 
Chuncheon, Korea; 2) Multidisciplinary Genome Institute, Chuncheon, Korea.

Pesticides are widely used in agriculture to kill unwanted insects, worms, and fungi that interfere with crop growth. Although 
pesticides are developed through stringent regulation processes to have minimal impact on human health, people who 
use pesticides or regularly come in contact with them have potential health risks such as respiratory diseases, cancers, 
and neurological diseases. A hazard assessment of pesticides is primarily based on acute toxicity (LD50: Lethal Dose 50%). 
However, the chronic toxicity of pesticides, especially neurotoxicity, has not yet been carefully tested since it is more difficult 
to determine. Pesticides also induce oxidative stress, which is closely related to neurotoxicity. Here, we assessed neurotoxicity 
and oxidative stress caused by various active ingredients in pesticide products, using C. elegans as a model system. We 
found that both neurotoxicity and oxidative stress are increased in a dose-dependent manner by many single compounds. 
We will continue to screen these single compounds showing high neurotoxicity and plan to quantify the expression levels 
of oxidative stress-related genes. Also, we will test whether mitochondrial fragmentation occurs in the cells. We hope to 
understand the neurotoxic mechanisms of various pesticides and our research will provide a reassessment of pesticide safety 
in an aspect of neurodevelopmental toxicity. This study was supported by the National Research Foundation of Korea (NRF-
2019M3C7A1031836, NRF-2019R1A2C1003329).

816C	 LRON-11	functions	in	axon	guidance	within	the	ventral	nerve	cord	of	C. elegans

Nikolas Kokan1, Saru Sandhu1, Skyla Witt1, Harald Hutter1 1) Simon Fraser University.

lron-11 is a member of the extracellular Leucine Rich Repeat ONly (lron) gene family in Caenorhabditis elegans. The Leucine-
Rich Repeats (LRRs) motif facilitates protein-protein interactions. In many organisms, extracellular LRR genes have been 
implicated in axon guidance, fasciculation and synapse formation. This includes another member of the lronfamily, dma-
1, which encodes an adhesion receptor that functions in dendrite guidance in C. elegans. Therefore, we systematically 
investigated all members of the lron family for involvement in axon guidance. We found substantial axon guidance defects in 
the ventral nerve cord (VNC) of lron-11 mutants. We observed defects in motor neurons, PVPR, and command interneurons 
axons. A common defect was aberrant crossing of the midline. For example, the pioneer PVPR’s axon incorrectly crossed the 
midline in ~15% of lron-11 mutants. In addition, lron-11 mutants also showed some commissural defects. Normally, motor 
neurons send commissures from the ventral nerve cord dorsally, up a specific side of the animal. However, in approximately 
50% of lron-11 mutants, multiple commissures traveled up the wrong side. We also observed motor neuron neurites errantly 
enter the left VNC tract in ~20% of worms. Since LRON-11 is a single pass transmembrane protein with all its LRR motifs on its 
extracellular domain, these results suggest that LRON-11 is a putative receptor for axon guidance cues in C. elegans. Next, we 
will use CRISPR and expression constructs to verify whether LRON-11 is expressed in neurons with these defects, to further our 
understanding of its function in axon guidance.

817A	 A	noncanonical	role	for	Hox	in	the	C. elegans ventral nerve cord

Weidong Feng1, Paschalis Kratsios1 1) University of Chicago, Chicago, IL.

Hox proteins constitute a phylogenetically conserved family of transcription factors that play essential roles during early animal 
development, such as control of regional identity and cell survival. However, our understanding of Hox gene function during 
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post-embryonic stages remains rudimentary. To bridge this gap, we focused on the C. elegans nerve cord, which is populated 
by eight different classes of motor neurons (MNs) – the cholinergic DA, DB, VA, VB, AS, VC and the GABAergic DD and VD 
neurons. By generating an endogenous reporter allele for the mid-body Hox gene lin-39 (Scr/Dfd/Hox4-5), we found that it is 
continuously expressed – from developmental to adult stages – in MNs of all these eight classes. Using null and auxin-inducible 
alleles, we observed that lin-39 is required not only to establish, but also maintain in the adult the expression of effector 
molecules that define MN final (terminal) identity, such as neurotransmitter biosynthesis proteins, ion channels and adhesion 
molecules. Chromatin immunoprecipitation followed by sequencing (ChIP-Seq) for LIN-39 together with mutational analysis 
of its cognate binding site strongly suggest that it acts directly to activate expression of its target genes. LIN-39 does not act 
alone. Our genetic and biochemical studies indicate that it collaborates with two terminal selector-type transcription factors: 
UNC-3/Ebf in cholinergic MN classes (DA, DB, VA, VB, AS) and UNC-30/Pitx in GABAergic MNs (DD, VD). We also found that LIN-
39 partners with another Hox gene (mab-5/Antp/Hox6-8) to consolidate the identity of both cholinergic and GABAergic MNs. 
Our genetic and biochemical analyses suggest that the expression of lin-39 and mab-5 in adult nerve cord MNs is maintained 
via direct transcriptional autoregulation. Intriguingly, lin-39 and mab-5 can jointly control the expression levels of unc-3 in 
cholinergic MNs, thereby generating a coherent feed forward loop-type of mechanism (i.e., Hox and unc-3 activate the same 
effector molecules, but Hox proteins also activate unc-3) for the establishment and maintenance of motor neuron identity. 
Based on recent profiling studies showing Hox gene expression in the adult fly and mouse nervous systems, the noncanonical 
Hox gene function described here may be phylogenetically conserved.

818B	 Sustained	expression	of	unc-4/Hox and unc-37/Groucho in postmitotic neurons specifies the spatial organization of 
the cholinergic synapses in C. elegans

Mizuki Kurashina1,2, Jane Wang1, Kathy Lee1, Arpun Johal1, Kota Mizumoto1,2,3,4 1) Department of Zoology, University of British 
Columbia, Canada; 2) Graduate Program in Cell and Developmental Biology, University of British Columbia, Canada; 3) Life 
Sciences Institute, University of British Columbia, Canada ; 4) Djavad Mowafaghian Centre for Brain Health, University of British 
Columbia, Canada.

Neuronal cell fate determinants establish the identities of neurons by controlling gene expression to regulate neuronal 
morphology and synaptic connectivity. However, it is not understood if neuronal cell fate determinants have postmitotic 
functions in synapse pattern formation. Here we identify a novel role for UNC-4 homeobox protein and its corepressor UNC-
37/Groucho in tiled synaptic patterning of the cholinergic motor neurons in Caenorhabditis elegans. Using temperature 
sensitive mutants and the auxin-inducible degron system, we show that unc-4 is not required during neurogenesis but is 
required in the postmitotic neurons for proper synapse patterning. In contrast, unc-37 is required in both developing and 
postmitotic neurons. The synaptic tiling defects of unc-4 and unc-37 mutants are suppressed by bar-1/β-catenin mutation, 
which positively regulates the expression of ceh-12/Hb9. Ectopic ceh-12 expression partly underlies the synaptic tiling defects 
of unc-4 and unc-37 mutants. Our results reveal a novel postmitotic role of neuronal cell fate determinants in synapse pattern 
formation through inhibiting the canonical Wnt signaling pathway.

819C	 Molecular	mechanisms	regulating	organization	of	sensory	neuron	cilia

Hannah N. Lawson1, Piali Sengupta1 1) Department of Biology, Brandeis University, Waltham, MA.

Primary cilia are present on all sensory neurons and are critical for their functions. The organization of neurons and their 
processes within neuropils has been shown to be important for their functions in multiple organisms. However, whether 
the organization of cilia within a sense organ is similarly important for sensory neuron function is unclear. In C. elegans, the 
cilia of eight chemosensory neurons of the head amphid sense organs are present within a channel formed by surrounding 
glia. Previous work from the Sengupta lab showed that these cilia are stereotypically arranged within this channel and form 
specific contacts with one another. We found that sax-7 mutants, which have altered amphid neuron dendrite order, retain 
stereotypical cilia organization within this channel, suggesting cilia arrangement is not a consequence of dendrite order. 
Cilia-cilia contact appears to be dependent on the presence of ciliary distal segments. Because flagella adhesion during 
Chlamydomonas mating is mediated by glycoproteins, we asked whether glycoproteins might control ciliary organization 
and cilia-cilia contact in C. elegans. Our preliminary results indicate that mutations in an enzyme involved in synthesizing 
N-linked glycoproteins alters ciliary organization and cilia-cilia contact. In a screen of candidate regulators of cilia organization, 
we identified the conserved phogrin homolog IDA-1. Mutations in ida-1 alter cilia position within the amphid channel. IDA-
1 localizes to the ciliary base; however, mutations in the BBSome protein BBS-7 mislocalize IDA-1 to the cilia. To determine 
whether IDA-1 localization is critical for regulating ciliary position, we examined the cilia of bbs-7 mutants. Our preliminary 
results indicate that cilia in these animals are also disorganized. Additionally, the cilia-cilia contacts typically seen in wild-type 
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animals may be altered in bbs-7 mutants. IDA-1 is a transmembrane protein localized to the membrane of dense-core vesicles 
(DCVs) and is implicated in regulating DCV cargo release. Mutations in unc-31 disrupt DCV exocytosis, however, the cilia of 
unc-31 mutants appear largely wild-type, suggesting that ida-1 control of ciliary organization is independent of its role in DCV 
signaling. Our current experiments are aimed at further exploring the molecular mechanisms underlying ciliary organization 
and establishing the contribution of cilia-cilia contact for regulating sensory neuron functions.

820A	 EOR-1/PLZF	and	EOR-2	Inhibit	Expression	of	the	RIM	or	RIC	Neuronal	Cell	Fates

Dongyeop Lee1, Takashi Hirose1, Bob Horvitz1 1) HHMI, Dept. Biology, MIT.

The development of each of the 302 neurons in the C. elegans nervous system is tightly regulated, but mechanisms underlying 
specification of these neuronal cell fates are incompletely understood. For example, the tyraminergic RIM and octopaminergic 
RIC interneurons are involved in diverse sensorimotor behaviors, including reversals, head movements, and feeding, but 
the factors guiding the development of these neurons are largely unknown. To identify regulators of RIM/RIC neuronal 
development, we used genetic screens for genes that when mutated cause extra GFP-positive cells in tdc-1::GFP transgenic 
worms, which express GFP specifically in the two RIM and two RIC neurons. We screened approximately 67,000 genomes and 
isolated 3 alleles of eor-2 (egl-1 suppressor/DiO uptake defective/raf enhancer). eor-2 encodes a co-factor of the transcription 
factor EOR-1, a homolog of the promyelocytic leukemia zinc finger (PLZF). We found that eor-1 and eor-2 act in the same 
genetic pathway to prevent the generation of extra GFP-positive cells. A ced-3(lf) mutation results in 8-9 tdc-1:GFP positive 
cells, and the addition of the eor-2(n5163) mutation, which generates a premature stop codon in the fifth exon of the 17 
exons in eor-2, increased this number to 10-11 cells. This observation suggests that EOR-1/EOR-2 act separately from CED-3 
and regulate the fate of specific neurons rather than the deaths of the RIM and RIC sister cells. Next we used RIM- and RIC-
specific reporters to ask whether the extra GFP-positive cells in eor-1(cs28) loss-of-function mutants were RIM-like or RIC-like. 
We found that the eor-1(cs28) mutants ectopically expressed both the RIM and the RIC reporter, and that the ectopic RIM and 
RIC reporters were expressed in different cells, suggesting that EOR-1 regulates the fate of at least two different cell types to 
prevent fate transformation to RIM-like or RIC-like cells. Additional experiments using other cell-specific markers suggested 
that the extra RIM-like cells normally differentiate to become GABAergic RME neurons. Our results demonstrate that the EOR-
1 transcription factor and EOR-2 together regulate the cell-fate determination of specific neurons during development. We 
hope this study will provide novel insights concerning the functions of the evolutionarily conserved PLZF transcription factor in 
animal development and of the dysfunction of PLZF in human diseases, such as cancer.

821B	 Microtubule	dynamics	regulates	gap	junction	trafficking	and	placement	in	the	motor	circuit

Grace Lee1, Sierra Palumbos2, Claire Strothman1, Marija Zanic1, David M. Miller, III1 1) Cell and Developmental Biology, 
Vanderbilt University, Nashville, TN; 2) Neuroscience, Vanderbilt University, Nashville, TN.

Gap junctions, or electrical synapses, mediate fast communication between neurons but the mechanisms that direct gap 
junction assembly between specific neurons or within specific subcellular compartments are poorly understood. Gap junction 
localization ultimately depends on kinesins, which walk along microtubule (MT) tracks to deliver gap junction components to 
their cellular destinations. We are investigating gap junction assembly in VA motor neurons in which the UNC-4 transcription 
factor and its corepressor UNC-37 regulate the neuron specificity and placement of electrical synapses. Gap junction trafficking 
is disrupted in unc-4 mutants (Palumbos et al, worm meeting 2019). To investigate the mechanism of this effect, we utilized 
the MT plus-end marker, EBP-2::GFP, to monitor MT dynamics. We determined that the rate of MT polymerization and 
outgrowth length are reduced in unc-37 mutant VA neurons. VAB-8, an atypical kinesin that binds MTs but lacks motor activity, 
is negatively regulated by UNC-4/UNC-37. We are now testing the hypothesis that ectopic expression of VAB-8 in unc-4 mutant 
VA neurons disrupts gap junction trafficking by altering MT dynamics.

822C	 CUT	class	homeobox	genes	redundantly	control	panneuronal	identity	features	in	C. elegans

Eduardo Leyva Diaz1, Oliver Hobert1 1) Department of Biological Sciences, Howard Hughes Medical Institute, Columbia 
University, New York, NY, USA.

Panneuronally expressed genes, such as genes involved in synaptic vesicle biology, are critical for the proper function of all 
neurons, but the control mechanisms that direct such genes to all neurons remain poorly understood. Here, we have identified 
the CUT class homeobox factors as critical regulators of panneuronal gene expression, as demonstrated by the following 
observations. First, six different CUT factors are expressed neuronally in C. elegans: ceh-48 and ceh-44 show a panneuronal 
expression pattern, with little if any expression outside the nervous system, while ceh-38, ceh-21, ceh-39 and ceh-41 are 
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ubiquitously expressed. Nervous system expression is observed for all 6 genes throughout all developmental stages starting 
in embryos and maintained in the adult stage. Second, loss of individual factors does not cause obvious phenotypes, however 
mutation of CUT genes in different combinations leads to a reduction of expression of panneuronal gene reporters, with 
the strongest phenotype observed when all six CUT factors are removed in a sextuple null mutant strain. A more extensive 
neuronal transcriptional profiling in neurons lacking all neuronal CUT genes reveals that these factors are required for the 
expression of large cohorts of panneuronal genes. We found that CUT factors are required for neuronal function since CUT 
mutants show defects on synaptic transmission and worm locomotion. Third, the high sequence similarities in their DNA 
binding domains predict that these factors will recognize the same binding motif. Indeed, available ChIP-seq data for a subset 
of the CUT factors reveals binding to panneuronal gene promoters at the same locations. Deletion of the shared CUT binding 
motif from panneuronal gene endogenous reporters disrupts expression, indicating direct binding. To sum up, CUT factors are 
required for panneuronal gene expression and proper nervous system activity. Their redundant function might have evolved as 
a safeguard mechanism to prevent profound impacts on neuronal function. Members of the CUT family in other invertebrate 
and vertebrates also show panneuronal expression, indicating that they could have a conserved role in nervous system 
specification.

823A	 Characterizing	the	nervous	system	of	the	nematode	Pristionchus pacificus - similarities and differences with C. 
elegans

Curtis Loer1, Steve Cook2, Hanh Witte3, Ralf Sommer3, Oliver Hobert2 1) Univ San Diego; 2) Columbia Univ & HHMI; 3) Max 
Planck Inst, Evol Biol.

The nervous systems of many nematodes are remarkably similar despite considerable divergence of their genomes. We are 
examining the evolution of nematode nervous systems by characterizing the nervous system of the nematode Pristionchus 
pacificus (Ppa) to compare with that of the highly described C. elegans (Cel), which boasts a complete cell lineage, and a 
complete set of neurons and their connectivities in both sexes (Sulston & Horvitz, 1977; Sulston et al., 1983; White et al., 1986; 
Cook et al., 2019, Nature 571: 63–71). Within a few years, we and others seek to approach a similar level of characterization 
for Ppa. For example, the connectivity and likely homologies for head sensory neurons in Ppa have been determined, 
demonstrating considerable similarities plus a few striking differences, such as the absence of amphid ‘winged’ cilia found 
in Cel (Hong et al., 2019, eLife 2019;8:e47155). Considerable progress has been made in transgenics, traditional reporters 
and CRISPR generation of mutants and short knock-ins. To study neuronal specification in Ppa, we have epitope-tagged 
transcription factor genes to examine their expression patterns, including Ppa orthologs of unc-3, unc-86 and unc-42. We have 
also found that an antiserum to C. elegans unc-86 works in Ppa, showing a pattern identical to that of the epitope-tagged 
locus. The pattern of Ppa-unc-86 expression is remarkably similar to that of Cel; one difference is in the absence of clear HSN 
homologs in hermaphrodites. This is consistent with the absence of HSNs in Ppa seen with anti-serotonin. Other differences 
in serotonergic neurons suggest possible differences in the role of Ppa-unc-86 in Ppa vs. Cel. In Cel, the ‘terminal selector’ 
unc-86 plays a role in specifying serotonergic fate (Zhang et al., 2014, Development 141: 422-435). For example, in Cel, the AIM 
neurons express both unc-86 and serotonin; in Ppa presumptive AIM neurons lack serotonin but still express unc-86. We will 
present these and other results of our analysis of nervous system similarities and difference in C. elegans and P. pacificus.

824B	 Investigating	the	effects	of	altered	gravity	on	dendritic	structures	during	development	in	C. elegans

Je-Hyun Moon1, Jinil Lee1 1) Division of Biological Science and Technology, Yonsei University, Wonju, South Korea.

Space flight has shown that altering gravity can affect many biological processes including muscle and bone development. 
However, gravity’s effect on neuronal development is not clear. Previously, we showed that hypergravity affects axonal 
development of motor neurons. Here, we will investigate the effects of altering gravity on neuron dendrite development 
by observing the PVD neuron, a harsh touch sensory neuron, in C. elegans in different gravity conditions. The PVD sensory 
neuron develops post-embryonically, and by adulthood displays intricately organized and non-overlapping dendrites spanning 
the entire body length. To investigate whether PVD development is normal in altered gravity, we exposed C. elegans to 100G 
hypergravity in a centrifuge. We identified hypergravity-induced abnormal structures in the PVD neuron, particularly 4° 
branch defects. Since basement membrane protein UNC-52/perlecan is known for its fundamental role for patterning PVD 4° 
branches, we exposed UNC-52/perlecan mutants to hypergravity. Preliminary results show that unc-52 mutants can suppress 
hypergravity-induced PVD “L” and “T” shape 4° branch defects. Furthermore, we are exposing C. elegans to different gravity 
forces and gravity time frames. This work will let us know the minimum force and critical time point for inducing PVD dendrite 
defects.
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We plan to expose C.elegans to simulated microgravity on a clinostat, and real microgravity aboard the International Space 
Station. Now we are planning to prepare our next space flight launching in 2021 and 2022.

825C	 Inositol	pentakisphosphate	kinase-1	(IPPK-1)	is	involved	in	ventral	nerve	cord	assembly	in	C. elegans

Nathaniel Noblett1,2, Tony Roenspies2, Antonio Colavita1,2 1) University of Ottawa, Ontario, Canada; 2) Ottawa Hospital Research 
Institute, Ottawa, Ontario, Canada.

Assembly of the C. elegans ventral nerve cord (VNC) involves many features of mammalian neurulation, including regulation 
by the planar cell polarity (PCP) pathway and rosette mediated convergent extension. The VNC is formed through a stereotypic 
migration of neuroblasts from either side of the embryo toward the midline, followed by intercalations that constrict the 
width of the tissue and extending its length. These processes transition the tissue it into a single line of neurons. Failure of 
this process results in aberrant motor neuron position or spacing defects along the VNC. We have found that mutations in 
ippk-1/Inositol pentakisphosphate kinase leads to broadening of the embryonic VNC and mispositioning of the motor neurons 
post-hatching. ippk-1 encodes a kinase which plays a central role in inositol phosphate metabolism and has been linked to 
multiple developmental processes and conditions, including neural tube defects (NTDs). Here, we describe how the activity 
of IPPK-1 contributes to its function. Convergent extension during VNC formation is regulated by the planar cell polarity (PCP) 
and SAX-3/ROBO pathways; loss of either pathway or IPPK-1 results in anterior shifts in neuron spacing. We show that IPPK-1 
likely acts in parallel to PCP and SAX-3/ROBO signalling to regulate VNC assembly. Time-lapse fluorescent microscopy was used 
to examine the role of IPPK-1 in VNC assembly. In ippk-1 mutants, we found that left and right neuroblasts display defective 
initial cell contacts just prior to central rosette formation. Additionally, rosette resolution is also delayed leading to persistent 
cell contacts. To determine if the metabolic product of IPPK-1 activity is important for its function, we injected inositol 
hexaphosphate (IP6) directly into the gonads of young adult worms. We found that IP6 injection rescues motor neuron spacing 
defects. These results suggest that IPPK-1-derived inositol phosphate metabolites promote proper convergent extension 
movements during embryonic VNC development.

826A	 The	PBAF	chromatin	remodeling	complex	is	required	for	cholinergic	motor	neuron	subtype	identity

Anthony Osuma1, Jihad Aburas1, Paschalis Kratsios1 1) University of Chicago.

We have previously shown that the evolutionarily conserved COE (Collier, Olf, Ebf)-type transcription factor UNC-3 acts as a 
terminal selector and determines cholinergic motor neuron (MN) identity in multiple cholinergic MN classes (SAB, DA, DB, 
VA, VB, AS). UNC-3 directly controls the expression of both shared (e.g., acetylcholine pathway genes) and class-specific 
terminal identity genes (e.g., ion channels, neurotransmitter receptors). However, unc-3 is expressed in all these MN classes, 
leading us to hypothesize the existence of repressor proteins that restrict the ability of UNC-3 to activate these class-specific 
genes more broadly. To test this hypothesis, we performed a forward genetic screen using the UNC-3 target gene glr-4, which 
encodes a glutamate receptor subunit selectively expressed in SAB MNs. We found that pbrm-1, the sole C. elegans ortholog 
of the evolutionarily conserved chromatin regulator BAF180, selectively prevents expression of a transgenic glr-4 reporter 
in DA, VA, and AS classes, resulting in mixed MN identity. Similar results were obtained when we monitored endogenous 
glr-4 expression via RNA fluorescent in situ hybridization and a reporter allele. Since PBRM-1/BAF180 is a subunit of PBAF, a 
chromatin remodeling complex of the SWI/SNF family, we reasoned that animals lacking gene activity for other PBAF subunits 
might display similar MN phenotypes. We indeed found that loss of swsn-9 (C. elegans ortholog of human BRD7 and BRD9), 
swsn-7 (C. elegans ortholog of human ARID2), and phf-10 (ortholog of human PHF10) results in gain of glr-4 expression in 
these three MN subtypes. Rescue and RNAi experiments using cholinergic MN-specific promoters (cho-1 and lin-39) further 
demonstrated that these four PBAF components, despite their ubiquitous expression, act cell-autonomously in post-mitotic 
MNs. Finally, we found that the transcription factors MAB-9/Tbx20 and UNC-4/UNCX represses glr-4 expression in AS and DA/
VA neurons, respectively. To account for the observed specificity of PBAF-mediated glr-4 repression in select MN classes, we 
hypothesize that PBAF is recruited by MN class-specific transcription factors (e.g., MAB-9, UNC-4) to repress UNC-3 target 
genes. Altogether, we provide novel insights on the epigenetic mechanisms that generate neuronal diversity by uncovering a 
previously unrecognized, neuron-specific role for the PBAF chromatin-remodeling complex in selective repression of terminal 
selector target genes.

827B	 DIP-2	and	SAX-2	play	synergistic	roles	to	maintain	C. elegans neuronal morphology

Seungmee Park1, Antonio Colavita2, Yishi Jin1, Andrew Chisholm1 1) University of California San Diego, San Diego, CA; 2) 
University of Ottawa, Ottawa, Ontario, Canada.



Abstracts

23rd International C. elegans Conference     |    335

Many C. elegans neurons project monopolar or bipolar neurites. However, it is unknown how the stereotypical morphology 
established during development is maintained throughout life. Several factors have been found to regulate the morphology 
of various types of neurons. Among these, DIP-2 (Disco-interacting-protein 2) (Noblett et al 2018) and SAX-2 (sensory 
axon guidance defect) (Zallen et al 1999) are critical for the maintenance of neuronal morphology. DIP-2 represses ectopic 
neurite outgrowth from neuronal soma, and suppresses injury-induced axon regrowth. SAX-2 also represses ectopic neurite 
outgrowth. Both proteins are expressed in the nervous system, and act cell-autonomously to repress ectopic neurites in 
neurons. DIP-2 is a member of a conserved family of proteins implicated in acyl-CoA metabolism. Our genetic studies between 
dip-2 and the Kennedy phospholipid synthetic pathway show that DIP-2 acts downstream of the phospholipid pathway. 
SAX-2 is a member of the Fry/Furry family of proteins implicated in cytoskeletal dynamics (Nagai et al., 2013). By knock-in of 
fluorescent protein tag to endogenous locus, we show that DIP-2 displays diffuse cytosolic expression in neurons, whereas SAX-
2 localizes to cytoplasmic puncta whose identity is currently being investigated. To understand potential interactions between 
these pathways influencing neuronal morphology, we have analyzed dip-2 and sax-2 double mutants and found that these 
animals display synergistic defects in neuronal morphology, as well as synergistic developmental and reproductive defects. 
Exploiting these synergistic defects, we conducted genetic screens and isolated multiple suppressors of the phenotypes of dip-
2, sax-2, or both. We are currently mapping these suppressors to better understand how the DIP-2 and SAX-2 pathways act to 
maintain neuronal morphology.

828C	 Specific	N-glycans	fine-tune	somatosensory	dendrite	patterning

Maisha Rahman1, Carlos Diaz-Balzac1, Hannes Bülow1 1) Albert Einstein College of Medicine.

Dendrites are essential for the transmission and processing of stimuli through the nervous system, and their development 
requires the precise orchestration of many proteins. For example, the C. elegans PVD somatosensory neurons require a 
conserved cell-adhesion ‘menorin’ complex - comprised of skin-derived MNR-1/Menorin and SAX-7/L1CAM, muscle secreted 
LECT-2/Chondromodulin II, and the transmembrane receptor, DMA-1/LRR-TM, in PVD - for their stereotyped arborization. 
We found that a key enzyme in the N-glycosylation pathway, AMAN-2/Golgi alpha-mannosidase II, plays a role in fine-tuning 
PVD dendrite patterning. aman-2/GM-II encodes an evolutionarily conserved enzyme required for the formation of complex 
and paucimannose N-glycans. Mutations in aman-2/GM-II result in dendritic trees with reduced complexity, and enhance the 
severity of dendrite defects in hypomorphic alleles of members of the menorin complex. AMAN-2/GM-II requires enzymatic 
activity in PVD to form higher order branches, suggesting that N-glycosylation of a menorin complex component in PVD itself 
may be significant. Consistent with this hypothesis, we find that DMA-1/LRR-TM is glycosylated in vivo with primarily high-
mannose/hybrid N-glycans, and that DMA-1/LRR-TM carries larger, abnormal N-glycans in aman-2/GM-II mutants. Importantly, 
we determined that the presence of abnormal N-glycans, rather than the absence of wildtype N-glycans, is the root cause of 
the observed defects, and likely leads to altered protein-protein interactions. Lastly, we found that specific N-glycosylation 
sites in DMA-1/LRR-TM are important for PVD dendrite morphogenesis. Collectively, our findings suggest that specific N-glycan 
structures fine-tune dendrite patterning, possibly by regulating complex formation of the DMA-1/LRR receptor with other 
components of the menorin complex.

829A	 Specificity	in	Glia-Neuron	Interactions

Sneha Ray1,2, Aakanksha Singhvi1,2 1) Fred Hutch Cancer Research Center; 2) University of Washington.

Nervous systems consist of two cell types, neurons and glia, that physically and molecularly interact. One site where glia 
associate closely with neurons is the neuron receptive endings (NREs), where neurons receive input. Glia can actively regulate 
NRE shape and function, with consequences on neuron activity and animal behavior. Each glia can associate with multiple 
NREs. However, whether or how a single glia regulates different associated NREs remains a crucial outstanding question.

Unlike most organisms, C. elegans has invariant glia-neuron cell-cell contacts and each cell is born of invariant lineages. This 
makes it a uniquely tractable system to investigate specificity of individual glia-NRE interactions. To examine this, we focused 
on the C. elegans amphid sheath (AMsh) glia, which interacts with the NREs of 12 different sensory neurons, including the 
thermosensory AFD neuron, odor-sensing AWC neuron, and taste-sensing ASE neuron. Ablation of AMsh glia impacts most 
associated NRE shapes and/or function.

We found that AMsh glia localizes the cation chloride cotransporter KCC-3 to a molecular micro-domain only around AFD-NRE, 
hinting at non-uniform interaction between AMsh glia and different NREs. Indeed, while AMsh glial KCC-3 regulates AFD NRE 
shape and associated thermosensory behavior, it notably does not affect ASE or AWC NRE shape, or ASE-mediated behavior.



Abstracts

23rd International C. elegans Conference     |    336

To probe how this specificity is achieved, we sought to determine how AMsh KCC-3 localizes to a glial micro-domain. 
Surprisingly, our genetic and laser ablation studies reveal that the AFD neuron does not recruit KCC-3 localization. Instead, 
disrupting microtubule-based cilia, present on all amphid NREs, is required to localize glial KCC-3 around AFD-NRE. We are 
currently investigating the role of individual amphid NREs on KCC-3 localization. Our structure-function studies also identify 
a 89 amino-acid sequence on KCC-3 that guides its localization. Current studies aim to localize this further and determine 
interacting partners.

These studies show that C. elegans AMsh glia regulate different NREs differently by localizing specific regulatory molecules to 
single NRE contact sites, and aim to shed light on the underlying molecular mechanism.

830B	 unc-44	(Ankyrin)	is	required	for	axon	stability	in	C. elegans

Matthew S. Rich1, Matthew L. Labella1, Sharlei Hsu1, Sean A. Merrill1, Michael J. Bastiani1, Erik M. Jorgense1,2 1) University of 
Utah; 2) Howard Hughes Medical Institute.

After an axon reaches and forms synapses with its target, it must become stable and persist potentially for the life of the 
organism. It is becoming clear that regulation of the axonal cytoskeleton is necessary for this process; mutations in known 
cytoskeletal components like unc-44 (ankyrin) cause highly disordered nervous systems in C. elegans. Axons in unc-44(-) 
animals branch, sprout ectopic growth cones, and exhibit severe degeneration. Historically, unc-44 has been categorized 
as being required for axon outgrowth. Using longitudinal and time-lapse imaging during larval development, we show that 
UNC-44 is not required for proper outgrowth in GABA neurons. In unc-44(-) animals these axons extend normally toward their 
targets, but continue to sprout growth cones. These defects increase in frequency as the animal ages, implying a defect in 
maturation. We recently showed that the expression of a long, 6,994aa isoform of UNC-44 is required for axon stability, but it 
is still unclear how this protein stabilizes the axon. Using CRISPR, we have shown that only the C-terminal ~850aa are required 
for UNC-44’s neuron maturation function; deleting this region phenocopies unc-44 null mutations. This region contains three 
domains conserved in nematodes. Based on further truncations it appears that these act combinatorially; deleting individual 
conserved domains still yield nulls. We are currently mutagenizing this region further and using protein biochemistry to 
precisely map the sequences in UNC-44’s C-terminus and the binding partners that are required for neuron maturation.

831C	 Systematic	analysis	of	CAMs	expressed	in	ray	neurons	in	C. elegans.

Naoko Sakai1, Peter Sun1, Byunghyuk Kim2, Scott Emmons1 1) Albert Einstein College of Medicine, NY, USA; 2) Dongguk 
University Seoul, Goyang, Republic of Korea.

Although cell adhesion molecules (CAMs) have been studied for many years as essential players in neuronal connectivity, we 
have yet to break the code by which cell adhesion molecules help neurons find appropriate partners. While some CAMs such 
as sax-3/ROBO and unc-40/DCC have been heavily researched, many CAMs’ functions remain unknown. We recently identified 
the expression patterns of 100 neural CAMs across 173 neurons and 64 muscles in the C. elegans male tail. This data showed 
that A type and B type ray neurons, which are adjacent sensory neurons derived from the same progenitor cells, do not share 
expressions of most CAMs. There are nine pairs of rays in the male tail, with each ray being composed of two different types 
of sensory neurons (RnA and RnB) and a structural cell. The A- and B-type neurons make different connections, which also 
differ from ray to ray. To investigate whether cell type-specific CAMs expression is important for ray neuron development and 
connectivity, we tested all viable mutants of CAMs expressed in RnB neurons.

Mutants of unc-40 and sax-3 showed a significant defect in both anterior-posterior and dorsal-ventral axon trajectory, and 
fmi-1/Flamingo showed a defect in dorsal-ventral and diagonal axon trajectory. In contrast, the other 6 CAMs mutants didn’t 
have any defects in axon pathfinding. We also tested the possibility that CAMs work redundantly by testing multiple mutants 
and found a deletion in hmr-1B/N-cadherin, which does not lead to any morphological defect in a single mutant, enhanced 
the defect of the sax-3 mutants. lron-7/OPTC and lron-13 mutations, which do not affect RnB morphology in the single 
mutants, slightly suppressed the defect of sax-3 and fmi-1. These results suggest that CAMs across gene families function 
combinatorially to regulate the RnB morphology.

We employed fluorescent transgenes for the synaptic vesicle protein RAB-3 driven by a B-type neuron-specific promoter to 
visualize the synaptic connectivity. The quantification of signal intensity of RAB-3::mCherry showed that unc-40, sax-3, fmi-1, 
lron-7, lron-13, and nrx-1/neurexin mutants showed significantly low RAB-3 signal intensity. The function of lron-7 and lron-13 
in synaptic formation has not been reported before.
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832A	 A	Rab-like	GTPase	Restricts	Dendritic	Branching

Christopher Salazar1, Carlos Diaz-Balzac1, Barth Grant2, Hannes Buelow1 1) Albert Einstein College of Medicine, Bronx, NY; 2) 
Rutgers University, New Brunswick, NJ.

Dendrite development depends on numerous extracellular and intracellular cues to ensure proper structure and function. 
However, the regulatory mechanisms of dendrite development remain incompletely understood. To better understand 
dendrite development, we are utilizing the PVD somatosensory neuron with its highly stereotyped ‘menorah’-like dendrites. 
The Menorin pathway consists of several factors that function from different tissues to promote PVD dendrite development 
and have been heavily studied. However, much less is known about factors that restrict branching. During a genetic screen, 
we have identified a locus that encodes for a putative, uncharacterized Rab-like GTPase, which we name rabl-3. Time course 
analyses determined that the number of branching points was significantly increased in adult animals, suggesting rabl-3 
suppresses dendrite growth. A transcriptional reporter shows expression in the epidermis from early embryonic through adult 
stages and transgenic expression of a rabl-3 cDNA in the epidermis is sufficient to rescue the mutant phenotype, possibly in 
manner that is independent of the GTPase activity of RABL-3. We found that a rescuing N-terminal translational RABL-3 fusion 
displays intracellular, perinuclear localization, indicative of typical Rab GTPases. Genetic analyses show that the Menorin 
pathway is largely epistatic to rabl-3, indicating it may function in the same genetic pathway. In addition, RNAi knockdown of 
rab-5 phenocopies the mutant rabl-3 excessive branching phenotype, suggesting sorting into the early endosome could play 
a role in suppression of dendrite branching. Current experiments aim to (1) determine whether mutations in rabl-3 affect 
localization of components of the Menorin pathway, (2) determine the subcellular localization of rabl-3, and (3) identify 
potential molecular interactions to build a mechanism by which RABL-3 restricts dendritic branching.

833B	 Forward	Genetic	screening	to	identify	novel	regulators	of	neuronal	Microtubule	cytoskeleton

Sunanda Sharma1, Keerthana Ponniah1, Dharmendra Puri1, Pankajam Thyagarajan1,2, Anindya Ghosh-Roy1 1) National Brain 
Research Centre, Manesar ; 2) Department of Biochemistry and Molecular Biology, The Pennsylvania State University, 
University Park, Pennsylvania, United States of America.

A neuron has a polarized structure with a long axon and several dendrites which is established and maintained by microtubule 
cytoskeleton. Microtubules are heteropolymers of α and β-tubulin dimers and have intrinsic polarity with a fast growing plus 
end and a slow growing minus end. We are using Touch receptor neurons (TRN) of C. elegans, to understand the basis of this 
organization and regulation of neuronal microtubules.

One of the major factors that depolymerize microtubules is the kinesin-13 family protein KLP-7. The loss of klp-7 causes 
excess stabilization of microtubule cytoskeleton leading to ectopic neurite extension in touch neurons and other neurons 
as well (Ghosh-Roy et al 2012; Puri et al 2019). We found that this phenotype in klp-7(0) can be reversed by a microtubule-
destabilizing drug colchicine or in backgrounds lacking either alpha or beta tubulin. We hypothesized that the suppressors of 
klp-7(0) neuronal phenotype might encode for novel regulators of the neuronal microtubule cytoskeleton. With this idea, we 
did a forward genetic screen in klp-7(0) mutant using Ethyl Methane Sulfonate(EMS). We isolated 26 mutants that suppress the 
ectopic posterior extension phenotype of ALM neuron in klp-7(0), out of 12,422 F1’s from a clonal screening.

To identify the exact causal mutant, the suppressors were crossed four times with (N2) Bristol to collect 10 individual 
recombinants. We sequenced the pooled lysates of these recombinants and the FASTQ sequences of Whole Genome 
Sequencing (WGS) data were analyzed on the Galaxy user interface using MimodD tools. The list of SNP variants was used 
to generate mapping plots, which gave putative homozygous EMS SNPs for a given suppressor. These SNPs affect genes that 
encode for tubulin subunits, RNA-binding protein, Ca2+ dependent secretion activators, kinases and ECM components. We 
will present a comprehensive analysis of the characterization of a few mutants to unravel their roles in regulating microtubule 
cytoskeleton.

References:

Ghosh-Roy, A., Goncharov, A., Jin, Y., Chisholm A.D. (2012). Kinesin-13 and tubulin posttranslational modifications regulate 
microtubule growth in axon regeneration. Developmental Cell 23(4), 716-728

Puri D, Ponniah K, Biswas K, Basu A, Lundquist EA, Ghosh-Roy A. (2019) WNT Signaling Establishes Microtubule Polarity in 
Neuron Through the Regulation of Kinesin 13 Family Microtubule Depolymerizing Factor. (Sneak peek in Cell Press). http://
dx.doi.org/10.2139/ssrn.3456296
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834C	 A	secondary	structural	motif	in	the	kpc-1	3’UTR	promotes	dendritic	transport	of	transcripts	and	local	translation	to	
regulate dendrite branching and self-avoidance of a nociceptive neuron

Mushaine Shih1, Yan Zou2, Hui Chiu3, Nobuko Suzuki1, Tarsis Ferreira3, Wei Zou4, Kang Shen4, Chiou-Fen Chuang1, Chieh Chang1 
1) Department of Biological Sciences, University of Illinois at Chicago, Chicago, Illinois ; 2) School of Life Science, ShanghaiTech 
University, Shanghai, China; 3) Division of Developmental Biology, Cincinnati Children›s Hospital Research Foundation, 
Cincinnati, Ohio; 4) Howard Hughes Medical Institute, Department of Biology, Stanford University, 385 Serra Mall, Stanford.

Mechanical stimuli on the skin of C. elegans are detected by the dendritic arbors of PVD nociceptive neurons, which provide 
uniform sensory coverage outside the head region across the entire animal. Through genetic screens, we isolate three mutants 
that display profound dendrite branching and self-avoidance defects in PVD neurons and through whole genome sequencing, 
we identify the responsible mutations in the kpc-1 gene. Compared to wild-type animals, a strong kpc-1 mutant allele exhibits 
a significantly lower number of secondary dendrite branches whereas a weak kpc-1 mutant allele displays tertiary dendrite 
self-avoidance defects. Although kpc-1 was previously implicated in dendrite branching and self-avoidance, the mechanism 
by which kpc-1 regulates the process is unknown. Here, we show that the kpc-1 3’ UTR is required for the kpc-1’s function 
in dendrite branching and self-avoidance. The kpc-1 3’UTR facilitates kpc-1 RNA localization to branching points and contact 
points between sibling dendrites. Using fluorescence recovery after photoconversion, we show that the kpc-1 3›UTR promotes 
local translation in the distal segment of PVD dendrites. We identify an important secondary structural motif in the kpc-1 
3’UTR required for tertiary dendrite self-avoidance. We demonstrate that over-expression of kpc-1 leads to greater self-
avoidance without limiting initial dendrite outgrowth, supporting a direct role of kpc-1 in self-avoidance. Animals with dma-1 
receptor over-expression display similar secondary dendrite branching and tertiary dendrite self-avoidance defects that are 
suppressed with kpc-1 over-expression, which suggests that DMA-1 is a potential KPC-1 target that is down-regulated by KPC-
1. Our results support a model where KPC-1 is expressed at the branching points and the contact points between neighboring 
dendrites to locally down-regulate DMA-1 receptors to promote dendrite branching and self-avoidance.

835A	 The	development	and	functions	of	GLR	glia.

Nikolaos Stefanakis1, Shai Shaham1 1) The Rockefeller University.

C. elegans glia can broadly be divided into three classes: 46 sensory-neuron associated glia (sheath and socket cells), four 
nerve-ring wrapping glia (CEPsh cells), and six GLR (Glia Like cells of the Nerve Ring) glia. While roles of C. elegans sensory 
organ glia and nerve-ring wrapping glia have been characterized, little is known about the development and functions of GLR 
glia. The GLR cell bodies lie in a six-fold symmetry just posterior to the nerve ring and extend anterior leaf-like processes that 
form a seal around the pharynx, isolating the nerve ring from the body cavity. These processes lie in close proximity to the 
muscle arm plate in the nerve ring, where neuromuscular junctions (NMJ) form with head motor neurons. Based on their 
morphological characteristics, position, and gene and neurotransmitter expression patterns, GLR roles in NMJ development, 
activity and motor behavior are likely.

To aid our studies and to understand the molecular basis of the development and functions of GLR glia we first performed 
GLR-transcriptome analysis. In order to identify genes controlling GLR fate specification and differentiation we are following 
a candidate gene approach in which mutants and RNAi for transcription factor genes enriched in the GLR transcriptome 
are tested for defects in GLR gene expression and morphology. We have so far discovered two transcription factors that are 
important regulators of GLR cell fate specification and differentiation. Apart from exposing regulators of GLR development, 
newly made conditional mutants in these genes will also be used to inform us on possible functions of these cells in NMJ 
control.

To directly examine GLR functions in NMJ, we have generated a stable transgenic line in which GLR glia are ablated at the 
L1 stage. GLR-ablated animals display various motor defects including reduced speed, extended locomotory pausing and 
increased reversal frequency. A significant overrepresentation for genes related to NMJ synaptic transmission among the most 
highly enriched GLR-genes further supports our hypothesis that GLR glia could have important functions at the NMJ. We are 
currently following a candidate gene approach and cell specific rescue experiments to study the involvement of these genes in 
the observed motor-behavior defects. Progress in these studies will be presented.

836B	 A	negative	feedback	mechanism	regulates	DLK-1	signaling	in	ciliated	sensory	neurons

Yue Sun1, Yishi Jin1 1) University of California, San Diego.
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The conserved Dual-Leucine zipper Kinases (DLKs) are neuronal sensors to many forms of stress and traumatic injury. When 
activated under stress conditions, DLKs act as MAP3Ks upstream of JNK or p38 MAPK signaling to trigger neuroprotective 
responses. Constitutive activation of DLK, such as via overexpression, can lead to neurodegeneration in different disease 
models. Previous studies have revealed that under normal conditions, DLK protein activity is controlled by E3 ubiquitin ligase 
PHR(PAM/Highwire/RPM-1) mediated degradation and chaperones. However, it remains to be discovered whether there are 
other mechanisms regulating endogenous DLKs. To search for new regulators of C. elegans DLK-1, we performed a forward 
genetic screen using a GFP knock-in that tags endogenous dlk-1. We isolated a class of mutants showing ectopic accumulation 
of DLK-1 at dendritic endings of ciliated sensory neurons. We determined that multiple mutations cause loss-of-function in 
IntraFlagellar Transport (IFT) genes and impair cilia architecture and function in sensory neurons. The ectopic accumulation of 
DLK-1 at defective cilia activates signal transduction cascade, as we observed elevated expression of the transcription factor 
CEBP-1, a key downstream target of DLK-1 pathway, in many sensory neurons. However, the increased CEBP-1 expression 
shows selective dependency on dlk-1. To probe into the neuron-type specificity, we carried out quantitative analyses of CEBP-1 
levels in several types of sensory neurons. We found that IFT defects in AWB and AWC cause increased CEBP-1 expression 
dependent on dlk-1, whereas similar IFT defects in ASI and ASH induce CEBP-1 elevation independent of dlk-1. Moreover, in 
AWC cebp-1 further represses expression of wild type DLK-1 but not a kinase-dead DLK-1, suggesting a negative feedback 
control of DLK-1 signaling via CEBP-1. Additionally, we found that in AWC neurons overexpression of DLK-1 causes dendrite 
overgrowth by activating CEBP-1. Together, we propose that in ciliated sensory neurons, DLK-1 signaling is regulated under a 
cell-specific feedback mechanism, which is coupled with IFT and may contribute to the maintenance of neuronal morphology.

837C	 Molecular	topology	of	an	entire	nervous	system

Seth R Taylor1, Gabriel Santpere2,8, Alexis Weinreb2,3, Alec Barrett2,3, Molly B Reilly4,5, Chuan Xu2, Erdem Varol6, Panos 
Oikonomou4,7, Lori Glenwinkel4,5, Rebecca McWhirter1, Abigail Poff1, Manasa Basavaraju2,3, Ibnul Rafi4,5, Eviatar Yemini4,5, Steven J 
Cook4,5, Alexander Abrams2,3, Berta Vidal4,5, Cyril Cros4,5, Saeed Tavazoie4,7, Nenad Sestan2, Marc Hammarlund2,3, Oliver Hobert4,5, 
David M Miller III1 1) Cell and Developmental Biology, Vanderbilt University, Nashville, TN; 2) Neurobiology, Yale University, 
New Haven, CT; 3) Genetics, Yale University, New Haven, CT; 4) Biological Sciences, Columbia University, New York, NY; 5) 
Howard Hughes Medical Institute; 6) Statistics, Columbia University, New York, NY; 7) Systems Biology, Columbia University, 
New York, NY; 8) Neurogenomics Group, Research Programme on Biomedical Informatics, Hospital del Mar Medical Research 
Institute, Department of Experimental and Health Sciences, Universitat Pompeu Fabra, Barcelona, Catalonia, Spain.

Neurons are the fundamental structural and functional units of the nervous system. Although all neurons share many common 
features, they also display remarkably diverse morphological and functional characteristics. To uncover the underlying genetic 
programs that specify individual neuron identities, the CeNGEN consortium produced scRNA-Seq profiles of > 100,000 cells 
from the L4 stage C. elegans hermaphrodite, including all neuron classes and several non-neuronal cells (e.g., glia, muscle, 
hypodermis, reproductive tissues). In addition, we identified distinct subclasses for 10 of the 118 anatomically-defined 
classes. Our results suggest that individual neuron classes can be solely identified by combinatorial expression of specific gene 
families. For example, each neuron class expresses unique codes of ~23 neuropeptide genes and ~36 neuropeptide receptors 
thus pointing to an expansive “wireless” signaling network. To demonstrate the utility of this uniquely comprehensive gene 
expression catalog, we used computational approaches to identify cis-regulatory elements for neuron-specific gene expression. 
Because our scRNA-Seq data match the single cell resolution of the wiring diagram, we also sought to correlate expression of 
cell adhesion proteins with neuron-specific fasciculation and connectivity in the nerve ring. We expect that this neuron-specific 
directory of gene expression will spur investigations of underlying mechanisms that define anatomy, connectivity and function 
throughout the C. elegans nervous system.

These data are available at cengen.org and can be interrogated with the web application CengenApp at cengen.shinyapps.io/
CengenApp.

838A	 Genetic	analysis	of	dendritic	tiling	and	field	size

Meera Trivedi1, Liu He2, Anastasia Nizhnik1, Lourdes Hernandez1, Martin Harterink2, Hannes Buelow1 1) Albert Einstein College of 
Medicine, New York, NY; 2) Utrecht University, Utrecht, Netherlands.

Neurons rely on dendrites for the acquisition of sensory and synaptic input from their particular receptive fields. Findings 
of aberrant dendritic morphology in disorders such as autism spectrum disorder (ASD) and schizophrenia highlight the 
importance of understanding how complex dendritic arbors are developed and maintained. The goal of this project is 
to characterize mechanisms of dendritic outgrowth and regulation of field size using the multi-dendritic FLP and PVD 
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mechanosensory neurons of C. elegans as a model. The dendritic arbor of FLP covers the head of the worm while the arbor 
of PVD covers the body. Here, we provide a detailed characterization of FLP and PVD field size throughout development 
and demonstrate that field size is regulated at least in part by contact-mediated repulsion. Additionally, using an unbiased 
forward genetic approach, we isolated a mutant allele, dz197, in unc-33/Collapsin Response Mediator Protein (CRMP), which 
differentially effects FLP and PVD receptive field sizes. Previous studies of UNC-33/CRMP null mutants have shown that it is 
required for establishing microtubule polarity in PVD by binding microtubules and through interaction with a protein complex, 
anchoring them to the membrane. However, these functions are specific to the UNC-33 long isoform, and no clear roles have 
been attributed to the medium and short UNC-33 isoforms. We found that dz197 mutants display distinct phenotypes from 
UNC-33 null mutants both in FLP and PVD morphology as well as in locomotion. Unlike null mutants, dz197 mutants can be 
rescued by expression of UNC-33S. We hypothesize that differences between phenotypes in dz197 mutants and UNC-33 null 
mutants are due to the dz197 mutation disrupting oligomerization between various UNC-33 isoforms and that oligomerization 
is required for microtubule binding. Comparisons between dz197 and null mutants may reveal specific roles for UNC-33 in 
establishing dendritic field size and may reveal differences in field size regulation between FLP and PVD.

839B	 Molecular	Mechanism	of	Coordinating	Cilia	Intersection	and	Elongation

Merve Turan1, Sebiha Cevik1, Oktay Kaplan1 1) Rare Disease Laboratory, School of Life and Natural Sciences, Abdullah Gul 
University, Kayseri, Turkey.

Cilia and flagella are motile or non-motile cellular organelles that track their surroundings and/or coordinate cell/organism 
motility. Even though multiple motile cilia are bundled together on a cell surface, non-motile cilium elongates from the cell 
surface as one cilium. Non-motile cilia from separate cells appear to form joint cilia by extending in parallel to each other. The 
non-motile cilia of C. elegans PHA and PHB sensory neurons, for example, protrude from the end of the dendrite but they 
extend side by side and intersect in the middle part of the cilia, reaching the same length. However, the molecular mechanisms 
underlying how adjacent cilia achieve the same length and converge remain a mystery. In the current study, we employ 
C. elegans to investigate the molecular mechanisms underlying these characteristics. We discovered that several genes, 
including arl-13, are needed for the correct convergence of PHA and PHB cilia. We next created a list of genes expressed in 
either of these two ciliated cells (PHA or PHB cells). For example, the conserved potassium voltage-gated channel gene egl-
36 is expressed in PHB cells and not in PHA cells, and we found that it localizes at the base of the cilia. We generated egl-36 
mutations in combination with other ciliary gene mutants because the disruption function of egl-36 alone does not cause gross 
ciliary defects. In these double mutants, we observed short cilia in both PHB and PHA sensory neurons. We are gathering more 
data for this study right now, and we will present our findings at the conference.

Key words: cilia, cilia biogenesis, arl-13; egl-36

840C	 A	homeodomain	transcription	factor	required	to	specify	all	pharyngeal	neurons

Berta Vidal Iglesias1, Burcu Gulez1, Oliver Hobert1 1) Columbia University.

In addition to their central nervous system (“brain”), all complex multicellular organisms contain an enteric nervous system 
that controls the activity of fore-, mid- and/or hindgut. The foregut in C. elegans is the pharynx, which contains its own 
nervous system, the pharyngeal nervous system, composed of only 20 neurons belonging to 14 different types. These neurons 
form a self-contained circuit that controls pharyngeal pumping. Most pharyngeal neurons directly connect to end organs and 
can be considered polymodal, with sensory-inter-motor characteristics, a feature that is reminiscent of primitive nervous 
systems. Thus, understanding how pharyngeal neurons are specified during development might shed light on fundamental 
aspects of neuronal development and evolution.

ceh-34, a homeodomain transcription factor of the Six family, is continuously expressed in all pharyngeal neurons and no 
other neurons outside of the pharynx. Remarkably, we have found that in ceh-34 mutants, pharyngeal neurons are generated, 
but they all fail to express a wide array of neuron-type identity genes, including neurotransmitter pathway genes, indicating 
that the communication within the circuit is completely disrupted. Also, the anatomy of the pharyngeal neurons (i.e. axon 
pathfinding) seems to be highly disorganized. These results show that ceh-34 acts as a pharyngeal neuron master regulator 
(“terminal selector”) that defines the identity of individual neurons and assembles them into functional circuitry. Moreover, 
a conditional AID-based allele demonstrates that ceh-34 is continuously required during the life of the worm to maintain 
pharyngeal neuron identity. We hypothesize that ceh-34 acts together with other transcription factors to form a combinatorial 
code that gives each pharyngeal neuron its unique identity and we have started to identify such factors (see abstract by B. 



Abstracts

23rd International C. elegans Conference     |    341

Gulez et al). We find that ceh-34 expression is regulated by the pharynx organ selector pha-4 indicating that this organ selector 
utilizes distinct downstream selector genes to pattern distinct tissue types within the pharynx.

842B	 Coordinated	regulation	of	synaptic	genes	during	development:	a	tale	of	a	transcription	factor	and	an	mRNA	export	
complex

Callista Yee1,2, Rita Xu3,4, Yang K Xiang3,4, Alan Boyle5,6, Taylor N Medwig-Kinney7, David Q Matus7, Kang Shen1,2 1) Department 
of Biology, Stanford University, Stanford, CA; 2) Howard Hughes Medical Institute, Stanford University, Stanford, CA; 3) 
Department of Pharmacology, University of California Davis, Davis, CA; 4) VA Northern California Health Care System, Mather, 
CA ; 5) Department of Human Genetics, University of Michigan, Ann Arbor, MI; 6) Department of Computational Medicine and 
Bioinformatics, University of Michigan, Ann Arbor, MI; 7) Department of Biochemistry and Cell Biology, Stony Brook University, 
Stony Brook, NY.

Synapses are assembled during neuronal development and consist of a pre- and postsynapse, which are built from hundreds 
of proteins. While the molecular composition and architecture of pre- and postsynapses has been widely explored, much less 
is known about how synaptogenesis is regulated at the level of gene expression. Is there a mechanism that coordinates the 
expression of functionally related proteins such that they are ready to assemble into higher order structures concomitantly? In 
order to identify new players in presynaptic gene expression, our lab has conducted genetic screens and identified mutations 
that affect two subunits of the THO Complex (THOC), an RNA-binding complex implicated in mRNA export (Maeder et al., 
2018). We have previously shown that in dopaminergic neurons, THOC is the primary machinery used for the export of 
synaptic transcripts. Mutation of THOC results in retention of these synaptic transcripts in the nucleus, while non-synaptic 
transcripts are largely unaffected and are exported normally. To date, it remains unclear how THOC is able to select such a 
specific set of targets for RNA export. Are there proteins that interact with THOC to instruct this behavior? Mass spectrometry 
studies conducted in mammalian systems revealed a novel interaction between EVI1/egl-43 and THOC (Ivanchoko et al., 2019). 
EGL-43 possesses 6 zinc fingers, all of which are highly homologous to the zinc fingers of EVI1. We performed ATAC-seq on 
sorted worm neuronal nuclei and identified putative regulatory regions of synaptic genes. Interestingly, we found that many 
of these regions contained the consensus DNA sequence that is recognized by EVI1. Using CRISPR/Cas9, we have tested the 
requirement of some of these binding sites and find that they are required for normal presynaptic gene expression. Depletion 
of EGL-43 through RNAi or auxin-mediated degredation similarly resulted in loss of synaptic markers in PDE. Using single 
molecule pulldown, we were able to detect weak but significant binding between EGL-43 and THOC. Taken together, our data 
suggests that EGL-43 could potentially be a link between THOC and its synaptic targets.

References:

Maeder et al., 2018, Cell 174, 1436–1449

Ivanchoko et al., 2019, Nucleic Acids Research 47, 1225–1238

843C	 β-tubulin	BEN-1	has	a	key	role	in	regulating	DLK-1	signal	transduction

Junxiang Zhou1, Yue Sun1, Yishi Jin1 1) University of California, San Diego.

The conserved mitogen activated kinase kinase kinase (MAPKKK) DLKs play critical roles in neuronal process growth, synapse 
formation and axon regeneration. DLKs also act as sensors to mediate neuronal responses to different stresses, including 
microtubule (MT) disruption. However, it is not clear in which contexts DLKs sense MT stress and which signaling transduction 
mechanisms control the activity of DLKs to mediate specific functional outcomes. In C. elegans the DLK ortholog DLK-1 is 
normally expressed in most neurons at low levels. From a forward genetic screen for mutants displaying aberrant DLK-1 levels 
or localization, we identified a mutant that exhibited aggregated DLK-1 in neuronal soma. Using whole genome sequencing and 
genetic mapping, we determined that this mutation affected ben-1, one of six β-tubulin isotypes in C. elegans. Levels of the 
transcription factor CEBP-1, a downstream target induced by DLK-1, were elevated in neurons of ben-1 mutants. These findings 
suggest that altering ben-1 function activates dlk-1, resulting in cebp-1 dependent transcription. A ben-1 transcriptional 
reporter is exclusively expressed in neurons. BEN-1 is known to convey the sensitivity to benomyl1, a microtubule-targeting 
compound used for killing parasitic nematodes and treating cancers. We found that benomyl treatment also caused neural 
DLK-1 aggregation, CEBP-1 elevation, as well as neuronal defects such as impaired synaptogenesis. Altogether, our findings 



Abstracts

23rd International C. elegans Conference     |    342

suggest that changes in neuronal β-tubulin BEN-1 containing MT cytoskeleton elicit specific stress responses to activate dlk-1/
cebp-1 signaling.

1. Driscoll, M., Dean, E., Reilly, E., Bergholz, E., and Chalfie, M. (1989). Genetic and molecular analysis of a Caenorhabditis 
elegans beta-tubulin that conveys benzimidazole sensitivity. J. Cell Biol. 109, 2993-3003.

844A	 A	combination	of	artificial	intelligence	and	C. elegans in identifying neuronal mitophagy inducers

Ruixue Ai1, Chenglong Xie1, Evandro F. Fang1,2 1) University of Oslo and Akershus University Hospital, Oslo, Norway; 2) The 
Norwegian Centre on Healthy Ageing (NO-Age), Oslo, Norway.

Mitochondrial dysfunction, due to defective mitophagy, triggers the progression of Alzheimer’s disease (AD). The identification 
of potent mitophagy modulators is critical for the development of novel therapeutic intervention strategies. Here, we 
describe a high-throughput machine-learning approach combined with laboratory validation using a C. elegans model in 
identifying robust neuronal mitophagy inducers. Lead compounds inhibit memory loss in both C. elegans and mouse models 
of AD. Collectively, our findings demonstrate a conserved mechanism of memory loss in both Aβ- and Tau- AD models that is 
mediated by defective mitophagy, while our highly accurate in silico screening platform paves the way for identifying potent 
mitophagy modulators to promote neuronal health and brain homeostasis during aging.

845B	 Interactome	analysis	of	C. elegans synapses by TurboID-based proximity labeling

Murat Artan1,2, Stephen Barratt1,2, Sean M. Flynn1,3, Farida Begum1, Mark Skehel1, Armel Nicolas2, Mario de Bono1,2 1) Cell 
Biology Division, MRC Laboratory of Molecular Biology, Cambridge, UK; 2) Institute of Science and Technology (IST) Austria, 
Klosterneuburg, Austria; 3) Cancer Research UK, Cambridge Institute Li Ka Shing Centre, University of Cambridge, Cambridge, 
UK.

Characterizing the proteome of subcellular structures and the interactome of specific proteins provides entry points to probe 
molecular function. Several methods for screening protein-protein interactions (PPIs) have proven useful, including affinity 
purification and two hybrid screens. However, these methods have limitations, including poor detection of transient or weak 
PPIs, high false positives, and difficulty detecting PPIs in specific cell types or subcellular compartments. Many of these 
limitations can be overcome using proximity-dependent protein labeling (PL). We optimize a PL protocol for C. elegans using 
TurboID, a recently improved E. coli promiscuous biotin ligase. We analyse the proteome of individual tissues including the 
nervous system, intestine, hypodermis and muscle, and, to demonstrate single cell resolution, of the pair of AFD neurons. 
We observe enrichment of tissue-specific proteins, and identify both known and previously unknown AFD-specific proteins. 
To characterize the interactome of a specific protein, we knocked TurboID into the endogenous elks-1 gene, which encodes 
a presynaptic active zone protein. ELKS-1-TurboID highlights both characterized and previously uncharacterized synaptic 
proteins. We use our data to define non-specific contaminants that should help interpretation of C. elegans PL data. TurboID 
proximity labeling provides a powerful tool to investigate C. elegans biology.

Research support: This work was supported by an Advanced ERC Grant (269058 ACMO) and a Wellcome Investigator Award 
(209504/Z/17/Z) to MdB and an ISTplus Fellowship to MA (Marie Sklodowska-Curie agreement No 754411).

846C	 Exercise	using	an	Acoustic	Gym	can	rescue	neuronal	loss	in	worms

Joyita Bhadra1, Nakul Sridhar2, Nia Hammond1, Xiaoyun Ding2, Ding Xue1 1) Department of Molecular, Cellular, and 
Developmental Biology, University of Colorado, Boulder, Colorado, USA.; 2) Department of Mechanical Engineering, University 
of Colorado at Boulder, Boulder, Colorado, USA..

Parkinson’s disease (PD) is the second most prevalent neuronal disorder that affects the older population at a higher rate. PD 
is characterized by a loss of dopaminergic (DA) neurons in the substantia nigra part of the brain. Currently there is no cure for 
PD. Regular long-term exercise has been proposed to be an attractive option in alleviating PD symptoms. However, the will and 
ability to exercise decreases significantly in the older population due to poor health and physical weakness. It is still challenging 
to identify beneficial exercise -related factors as a possible way of reducing neuronal loss in the aged brain. Here we introduce 
a microfluidic device integrated with Surface Acoustic Wave (SAW) technology as a potential treatment to reduce DA neuronal 
loss in a Caenorhabditis elegans PD model. Loss of DA neurons can be partially suppressed in worms overexpressing human 
α-synuclein by SAW-induced swimming exercise in a controllable manner. We propose that this platform will help us identify 
potential drug targets of PD and compounds that can enhance the beneficial effects of exercise.
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847A	 Deep	learning	tools	for	C. elegans whole-brain imaging

Shivesh Chaudhary1, Sihoon Moon1, Haejun Han2, Hang Lu1,2 1) School of Chemical & Biomolecular Engineering, Georgia 
Institute of Technology; 2) Coulter Department of Biomedical Engineering, Georgia Institute of Technology.

Advances in deep learning and computer vision have revolutionized analysis of neuron activity and behavioral data. Here we 
present a deep learning (DL) toolbox – a collection of three deep learning methods to solve challenging problems in C. elegans 
whole-brain imaging.

First, accurate segmentation of densely packed nuclei in fluorescence channels is critical for downstream tasks such as cell 
tracking, signal extraction and identity annotation. While many deep learning methods are available for 2D images, 3D 
segmentation methods for highly anisotropic images are not available. We combined a well-known DL framework for instance 
segmentation in 2D images with optimal transport based clustering to produce 3D segmentations in anisotropic images. 
Comparison against other methods on experimental and synthetic datasets show that our method is more accurate (5-8% 
higher F1 score) and more robust across a range of baseline cell signals and image noise levels (6-17% higher F1 score). Further 
DL method is 3.7 times faster than previous method.

Second, whole-brain imaging in freely moving worms is currently not widespread because of the requirement of custom 
designed microscopes with low-magnification behavior tracking and high-magnification fluorescence imaging channels. We 
developed and optimized a fast DL framework (30-644 times smaller model size and 5-8 times faster than previous methods) 
to directly predict the worm pose (skeleton) from fluorescence channels. Fast inference of pose using only fluorescence 
channel enables worm-tracking thus eliminating the need of separate behavior channel. We show that predicted worm pose 
can be used for behavior analysis and cell-tracking in videos. Further, eliminating the need of custom microscopes will enable 
more labs to do whole-brain imaging in freely moving animals.

Third, we developed a DL framework for restoring low signal-to-noise ratio (SNR) fluorescence images (acquired at low laser 
power/low exposure time) to high SNR images. Low laser power imaging eliminates photo-bleaching of fluorophores, light 
damage to worms and enables long-term neuron activity imaging across days. Image restoration can be performed on both 
GCaMP and RFP channels. We show that restored images provide cleaner calcium signals compared to traditional de-noising 
methods (13-30% smaller mean-absolute error compared to clean trace). Additionally, restored images also improve cell 
detection, tracking and identity annotation tasks.

Methods in our toolbox can be easily adapted for similar tasks in other organisms.

848B	 Chemical	in vivo activation	of	C. elegans neurons using a histamine-gated cation channel

Jeremy T. Florman1, Antonia Araya Budnik1, Michael M. Francis1, Mark J. Alkema1 1) University of Massachusetts Medical School, 
Worcester, MA.

The ability to non-invasively activate and inactivate neurons in intact behaving animals provides powerful methods to study 
the functions of neural circuits. Recently, transgenic expression of a Drosophila melanogaster histamine-gated chloride channel 
(HisCl1) in C. elegans has enabled hyperpolarization of specific neurons in response to histamine (Pokala et al., 2014). The 
small molecule histamine is used as a transmitter in many species however C. elegans lack endogenous histamine signaling. We 
will present data to show that modification of the pore domain of this histamine-gated channel renders it selective to cations 
rather than anions. We find that cell specific expression of this modified channel, which we named HisCat1, enables histamine 
induced activation of neurons and can elicit specific behaviors. Pan-neuronal expression of HisCat1 induced uncoordinated 
seizure like behavior, whereas expression in cholinergic neurons caused hypercontraction and inhibited locomotion in animals 
exposed to histamine. When we expressed HisCat1 in serotonergic neurons, histamine exposure induced persistent pharyngeal 
pumping in the absence of food, consistent with the serotonin release. Finally, we demonstrate that HisCat1 can be used to 
depolarize non-neuronal tissues as expression in body-wall muscle induces calcium influx in response to histamine. Chemical 
activation using the HisCat1 channel provides a useful complement to existing optogenetic tools. Neuronal activation using 
HisCat1 appears to be stable over long durations, allowing prolonged activation that is more difficult to achieve with existing 
optogenetic methods. Furthermore, the HisCat1 channel can be combined with Channelrhodopsin and optical sensors such as 
GCaMP, so light and histamine can be used to activate and monitor several neurons independently in the same experiment. 
Therefore, HisCat1 is an effective means to non-invasively activate neurons in C. elegans and increases the existing toolkit of 
light induced sensors and ion channels.
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Pokala, N., Liu, Q., Gordus, A., Bargmann, C.I., 2014. Inducible and titratable silencing of Caenorhabditis elegans neurons in 
vivo with histamine-gated chloride channels. Proc. Natl. Acad. Sci. U. S. A. 111, 2770–5.

849C	 The	Role	of	Alzheimer’s	disease	relevant	Tau	modifications	in	Neurodegeneration	and	Mitochondrial	dysfunction

Sanjib Guha1, Gail Johnson1, Keith Nehrke1 1) University of Rochester Medical Center.

Background:	

Alzheimer’s disease (AD) is a progressive neurodegenerative disorder whose pathological hallmarks include intraneuronal 
neurofibrillary tangles (NFTs) composed of the microtubule-associated protein Tau. Tau isolated from AD brain exhibits 
abnormally high levels of post-translational modifications (PTMs) including phosphorylation and acetylation at specific 
epitopes that increase with disease severity and age. In addition, mitochondrial dysfunction is an early feature of AD, and 
abnormal, toxic tau PTMs may contribute to disease pathogenesis. A major bottleneck in understanding the mechanisms 
behind the neurotoxicity of pathological forms of Tau is the lack of genetically tractable models that can recapitulate the 
effects of Tau PTMs in a short time frame without artifacts associated with Tau overexpression.

Method:	

Human 0N4R Tau (wild type) was expressed in touch receptor neurons through single-copy gene insertion. Mutations 
were introduced into the single-copy tau transgene through CRISPR-Cas9 genome editing, including T231E, to mimic 
phosphorylation of a commonly observed pathological epitope, and K274/281Q, to mimic disease-associated lysine 
acetylation. We then assessed their impact on age-dependent response to light touch, neurodegeneration, and mitochondrial 
parameters such as abundance, morphology, trafficking, and turnover, using fluorescent biosensors including mito-mKeima.

Result:	

Unlike existing tau overexpression models, C. elegans single-copy expression of wild type human tau did not elicit overt 
pathological phenotypes at baseline. However, strains expressing disease associated PTM-mimetics (T231E and K274/281Q) 
exhibited reduced touch sensation and neuronal morphological abnormalities that increased with age. Remarkably, the PTM-
mimetics selectively impaired mitophagy following mitochondrial oxidative stress, but had no effect on macroautophagy, and 
furthermore reduced mitolysosomal trafficking.

Conclusion:	

Single copy expression limits pathological phenotypes to strains expressing disease-associated Tau mutants. In addition to 
overt pathology, these mutants eliminate oxidative stress-induced mitophagy and reduce trafficking of mitolysosomes. Our 
findings highlight a selective mechanism through which disease-associated Tau PTMs may suppress compensatory responses 
to mitochondrial stress that occur with age and provide a new perspective into the pathogenic mechanisms underlying AD.

Published	paper:

Guha, S., S. Fischer, G.V.W. Johnson, and K. Nehrke. 2020. Tauopathy-associated tau modifications selectively impact 
neurodegeneration and mitophagy in a novel C. elegans single-copy transgenic model. Mol Neurodegener. 15(1).

850A	 A	deep	learning	approach	to	calcium	imaging	analysis

Aurélie Guisnet1,2, Maxime Rivest2, Michael Hendricks1 1) McGill University, Montréal, Québec, Canada; 2) Anatomist.ai, 
Montréal, Québec, Canada.

Analysis of calcium imaging recordings is tedious, repetitive and time consuming. In this new project, we propose to develop a 
machine learning-based automated tool for the analysis of recordings from C. elegans neurons, thereby reducing noise, time 
loss and experimenter bias. We are specifically training our model to segment time-lapse fluorescence recordings of the RIA 
interneuron in semi-restrained animals. Our tool can segment animals and track their head movements as well as identify the 
three compartments of the RIA neurite. This prototype tool demonstrates the potential of deep learning to accelerate and 
improve data acquisition from time-lapse fluorescence recordings and other imaging data.

851B	 Optogenetic	tools	for	manipulation	of	cyclic	nucleotides,	functionally	coupled	to	CNG-channels
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Thilo Henss1,2, Jatin Nagpal1,2,3, Shiqiang Gao4, Ulrike Scheib5,6, Alessia Pieragnolo7, Alexander Hirschhäuser1,2,8, Franziska 
Schneider-Warme9, Peter Hegemann5, Georg Nagel4, Alexander Gottschalk1, 2 1) Buchmann Institute for Molecular Life Sciences, 
Goethe University, Max von Laue Strasse 15, D-60438 Frankfurt, Germany ; 2) Institute of Biophysical Chemistry, Goethe 
University, Max von Laue Strasse 9, D-60438 Frankfurt, Germany ; 3) APC Microbiome Ireland, University College Cork, 
Cork, Ireland; 4) Department of Neurophysiology, Institute of Physiology, Biocentre, Julius-Maximilians-University, D-97070 
Würzburg, Germany ; 5) Institute for Biology, Experimental Biophysics, Humboldt-Universität zu Berlin, 10115 Berlin, Germany 
; 6) NUVISAN ICB GmbH, Müllerstrasse 178, D-13353 Berlin, Germany; 7) University of Padova, Faculty of Pharmacy, Padova, 
Italy; 8) Institute for Physiology and Pathophysiology, Department of Molecular Cell Physiology, Philipps-University Marburg, 
Marburg, Germany; 9) Institute for Experimental Cardiovascular Medicine, University Heart Center, Medical Center – University 
of Freiburg and Faculty of Medicine, Elsässer Str. 2Q, 79110 Freiburg, Germany .

The cyclic nucleotides cAMP and cGMP are ubiquitous second messengers that regulate numerous biological processes by 
activating e.g. protein kinases (PKA and PKG) or cyclic nucleotide gated channels (CNGCs). In eukaryotic GPCR signalling, cAMP 
is generated predominantly by membrane-bound adenylyl cyclases (mbACs), which are located in microdomains together 
with GPCRs, PK(A) and their targets. The existing optogenetic toolbox in C. elegans is restricted to soluble adenylyl cyclases 
(i.e. microbial photoactivatable adenylyl cyclases (PACs) from Euglena (euPAC) and Beggiatoa (bPAC), and the synthetic 
phytochrome-linked cyclases IlaC22 k27 and PaaC), the membrane-bound Blastocladiella emersonii guanylyl cyclase opsin 
(BeCyclOp) and hyperpolarising rhodopsins (e.g. Natronomonas pharaonis halorhodopsin - NpHR). Yet missing are membrane-
bound photoactivatable adenylyl cyclases (mbPACs) and hyperpolarizers based on K+-currents. To obtain mbPACs, we mutated 
2-3 key amino acids in the active site of Blastocladiella and Catenaria CyclOps, which are particular in combining a rhodopsin 
and a guanylyl cyclase domain. For characterization of photoactivatable nucleotidyl cyclases, we expressed the proteins alone 
or in combination with CNGCs (“two-component optogenetics”) in muscle cells and cholinergic motor neurons. To investigate 
the extent of optogenetic cNMP production and the ability of the systems to de- or hyperpolarise cells, we performed 
behavioural analyses (locomotion, muscle contraction), measured cNMP content in vitro, and compared in vivo expression 
levels. We implemented Catenaria CyclOp as a new tool for cGMP production, allowing fine-control of cGMP levels. We 
established the mbPACs YFP-BeCyclOp(A-2x) and YFP-CaCyclOp(A-2x), based on mutated versions (“A-2x”) of Be and Ca CyclOp, 
enabling more efficient and specific cAMP signalling compared to soluble bPAC, despite lower overall cAMP production. 
For hyperpolarization of excitable cells by two-component optogenetics, we introduced the cAMP-gated K+-channel SthK 
from Spirochaeta thermophila and combined it with bPAC, BeCyclOp(A-2x), or YFP-BeCyclOp(A-2x). As an alternative, we 
implemented the Blastocladiella emersonii cGMP-gated K+-channel BeCNG1 together with BeCyclOp. In summary, we 
established a comprehensive suite of optogenetic tools for cNMP manipulation, useful for applications in many cell types, 
including sensory neurons, and for potent hyperpolarization.

852C	 Simultaneous	measurements	of	membrane	voltage	and	intracellular	Ca2+ of AWA neurons by a gene encoded 
voltage indicator and GCaMP.

Noriko Sato1,2,3, Takeshi Ishihara3, Terumasa Tokunaga1,2 1) Faculty of Computer Science and Systems Engineering, Kyushu 
Institute of Technology; 2) JST, PREST; 3) Faculty of Science, Kyushu University.

Measurement of neuronal activities in non-invasive and unanesthetized condition is important for understanding neuronal 
function in intact animals. Ca2+ imaging by fluorescent gene encoded calcium indicators (GECI) are a powerful way to measure 
neuronal activities in C. elegans. Although Ca2+ imaging revealed important aspects in neuronal functions, the measurement 
of neuronal membrane voltage is important to understand the neuronal functions. Furthermore, the relations of change 
of membrane voltages and changes of Ca2+ has not been fully understood. Recently, several types of gene encoded voltage 
indicators (GEVI) that are derived from 7TM proteins used for optogenetics has been developed to measure changes of 
membrane voltage in living animals. Even though the fluorescence of these GEVIs is dim, they showed fast time constants and 
relatively high fluorescent change depend on voltages. Among those GEVIs, we use paQuasAr3 for the voltage measurement, 
because it shows relatively higher fluorescence with other superior characteristics.

Since AWA, one of the olfactory sensory neurons, which is responsible for diacetyl sensation, was reported to show all-or-none 
action potentials (Liu et al. 2018), we firstly analyzed AWA voltage changes induced by diacetyl. We found that fluorescence 
of paQuasAr3 expressed in AWA cell body is changed in response to diacetyl stimulation with high reproducibility. At the 
beginning of the stimulation, the transient increase and decrease of fluorescence intensity was observed, whereas the 
relatively higher fluorescence intensity was sustained during the stimulation. To elucidate relations between the Ca2+ responses 
and the voltage responses, we made wild-type animals expressing paQuasAr3 and GCaMP6f in AWA neurons, and measured 
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both fluorescence at a cell body simultaneously. We found that the changes of paQuasAr3 started faster than the changes of 
GCaMP. These analyses will give insights on the neuronal functions in informational processing.

853A	 Chemical	profiling	of	C. elegans	single	neurons	using	matrix-assisted	laser	desorption/ionization	mass	spectrometry	
(MALDI-MS)

Tian (Autumn) Qiu1, Peter Andersen1, Nathan Schroeder1, Jonathan Sweedler1 1) University of Illinois at Urbana-Champaign, 
Urbana, IL.

Characterizing single cell heterogeneity helps reveal the chemical and functional complexity in nervous systems and aids in 
understanding the neurochemical basis of differential neuronal activity. While the nervous system in Caenorhabditis elegans 
is anatomically and genetically well-defined, the chemical profiles of their single neurons are less well-known. A non-targeted, 
single-cell chemical profiling of C. elegans neurons of interest is desirable to link the chemical complexity to neuronal activities. 
Mass spectrometry (MS) has been used to detect proteins, lipids, peptides, and metabolites in single cells. We adapt an 
optically guided, single cell MS technique, microMS, to profile dissociated and diffusely dispersed C. elegans single neurons. 
Dissociated single cells from the pan-neuronal RFP reporter rab-3p::NLS::RFP were spread across glass slides, fluorescently 
imaged, and coated with a chemical matrix. MicroMS identified and converted single cell locations in the fluorescent image 
into instrument stage positions. The stage positions enable automated single cell sampling with a matrix-assisted laser 
desorption/ionization MS (MALDI-MS) instrument. We successfully applied lysis and cell dissociation protocols to C. elegans 
and located individual cells using fluorescent microscopy. Preliminary results showed lipid and peptide-like signals from single 
neurons and we are currently optimizing the sample preparation to increase mass spectral quality.

854B	 pOpsicle:	An	all-optical	reporter	system	for	synaptic	vesicle	recycling	using	pH-sensitive	fluorescent	proteins

Marius Seidenthal1,2, Barbara Jánosi1,2, Xhinda Zhao1,2, Miles Willoughby1,2, Jana F. Liewald1,2, Jimmy Ding3,4, Lucinda Peng3,4, Hang 
Lu3,4, Alexander Gottschalk1,2 1) Buchmann Institute for Molecular Life Sciences, Goethe-University, Max-von-Laue-Strasse 15, 
D-60438 Frankfurt, Germany; 2) Department of Biochemistry, Chemistry and Pharmacy, Institute for Biophysical Chemistry, 
Goethe-University, Max-von-Laue-Strasse 9, D-60438 Frankfurt, Germany; 3) Interdisciplinary Program in Bioengineering, 
Georgia Institute of Technology, Atlanta, Georgia, USA ; 4) School of Chemical & Biomolecular Engineering, Georgia Institute of 
Technology, Atlanta, Georgia, USA.

pH-sensitive fluorescent proteins have been widely used in various model organisms to study vesicle release and recycling. 
When targeted to the lumen of synaptic vesicles (SVs), these proteins are quenched due to acidification, which is essential 
for filling SVs with neurotransmitter. Activation of synaptic transmission leads to vesicle fusion with the plasma membrane 
and exposition of these fluorophores to the extracellular medium resulting in an increase in the emitted fluorescence. 
Subsequent acidification of SVs can thus be tracked by tagging of an integral SV protein to pH-sensitive proteins. Previous work 
by the Bargmann lab demonstrated that synaptic transmission and SV recycling in sensory neurons of live worms could be 
estimated by usage of the green-fluorescent pHluorin (1). However, while sensory neurons can be stimulated by application 
of the respective stimulus, this is not possible in motor neurons. To investigate the refilling of SV pools in this neuron type, we 
combined optogenetic methods to stimulate neuronal transmission with the novel red-fluorescent pH-sensitive protein pHuji 
(2).

pHuji was inserted into the luminal loop of the integral SV protein synaptogyrin (SNG-1). This construct was co-expressed 
in cholinergic neurons with the blue light-gated ion channel channelrhodopsin-2 (ChR2). When supplemented with its 
fluorophore all-trans retinal (ATR), ChR2 can be used to depolarize neurons. We observed an increase in pHuji fluorescence 
after blue light illumination, only when animals were treated with ATR. Furthermore, the decay of pHuji fluorescence after 
stimulation is delayed in mutants of known SV recycling factors such as UNC-26 (synaptojanin) and UNC-57 (endophilin). Also, 
the increase in pHuji fluorescence is abolished in snb-1 (synaptobrevin) SV fusion mutants. These results suggest that the rise 
and decay of fluorescence is an indicator for SV fusion and recycling. We now plan to investigate putative recycling factors 
through this assay we termed ‘pOpsicle’ for “p

H-sensitive op

togenetic reporter of synaptic vesicle
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recycling”) by using semi-automatization based on microfluidic devices. We further want to explore differences in the recycling 
dynamics of cholinergic and GABAergic motor neurons and possibly other cell types. In sum, pOpsicle allows for a non-invasive 
and easily applicable investigation of the SV cycle.

(1) Ventimiglia, D. and C. I. Bargmann (2017) Elife 6, e31234.

(2) Shen, Y et al. (2014) J Cell Biol 207(3): 419-432.

855C	 Quantitative	peptidomics	in	C. elegans via targeted mass spectrometry of neuropeptides

Sven Van Bael1, Kurt Boonen2, Miriam Abele3, Christina Ludwig3, Liesbet Temmerman1 1) KU Leuven; 2) University of Antwerp; 
3) Technical University of Munich.

Neuropeptides are a class of bioactive peptides that obtain their biological activity after cleavage from larger precursor 
proteins. Once released, these peptides are able to regulate standard physiological functions such as digestion and 
reproduction but also exert long-term effects in more complex processes, including behavioral adaptation, memory processes 
and aging. Hence, neuropeptides are often an interesting entry point in an effort to study and better understand these types 
of behavior. Current strategies for studying relative differences in the neuropeptidome often rely on RNA sequencing, which 
remains completely blind to the real abundancies of actual neuropeptides, as these result from extensive post-translational 
processing. On the other hand, current mass spectrometric methods for neuropeptide identification are discovery-driven and 
lack robustness and reproducibility, hampering quantitative studies.

We here present a mass spectrometry-based approach for the relative quantification of the neuropeptidome in C. elegans, 
using a parallel reaction monitoring method. Our current method can detect and quantify 288 mature neuropeptides, this 
corresponds to 67% of the (known and predicted) neuropeptidome of C. elegans. When applied to wild type controls, our 
method identified 178 neuropeptides with a 96% overlap between samples. Insofar as we are aware, we hereby are able to 
provide the most extensive method to map the peptidome of an animal. We are validating the method for differential studies, 
delivering a promising avenue to finally enable the detection and differential analysis of neuropeptidomic variations over 
different conditions.

856A	 Introducing	optoSynC	–	a	novel	optogenetic	tool	for	synaptic	silencing

Dennis Vettkötter1, Martin W. Schneider2, Jana F. Liewald1, Alexander Gottschalk1 1) Buchmann Institute for Molecular Life 
Sciences and Institute of Biophysical Chemistry, Goethe University, Frankfurt am Main, Germany; 2) Department Genes-
Circuits-Behavior, Max Planck Institute of Neurobiology, Martinsried, Germany.

The investigation of neuronal circuits as well as molecular and cellular functions of neurons requires the control of activity 
in a spatio-temporal precise manner. The field of optogenetics opens the pathway to stimulate or inhibit specific types 
of neurons with light. In the last years, several tools have been developed that allow inhibition of specific neurons on 
time scales from milliseconds to minutes or long-term silencing. However, these optogenetic tools come at the cost of 
fast induction or reversibility of the altered neuronal function. Thus, a tool which allows for fast, long-term and spatially 
restricted neuronal silencing, while still allowing for fast reversibility, is of substantial need. Here, we developed an approach 
to achieve these goals. Using the ability of the Arabidopsis thaliana cryptochrome 2 (CRY2) to form homo-oligomers, 
we designed an optogenetic tool to cluster synaptic vesicles (SVs) and thus inhibit their function acutely. The tool, called 
OptoSynC (optogenetic synaptic vesicle clustering), comprises CRY2, fused to the synaptic vesicle intrinsic membrane protein 
synaptogyrin (SNG-1). The efficiency of OptoSynC was evaluated at the behavioral level. Blue light illumination of pan-
neuronally expressed OptoSynC significantly reduced swimming cycles by 80% within seconds. Termination of blue light for 
more than 15 minutes allowed worms to recover their initial swimming behavior. In addition to behavioral assays, inhibition of 
synaptic transmission could be demonstrated by electrophysiology experiments. Using a combination of optogenetic activation 
of neurons with the red-light activated channel Chrimson and blue-light activated inhibition using OptoSynC, we could show 
the effect even in a single neuron, PVD, required for nociception.

While behaviorally, OptoSynC evokes drastic effects, its mode of action has yet to be revealed, as it either inhibits synaptic 
transmission by SV clustering in the reserve pool, or it might clog-up release sites at the presynaptic terminal due to clustering 
of SNG-1 protein already present in the plasma membrane. Therefore, we currently employ electron microscopy to shed light 
on this mechanistic detail.
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With further optimization of this tool and the knowledge of its underlying mechanism OptoSynC can be a potent tool for 
synaptic silencing, that might also be used for the research of how SVs are guided to the plasma membrane or in which precise 
sequence of events SV recycling proceeds.

857B	 3DeeCellTracker,	a	deep	learning-based	pipeline	for	segmenting	and	tracking	cells	in	3D	time	lapse	images

Chentao Wen1, Takuya Miura2, Takeshi Ishihara3, Tomomi Nemoto4,5,6, Elizabeth Hillman7, Kotaro Kimura1,2 1) Nagoya city 
university, Nagoya, Japan; 2) Osaka University, Toyonaka, Japan; 3) Kyushu University, Fukuoka, Japan; 4) National Institute 
for Physiological Sciences, Okazaki, Japan; 5) Exploratory Research Center on Life and Living Systems, Okazaki, Japan; 6) The 
Graduate School for Advanced Study, Kanagawa, Japan; 7) Columbia University, New York, NY, USA.

Optical monitoring of cell movements and activities in three-dimensional space over time (3D + T imaging) has become 
substantially easier due to recent advances in microscopy technology. However, the development of software for segregating 
cell regions from the background and for tracking their dynamic positions remains a bottleneck in the field. Individual 
laboratories still need to develop their own software to extract important features from 3D + T images obtained using different 
optical systems and/or imaging conditions. Moreover, even when identical optical systems are used, optimization of many 
parameters is often required for different datasets. We developed a software pipeline, 3DeeCellTracker, by integrating multiple 
existing and new techniques including deep learning for the first time for tracking. With only one volume of training data, 
one initial correction, and a few parameter changes, 3DeeCellTracker on a desktop PC with GPU successfully segmented and 
tracked 100–200 head neurons in both semi-immobilized and “straightened” freely moving worms, ~100 cells in a naturally 
beating zebrafish heart, and ~1,000 cells in a 3D cultured tumor spheroid. While these datasets were imaged with highly 
divergent optical systems, such as spinning confocal, SCAPE, and 2-photon microscopes, our method tracked 90–100% of 
the cells in most cases, which is comparable or superior to previous results, and we extracted complex patterns of calcium 
dynamics in the worm brain neurons and the rhythmic patterns in synchronization with heart chamber movement in the 
zebrafish heart cells. Thus, 3DeeCellTracker could pave the way for revealing dynamic cell activities in image datasets that have 
not been analyzed previously.

858C	 Fast	deep	learning	correspondence	for	neuron	tracking	and	identification	in	C. elegans using semi-synthetic training

Xinwei Yu1, Matthew S. Creamer2, Francesco Randi1, Anuj K. Sharma1, Scott W. Linderman3,4, Andrew M. Leifer1,2 1) Department 
of Physics, Princeton University, Princeton, NJ; 2) Princeton Neuroscience Institute, Princeton University, Princeton, NJ; 3) 
Department of Statistics, Stanford University, Stanford, CA; 4) Wu Tsai Neurosciences Institute, Stanford University, Stanford, 
CA.

The nervous system of the nematode C.elegans is well characterized, such that each of the 302 neurons is named and has 
stereotyped locations across animals(Witvliet et al., 2020). The capability to find corresponding neurons across animals 
is essential to investigate neural coding and neural dynamics across animals. Despite the worm’s overall stereotypy, the 
variability in neurons’ spatial arrangement is sufficient to make predicting neural correspondence a challenge.

We present an automated method to track and identify neurons in C. elegans, called “fast Deep Learning Correspondence” or 
fDLC, based on the transformer network architecture(Vaswani et al., 2017). The transformer has shown great success in natural 
language processing tasks by modeling the dependencies between words in a sentence. We reasoned this same architecture 
would be well-suited to extract spatial relationships between neurons in order to build a representation that facilitates finding 
correspondence to neurons in a template worm. The model is trained once on empirically derived semi-synthetic data and 
then predicts neural correspondence across held-out real animals via transfer learning. The same pre-trained model both 
tracks neurons across time and identifies corresponding neurons across individuals.

Performance is evaluated against hand-annotated datasets, including NeuroPAL(Yemini et al., 2020). Using only position 
information, the method achieves 80.0% accuracy at tracking neurons within an individual and 65.8% accuracy at identifying 
neurons across individuals. Accuracy is even higher on a published dataset(Chaudhary et al., 2021). Accuracy reaches 76.5% 
when using color information from NeuroPAL. Unlike previous methods, fDLC does not require straightening or transforming 
the animal into a canonical coordinate system. The method is fast and predicts correspondence in 10 ms making it suitable for 
future real-time applications.

Witvliet D, Mulcahy B, Mitchell JK, Meirovitch Y, Berger DR, Wu Y, et al.Connectomes across development reveal principles of 
brain maturation in C.elegans. bioRxiv. 2020;doi:10.1101/2020.04.30.066209.
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Vaswani A, Shazeer N, Parmar N, Uszkoreit J, Jones L, Gomez AN, et al.Attention is All You Need; 2017.Available from:https://
arxiv.org/pdf/1706.03762.pdf.

Yemini E, Lin A, Nejatbakhsh A, Varol E, Sun R, Mena GE, et al. NeuroPAL: A multicolor atlas for whole-brain neuronal 
identification in C. Elegans. Cell.2020;doi:10.1016/j.cell.2020.12.012.

Chaudhary S, Lee SA, Li Y, Patel DS, Lu H. Graphical-model framework for automated annotation of cell identities in dense 
cellular images. eLife.2021;10:e60321. doi:10.7554/eLife.60321.

859A	 In	vivo	modeling	of	tau	polymerization	using	Caenorhabditis elegans

Wendy Aquino Nunez1, Brian Ackley1 1) The University of Kansas.

Alzheimer’s disease and other related disorders are tauopathies that can result in cognitive and movement deficits. AD and 
ADRDS share a commonality in their presentation; the microtubule-associated protein tau is aggregated in areas of the brain 
that then exhibit high levels of neuronal and synaptic degeneration. Not all people will develop AD or ADRDs, despite tau 
being present in all neurons. What can drive tau to become aggregated and/or neurotoxic is poorly understood. Here we use 
an interdisciplinary approach to develop an animal model that allows in vivo visualization of tau polymerization. We aim to 
understand what events can initiate tau polymerization, and then to assess the physiological consequence as a function of 
aging. To do that, we are expressing GFP-tagged tau proteins throughout the nervous system. We are currently comparing wild-
type full-length tau, a disease-relevant tau variant (P301S), and a synthetic tau variant that spontaneously aggregates (3PO). 
We find that GFP appearance is smooth and filamentous and localizes to axons and cell bodies in htau40 and P301S animals. 
GFP in 3PO animals, however, is punctuated and preferentially localizes to cell bodies. With aging, the punctuate appearance 
of GFP in htau40 and P301S start to show inclusion of GFP that could be correlated with the presence of aggregation when 
using conformation-specific antibodies for tau aggregates. The development of an in vivo model for tau polymerization has the 
potential to enhance our understanding of tau polymerization kinetics and how it might vary depending on the tau isoform or 
disease-relevant variant expressed.

860B	 An	aggresome-like	collection	mechanism	functions	in	neuronal	expulsion	of	disease-aggregates

Meghan Lee Arnold1, Sohil Ardeshna1, Ryan Guasp1, Jason Cooper1, Joelle Smart1, Ilija Melentijevic1, Ken Nyguen2, Dave Hall2, 
Barth Grant1, Monica Driscoll1 1) Rutgers University, Division of Life Sciences, New Brunswick, New Jersey; 2) Albert Einstein 
College of Medicine, Rose F. Kennedy Center, Bronx, New York 10461.

The accumulation of aggregated proteins is associated with aging and neurodegeneration. Accumulation and subsequent 
spread of misfolded proteins causes toxicity that can induce loss of neurological function. Given that aggregate accumulation 
and spread is a prominent feature in neurodegenerative disease pathology and functional decline, a major goal in aging 
biology is thus to understand the mechanisms of how cells deal with protein aggregation, accumulation, and spread.

In mammalian biology, cells can handle aggregated proteins to maintain proteostasis via numerous pathways -- central 
aggregate collection, degradation via the ubiquitin-proteasome system or autophagy-lysosome pathway. In addition, neurons 
can identify, collect, and eject aggregates in large membrane-bound packages, “exophers”. Mammalian and fly neurons also 
throw out aggregated-trash, which contributes to aggregate spreading via an unknown mechanism and is thought to promote 
pathology in human neurodegenerative disease.

While we have documented the dynamic aggregate movement from the soma into the exopher domain, followed by a 
dramatic budding of neuronal contents into the exopher as key hallmarks of exopher formation, we know little about the 
molecular requirements for these complex tasks.

I will describe the novel aggresome-like organelle in C. elegans neurons, an organelle that hosts disease aggregates. We 
discovered that many proteins important for aggresome-formation are also important for trash-expulsion via the exopher 
mechanism. Together, both aggresome-formation and exophergenesis-mechanisms represent intriguing molecular targets for 
improper aggregate handling and aggregate spread as seen in neurodegenerative disease pathology.

861C	 C.	elegans	precision	AD	models	confirm	transcriptional	disruption	of	autophagy	by	APOE4	but	not	APOE3,	and	help	
to	characterize	E4-specific	drugs
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Haarika Ayyadevara1, Akshatha Ganne4, Meenakshisundaram Balasubramaniam2, Sue Griffin2,3, Robert Shmookler Reis2,3,4 
1) Littlee Rock Central High school; 2) Department of Geritatrics, University of Arkansas for Medical Sciences, Little Rock, 
Arkansas-72211; 3) Central Arkansas Veterans Healthcare System, Little Rock, Arkansas-72211; 4) BioInformatics Program, 
UALR and UAMS, Little Rock, AR 72205.

Apolipoprotein E (APOE) is a multifunctional protein that transports lipids and also helps to repair brain injuries. By far the 
strongest genetic risk factor for late-onset Alzheimer’s disease (AD) is the inheritance of APOE ε4 alleles (APOE4), increasing 
AD likelihood by at least 4-fold per ε4 copy – a risk elevation for which mechanisms remain unclear. The APOE genotype 
influences clearance of protein aggregates from the brain, in particular peri-neuronal aggregates containing amyloid-β 
and intra-neuronal tau aggregates – two hallmark aggregates for AD. We found that under neuronal stress, APOE4 protein 
translocates to the nucleus and competes with the transcription factor EB (TFEB) for binding to CLEAR enhancer sites in 
DNA, thus impeding transcription of TFEB targets, many of which are part of the lysosomal/ autophagy pathway. APOE4, but 
not APOE3, binds to CLEAR sites and prevents transcription of key autophagy proteins p62/SQSTM1, LAMP2, and LC3B. In 
the absence of these gene products, the autophagic aggregate-clearance response to starvation/neuronal stress is blunted, 
resulting in an APOE4-specific increase in protein aggregation. Although C. elegans lacks an APOE ortholog, it expresses the 
hlh-30 ortholog of TFEB for which the CLEAR binding-motif targets are almost perfectly conserved. It therefore provides a 
model in which APOE4 may compete for CLEAR sites free of any lipid-transport or other function. We devised a novel protocol 
to introduce human APOE4 protein directly into transgenic C. elegans models of AD. In adult worms expressing human Aβ42 in 
muscle, β-amyloid accumulation is increased by APOE4 relative to E3; whereas worms expressing Aβ42 in neurons showed less 
chemotaxis after E4. We also identified a novel therapeutic small molecule targeting APOE4 protein preferentially over APOE3, 
which alleviates the age- and aggregation-mediated chemotactic decline in worms expressing neuronal Aβ42.

862A	 Identifying	C. elegans genes that suppress neurodegeneration induced by an expanded GGGGCC repeat

Mathieu Bartoletti1, Jeremy Lins1, Anne Hart1 1) Brown University.

Amyotrophic Lateral Sclerosis (ALS) is characterized by the progressive degeneration of neurons, resulting in chronic muscular 
atrophy. In 25-40% of familial ALS cases, an inappropriately expanded GGGGCC repeat is found in the first intron of the 
C9ORF72 gene, resulting in neuron degeneration and eventually death. We generated a new C. elegans model expressing 30 
copies of GGGGCC nucleotide repeats at high levels specifically in 8 sensory glutamatergic neurons. Back-filling of the PHA 
and PHB phasmid sensory neurons with a fluorescent dye revealed that 80% to 90% of 30x(GGGGCC) animals lose neurons 
or have defective neuron process, but 3x(GGGGCC) animals were relatively unaffected. Given the highly penetrant defect we 
were able to use this simple assay and perform an unbiased screen to identify genetic suppressors of neurodegeneration. 
Using EMS, we identified 28 potential suppressor lines in which degeneration of phasmid neurons was partially rescued 
(between 30 to 70% intact neurons). Of these 28 lines, 23 of them are clearly independent isolate, suggesting they contain 
unique suppressors mutations. As a secondary screen of the suppressor and to facilitate gene identification, we established 
a genetic scheme allowing for each line 1/ to test if the EMS hit affected a gene rather than the 30x(GGGGCC) insertion and 
2/ Establish independent sub lines carrying the suppressors, named Suppressor lines, and independent lines that derivate 
from the Suppressor line, named Sibling lines. These Sibling lines have a similar genetic backgrounds i.e. other genes affected 
by the EMS treatment but will fail to rescue the 30x(GGGGCC) related neuron degeneration, meaning they don’t carry the 
suppressor anymore. These different lines will be sequenced and by using the subtraction method (https://doi.org/10.1534/
g3.117.300135) we will establish a list of candidate genes that suppress the neuron degeneration caused by GGGGCC 
nucleotide expansion. Further tests, using mutants of these candidate genes, will then allow to have crucial insights on genetic 
modifiers and pathways allowing to alleviate neuron degeneration in ALS.

863B	 Enhanced	functional	restoration	through	axon	regeneration	by	swimming	exercise

Sandeep Kumar1,3, Sibaram Behera1,3, Atrayee Basu1, Shirshendu Dey2, Anindya Ghosh-Roy1 1) National Brain Research Centre, 
Manesar; 2) Bruker India Scientific Pvt. Ltd, New Delhi; 3) S.K. and S.B. contributed equally to this work..

Axonal regeneration is a promising approach to overcome impaired functionality due to axonal injury. In mammals, central 
nervous system has poor regenerative capacity due to both extrinsic and intrinsic factors. The regenerative capacity also 
declines significantly with ageing. Therefore, functional axon regeneration in adulthood is challenging and needs more 
understanding. The pharmacological manipulations are not very successful for functional restoration whereas rehabilitation 
and physical activity shows improvement. As physical exercise has complex systemic effects, understanding the downstream 
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effectors of physical exercise that is relevant for axon regeneration might be useful. Studying this using simple model organism 
has several advantages.

Using posterior gentle touch circuit neuron (PLM) of Caenorhabditis elegans, we are studying effect of swimming exercise on 
functional restoration after laser assisted axotomy. We found that a single swimming exercise session of 90 minutes, which 
is an established paradigm of exercise in worm (Laranjeiro et al., 2017; Laranjeiro et al., 2019) improves functional recovery 
irrespective of age. However multiple swimming session is required for older worms (A5 stage). Anatomical correlation showed 
that swimming session improves regrowth initiation, regrowth length and functional connections. We found that the energy 
sensor kinase AMPK/AAK-2 plays an essential role mediating swimming benefits. Characterizing tissue specific requirement, we 
found that it has both cell autonomous (PLM neuron) and non-autonomous (muscle) requirement. Pharmacological activation 
of AMPK/AAK-2 showed enhanced functional restoration similar to swimming. We are studying the downstream molecules 
and their specific roles in various tissues for swimming mediated functional enhancement which will be helpful for better 
implementation of this approach.

References

Laranjeiro R, Harinath G, Burke D, Braeckman BP, Driscoll M (2017) Single swim sessions in C. elegans induce key features of 
mammalian exercise. BMC Biology 15.

Laranjeiro R, Harinath G, Hewitt JE, Hartman JH, Royal MA, Meyer JN, Vanapalli SA, Driscoll M (2019) Swim exercise 
in Caenorhabditis elegans extends neuromuscular and gut healthspan, enhances learning ability, and protects against 
neurodegeneration. Proc Natl Acad Sci U S A 116:23829-23839.

864C	 The	role	of	the	extracellular	matrix	in	maintaining	neuronal	architecture	against	increased	mechanical	stress

Marie Biard1, Malika Nadour1, Lise Rivollet1, Claire Bénard1,2 1) Dept. Biological Sciences, CERMO-FC Research Center, Université 
du Québec à Montréal, Canada; 2) Dept. Neurobiology, University of Massachusetts Medical School, USA.

Little is known about the mechanisms that protect the long-term architectural integrity of the nervous system: formed during 
embryogenesis, it will later face the stresses of maturation, growth, body movements and accidents. The cell adhesion 
molecule SAX-7/L1CAM is one of the neuronal maintenance factors identified in C. elegans. Our group has demonstrated that 
SAX-7S acts post-developmentally to preserve the organization of specific neuronal ganglia and fascicles (Desse et al., bioRxiv). 
Notably, maintenance defects resulting from the loss of sax-7 can be suppressed by paralysis, highlighting that the mechanical 
stress associated with body movements may lead to progressive neuronal disorganization. Neuronal disorganization in sax-
7 mutants is also supressed by the loss of function of the gene mig-6/papilin, indicating that these two genes affect the 
maintenance of neuronal organization in opposite ways. MIG-6 is a conserved extracellular matrix glycoprotein containing a 
“papilin cassette”, an assembly of domains also present in extracellular matrix remodeling enzymes. We found that the state 
of the extracellular matrix is altered in mig-6 mutants, suggesting that a balance between adhesion and flexibility of the peri-
neuronal environment is important to maintain the integrity of the nervous system. We therefore hypothesize that mig-6 
mutants, which under normal conditions have unaltered neuronal organization, may become defective following increased 
body movements. To test this, we subjected worms to high mechanical stress and observed that neuronal organization is 
better preserved in mig-6 mutants compared to wild-type animals under these conditions. This effect is concomitant with 
a change in the distribution of EMB-9/collagen type IV, one of the main basement membrane proteins. Understanding the 
fundamental maintenance mechanisms of neuronal architecture could help identify molecular pathways involved in the 
development of neuropathologies.

865A	 Neuro-epidermal	adhesions	protect	hyper-fragile	axons	from	mechanical	strain

Igor Bonacossa-Pereira1, Sean Coakley1, Massimo Hilliard1 1) The University of Queensland, Brisbane, Queensland, Australia..

Axons, the longest neuronal process, withstand significant strain as a consequence of organismal development and movement. 
Axonal resilience to mechanical forces results from a cooperation between the axon and its surrounding tissue, although a full 
understanding of the underlying mechanisms is elusive. Here, focusing on the C. elegans posterior lateral mechanosensory 
neuron (PLM), we reveal a neuroprotective function of the skin hemidesmosome component LET-805/myotactin and an 
axonal-intrinsic membrane skeleton molecule UNC-70/β-spectrin. We show that a gain-of-function mutation in let-805/
myotactin causes incomplete embedment and attachment within the skin of hyper-fragile PLM axons lacking UNC-70/β-
spectrin, creating hinge points along the axon which eventually lead to axonal breaks in late stages of development. Consistent 



Abstracts

23rd International C. elegans Conference     |    352

with this model, mutants in him-4/hemicentin or mec-5/collagen, which prevent attachment and embedment of the PLM axon 
within the skin, eliminate these hinge points and prevent axonal damage in let-805;unc-70 double mutants. Finally, we show 
that attachment of the PLM axon to the skin via LET-805/myotactin is progressive and required for the correct ensheathment 
of the axon, a feature replicated in regenerating axons following injury. In conclusion, we demonstrate that the uniform 
coupling of mechanosensory neurons to the skin during development requires LET-805/myotactin and functions to protect 
axons from damage induced by mechanical strain.

866B	 Exploring	neuron	death	in	a	C. elegans	model	of	Alzheimer’s	disease

Lotti Brose1, Jon Pierce1 1) University of Texas at Austin.

Alzheimer’s disease (AD) is the leading cause of dementia worldwide and has been characterized pathologically as gross loss 
of neurons and neuronal connections in areas of the brain that control memory and executive function. Genetic variations 
in a number of genes, including amyloid precursor protein (APP) and apolipoprotein E (APOE), have been shown to influence 
both age of onset and severity of AD. Both an additional copy and gain-of-function mutants in APP can cause earlier onset of 
AD, while the e4 allele of APOE (APOE4) hastens and exacerbates AD compared to its other alleles (APOE2 and APOE3). How 
these genes influence neuronal health in AD has yet to be determined. Our lab has developed a C. elegans model of AD that 
expresses both APP and APOE4. These worms exhibit specific, age-dependent neurodegeneration and cell death that can be 
readily observed using fluorescent microscopy. Combined with behavioral observations, we determined that expression of 
APOE4, but not APOE3, leads to death of the command egg laying neuron, HSN, by middle age. Further, genetic manipulation 
and time-lapse microscopy suggests neurons are not dying via apoptosis. We are currently exploring additional cell death 
pathways, as discovering the underlying neurodegeneration mechanisms may help identify novel therapeutic targets.

867C	 Effect	of	Base	Excision	Repair,	Ung-1	Deletion,	on	Tau	Pathology	in	C. elegans

Elisabeth Buvarp1, Chandrakala Puligilla1, Vilhelm Bohr1, Vinod Tiwari1, Zimple Kurlawala1, Caleb Elwell1, Seoyun Choi1 1) 
National Institute on Aging, NIH, Baltimore, MD.

Base excision repair (BER) is a DNA repair pathway known to play an important role in removing DNA damage resulting 
from oxidative stress. DNA repair efficiency decreases with age, and oxidative DNA damage is associated with aging and 
neurodegenerative diseases such as Alzheimer’s disease. Alzheimer’s disease (AD) pathology primarily consists of extracellular 
amyloid-beta plaques and neurofibrillary tangles of hyperphosphorylated tau protein. The aim of this work is to characterize 
the effects of defective base excision repair on tau pathology in C. elegans, in order to test the hypothesis that defects in 
BER can be a disease modifier of AD. Defective base excision repair has been previously studied in C. elegans using the uracil 
DNA glycosylase deletion mutant ung-1. For tau pathology, the strains BR5270 (pan-neuronal over-expression of the F3 pro 
aggregation fragment of human Tau protein) with BR5271 (pan-neuronal over-expression of F3 pro-aggregation fragment of 
human Tau with mutations that abrogate aggregation) as a control have been previously used. To study the effect of defective 
base excision repair on tau pathology in C. elegans, the ung-1 strain was crossed with pro- and anti- aggregate tau strains to 
generate tau strains with defective base excision repair. The effects of defective base excision repair on tau pathology in these 
strains were characterized using chemotaxis assay for memory, TMRE staining for mitochondrial function, pharyngeal pumping 
for nervous system function, and lifespan. Preliminary results suggest that deletion of the ung-1 gene may exacerbate memory 
(3 biological replicates) and pharyngeal pumping (12 tech replicates, 4 biological replicates) in the pro-aggregate tau strain of 
C. elegans. The pro-aggregate tau strain with ung-1 deletion showed significantly reduced TMRE uptake compared to ung-1 
strain. Preliminary lifespan data has not shown a decreased lifespan for pro-aggregate tau + ung-1 compared to pro-aggregate 
tau alone. These results provide insight into how defective base excision repair may affect tau pathology in C. elegans. Future 
experiments will delve deeper into the mechanisms of these effects, with the goal of better understanding BER as a disease 
modifier of AD.

868A	 Relation	between	endogenous	TAU	levels	and	neurodegeneration	in	C. elegans

Eric Andrew Cardona1,2,3,4, Jonathan Pierce1,2,3,4 1) Institute for Cell and Molecular Biology, University of Texas at Austin, USA; 2) 
Department of Neuroscience, University of Texas at Austin, USA; 3) Center for Learning and Memory, University of Texas at 
Austin, USA; 4) Waggoner Center for Alcohol and Addiction Research, University of Texas at Austin, USA.

Numerous debilitating neurodegenerative disorders, such as Alzheimer’s disease (AD), Frontotemporal Degeneration (FTD), 
and Progressive supranuclear palsy (PSP), display patterns of degeneration as the disease progress. For each disorder, neurons 
generally begin to die in one area. Next, a unique spatiotemporal, patterned wave of degeneration spreads across the brain. 
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A major hypothesis raised to explain the neurodegeneration in these diseases is that toxic forms of the protein TAU aggregate 
and spread across synapses of brain regions during disease progression. Despite evidence of TAU aggregation and spread 
across age-related neurodegenerative disorders, the cellular and molecular underpinnings of pathogenesis and its spread 
remain elusive.

Previously, our lab generated models of age-related degeneration in C. elegans through pan-neuron expression of the 
human AD-risk genes APP and/or APOE4. In these models, we identified subsets of neurons that degenerated, becoming 
dysmorphic and/or dysfunctional, while others remained healthy and functional with age. This selective, age-related pattern 
of degeneration suggests that certain factors may confer vulnerability or protection to neurons in these models. To determine 
whether TAU represents a vulnerability factor, we are testing whether endogenous levels of PTL-1, the worm version of 
TAU, play a role in the death of these neurons, as well as others that we have not investigated yet. To tease out patterns of 
degeneration, we are interrogating behaviors governed by well-defined neuronal circuitry. Our preliminary results suggest 
that, with some exceptions, the relative levels of endogenous PTL-1 correlate to age-related loss of neuronal integrity in these 
models. 

We seek to determine how widespread this pattern is in worm and search for additional factors that modulate 
neurodegeneration.

869B	 Age-related	neuronal	changes,	lifespan	pathways	and	maintenance	of	neuronal	architecture

Anagha Khandekar2, Ju-Ling LIU1, Yann Chabi1, Claire Bénard1,2 1) Dept Biological Sciences, CERMO-FC Research Centre, 
Université du Québec à Montréal, Canada; 2) Dept Neurobiology, University of Massachusetts Medical School, USA.

The age-dependency of cognitive decline is well-known in humans, however the mechanisms by which nervous system 
dysfunction is triggered during aging are poorly understood. Previous studies have reported age-related morphological 
changes of C. elegans neurons (including by Pan et al, 2011; Tank et al, 2011; Toth et al, 2012). We have expanded this analysis 
with a systematic survey of age-related neuronal changes in wild-type animals and find that neuron-type specific structural 
alterations occur across the entire nervous system during normal aging. Furthermore, our neuroanatomical analysis of long-
lived mutants reveals that neuronal morphological alterations can be robustly delayed in some long-lived mutants, but not all, 
indicating that delayed age-related neuronal change is not always coupled with lifespan extension, consistent with findings 
on healthspan analysis (Bansal et al, 2015). We are dissecting the molecular pathways responsible for delaying age-related 
neuronal alterations in long-lived mutants and their interplay with neuronal maintenance molecules. One of these, SAX-7, is 
homologous to the L1CAM family of cell adhesion molecules in mammals, where it functions to preserve cognitive abilities 
in adults. We find that the loss or gain of function of sax-7 affects neuronal structures in distinct ways that inform us on 
the process of neuronal aging. Our findings indicate that the interaction between molecular mechanisms dedicated to the 
lifelong maintenance of neuronal architecture and lifespan determination are key to age-related neuronal change. Given the 
conservation between the human and C. elegans genomes, and in neuronal processes, the genes that protect from or promote 
neuronal decline in C. elegans will advance our knowledge of the principles underlying neuronal maintenance and aging and 
may provide insights into age-related neurodegenerative diseases.

870C	 Effects	of	Purple	Pitanga	extract	in	C.elegans transgenic strains for Alzheimer´s disease

Flávia Suelen de Oliveira Pereira1, Andreia Limana Tambara1, Gabriel Pedroso Viçozzi1, Alisson Gleysson Rodrigues dos Santos1, 
Cristiane Casagrande Denardin1, Daiana Silva de Ávila1 1) Universidade Federal do Pampa.

Purple Pitanga- PP is a fruit known by some properties that include autophagy induction, oxidative stress resistance and 
lifespan increase in C. elegans. These properties make PP a candidate for screenings against neurodegenerative disease 
such as Alzheimer´s disease (AD). In this study we evaluated the beneficial effects of PP in two C. elegans transgenic strains 
for AD- like model. CL2006 [pCL12(unc-54/human Abeta peptide 1-42 minigene) + rol-6(su1006)] and CL2355 [pCL45 (snb-
1::Abeta 1-42::3’ UTR(long) + mtl-2::GFP] transgenic worms were submitted to a chronic treatment (from the L1 stage) with 
the PP aqueous extract at the concentrations of 100, 250 and 500µg/mL gallic acid equivalents during 48 hours at 20ºC. After 
this period, we verified that the extract did not cause reduction in survival rate, body area and length. In these worms the 
amyloid beta (Aβ) aggregation is manifested by increased paralysis which impairs locomotion and reduces longevity. Notably, 
the treatment with PP was able to reduce the paralysis rate in CL2006 (all concentrations) and CL2355 (250 and 500µg/mL) 
and extend the longevity in this last one (250µg/mL). Once the locomotion and egg-laying are coordinated by the cholinergic 
system, we exposed worms to the cholinergic agonist levamisole and scored the eggs laid after 1 hour to exposure. We 
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observed that in WT (N2) the exposure to levamisole promoted the increase of egg-laying. In CL2006 and CL2355 the egg-
laying is higher in relation to N2 probably because these strains present uncoordinated and reduced locomotion, which may 
promote increase in the eggs laid in early reproductive cicle. Notably, the treatment with PP was able to restore the egg-laying 
induced by levamisole (500µg/mL) in CL2006. As previously cited, PP presents antioxidant properties and one transcription 
factor involved in stress resistance in C. elegans is DAF-16. After 30 minutes, PP exposure induced the nuclear localization of 
DAF-16 in TJ356 strain (zIs356 [daf-16p::daf-16a/b::GFP + rol-6(su1006)]) at all concentrations tested. The chronic treatment 
with PP improved worms locomotion and lifespan. This effect may be conferred by DAF-16 activation which can induce the 
transcription of important genes that can protect against Aβ toxicity in C. elegans. We will pursue which DAF-16 target genes 
are upregulated by PP and which extract components are accountable for these effects.

871A	 Expression	of	trx-1 correlates with intrinsic regenerative capacity

Noa Grooms1, Samuel Ureña1, Leilani Schulting1, Michael Fitzgerald1, Samuel Chung1 1) Northeastern University.

A conditioning lesion of the peripheral sensory axon triggers robust central axon regeneration in mammals. Lesion conditioning 
could be utilized to drive powerful therapies for neuroinjuries. Despite being studied for >30 years, lesion conditioned 
regeneration remains poorly understood, and progress is severely limited by low throughput in vertebrate models. To expedite 
research in the field, we are developing a model for lesion-conditioned regeneration in C. elegans. Our model employs green 
fluorescent protein (GFP) to label the ASJ neuron. When we condition the neuron, we see increased fluorescence in the 
ASJ, indicating a correlation between GFP expression and regenerative capacity. Meanwhile, following prior work from our 
laboratory, disruptions to the sensory pathway can also chronically condition the neuron, increasing regenerative capacity 
without the need of a conditioning lesion. We saw increased fluorescence in chronically conditioned strains, further supporting 
the correlation between GFP expression and regenerative capacity. We used ethyl methanesulfonate to stochastically 
introduce mutations into a chronically conditioned strain and selected for offspring with decreased ASJ fluorescence, indicating 
a mutation in a gene potentially in the conditioning pathway. We isolated twelve strains, originating from six distinct F1s. Six 
of these strains show reduced frequency of ectopic axon outgrowths compared to the pre-mutagenized strain. A reduction 
in ectopic outgrowths suggests a disruption in the conditioning pathway, as previously characterized by our laboratory. To 
quantify the fluorescent correlation, we imaged the mutagenized strains with calibrated fluorescent beads and compared 
fluorescent intensities of the ASJ neurons to strains with increased outgrowths and regenerative potential. We found 
significantly decreased brightness in cell bodies and dendrites in strains with reduced regenerative potential compared to 
chronically conditioned strains. This correlation provides a powerful proxy for evaluating regenerative capacity and to identify 
genes potentially implicated in the lesion conditioned pathway.

872B	 Modifiers	of	TDP-43	Toxicity

Lale Gungordu1, Mandy Koopman1, Reneé Seinstra1, Ellen Nollen1 1) European Research Institute for the Biology of Ageing, 
University of Groningen, University Medical Center Groningen, The Netherlands.

Protein toxicity is thought to underlie several, yet incurable, age-related neurodegenerative diseases, including Parkinson’s 
disease and Amyotrophic Lateral Sclerosis (ALS). TDP-43 aggregation is the major pathological hallmark of ALS and present 
in 97% of all cases, suggesting that TDP-43 contributes to in the disease mechanism. How protein toxicity triggers cell-and 
physical dysfunction and leads to degeneration is still not understood.

This project aims to find disease mechanisms and uncover targets to suppress ALS-related TDP-43 toxicity. For this aim, a 
combination of genetic- and phenotypic screens in a Caenorhabditis elegans model for disease are being used. We make use 
of a C.elegans strain with overexpressed human TDP-43, which shows several cellular- and behavioral ALS disease phenotypes, 
including age-related motor impairment is used as a model. We performed a genetic screen, which identified 22 mutant 
animals that show a suppression of this impairment. The strongest suppressor mutant, called MOTT-22 (Modifier of TDP-43 
Toxicity 22), was selected for further experiments. We are currently verifying and characterizing a candidate gene that may be 
responsible for the suppression of motor impairment in MOTT-22. After finding a candidate gene for MOTT-22, gene functions 
in the cell will be studied to find new mechanisms involved in protein toxicity.

873C	 The	Effects	of	Cytokine	Proteins	on	the	Notch1	Signaling	Pathway	of	Neurogenesis	in	Caenorhabditis elegans.

Amy Hebert1, Rachel Mazurek1 1) Elmhurst University.



Abstracts

23rd International C. elegans Conference     |    355

In patients suffering from neurodegenerative diseases (NDs), the process of repairing damage to the central nervous system 
and regenerating neurons is impaired. In these patients, increased levels of cytokine proteins are observed and correlated 
with increased neuroinflammation. Long-term neuroinflammation such as that seen in patients with NDs is known to impair 
neurogenesis. Neurogenesis is a complex process and involves various pathways such as the highly conserved Notch1 Signaling 
Pathway. Using synchronized C. elegans, we first examined how exposure to various inflammatory cytokines impacted overall 
levels of Notch1. Noting a reduction in Notch1 levels following specific cytokine exposure, we next aimed to look closer at 
regulators of the Notch1 pathway. Adm-4 is a functionally redundant gene to a Notch1 regulatory gene and may be impacted 
by the presence of cytokine proteins. Using synchronized C. elegans GFP tagged at adm-4, we quantitatively observed how 
exposure to various inflammatory cytokines affected adm-4 expression, specifically in the nerve ring. Understanding more 
about how the Notch1 Signaling Pathway is impacted during neuroinflammation may allow for scientists to one day learn how 
to better promote neuroprotection or even reverse early neurodegeneration.

874A	 A	novel	pathway	links	Microbiota-induced	neuroprotection	to	the	innate	immune	response	in	C. elegans models of 
Alzheimer’s	Disease

Yuwei Jiang1, Kim Pho1, Andrew McArthur1, Michael Surette1, Lesley MacNeil1 1) McMaster University, Hamilton,ON.

The human microbiota plays vital roles in metabolism, tissue growth, and the immune system. Changes in the composition 
of microbiota are linked to different diseases including neurodegenerative disorders. Alzheimer’s disease (AD) is a common 
progressive neurodegenerative disease which development involves both genetic and environmental factors. Many studies 
show that microbes are critical for AD development. However, the underlying mechanisms remain unclear. Our study employs 
transgenic C. elegans models of AD overexpressing amyloid β-peptide 1–42 (Aβ42) or aggregate-prone human Tau to study the 
links between the human microbiota and neurodegeneration.

Our lab has identified several bacteria strains isolated from the human microbiota that are protective against 
neurodegeneration in C. elegans AD models. We then looked for mRNA targets whose expression levels are changed in worms 
exposed to different neuroprotective bacteria through RNA-sequencing. One gene that we are interested in is F54D5.4. The 
expression of F54D5.4 is significantly increased in worms fed with neuroprotective bacteria strains. Furthermore, knocking 
down F54D5.4 in C. elegans AD models promotes neurodegeneration. Thus, we will further study the functions of F54D5.4 and 
determine specific bacteria factors that regulate its expression.

F54D5.4 expression is upregulated in response to pathogens, suggesting that it may play a role in the innate immune response. 
Consistent with this idea, we find that F54D5.4 mutant animals are more sensitive to the bacterial pathogen P. aeruginosa 
PA14. Therefore, F54D5.4 is vital for the innate immunity to pathogen infections. However, whether F54D5.4 influences 
neurodegeneration by modulating innate immune function is unknown.

The immune system is involved in AD development. However, the mechanisms remain elusive. The F54D5.4 regulation may 
represent a novel pathway that links Microbiota-induced neuroprotection to the innate immune response.

875B	 Tissue	inhibitor	of	metalloproteinase	regulates	extracellular	beta-amyloid	accumulation

Elisabeth Jongsma1, José María Mateos2, Collin Y. Ewald1 1) Institute of Translational Medicine, ETH, Zürich ; 2) Center for 
Microscopy and Image Analysis, UZH, Zürich.

The hallmarks of Alzheimer’s disease (AD) pathology are beta-amyloid (Aβ) plaques in the extracellular space and intracellular 
neurofibrillary tangles of tau. Several collagens (IV, VI, XVIII, and XXV) are found in the deposited amyloid plagues of AD 
patients. Some SNPs in collagens (XXV) are associated with AD as risk alleles, while other collagens (VI) seem to protect 
neurons from Aβ toxicity. However, the role of collagens or the extracellular matrix (ECM) in Aβ pathology is unclear. Current 
transgenic Aβ C. elegans show Aβ intracellularly, but an extracellular Aβ model is missing.

To model Ab in the extracellular space in vivo, we developed a new transgenic strain carrying superfolder green fluorescent 
protein (sfGFP) linked to human Aβ1-42. Using correlative light electron microscopy, we observed that upon induction and 
secretion, sfGFP::Aβ localizes at the C. elegans cuticle, an ECM rich in collagens. Fluorescence recovery after photobleaching 
revealed two types of immobile structures on the cuticle. To gain mechanistic insights, we used RNAi to screen 2864 genes that 
either enhance or lower sfGFP::Aβ levels. The screen consisted of three libraries containing gene orthologues of the Human 
AlzGene database, geroprotective genes, and the matrisome (i.e., all known ECM genes). We identified 152 enhancer and 
suppressor candidate genes. Strikingly, knockdown of some metalloproteases (MMPs) known to remodel ECM showed higher 
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sfGFP::Aβ accumulation, while a MMP inhibitor (TIMP) cri-2 lowered sfGFP::Aβ accumulation. We narrowed our candidates 
down to four MMP that might be regulated by TIMP. Taken together, we implicated metalloproteases and their inhibitor in 
reducing extracellular Aβ aggregation in the ECM.

876C	 Tauopathy	Impairs	Axon	Injury-Induced	Autophagic	Activity	in	C. elegans

Suhyuk Ko1, Gilberto Gonzalez1, Zhijie Liu1, Lizhen Chen1 1) University of Texas Health Science Center at San Antonio.

Autophagy plays a conserved role in maintaining cellular homeostasis by degrading dysfunctional proteins, lipids, and 
organelles. Autophagic dysfunction has been reported in various neurodegenerative diseases. It can occur at any step of the 
autophagic process and can contribute to the formation of protein aggregates and ultimately to neuronal death, although it 
remains unclear whether autophagy impairment is a contributor or a consequence of neurodegeneration. Axonal injury is 
acute neuronal stress that triggers autophagic responses in an age-dependent manner. In this study, we investigate the injury-
triggered autophagy response in a C. elegans model of tauopathy. We found that the pro-aggregant F3ΔK280 Tau abolished 
injury-induced autophagic activity, thereby reducing axon regeneration capacity. Besides, axon trafficking of autophagic 
vesicles is significantly reduced in animals expressing the pro-aggregant F3ΔK280 Tau, showing that Tau aggregation impairs 
autophagy regulation. Notably, in the tauopathy model, the reduced number of total or trafficking autophagic vesicles was 
not restored by the autophagy activator rapamycin. Loss of PTL-1, the sole Tau homologue in C. elegans, also led to impaired 
injury-induced autophagy activation and decreased axon trafficking of autophagic vesicles, but with an increased basal level of 
autophagic vesicles. Therefore, we have demonstrated that Tau aggregation as well as Tau depletion both lead to disruption of 
injury-induced autophagy responses, suggesting that aberrant protein aggregation or microtubule dysfunction can modulate 
autophagy regulation in injured neurons.

877A	 Loss	of	aly genes suppresses toxicity in transgenic Caenorhabditis elegans models of tau or TDP-43

Rebecca Kow1, 2, Aristide Black3, Aleen Saxton3, Brian Kraemer1, 2, 4, 5 1) Geriatrics Research Education and Clinical Center, Veterans 
Affairs Puget Sound Health Care, Seattle, WA; 2) Division of Gerontology and Geriatric Medicine, Department of Medicine, 
University of Washington, Seattle, WA; 3) Seattle Institute for Biomedical & Clinical Research, Seattle, WA; 4) Department 
of Psychiatry and Behavioral Sciences, University of Washington, Seattle, WA; 5) Department of Pathology, University of 
Washington, Seattle, WA.

Both the microtubule-associated protein tau and the DNA and RNA binding protein TDP-43 accumulate into toxic aggregates 
in multiple neurodegenerative diseases such as Alzheimer’s disease and frontotemporal dementia. We have previously used 
transgenic Caenorhabditis elegans models of human tau and TDP-43 to discover novel genes that modulate their toxicity. 
These transgenic models are characterized by significant locomotor deficits, progressive loss of neurons, shortened lifespan, 
and accumulation of hyperphosphorylated and insoluble tau or TDP-43 protein. One gene identified as a strong suppressor of 
tau toxicity in C. elegans and mammalian models is the RNA binding protein sut-2/MSUT2/ZC3H14. To better understand the 
mechanism in which sut-2 suppresses tauopathy, we investigated the aly genes (3 genes in C. elegans), whose mammalian 
homolog ALYREF has been shown to interact with MSUT2/ZC3H14 (Morris & Corbett (2018) Nucleic Acids Res 46:6561-6575). 
Additionally, research in Drosophila melanogaster of TDP-43 toxicity showed that loss of the fly homolog ref1 could suppress 
TDP-43-induced toxicity (Berson et al (2019) Acta Neuropath Commun 7:65). Therefore we determined whether loss of aly 
genes suppressed tau and/or TDP-43 toxicity in our C. elegans models. We found that loss of aly-1 or aly-2 alone, but not 
aly-3, caused mild suppression of tau-induced locomotor deficits, while loss of aly-2 and aly-3 together caused the strongest 
suppression of locomotor deficits. Loss of aly-2 and aly-3 reduced total and insoluble tau protein accumulation as well as 
neuron loss with age in tau transgenic C. elegans. In TDP-43 transgenic C. elegans, loss of aly-2 and aly-3 also suppressed 
behavioral deficits induced by TDP-43 but did not significantly alter total TDP-43 or phosphorylated TDP-43 protein levels. 
The results here suggest that although the aly genes modulate both tau and TDP-43-induced toxicity, they do so via different 
mechanisms.

878B	 UNC-16	inhibits	actin	and	microtubule	dynamics	to	regulate	rate	of	regrowth	and	functional	regeneration	in	C. 
elegans neurons.

Sucheta S Kulkarni1, Vidur Sabharwal2, Seema Sheoran1, Atrayee Basu3, Kunihiro Matsumoto4, Naoki Hisamoto4, Anindya Ghosh-
Roy3, Sandhya P Koushika2 1) National Centre for Biological Sciences, Tata Institute of Fundamental Research, Bengaluru, India; 
2) Department of Biological Sciences, Tata Institute of Fundamental Research, Mumbai, India; 3) National Brain Research 
Centre, Manesar, India; 4) Department of Molecular Biology, Nagoya University, Japan.
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Neuronal regeneration after injury depends on the intrinsic growth potential of neurons. We demonstrate that UNC-16, a 
C. elegans JIP3 homologue, inhibits axonal regeneration by regulating initiation and rate of regrowth. UNC-16 inhibits the 
regeneration-promoting activity of the long isoform of DLK-1 independently of the inhibitory short isoform of DLK-1. UNC-16 
promotes DLK-1 punctate localization in a concentration-dependent manner limiting the availability of the long isoform of 
DLK-1 at the cut site, minutes after injury. UNC-16 negatively regulates actin dynamics and microtubule dynamics post-injury, 
the former depends on DLK-1 and the latter partially depends on DLK-1. UNC-16 dependent post-injury cytoskeletal dynamics 
is also partially dependent on CEBP-1. The faster regeneration seen in unc-16 mutants does not lead to functional recovery. We 
propose a model where UNC-16 displays its inhibitory role through both cytoskeletal and tight temporal and spatial control of 
DLK-1. The inhibitory control by UNC-16, the short isoform of DLK-1 and the activity of CEBP-1 balances the intrinsic growth-
promoting function of the long isoform DLK-1 in vivo.

879C	 hnRNPQ/hrp-2 role in splicing and neurodegeneration.

Federica La Rocca1,2, Pamela Santonicola1, Federica Cieri1,3, Giuseppina Zampi1, Elia Di Schiavi1 1) National Research Council of 
Italy - Institute of Biosciences and Bioresources, Naples, Italy; 2) Department of Environmental, Biological and Pharmaceutical 
Sciences and Technologies, University of Campania “L. Vanvitelli”, Caserta, Italy; 3) Department of Biology, University of Naples 
Federico II, Naples, Italy.

A correct splicing of mRNA is globally required in all cells, but neurons seem highly sensitive to perturbations with numerous 
neurological diseases caused by splicing defects, including spinal muscular atrophy (SMA), amyotrophic lateral sclerosis (ALS), 
and dementias. Neurons have features that make them vulnerable to mis-splicing events, such as their postmitotic state and 
longevity. However, the reason of this peculiar sensitivity of neurons to splicing alterations, why only subclasses of neurons 
are affected and which step of RNA processing is impaired in these diseases is still debated. We are investigating the molecular 
mechanisms underlying the neurodegeneration caused by splicing defects in SMA, using a neuron specific silencing approach 
in C.elegans. SMA is a motor neurons (MNs) specific disorder caused by mutations in the Survival Motor Neuron (SMN) gene. 
RNA-sequencing of iPS-MNs from SMA patients and healthy people allowed us to identify differentially expressed/spliced 
genes, enriched in RNA motif 7 (CAAAAAG). This motif is specifically bound by hnRNPQ, a protein interacting with SMN in the 
SMN complex. hrp-2 is the C.elegans homolog of hnRNPQ and we determined that, similarly to smn-1(KO), hrp-2 (ok1278) 
null mutants arrest as larvae, have a severe decrease in lifespan and locomotion defects. hrp-2 mutants show a reduction 
of visible D-type MNs and axonal defects, suggesting a specific role in neuron survival. hrp-2 overexpression in D-type MNs 
rescued the degeneration of MNs and the defects in locomotion observed in smn-1 silenced animals. These data suggest a 
specific involvement of hrp-2 in MNs survival and in smn-1 pathway, supporting the role of hrp-2 as an smn-1 modifier and as 
a possible therapeutic target for the disease. Further experiments are ongoing to better understand the genetic interaction 
between the two genes in MNs and to identify the role of mis-spliced targets in neurodegeneration.

880A	 TDP-43	promotes	pathological	tau	phosphorylation	and	neurotoxicity	in	C. elegans

Caitlin Latimer1, C. Dirk Keene1, Brian Kraemer1, 2, 3, 4, Nicole Liachko2, 4 1) Department of Laboratory Medicine and Pathology, 
University of Washington; 2) Geriatrics Research Education and Clinical Center, Veterans Affairs Puget Sound Health Care 
System; 3) Department of Psychiatry and Behavioral Sciences, University of Washington; 4) Division of Gerontology and 
Geriatric Medicine, Department of Medicine, University of Washington.

While the neuropathology of Alzheimer’s disease (AD) is defined by the presence of amyloid beta and tau aggregates, up 
to 50% of patients also exhibit aggregates of the protein TDP-43. AD patients with TDP-43 pathology have worse cognitive 
impairment with more rapid decline and some data suggest TDP-43 may synergize with tau pathology. C. elegans has been 
widely used to study tau and TDP-43 proteotoxicity separately and such efforts have led to the discovery of sut-2, a gene 
whose loss-of-function protects against tau neurotoxicity in C. elegans. However, little is known about how tau and TDP-43 
interact when co-expressed in the same organism or if there are modifiers that may disrupt that relationship, necessitating 
models of combined pathology. We have previously shown that co-expression of tau and TDP-43 in the same organism has 
synergistically deleterious effects. To further explore this relationship we developed a new low-expression C. elegans model 
of comorbid tau and TDP-43 and found that even at low levels TDP-43 exacerbates tau pathology, resulting in increased 
pathological protein accumulation as well as enhanced uncoordinated locomotion and progressive neurodegeneration. We 
highlight the specificity of this synergy by demonstrating that a strain expressing both wild-type human amyloid and TDP-43 
is phenotypically no different from strains that express either protein alone. Finally, in order to further probe the mechanisms 
underlying the synergy between tau and TDP-43 we crossed tau+TDP Tg with a sut-2 loss-of-function strain, which largely 
rescued the enhanced phenotype. The ability of this potent modifier of tau to also have an effect on a model of tau and 



Abstracts

23rd International C. elegans Conference     |    358

TDP-43 co-expression suggests that it is enhanced tau toxicity, and not TDP-43, that contributes to the synergistic tau+TDP 
Tg phenotypes. Characterizing the neurotoxic synergies between tau and TDP-43 in vivo will be critical for understanding and 
treating mixed pathology AD. Employing a novel model of tau and TDP-43 proteotoxicity, these studies provide initial insights 
into the mechanisms underlying tau and TDP-43 proteotoxic synergy, and establish the utility and tractability of the tau+TDP 
Tg model for studying comorbid pathology. Ultimately this model will be useful for identifying additional genetic modifiers of 
mixed tau and TDP-43 neurotoxicity and aid in a deeper dissection of the biology underlying these phenotypes.

881B	 The	Effect	of	Cytochrome	P450	Metabolites	of	Dietary	Polyunsaturated	Fatty	Acids	on	Age-Associated	
Neurodegeneration.

Kin Sing Stephen Lee1, Morteza Sarparast1, Fan Zhang1, Elham Pourmand1, Benjamin Kessler1, Leslie Ramirez1, Jamie Alan1 1) 
Michigan State University, East Lansing, MI.

By 2035, the population older than 65 is projected to be 21.3% (78 million) increasing from 15.2% in 2016. Most elderly 
patients eventually develop some degree of cognitive dysfunction, and Alzheimer’s disease alone affects almost 33% to 50% 
of the population over 85. As such, there is an unmet medical need to identify pathways that could curb neurodegeneration. 
Such a discovery significantly improves the quality of life for elderly patients. Recent research demonstrated that inhibition of 
cytochrome P450 (CYP) metabolism of dietary polyunsaturated fatty acids (PUFAs) is beneficial for several neurodegenerative 
diseases, including Parkinson’s and Alzheimer’s diseases. However, the detailed mechanism by which specific PUFA 
CYP metabolites responsible for such beneficial effects remains largely unknown. To tackle this problem, we apply a 
multidisciplinary approach to investigate the underlying mechanism and identify the signaling molecules responsible for 
the effects of PUFA CYP metabolites on neurodegeneration. We will use C. elegans as an animal model because it has been 
used to investigate neurodegeneration mechanism for more than a decade. Specifically, in this presentation, we will present 
our efforts in developing and applying different chemical tools to study the mechanism of how PUFA CYP metabolites affect 
neurodegeneration in different transgenic C. elegans strains. We found that inhibition of epoxide hydrolase in C. elegans 
rescues the neurodegenerative phenotypes in the strains expressing either amyloid-β or tau, which are similar to what has 
been found in the murine Alzheimer’s disease amyloidosis or tauopathy models. We also demonstrated that a specific ω-6 
PUFA CYP metabolite actually induces neurodegeneration. This result is interesting as most studies suggested that in general, 
PUFA CYP metabolites are beneficial for neurodegenerative disease. Our studies open new directions for neurodegeneration 
and C. elegans research, and further mechanistic studies are currently being undertaken in our laboratory.

882C	 RNAi	screening	of	a	phosphatase	library	identifies	new	modifiers	of	TDP-43	in	a	C. elegans	model	of	ALS	and	FTLD-
TDP

Heather Currey1, Joshua Hincks1, Nicole Liachko1,2 1) VA Puget Sound Health Care System, Seattle, WA; 2) University of 
Washington, Seattle, WA.

Accumulation of hyperphosphorylated TDP-43 protein in neuronal aggregates is the major pathological feature of two 
devastating neurodegenerative diseases, amyotrophic lateral sclerosis (ALS) and frontotemporal dementia (FTLD-TDP). To 
study the cellular, molecular, and genetic underpinnings of TDP-43 mediated neurotoxicity in a tractable model system, we 
have developed a C. elegans model of TDP-43 proteinopathy expressing human disease-causing mutant TDP-43 pan-neuronally 
(TDP-43 tg). These transgenic animals display early, progressive uncoordinated movement (Unc), decreased lifespan, and age-
dependent neurodegeneration. Using this model, we have found that phosphorylation of TDP-43 increases mutant TDP-43 
toxicity. To identify phosphatases controlling TDP-43 phosphorylation, we have screened an RNA interference (RNAi) library 
targeting most known or predicted C. elegans phosphatases. 167 candidate genes were individually tested for modification 
of TDP-43 dependent behavioral phenotypes and for changes in the phosphorylation status of TDP-43 by immunoblot. From 
this primary screen we have identified 15 phosphatase genes that modify TDP-43 phenotypes. Additional work on these genes 
will provide mechanistic insight into the environmental and cellular triggers of TDP-43 phosphorylation, and provide potential 
novel avenues for therapeutic interventions into TDP-43 proteinopathies such as ALS and FTLD-TDP.

883A	 Elucidating	Alzheimer’s	Disease	related	interactions	between	amyloid	β	and	the	pathogen	P. gingivalis in the model 
organism C. elegans

James Lichty1, Adriana San Miguel1 1) North Carolina State University.

Alzheimer’s Disease (AD) is a neurodegenerative disease which causes progressive loss of function in patients. AD affects about 
5.8 million people in the US and is currently the sixth leading cause of death, with an estimated 122,000 deaths in 2018. AD 
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is characterized by abnormal, widespread aggregation of the proteins amyloid β (Aβ) and microtubule-associated protein tau 
(tau), neurodegeneration, immune system activation, inflammation, and oxidative stress. Aβ localization and aggregation have 
been linked to a number of AD traits but lack a clear causative role in the disease. Recently, infection by several pathogens 
have been identified as possible initiators for AD. One pathogen in particular, P. gingivalis (PG), has exhibited a number of 
features capable of inducing AD-like symptoms but its direct interactions with Aβ are poorly understood. We aim to identify 
and study these Aβ-PG interactions utilizing a novel Aβ expression system in the model organism C. elegans. This approach 
uses the C99 fragment of the amyloid precursor protein, the endogenous C. elegans γ-gamma secretase, and a neuron-derived 
C. elegans signal peptide. Aβ is expressed as a part of C99, which is directed to the neuron membrane and cleaved, releasing 
Aβ extracellularly. This strain was compared to an intracellular Aβ expression strain to observe localization-dependent effects 
of Aβ on the organisms. We then infected the strains with PG, observing neuron health and overall health over the worms’ 
lifespan. We seek to further characterize the detrimental effects, connecting them to AD traits seen in humans. Additionally, 
we will screen for genes relevant to the Aβ-PG interactions, such as C. elegans immunity pathways.

884B	 Impact	of	microbiota	on	neurodegeneration	in	C. elegans models of tauopathy

Hiva Mesbahi1, Kim Pho1, Lesley MacNeil1,2,3, Michael Surette1,2,3 1) McMaster University; 2) institute of infectious disease 
research; 3) farncombe family digestive health research institute.

Alterations in the microbiota have been observed in many human diseases including diseases of neurodegeneration. However, 
specific microbiome factors that either promote or protect against neurodegeneration are largely unknown. We are examining 
the effects of human microbiota in tauopathies, a class of age-associated neurodegenerative diseases that are characterized 
by the accumulation and aggregation of the microtubule-associated protein Tau. Mutations in the gene encoding Tau (MAPT) 
result in Frontotemporal Lobal Degenerations (FTLDs). Using a Caenorhabditis elegans model of this disease, we examined 
the impact of exposure to specific bacteria present in the human microbiome on neurodegeneration. We identified strains of 
bacteria that are neuroprotective in this model of tauopathy, and one that promotes neurodegeneration. Rothia species that 
suppress neurodegeneration also influence fat metabolism in C. elegans. We determined that the ability of Rothia species 
to promote neuroprotection in the PLM neurons requires the fatty acid desaturate fat-3. fat-3 mutants lack D6 fatty acids 
and are depleted in C20 fatty acids. We are currently investigating the mechanism of fat-3 dependent neuroprotection and 
investigating how Rothia exposure modifies lipid metabolism.

885C	 Refining	Sugar:	A	neuroprotective	role	for	high	sugar	diets	despite	lifespan	and	reproductive	losses

Katherine Morton1, Nathan Heffernan1, Jessica Hartman2, Joel Meyer1 1) Duke University, Durham, North Carolina, ; 2) Medical 
University of South Carolina, Charleston, SC.

High sugar diets are cited as a causal factor in the ongoing increase in obesity rates as Americans consume over 75 g of 
refined sugar and corn syrup per day on average. Further, obesity is associated with increased risk for multiple negative 
health outcomes including the neurodegenerative disease Parkinson’s Disease. Utilizing C. elegans to investigate the effects 
of two common dietary sugars, glucose and fructose, we investigated the systemic and dopaminergic neuron-specific effects 
of high sugar diets on bioenergetics and susceptibility to mitochondrial dysfunction. Through the use of in vivo fluorescent 
reporters and Seahorse XF whole worm respiratory analysis, we found that glucose-fed worms exhibited a 14.9% increase 
in basal oxygen consumption and alterations to dopaminergic neuronal mitochondrial dynamics and morphology. Our study 
also indicated that unlike exposures beginning during development, chronic adult high glucose and high fructose diets are 
protective from 6-hydroxydopamine-induced dopaminergic neurodegeneration, despite deleterious impacts on lifespan and 
reproduction. These findings support the idea that a shift to glycolytic metabolism protects from acute electron transport 
chain inhibition, while also supporting previously observed adverse impacts of high sugar diets.

886A	 Uncovering	a	mechanism	behind	microbiota-induced	neuroprotection	in	C. elegans models	of	Alzheimer’s	disease

Kim Pho1, Tammy Lau1, Andrea Tench1, Andrew McArthur1,3, Mike Surette1,2,3, Lesley MacNeil1,2,3 1) McMaster University, 
Hamilton, ON, Canada; 2) Farncombe Family Digestive Health Research Institute, McMaster University, Hamilton, ON, Canada; 
3) Institute for Infectious Disease Research, McMaster University, Hamilton, ON, Canada.

Alzheimer’s Disease (AD) is the most common neurodegenerative disorder, presently affecting over 46 million people 
worldwide. The risk of developing Alzheimer’s Disease is influenced not only by genetic factors, but also by environment and 
lifestyle. The multi-factored pathogenesis that leads to AD development poses a challenge for identifying causal factors that 
promote or protect against neurodegeneration. We use Caenorhabditis elegans as a model of AD to measure the impact of 
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human microbiota species on AD-related phenotypes. Two hallmarks of AD are amyloid-β (Aβ) plaques and neurofibrillary 
tangles composed of the protein Tau. Using an Aβ-overexpressing C. elegans model, we identified several bacterial species 
that differentially impact paralysis, and are characterizing a group of Enterobacteriaceae species that significantly reduce 
paralysis. To validate these findings, we used another C. elegans model that pan-neuronally expresses Tau protein aggregates. 
We observed decreased neurodegeneration when the animals were exposed to most of the same bacteria protective against 
Aβ-induced paralysis, providing additional evidence of microbiota-promoted neuroprotection. To explore these effects, we 
examined global changes in gene expression in animals exposed to neuroprotective bacteria. We identified several biological 
processes that were differentially regulated in response to the neuroprotective microbiota species, including innate immunity 
and protein phosphorylation. C. elegans orthologs of human tau tubulin kinase isoforms, TTBK1 and TTBK2, were down-
regulated in response to neuroprotective microbiota species. RNAi-mediated knockdown of C. elegans ttbk genes sufficiently 
induced neuroprotection in Tau aggregate-prone animals and decreased paralysis in Aβ-overexpressing animals. These findings 
suggest that bacterial species from the human microbiota can mediate neuroprotection through down-regulation of ttbk. 
Overall, by studying the impact of the human microbiota on models overexpressing Aβ or aggregate-prone Tau, we have 
uncovered a potential mechanism by which microbiota-mediated neuroprotection can occur.

887B	 Modeling	a	neuropathy-associated	GARS mutation in C. elegans

Jennifer Pierluissi1, Anthony Antonellis1,2 1) Department of Human Genetics, University of Michigan, Ann Arbor, MI; 2) 
Department of Neurology, University of Michigan, Ann Arbor, MI.

Charcot-Marie-Tooth disease (CMT) is a heritable peripheral neuropathy that is characterized by motor and sensory defects 
in the distal extremities. Mutations in five genes encoding aminoacyl-tRNA synthetases (ARSs)—a family of enzymes that 
ligate amino acids to cognate tRNA molecules during the beginning stages of protein translation—have been implicated in 
dominantly inherited CMT. One of these implicated enzymes is glycyl-tRNA synthetase (GARS), the enzyme responsible for 
ligating glycine to cognate tRNA molecules. It has been demonstrated that there is wide allelic and clinical heterogeneity 
of GARS-mediated neuropathy. We recently reported a 12-base-pair, in-frame deletion in GARS, (E245_Q248; or ΔETAQ) in 
a patient with a severe form of peripheral neuropathy that is similar to infantile-onset spinal muscular atrophy. The ΔETAQ 
mutation ablates enzyme activity in vitro, reduces viability in yeast complementation assays, and is dominantly toxic to 
mouse neurons. To further determine the pathological significance of the ΔETAQ mutation and to establish a pipeline by 
which disease-causing ARS mutations may be systematically studied in a robust model organism, we employed a CRISPR/Cas9 
method to generate a C. elegans model of GARS-mediated disease. Here, we provide characterization of the first C. elegans 
GARS-mediated neuropathy model, which supports a loss-of-function mechanism and will allow deeper insight into the 
pathology of GARS-mediated disease. This work contributes to our understanding of the role of the GARS enzyme in peripheral 
neuropathy and provides a framework for a C. elegans model system that can be effectively used to study the implications of 
other ARS mutations of interest.

888C	 Investigating	the	role	of	ubh-1	in	maintaining	dopamine	neuron	health

Jamarcus Robertson1, Brian Nelms1 1) Fisk University, Nashville, TN.

Oxidative stress is known to be one of the main factors involved in the onset of many neurological diseases. Oxidative stress 
can lead to the disruption of many metabolic processes in the neuron, including in the ubiquitin-proteasome system (UPS), a 
cellular quality control system that tags misfolded proteins for refolding or degradation. UCHL-1 plays a vital role in the UPS 
and defects in UCHL-1 have been linked to the onset of Parkinson’s and Alzheimer’s diseases. However, the exact function 
of UCHL-1 in the nervous system has yet to be fully understood. To investigate the role of UCHL-1 in dopamine neurons, we 
will be using C. elegans as a model system. UCHL-1 has three orthologous proteins in C. elegans, known as ubh-1, -2, and-3. 
We hypothesize that the protein UBH-1 plays a role in protecting dopaminergic neurons from oxidative stress. To test our 
hypothesis, we are utilizing RNAi to knock down ubh-1 in C. elegans. To investigate the phenotypic response of knocking down 
ubh-1 we will be conducting a basal slowing assay to test the mechanosensory function of C. elegans’ dopamine neurons, and 
mitochondrial damage, neurodegeneration, and aging assays, to determine if ubh-1 affects neuronal health and/or mortality 
rates in C. elegans populations.

889A	 Trehalose-Vitamin	E	Nanoparticles	attenuate	motility	impairment	and	reduced	longevity	in	a	Caenorhabditis 
elegans	Amyotrophic	Lateral	Sclerosis	model
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Alisson Rodrigues1, Manoel Neto1, Flávia Pereira1, Caroline Quines1, Sandra Haas1, Daiana Ávila1 1) Universidade Federal do 
Pampa.

Amyotrophic Lateral Sclerosis (ALS) is a neurodegenerative disease characterized by the progressive loss of motor neurons. 
There are several mutations that can lead to the development of this disease, including the SOD-1 gene. Riluzole is the 
only approved drug to slow the progression of the disease and to promote longer survival. However, its effects are limited. 
Therefore, it is necessary to develop new therapies for ALS treatment. Previous studies have suggested trehalose and vitamin 
E, individually, as good candidates for ALS treatment. In order to associate these molecules, we developed nanocapsules 
and nanoemulsions of trehalose and vitamin E and exposed to Caenorhabditis elegans (C. elegans) ALS model and evaluated 
the pharmacological potential of these nanoparticles. Pregnant AM263 [unc-54p::Hsa-sod-1 (WT)::YFP] and AM265 [Punc-
54::hSOD1(G93A)::YFP] worms were synchronized. The eggs obtained from these nematodes were transferred to Petri dishes 
previously dried containing NGM medium and UV-inactivated E.coli OP50 with or without treatment. Trehalose/vitamin E 
nanomaterials were provided by a partner laboratory. The treatment was performed with nanoparticles pipetted on NGM 
surface. When the worms reached L4 stage, they were transferred to new plates containing or not nanoparticles. This process 
was performed from day 1 adult until 4th day adult. Nematode paralysis was assessed along longevity; nematodes were 
considered paralyzed if they did not move when prodded with a wire pick. SOD-::GFP aggregation was observed at 5th day adult 
through fluorescence microscope. Our data showed that the nanoparticles decreased the number of paralyzed worms and 
increased their longevity. Besides that, the treatment with Vit. E+ trehalose nanoparticles provided a slight modification in 
the SOD1 aggregation profile. ALS promote motor neuron disabling, leading to muscular paralysis and death. This way, these 
results suggest a great advantage of nanoparticles in mitigating the main effects caused by ALS. There are studies reporting the 
protective effect of sugars, such as sucrose, however, these carbohydrates have many disadvantages. Trehalose is more cost-
effective than other sugars, in addition to having neuroprotective and autophagosome modulating activity. In turn, vitamin E 
is an antioxidant widely used in several pharmacological area including in neuronal studies. In conclusion, the association of 
these two compounds proved to be efficient in the ALS treatment.

890B	 An	Environmental	Contributor	of	Neurodegeneration	impacts	lifespan	through	disruptions	in	AMPK	Signaling	in	C. 
elegans

Jennifer Thies1, Hanna Kim1, Kimberlee Caldwell1, 2, Guy Caldwell1, 2 1) University of Alabama; 2) The University of Alabama at 
Birimingham.

Parkinson’s Disease (PD) is characterized by the loss of dopaminergic (DA) neurons. Only 5-10% of PD cases have a direct 
genetic origin; however, exposure to herbicides, pesticides, and interaction with the soil are all potential risk factors. A soil 
bacterium, Streptomyces venezuelae (S. ven), produces a secondary metabolite that causes age- and dose- dependent DA 
neurodegeneration in C. elegans. Studies from our lab determined that exposure to the S. ven metabolite causes oxidative 
stress, mitochondrial fragmentation and enhanced reactive oxygen species (ROS). Upon metabolite exposure, significantly 
more daf-16 accumulates within nuclei. Recently, we discovered that exposure to the S. ven metabolite is associated with 
hormetic effects. Specifically, at high concentrations of metabolite (20X), we observe dopaminergic neurodegeneration and 
enhanced ROS in N2 animals, whereas at low concentrations (5X), the neurons did not display neurodegeneration. We then 
extended these observations to lifespan studies in N2 animals. Notably, the higher concentration (20X) decreased lifespan 
in wild-type animals whereas the 5X concentration extended lifespan. daf-16 mutants were then examined with both 
concentrations of metabolite in lifespan assays. Notably, daf-16 mutants displayed no significant differences between solvent 
and metabolite at both high and low concentrations, suggesting the hormetic response is daf-16 dependent. Considering daf-
16 is the primary transcription factor of several key aging pathways, we investigated the impact of S. ven metabolite on the 
aging process of C. elegans mutants in the insulin signaling pathway. When both daf-2 and age-1 mutants were exposed to the 
5X concentration of S. ven, there was no significance difference between treatments. Yet, when daf-18 mutants were exposed 
to the same concentration, lifespan extension remained. These data suggest that the insulin signaling pathway is impacted 
following chronic metabolite exposure. Additionally, when exposed to the 20X concentration of S. ven metabolite, aak-2 
mutants displayed no significant difference between solvent and metabolite. However, when aak-2 mutants were exposed 
to the metabolite at the 5X concentration, mutants displayed a decreased lifespan. Taken together, these data indicate that 
functional aak-2 might be important for increased lifespan when combating toxicants following chronic exposure.

891C	 Dynamics	of	nicotine-induced	neuroprotection	and	the	ACR-20	receptor

Lina Motran1, Hagit Cohen Ben-Ami1, Millet Treinin1 1) Hebrew University - Hadassah Medical School.
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Epidemiological studies show that tobacco smoking reduces the prevalence of Parkinson’s disease. One explanation for these 
findings is that tobacco-derived nicotine protects substantia nigra dopaminergic neurons (DNs) from degeneration. To examine 
this possibility we established, in collaborated with the lab of Guy Caldwell (University of Alabama), a C. elegans model for 
nicotine-induced protection of DNs. Using this model we have shown that chronic nicotine exposure protects DNs against 
6-OHDA toxicity via a signaling pathway involving activation of mitochondrial stress. We also identified four nAChR subunits 
needed for nicotine-induced protection of DNs (Nourse et al., iScience 2021).

ACR-20, one of these “protective” nAChR subunits, was previously shown to form a homomeric receptor (Bauer et al., Mol. 
Pharmacol. 2014).

To examine whether nicotine-induced protection depends on the ACR-20 homomeric receptor we examined the effects 
of betaine, an agonist of this receptor. We find that chronic betaine exposure like chronic nicotine exposure protects DNs 
in a nAChR-dependent manner. Protective effects of betaine are, however, distinct from the protective effects of nicotine; 
pre-exposure to betaine, unlike similar nicotine exposure, is not protective; while, exposure to betaine during and after 
6-OHDA treatment, like similar nicotine exposure, is protective. The protective effects of betaine and the differences in their 
dynamics, relative to the protective effects of nicotine, are consistent with two distinct nAChRs functioning to protect DNs. 
In addition, differences between effects of nicotine and betaine suggest that the neuroprotective effects of betaine, unlike 
these of nicotine, do not involve long lasting gene expression changes. This explanation is consistent with the finding that 
betaine exposure, unlike nicotine exposure, does not enhance expression of mitochondrial stress markers. Of note, efficacy of 
nicotine as an agonist for ACR-23, closely related to ACR-20, is very low (Rufener et al., PLOS Path. 2013). This raises a question 
concerning the role of ACR-20 in nicotine-induced protection. We are now examining the possibility that exposure to nicotine, 
shown to upregulate acr-20 expression (Polli et al., Neurotox. 2015), sensitizes DNs to the protective effects of ACR-20 
activation during and after 6-OHDA treatment.

892A	 Downstream	effectors	of	the	synergic	activation	of	AMPK	by	metformin	and	salicylate	to	reduce	polyQ	aggregation

Julia Tortajada Pérez*1, Cristina Trujillo del Rio*1, Ana Pilar Gómez Escribano1,2,3, Rafael Vázquez Manrique1,2,3 1) The Medical 
Research Institute of the Hospital La Fe; 2) Centro de Investigación Biomédica en Red de Enfermedades Raras (CIBERER); 3) 
Joint Unit for Rare Diseases IIS La Fe-CIPF.

Huntington disease (HD) is a rare neurodegenerative disorder of autosomal dominant inheritance, characterized by an 
expansion in the number of CAG triplets in the huntingtin gene’s (HTT) first exon. No therapy has been proven effective for HD 
treatment thus-far, but some compounds, such as metformin, have been reported as potentially beneficial disease-modifiers 
of this pathology. Previous findings have shown that the synergistic activation of AMP-activated protein kinase (AMPK), 
with metformin and salicylate, reduces aggregation and neuronal damage in Caenorhabditis elegans models of toxicity 
induced by polyglutamines (polyQs). Furthermore, strong evidence suggests that activation of AMPK, with just metformin, 
is neuroprotective in mouse models of HD. AMPK is a master regulator of healthspan and lifespan modulating energy 
metabolism, stress resistance and cellular proteostasis; via pathways such as autophagy, oxidative stress, and lipid metabolism. 
For instance, AMPK activates Nrf2/SKN-1, FoxO/DAF-16, and SIRT1/SIR-2.1 signalling pathways; and inhibits the signalling of 
CRTC-1/CRTC-1, and mTOR/LET-363.

An activation of autophagy has been detected in metformin/salicylate-treated worms promoting proteostasis in a poliQs-
induced toxicity context, however, preliminary results in our laboratory indicate that this activation may be independent of 
AMPK. In this work, we have studied several targets downstream of AMPK, potentially responsible for the protective effect 
dependent on salicylate and metformin synergistic AMPK activation, and show their relationship with this signalling pathway.

893B	 Reverse	genetic	screen	of	Parkinson’s	disease-susceptibility	genes	identifies	novel	modulators	of	alpha-synuclein	
neurotoxicity in C. elegans

Roman Vozdek1, Andrew Hicks1 1) Institute for Biomedicine, EURAC Research, Bolzano, Italy.

Neurotoxicity of alpha-synuclein (aSyn) is a pathogenetic hallmark of synucleinopathies, including Parkinson’s diseases 
(PD). Only about 10% of diagnosed Parkinson’s disease (PD) have familial history with identified genetic variations, while 
pathogenetic triggers in sporadic forms of PD are largely unknown. Genome-wide association studies over recent years have 
revealed approximately 90 risk genetic loci associated with developed PD. To date, however, there is little to no functional 
validation of genes in these loci. In this study, we performed reverse genetic screening of some of these candidate risk 
genes, looking for modulated toxicity of aSyn in dopaminergic neurons of C. elegans. We generated C. elegans PD model 
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expressing GFP-tagged aSyn in dopaminergic neurons, which forms aSyn inclusions and triggers neurodegeneration in aged 
animals. Using RNA interference, we targeted C. elegans orthologs of 100 human risk genes for PD from the published GWAS 
loci, and identified knockdown animals with exacerbated or alleviated aSyn-induced neurodegeneration. Here we highlight 
seb-3, an ortholog of human CRHR1, which when inactivated by RNAi leads to increased formation of aSyn inclusions and 
neurodegeneration in young animals. The nonsense mutation in seb-3 recapitulated the phenotypes elicited by RNAi while 
a gain-of function allele of seb-3 alleviated neurodegeneration as well as formation of aSyn inclusions. Our RNAi data 
reveal several additional new modulators of aSyn toxicity in dopaminergic neurons of C. elegans and provide new potential 
therapeutic targets for PD.

This project has received funding from the European Union’s Horizon 2020 research and innovation programme under grant 
agreement No 844497.

894C	 The	mitochondrial	unfolded	protein	stress	response	is	impacted	by	alpha-synuclein

Corey Willicott1, Jennifer Thies1, Guy Caldwell1, Kim Caldwell1 1) The University of Alabama.

PD pathogenesis is associated with misfolding of a-synuclein (a-syn) and mitochondrial dysfunction. Notably, a-syn was shown 
to interact with, and disrupt, TOMM20, a mitochondrial outer membrane protein. This interaction causes a mitochondrial 
protein import block, reduced respiration and enhanced generation of reactive oxygen species in cell culture and mammalian 
brain studies. Our lab extended these findings by reporting that UPRmt stress was increased following overexpression of 
a-syn variants within the intestine. This was examined via ATFS-1-dependent transcriptional upregulation with the established 
reporter for the UPRmt, Phsp-6::GFP. These a-syn variants were wild-type human a-syn (WT), two disease variants (A53T 
and A30P), and a deletion disrupting an N-terminal mitochondrial targeting sequence (Δ1-32). The disease variants and the 
N-terminal mutant induced significantly higher UPRmt activity during both larval development and in adults whereas WT 
a-syn only induced the UPRmt more than controls in larval development. To determine if UPRmt regulation occurs differently 
for various familial a-syn variants, the transgenic strains were subjected to RNAi of clpp-1, haf-1, and lonp-1 and then re-
analyzed for UPRmt stress. Following knockdown of lonp-1, all the transgenic worm strains displayed significantly enhanced 
UPRmt activity compared to their EV RNAi controls. Additionally, all variants, except the Δ1-32 line displayed enhanced UPRmt 
stress following knockdown of haf-1. One striking difference in these data, however, was that WT and A53T a-syn-expressing 
worm lines displayed increases in UPRmt stress between larval and adult stages, while the other two lines did not display 
increases in UPRmt stress over time. It is interesting to note that the protein pool for at least a subset of WT and A53T a-syn is 
likely localized to mitochondria, based on previously published work, while A30P and Δ1-32 a-syn will remain in the aqueous 
cytoplasm. These studies were extended to neurons, where knockdown of clpp-1, haf-1, and lonp-1 was performed exclusively 
in dopaminergic neurons of animals overexpressing WT a-syn. Enhanced neurodegeneration was observed after depletion of 
clpp-1 and haf-1, whereas knockdown of lonp-1 was similar to EV control. In total, these data suggest that WT and A53T a-syn 
enter mitochondria where CLPP-1 mitochondrial protease and HAF-1 matrix peptide exporter are involved in their degradation 
and removal.

895A	 A	Genetic	Screen	for	Identification	of	UPRmt	Effectors	Associated	with	a-synuclein Neuroprotection in C. elegans

Karolina Willicott1, Rachel Bolden1, Madeline Greene1, Rose Davidson1, Guy Caldwell1, Kim Caldwell1 1) The University of 
Alabama, Tuscaloosa, AL.

Parkinson’s disease (PD) is characterized by neurodegeneration of the central nervous system, leading to impaired motor 
skills and bodily functions. Here, we look at two components of PD pathology: One is the protein alpha-synuclein (a-syn) 
that is found within Lewy Bodies and is often prone to misfolding and aggregation. The other is mitochondrial dysfunction 
via a dysregulated Unfolded Protein Response (UPRmt). Under non-stress conditions, the Activating Transcription Factor 
Associated with Stress (ATFS-1) is imported into the mitochondria and degraded. During acute stress, mitochondria employ 
the (UPRmt), that, with the help of ATFS-1, coordinates nuclear expression of chaperones and proteases, that translocate 
to the mitochondria and remove damaged or unfolded proteins. However, during a long-term genetic stressor such as 
a-syn, this system becomes dysregulated. We hypothesize that a physical blockade is created when a-syn interacts with 
the outer mitochondrial membrane protein, TOMM-20, and that this blocks mitochondrial import, leading to proteostatic 
imbalance. Our research shows that the loss-of-function mutant of atfs-1 is highly neuroprotective against a-syn-induced 
neurodegeneration. Therefore, we used atfs-1(lof); a-syn animals in an F3 EMS mutagenesis screen to identify UPRmt 
effectors associated with a-syn neuroprotection. We have screened through ~3,300 genomes. Populations of animals were 
examined for changes in neurodegeneration levels using a low power, fluorescent, stereomicroscope and then confirmed for 
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neurodegenerative changes with compound microscopy analysis. In the afts-1 (lof); a-syn background, more than half of the 
animals display neuroprotection in the background and we selected mutants where the dopaminergic neurodegeneration level 
went back to levels similar to a-syn only levels. Through this screen we initially isolated ~70 mutants. These positive candidates 
were collected, propagated, and screened over multiple generations for consistent neurodegenerative phenotypes, which 
ultimately provided us with 24 mutants. Of these mutants, at least 11 independent mutations are expected. After outcrossing, 
DNA was extracted from the mutants and sequenced using the Illumina platform. SNP analysis is currently being performed 
using GATK. Mutants obtained from this screen may reveal an uncharacterized compensatory mechanism for UPRmt induction.

896B	 Investigating	non-apoptotic	roles	for	egl-1

Zheng Wu1, Jonathan Pierce1 1) The University of Texas at Austin.

The Bcl-2 Homology (BH) 3-only protein EGL-1 is a key regulator of apoptosis pathway in Caenorhabditis elegans and is 
conserved across metazoans. Generally, decades of research have shown that expression of egl-1 is necessary and sufficient 
to trigger apoptosis in C. elegans. However, transcripts of BH3-only proteins are also detected in living neurons of healthy 
mammalian brains. Non-apoptotic roles and their underlying mechanisms for BH-3-only domain proteins are not well 
understood. Our lab discovered that egl-1 is expressed throughout the life of the worm in the URX pair of sensory neurons 
without inducing apoptosis. This expression depends cell autonomously on neuronal activity and calcium. URX is well known 
for its function as an oxygen sensor, but it also projects a process into the body cavity neuron where it senses signals from 
coelomic fluid. We are investigating non-apoptotic roles for egl-1 expression in URX. Our preliminary results show that both 
egl-1 mutation and URX-specific RNAi knock down of egl-1 impaired URX-related behaviors in worms. Further study of how 
egl-1 functions in URX without inducing apoptosis may reveal insight regarding the functions of BH-3-only domain proteins in 
the mammalian brain.

897C	 Identification	of	Metabolic	Pathways	Involved	in	Neuronal	Regeneration

Dilip Kumar Yadav1, Daniel Taub2, Christopher Gabel1 1) Boston University School of Medicine, MA Boston; 2) Harvard Medical 
School, MA Boston.

The inability of some neurons to sufficiently regenerate is in part due inefficient activation of intrinsic regeneration 
programs. A regenerating neuron must molecularly reprogram to allow the production of cellular components and meet 
the increased energy demands as well. Recent evidence highlights the critical role of metabolism in neuronal regeneration. 
We recently discovered that modifications in O-linked β- N-acetylglucosamine (O-GlcNAc) signaling can strongly enhance 
axon regeneration. The findings indicate that O-GlcNAc transferase (OGT-1) mutation enhances axon regeneration due 
to shifts in cellular glycolysis. To identify the important genetic and metabolic factors involved in this effect, we adapted 
unbiased approach. We performed whole worm RNAseq analysis for wild-type and ogt-1(-/-) or O-GlcNAcase, oga-1(-/-), 
mutants. A relatively smaller number of genes were differentially expressed in oga-1(-/-) compared to wildtype, but notably 
they were enriched in carbohydrate, energy, and amino acid metabolism. On the other hand, we identified a large number 
of differentially expressed genes in the ogt-1(-/-) compared to wild-type. These genes are involved in numerous cellular 
processes, metabolic and signaling pathways such as development, cell growth and death, and signal transduction, as well 
as lipid, carbohydrate, amino acid and energy metabolism. Importantly we find differential expression of several genes with 
known roles in regeneration (including ced-3, daf-18, lin-12, cex-1, fax-1 etc.) confirming the validity of this approach. In 
addition, we find genes involved in One Carbon Metabolism (OCM), transmethylation pathways (folr-1, sams-5, set-1 etc.) 
and associated lipid metabolism (fat-7, ckb-2, dod-20 etc.). Performing single neuron regeneration experiments in the major 
S-Adenosyl Methionine Synthase (sams-1) deletion mutant, we find a significant reduction in regeneration following laser 
axotomy of the ALM neuron. Importantly sams-1 mutation appears to also block the enhanced regeneration effects of ogt-
1 in a sams-1;ogt-1 double mutant. Our findings begin to identify genes and transcriptional regulatory pathways underlying 
enhanced regeneration via O-GlcNAc signaling. Our results predict that knockdown of OCM or glycolysis genes will either 
block or reduce, the enhanced regeneration of ogt-1(-/-), highlighting and defining the importance of cellular metabolism in 
neuronal regeneration.

898A	 Suppressors	of	stress-induced	glutamatergic	neuron	degeneration	in	sod-1G85R ALS	model

Katherine Yanagi1, Jennifer Osborne1, Jason Tsai1, Jeremy Lins1, Loraina Stinson1, Melissa Walsh1, Animesh Mahapatra1, Jane 
Kruskop1, Anne Hart1 1) Neuroscience Department, Brown University, Providence, RI.
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Amyotrophic Lateral Sclerosis (ALS) is one of the most common adult-onset neurodegenerative disorders that results from 
the selective and progressive degeneration of cortical and spinal motor neurons. Mutations over 20 genes including RNA 
binding proteins, FUS and TDP43, and a free radical scavenger, superoxide dismutase 1 (SOD1) cause ALS. Although there is 
a well-established genetic component of ALS, it is still unclear why mutations in genes encoding functionally diverse proteins 
cause motor neuron degeneration. Identifying modifiers of neurodegeneration in C. elegans ALS models may provide insight 
into the mechanisms behind the selective and progressive neurodegeneration in ALS. Here, we have undertaken a classical 
forward genetic screen to identify suppressors of glutamatergic neuron degeneration. After exposure to oxidative stress, 
SOD-1G85R knock-in mutants have both glutamatergic and cholinergic neuron degeneration (PMC6200258). We mutagenized 
SOD-1G85R animals and screened for suppressors of glutamatergic neuron degeneration. After whole genome sequencing, 
we found that an RNA binding protein, hit in three independently isolated lines, suppresses cholinergic and glutamatergic 
neuron degeneration. Understanding the relationship between SOD1 and RNA binding proteins will provide insight if there are 
common mechanisms underlying neurodegeneration in ALS and has the potential to facilitate the development of treatments.

899B	 Rescuing	the	Paralysed	Phenotype	of	unc-18 e81 Mutant C. elegans

Khoula Afzal1, Jeff Barclay1 1) Institute of Systems, Molecular and Integrative Biology.

Mutations in Munc18, an essential protein for several stages of synaptic vesicle exocytosis, have been linked to early infantile 
epileptic encephalopathy. Null mutations in Munc18 and its homologs in flies (Rop) and yeast (SEC1) are lethal, but null 
mutations in the C. elegans homolog (unc-18) are not. Consequently C. elegans provide a suitable model to investigate the 
effects of loss-of-function. We conducted an ethylmethanesulfonate (EMS) mutagenesis suppressor screen of the unc-18 
e81 allele resulting in a novel strain, RESCUE, in which the paralysed phenotype of unc-18 null mutants was rescued. Two 
novel mutations found in the rescue strain, present in the dgk-1 and sorf-2 genes were hypothesised to facilitate bypass of 
unc-18 function. Diacylglycerol kinase (dgk-1) catalyses the conversion of diacylglycerol (DAG) to phosphatidic acid (PA), thus 
functioning in synaptic transmission. Sorf-2 encodes the C. elegans homolog of WDR81, predicted to function in organelle 
fusion and endosomal transport. We confirmed that RESCUE worms were significantly better at locomotion compared to unc-
18 null mutants and statistically indistinguishable from wild-type worms. Introduction of wild-type dgk-1 into RESCUE worms 
reversed the improvement in locomotion to unc-18 null levels suggesting necessity of the dgk-1 mutation for the rescued 
phenotype. Elevating DAG levels in unc-18 null mutants failed to improve locomotion, both genetically and pharmacologically, 
suggesting the dgk-1 mutation alone is not sufficient for phenotypic rescue. Sorf-2 RNAi in unc-18 null mutants improved 
locomotion following treatment with the DGK inhibitor II, R59949. Further investigation into the sorf-2 mutation will lead to a 
better understanding of the mechanisms through which the two mutations bypass the unc-18 null mutation. This will further 
allow research into WDR81 function, little of which is known as of yet.

900C	 Specific	(co-)transmission	of	two	neuropeptide	species	from	the	AVK	interneuron

Ichiro Aoki1, Alexander Gottschalk1 1) Johann Wolfgang Goethe-University Frankfurt, Frankfurt am Main, Germany.

Communication among cells via neuropeptides is crucial for proper function of the nervous system, as is evident from 
human diseases caused by disruption of neuropeptide signaling. For example, Neuropeptide Y is involved in a variety of 
disorders such as hypertension, epilepsy, and obesity (Reichmann 2016; Yi 2018). Across diverse species, many neurons 
express multiple neuropeptides, raising the question whether these neurons simply co-release cocktails of neuropeptides, or 
whether some of them may release them separately and specifically. Examples for co-transmission are found in many neuron 
types, for example mammalian midbrain dopamine neurons, which also release glutamate from separate vesicles. We found 
that the AVK interneurons of C. elegans may specifically (co-)transmit at least two different neuropeptides, FLP-1 and NLP-
49, both expressed at high levels in this neuron. However it remains largely unclear whether, in what context and by what 
mechanisms their release is differentially regulated. FLP-1 and NLP-49 are predominantly expressed in AVK and differentially 
affect behaviors such as locomotion and egg-laying (Oranth 2018; Chew 2018). We thus examined whether these peptides 
are differentially regulated. We found from locomotion analyses using the multi worm tracker (Swierczek 2013) that these 
peptides derived from AVK differentially affect the animal’s response to sensory stimuli in a modality-specific manner. We also 
observed peptide precursors fused with fluorescent proteins and obtained evidence indicative of differential trafficking and 
regulation of those two neuropeptides in AVK.

Reichmann F. and Holzer P. (2016) Neuropeptides

Yi M. et al. (2018) Cell Physio. Biochem
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Chew, Y. L. et al. (2018) Philos Trans R Soc Lond B Biol Sci 373(1758).

Oranth, A. et al. (2018) Neuron 100(6): 1414-1428 e1410.

Swierczek, N. A. et al. (2011) Nat Methods 8(7): 592-598.

901A	 Eukaryotic	initiation	factor	EIF-3.G	augments	mRNA	translation	efficiency	to	regulate	neuronal	activity

Stephen Blazie1, Seika Takayanagi-Kiya1, Yan Zhao1, Katherine McCulloch1, Yishi Jin1 1) UCSD, La Jolla, CA.

Protein translation is principally regulated at the initiation phase, whereby six multi-subunit translation initiation factors (eIF1-
6) ultimately engage elongation-competent 80S ribosomes with the mRNA open reading frame. eIF3 is the largest complex, 
consisting of 13 unique subunits. While each eIF3 subunit has vital roles in general protein synthesis, recent work has shown 
that some subunits can drive specialized cellular pathways that enforce when and where translation events occur. Moreover, 
human genetics studies have revealed prevalent dysregulation of different eIF3 subunits in disease, including neurological 
disorders. However, very few studies have examined how eIF3 regulates neuronal protein synthesis in living animals.

Here, we report a selective role of the G subunit of C. elegans EIF-3 in shaping the motor neuron proteome to control 
locomotion. EIF-3.G contains an N-terminal domain that binds EIF-3.I, and a conserved zinc finger followed by an RNA-binding 
RRM at the C-terminus. We find that while EIF-3.G is essential for larval development, a missense mutation (C130Y) in its 
zinc finger exhibits a highly selective effect in cholinergic motor neurons to dampen overexcitation of the locomotor circuit. 
eif-3.G(C130Y) acts in a gain-of-function manner and requires its RNA binding domain. To systematically identify EIF-3.G 
mRNA targets in the cholinergic motor neurons, we performed cell-specific seCLIP analysis. Our data reveals that EIF-3.G 
preferentially occupies the GC-rich 5’UTRs of a specific cohort of mRNAs, many of which perform neuronal activity-dependent 
functions. We further demonstrate that EIF-3.G exerts translational control over two of its target genes, hlh-30 and ncs-2, 
through their GC-rich 5′UTRs. Finally, we carried out a genetic screen for genes interacting with EIF-3.G, and find that eif-
3.G(C130Y) requires the putative phosphatase encoded by eat-9 and a regulatory factor LIN-66 to modify cholinergic activity. 
Our work provides the first insight into eIF3 selective translational control in neurons and establishes a system for unveiling 
protein translation pathways that regulate animal behavior.

902B	 Encoding	principles	of	a	compact	sensory	system

Eduard Bokman1, Christian Pritz1, Alon Zaslaver1 1) Hebrew University.

Animals critically depend on accurate sensation and processing of environmental cues. This task becomes particularly 
challenging for animals with a compact and highly interconnected sensory system. Here, we used Caenorhabditis elegans 
nematodes to investigate how sensory information is encoded within a small nervous system. For this, we generated a strain 
expressing the genetically encoded calcium indicator GCaMP in all 60 ciliated neurons, and used a fast-scanning confocal 
system to measure activity simultaneously from all chemosensory neurons while subjecting the worms to various stimuli. We 
found that the sensory system responds with small, unique, and near-perfectly bi-laterally symmetrical subsets of neurons. 
Analysis of mutants, defective in neuro-transmitter or neuro-peptide release, revealed that the number of primary neurons 
which directly respond to the cue is minimal, typically consisting of 2-3 neuron types. These neurons exhibit a range of 
response dynamics that is both stimulus- and circuitry-dependent, effectively increasing encoding capacity of the compact 
sensory system. Finally, exposing animals to odor mixtures revealed that the sensory system employs a variety of logic gates 
including AND, OR, XOR, and NAND to process complex stimuli. Together, here we elucidated the principles that allow a small 
and compact sensory system to expand its encoding repertoire and to efficiently extract information from the environment.

903C	 Neural	mechanisms	underlying	temperature-driven	host	seeking	by	a	human-parasitic	nematode

Astra Bryant1, Felicitas Ruiz1, Joon Ha Lee1, Elissa Hallem1,2 1) Department of Microbiology, Immunology, and Molecular 
Genetics, University of California, Los Angeles, CA; 2) Molecular Biology Institute, University of California, Los Angeles, CA.

Skin-penetrating gastrointestinal parasitic nematodes are a major source of “diseases of disadvantage,” infecting approximately 
one billion people. Their life cycle includes an infective third-larval (iL3) stage that searches for hosts in a poorly understood 
process involving host-emitted sensory cues, including heat. The iL3s of the human-parasitic threadworm Strongyloides 
stercoralis display robust attraction to mammalian body temperatures (37°C). What are the molecular and neural mechanisms 
that underlie this parasite-specific positive thermotaxis behavior?
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Previously, we used CRISPR/Cas9-mediated mutagenesis to demonstrate that positive thermotaxis by S. stercoralis iL3s is 
dependent on the S. stercoralis homolog of the C. elegans tax-4 gene. The S. stercoralis tax-4 gene is expressed in multiple 
head neurons in iL3s. Now, in order to identify the primary sensory neurons responsible for positive thermotaxis in iL3s, we 
again leveraged the genetic similarities between S. stercoralis and C. elegans. In C. elegans, TAX-4+ AFD sensory neurons 
provide the primary thermosensory drive for thermotaxis navigation. We genetically identified the S. stercoralis AFD neurons 
via a Strongyloides homolog of the C. elegans AFD-specific gene gcy-23, and found that inducible silencing of these neurons 
suppresses positive thermotaxis in iL3s. Thus, the thermosensory role of AFD is conserved between S. stercoralis and C. 
elegans despite species-specific differences in thermal preference and behavior.

Using genetically encoded calcium sensors, we found that thermosensory responses in the S. stercoralis AFD neurons are 
distinct from those in the C. elegans AFD neurons. In response to thermal stimuli that mimic those experienced by iL3 during 
positive thermotaxis, the S. stercoralis AFD neurons exhibit a warming-triggered hyperpolarization near ambient temperature 
followed by near-linear positive encoding of temperatures up to human body temperature. This result is the first direct 
evidence of differential sensory encoding by homologous neurons in parasitic and free-living nematodes. Finally, we identified 
three S. stercoralis AFD-specific thermosensitive receptor guanylate cyclases that each display an expanded responsiveness 
to mammalian body temperatures relative to C. elegans homologs. Thus, altered thermal encoding in primary thermosensory 
neurons likely contributes to parasite-specific behaviors. Together, our results provide insight into the molecular mechanisms 
and neural circuits that allow skin-penetrating nematodes to target hosts.

904A	 How	NLP-3	neuropeptides	work	with	serotonin	to	activate	the	C. elegans egg-laying circuit

Allison Butt1, Sara Van Damme2, Isabel Beets2, Michael Koelle1 1) Yale University, New Haven, CT; 2) KU Leuven, Leuven, 
Belgium.

Mammalian and non-mammalian serotonergic neurons alike typically release specific neuropeptides, though it is not yet 
understood why or how serotonin and neuropeptide signals might function together. In the model system of the C. elegans 
egg-laying circuit, the Hermaphrodite Specific Neurons (HSNs) co-produce serotonin and NLP-3 neuropeptides to activate egg 
laying. Previous work1 has shown that these two signals synergistically enable activity of specific egg-laying muscles; however, 
because the receptor for NLP-3 has not been identified, it has remained difficult to understand how NLP-3 peptides mediate 
egg laying behavior alongside serotonin. Using an RNAi screen of 154 G protein coupled receptors that assessed their ability 
to mediate NLP-3 signaling, we identified a previously uncharacterized receptor, NPR-36, as a putative NLP-3 receptor in the 
egg-laying circuit. CRISPR knockouts of npr-36 phenocopy the knockout of nlp-3: firstly, in combination with tph-1 (a mutation 
that prevents serotonin biosynthesis), both the nlp-3 and npr-36 knockouts severely disrupt egg laying behavior. Secondly, npr-
36 knockouts suppress the hyperactive egg-laying phenotype induced by transgenic overexpression of NLP-3 peptides, further 
evidence in favor of NPR-36 functioning as an NLP-3 receptor. Thirdly, the nlp-3 npr-36 double knockouts show similar defects 
to those of either single knockout, consistent with the neuropeptide and receptor acting in the same genetic pathway. In 
ongoing work, we are using a CRISPR GFP knock-in at the endogenous npr-36 promoter to identify the cells that express NPR-
36. Concurrently, we are applying a range of concentrations of individual NLP-3 peptides to NPR-36-expressing cultured cells 
and measuring the downstream signaling this induces to determine if one or more of the five NLP-3 peptides activate NPR-36. 
Our goal is to understand how signals from serotonin and neuropeptides are integrated to activate a defined neural circuit.

1. Brewer et al. (2019) PloS Genet 15:e1007896.

905B	 The	C.elegans AWCON olfactory neuron responds to tangential component of mechanical stimuli and its activation is 
mediated	by	TAX-4	cGMP-gated	cation	channel

Davide Caprini1, Silvia Schwartz1, Enrico Lanza1, Edoardo Milanetti1,2, Valeria Lucente3, Giuseppe Ferrarese1, Letizia Chiodo4, 
Martina Nicoletti1,4, Viola Folli1 1) Center for Life Nano- & Neuro-Science, Fondazione Istituto Italiano di Tecnologia (IIT), Rome, 
Italy; 2) Department of Physics, Sapienza University of Rome, Rome, Italy; 3) Joint Lab CREST OPTICS - IIT, Rome, Italy.; 4) 
Department of Engineering, Campus Bio-Medico University, Rome, Italy.

The two major sensory modalities of C.elegans are chemosensation and mechanosensation. Calcium imaging experiments 
have previously suggested that these two modalities are functionally segregated. Here, we demonstrate that AWCON olfactory 
neuron, which plays a crucial role in chemosensation, does not only respond to chemicals but also to mechanical stimuli. 
Touch senses mechanical stimuli, comprising two components: pressure and shear stress. Previous studies assessing 
mechanosensation in C.elegans have always referred to pressure stimuli only.
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In this work, we shown that C.elegans senses also the tangential component of mechanical stimuli by recruiting the AWC 
neuron, and we give evidence that this ability may depend on specific odor receptors.

We further show that the mechanosensitivity of AWC neurons has an intrinsic nature rather than a synaptic origin and the 
calcium transient response is mediated by TAX-4 cGMP-gated cation channel, suggesting the involvement of one or more 
“odorant” receptors in AWC mechano-transduction. Moreover, calcium events show a bistable neuronal regime structurally 
different from the typical calcium response to a chemical stimulus. The observed bistability indicates that AWCON adopts 
distinct sensory strategies for chemo-and mechanosensation, adapting molecules and receptors to convert chemical and 
mechanical stimuli into different cellular signaling.

906C Imaging neuronal dynamics during recovery from anesthesia in C. elegans

Andrew Chang1, Gregory Wirak1, Mehraj Awal1, Christopher Connor1,2, Christopher Gabel1 1) Department of Physiology and 
Biophysics, Boston University School of Medicine, Boston, MA; 2) Department of Anesthesiology, Perioperative and Pain 
Medicine, Brigham and Women’s Hospital, Boston, MA.

The innovation of anesthesia with volatile anesthetic agents has made modern surgical practice possible. The anesthetized 
state is defined by behavioral criteria and is today largely monitored through physiological measurements such as 
hemodynamics and gas exchange. These measurements are sometimes supplemented by EEG derived metrics, but the 
relationship between these metrics and the neurophysiological mechanisms of anesthesia is entirely unknown. We have 
used cellular resolution multi-neuronal functional imaging in C. elegans as a powerful model for bridging the gap between 
single-neuron activity and whole nervous system dynamics under anesthesia. We previously found that the anesthetic state 
in C. elegans corresponds to a loss of synchrony in global neural dynamics as opposed to generalized depression of individual 
neuron activity. Here we extend this work by examining how the nervous system of C. elegans recovers from the anesthetic 
state of dissynchrony to normal function. Employing a light-sheet diSPIM microscope we can measure the activity of the 
majority of neurons in the C. elegans head as the animal emerges from anesthesia. We observe that correlation in activity 
between neuron pairs, which is significantly suppressed in the anesthetized state, recovers to near pre-exposure levels in a 
non-linear, cyclical manner over several hours. Notably, the time required for this recovery is significantly longer then the 
time needed to induce the neurological anesthetic state. This finding recapitulates the concept of “neural inertia”, a proposed 
hysteresis in the processes of anesthesia induction and emergence well-characterized in humans by the observation that 
emergence from anesthesia tends to occur at lower concentrations of drug than are required for induction. Because C. 
elegans perform gas exchange through diffusion, the differences we observe in time needed for induction and emergence are 
consistent with the phenomenon characteristic of neural inertia in humans. This finding further demonstrates the utility of C. 
elegans as a model system for investigating the effects of anesthesia on neuronal function and the physiological basis of those 
effects.

907A Opponent vesicular transporters regulate the strength of glutamatergic neurotransmission in a C. elegans sensory 
circuit

Jung-Hwan Choi1, Lauren Horowitz1, Niels Ringstad1 1) NYU School of Medicine, New York, NY.

Glutamate is a major excitatory neurotransmitter in the nervous system. Well understood mechanisms regulate the strength 
of glutamatergic synapses by controlling the abundance and composition of post-synaptic receptors. By contrast, less is known 
about presynaptic mechanisms that control glutamatergic transmission. Neurotransmitters are packaged into synaptic vesicles 
by vesicular transporters so that they can be released upon depolarization. Despite their critical role in neurotransmission, 
how such vesicular transporters are regulated in vivo remains poorly understood. Our investigation of a chemosensory circuit 
mediating CO2-evoked behavior revealed a mechanism that controls the amount of glutamate packaged into synaptic vesicles 
to set the strength of glutamatergic synapses.

Chemosensory BAG neurons coexpress the vesicular glutamate transporter, EAT-4, and a related vesicular transporter, VST-
1. Loss of VST-1 greatly enhances glutamate release from BAGs but does not alter vesicle fusion in BAG neurons, indicating 
that VST-1 limits how much glutamate is packaged into synaptic vesicles. Excess glutamate release from BAGs has functional 
consequences. vst-1 mutants exhibit a severe chemotaxis defect, which is suppressed by loss of the AMPAR-type glutamate 
receptor GLR-1. This observation indicates that VST-1 regulates neurotransmission at synapses that use AMPAR-type receptors 
for glutamatergic transmission. Functional imaging of interneurons postsynaptic to BAGs revealed that loss of VST-1 affects a 
specific node in the chemotaxis circuitry. RIA interneurons, which are normally not engaged by BAGs, become coupled to BAGs 
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in vst-1 mutants. Furthermore, ablation of RIAs restores chemotaxis to vst-1 mutants, indicating that ectopic activation of RIAs 
causes the chemotaxis defect of vst-1 mutants.

These data demonstrate that in vivo synaptic strengths are set by mechanisms that control loading of glutamate into synaptic 
vesicles. Our study further suggests that this mechanism is not limited to glutamatergic synapses. VST-1 is expressed in 
many non-glutamatergic cells, where it is likely to regulate transport of other neurotransmitters into synaptic vesicles, e.g., 
acetylcholine and monoamines. Finally, our study suggests that the substrate for VST-1 will act as an endogenous small-
molecule regulator of neurotransmitter loading into synaptic vesicles. We will describe progress towards identifying this 
substrate and speculate about its role in synaptic physiology.

908B	 Multiple	GPCRs	function	in	the	head	mesodermal	cell	to	rhythmically	activate	it	during	a	rhythmic	behavior	in	C. 
elegans.

Ukjin Choi1, Mingxi Hu1, Derek Sieburth1 1) Zilkha Neurogenetic Institute, Keck School of Medicine, University of Southern 
California, Los Angeles, CA.

The anterior body wall muscle contraction (aBoc) is a rhythmic muscle contraction that occurs every 50 seconds during the 
C. elegans defecation motor program. During the aBoc step, the pacemaker (intestine) actives motor neurons which leads to 
release of a FMRF-Like Peptide, FLP-22, from neurons. Previously, we found that FLP-22 does not directly activate the muscle 
but instead activates the head mesodermal cell (HMC) through the GPCR FRPR-17. Live GCaMP imaging reveals that HMC is 
rhythmically activated every 50 seconds just after motor neuron activation, and HMC activation is partially dependent upon 
frpr-17 function in HMC. HMC is coupled to muscles through gap junctions composed of UNC-9/innexin and unc-9 mutants 
exhibit normal HMC activation but are missing most aBoc steps. frpr-17 or flp-22 mutations cause a failure of HMC activation 
about 40% of cycles, however, in the remaining cycles, HMC calcium spike amplitude and duration are similar to wild type 
controls, suggesting that additional inputs activate HMC to promote aBoc. Selective genetic ablation of HMC reduces but does 
not eliminate aBoc frequency, suggesting that there are HMC-independent pathways for promoting aBoc. Here, we identify the 
neuropeptide-like protein, NLP-6 and the GPCR, NMUR-3 as additional components in the circuit that promote aBoc. nmur-3 
or nlp-6 null mutations do not alter aBoc frequencies or HMC activation, but they significantly enhance the aBoc frequency 
defects of frpr-17 or flp-22 mutants. We found that the frequency of HMC activation is severely reduced in frpr-17 nmur-3 
double mutants. In addition, nmur-3 mutations do not enhance the aBoc defects of HMC-ablated animals, suggesting that 
frpr-17 and nmur-3 function in parallel in HMC to activate it. By contrast, nlp-6 mutations strongly enhance the aBoc defects 
of nmur-3 mutants or HMC-ablated animals, suggesting that nlp-6 functions in parallel to HMC to promote aBoc. We propose 
that HMC promotes aBoc through the activation of both the FRPR-17 and NMUR-3 signaling pathways in HMC, whereas NLP-6 
functions through a HMC-independent circuit.

909C	 Circuit	and	Molecular	Mechanisms	of	an	Associative	Learning	Task

Susana Colinas Fischer1, Laura Molina-García1, Lucy Lin1, Arantza Barrios1 1) University College London, London, UK.

The ability of neural circuits to be changed by experience, optimising an organism’s behaviour, is key to survival. We are 
dissecting the circuit underlying aversive olfactory learning to benzaldehyde (BZ), a bacterial metabolite innately attractive to 
C. elegans. When this odourant is paired with starvation, an aversive experience, the behavioural response to BZ switches from 
attraction to repulsion (Lee 2010, Lin 2010). Furthermore, this switch in behaviour can be overridden in males if a rewarding 
experience (mates) is present during aversive conditioning with starvation. This process is termed sexual conditioning 
and it was first shown to drive flexible learned responses to salt (Sakai et al, 2013). Our lab has previously shown that the 
neuropeptide PDF-1 is necessary for sexual conditioning. Here we show that both PDF-1 and PDF-2 redundantly mediate 
aversive learning, and seek to identify the PDF circuit for aversive learning.

BZ is sensed primarily by AWC, which synapses onto AIB and AIY to regulate naïve chemotaxis (Bargmann 1993, Chalasani 
2007). The switch from attraction to repulsion during aversive learning has been proposed to be driven by changes at the AWC-
AIB synapse (Cho 2016). We find that AWC-ablated animals have a dampened response to BZ, but we still observe a switch in 
response from attraction to repulsion after aversive conditioning, indicating that learning can occur elsewhere in the circuit. 
We are investigating neurons that are involved in PDF signalling to find the circuit that drives this experience-dependent 
change in behaviour. We are using an intersectional Cre-Lox strategy and a floxed transgene of PDF-1 cDNA integrated in single 
copy to return physiological levels of PDF-1 to specific neurons, and thus determine which combinations of neurons are the 
source of PDF-1 in aversive learning. We will also use an approach that exploits the strength of the Cre-Lox system to restore 
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PDFR-1 to certain neurons selectively, to determine which neurons are the target of PDF during aversive learning. Then we will 
image the activity of source and target neurons to determine what changes occur in the circuit during conditioning that lead to 
changes in behaviour.

Given that associative learning is a highly conserved behaviour, understanding how this simple circuit is capable of supporting 
aversive learning will provide us with principles that can be applied to further understand how learning occurs in more 
complex nervous systems.

910A	 Wnt	signaling	regulates	a	post	transcriptional	mechanism	for	synaptic	choice

Becca Collings1, Sierra Palumbos2, Seth Taylor1, David Miller1,2 1) Vanderbilt University, Cell and Developmental Biology, 
Nashville, TN; 2) Vanderbilt University, Neuroscience, Nashville, TN.

Coordinated movement depends upon the formation of specific synapses in the motor circuit. In C. elegans, the homeodomain 
transcription factor UNC-4 directs VA motor neurons to connect with AVA interneurons which drive backward locomotion. 
Backward movement is disrupted in unc-4 mutants because VA neurons synapse with AVB interneurons instead of with AVA. 
Previous work demonstrated that UNC-4 antagonizes a posterior EGL-20/Wnt signaling pathway to preserve VA inputs from 
AVA. In unc-4 mutants, EGL-20/Wnt drives ectopic expression of the homeodomain transcription factor CEH-12 in posterior 
VAs which switches synaptic inputs to AVB. We built an endogenous CEH-12::GFP reporter to confirm that EGL-20 is indeed 
required for ectopic CEH-12::GFP expression in posterior VAs. Surprisingly, in situ hybridization (smFISH) detected ectopic 
ceh-12 transcripts in unc-4 mutant VAs throughout the nerve cord. smFISH also revealed that EGL-20/Wnt is not required 
for ceh-12 transcription. Thus, our results suggest that EGL-20/Wnt regulates a post-transcriptional mechanism that limits 
expression of CEH-12 protein to posterior VA motor neurons. We are now investigating the mechanism of Wnt-dependent 
post-transcriptional control of a key regulator of synaptic choice.

911B	 A	Comprehensive	Characterisation	of	C. elegans Neurotransmitter GPCRs Reveals a Novel Adenosine Receptor

Amy Courtney1, Iris Hardege1, Julia Morud2, William Schafer1 1) MRC Laboratory of Molecular Biology, Cambridge, United 
Kingdom; 2) University of Gothenburg, Gothenburg, Sweden.

Many G protein coupled receptors (GPCRs) can be activated by neurotransmitters, acting via heteromeric G proteins to control 
downstream intracellular processes. A GPCR can be simplified as either excitatory (Gαs or Gαq) or inhibitory (Gαi/o). While 
ligands for many C. elegans neurotransmitter GPCRs have been identified, many gaps in our knowledge remain. To address 
this, we expressed C. elegans GPCRs in Xenopus oocytes along with G protein-coupled inwardly rectifying potassium channels 
(GIRKs) to evaluate ligand specificity and G-protein coupling using two-electrode voltage clamp recordings.

Using this approach, we have successfully observed activation of 10 monoamine-activated GPCRs, all with previously identified 
ligands. Despite this previous knowledge, some results on their G-protein coupling, and the potency of secondary ligands was 
often conflicting or missing. For example, SER-6 and DOP-4 have previously been shown to couple to Gαs but our experiments 
indicate Gαq coupling. Activation by two or more ligands was observed for all the GPCRs tested, but the published data does 
not reflect this phenomenon. Several additional orphan receptors were evaluated, DOP-5, DOP-6, SER-5 and PCDR-1, and no 
activation was detected. The reason is unknown, but it could be because they require a GPCR partner to form a functional 
receptor, because they couple to a non-cannonical G-protein, or because we have not tested the correct ligands.

In addition, we have characterized the putative adenosine receptor ADOR-1 and found it to be indeed activated by adenosine. 
Surprisingly, we obtained evidence suggesting coupling to the excitatory Gαq protein as well as to Gαi/o or Gαs. Further 
experiments are ongoing to confirm this dual coupling in vitro and in vivo. Using endogenous fluorescent reporters, we found 
ador-1 to be broadly expressed in the nervous system as well as in muscle, including MC/I4/pharyngeal muscle and vulval 
muscle/HSN. However, despite this expression pattern we did not observe any significant differences in pumping rate or egg 
laying under normal conditions. In other species, intracellular adenosine levels have been shown to increase after injury or 
stress, and we observed broad expression of ador-1 in multiple ‘avoidance’ neurons (AWB/ASH/ASK). We hypothesise that 
adenosine may act via ador-1 to regulate stress related behaviours or lifespan and we plan to investigate this going forward.

912C	 Developmental	sleep	disruption	induces	neuronal	plasticity	mediated	by	conserved	autism-associated	synaptic	
adhesion molecules
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Mara Cowen1,2,3, Sophia Villiere1,2,3, Michael Hart2,3 1) Neuroscience Graduate Group, University of Pennsylvania, Philadelphia, PA; 
2) Department of Genetics, University of Pennsylvania, Philadelphia, PA; 3) Autism Spectrum Program of Excellence, Perelman 
School of Medicine, Philadelphia, PA.

Autism spectrum is characterized by altered social and repeated/repetitive behaviors, but also often presents with disrupted 
sleep behavior, such as late-onset or fragmented sleep. Furthermore, autism and other neurodevelopmental disorders 
have been linked to changes in synaptic plasticity and excitatory/inhibitory balance, which may mechanistically link sleep 
phenotypes and other behaviors in these conditions. Still, how genes associated with autism, including those that regulate 
synaptic function, contribute to plasticity, behavior, and sleep, remains elusive. Previous work from our lab found that the 
GABAergic DVB neuron undergoes morphologic plasticity in response to experiences during development and in adulthood 
(e.g., mating, environmental stressors). Here, we utilized genetic, chemogenetic, physical methods to disrupt sleep states 
in larval development in male C. elegans, and quantified DVB neuronal morphology in early adulthood. We found that all 
methods used to disrupt sleep led to increased DVB neurite outgrowth compared to males with normal sleep. Disruption 
of sleep specifically during sexual maturation (L4) was sufficient to alter DVB neuronal morphology. Using this novel model 
of sleep-dependent plasticity, we investigated the role of autism-associated genes in DVB plasticity in response to sleep 
disruption. We tested the effect of loss of function mutations in the singular C. elegans orthologs of the autism-associated 
genes nrx-1/NRXN1 and nlg-1/NLGN3 on DVB plasticity following sleep disruption. Sleep disruption in males mutant for 
nrx-1 and nlg-1 did not show altered DVB outgrowth, suggesting a role for autism-associated synaptic adhesion molecules 
in regulating sleep-dependent neuronal plasticity. We are currently testing in which neurons nrx-1 and nlg-1 are required to 
restore DVB plasticity after sleep disruption, and whether unique molecular mechanisms underlie the contribution of these 
genes in sleep-dependent plasticity. This work leverages a simple neuronal system to better define the relationship between 
sleep disruption, synaptic adhesion molecules, neuronal plasticity, and autism-associated genes, which has important 
implications for behavior and for the manifestation of neurodevelopmental conditions.

913A	 Neuromodulation	and	the	relationship	between	Ca2+ transients and neuronal states

Arunima Debnath1, Bruce Bamber1 1) The University of Toledo.

Neuromodulators (monoamines and neuropeptides) shape nervous system function by regulating neuronal depolarization and 
synaptic strengths. We are studying neuromodulation in the context of nociception, to better understand pain perception and 
pain treatment strategies. The ASH neuron is a major nociceptor in C. elegans. ASH senses 1-octanol and drives an aversive 
response, modulated by the monoamines serotonin (5-HT, potentiating) and octopamine (OA, inhibitory). To better understand 
neuromodulation, we are focusing on 1-octanol stimulated Ca2+ dynamics in ASH, and the quantitative relationship between 
Ca2+ signals and depolarization amplitudes. We showed that 5-HT potentiates ASH depolarization, but surprisingly, inhibits 
ASH Ca2+ transient amplitudes. These effects, like the 5-HT stimulation of behavior, depend on the SER-5 receptor in ASH. This 
paradoxical finding is explained by existence of a Ca2+-dependent inhibitory feedback loop: Ca2+ inhibits ASH depolarization 
through SLO-1 IKCa channels, and 5-HT inhibits EGL-19 L-type Ca2+ channels in ASH (via SER-5), thus disinhibiting the neuron. 
We are currently investigating modulation of 1-octanol responses by OA. OA inhibits 1-octanol behavioral responses, and 
antagonizes 5-HT potentiation, dependent on the OCTR-1 receptor in ASH. OA also inhibits ASH Ca2+ transients, representing 
another paradox: how can OA and 5-HT have opposite effects on ASH-dependent aversive behaviors, but the same effect 
on ASH Ca2+ transients? Our results show that 5-HT and OA utilize distinct signaling pathways in ASH (Gαq for 5-HT and Gαo 
for OA), and that OA does not inhibit EGL-19. We are currently testing the hypothesis that OA hyperpolarizes ASH through 
Gαo-dependent activation of IRK K+ channels. These results further emphasize that neuronal Ca2+ transients, as key reporters 
of neuronal depolarization, are also critical signaling intermediates in and of themselves, with multiple upstream inputs and 
downstream consequences.

914B	 Gαq acts via DAG signaling to modulate serotonin motor circuit activity in C. elegans

Pravat Dhakal1, Sana Chaudhry1, Caroline Case1, Rossana Signorelli1, Kevin M. Collins1 1) Department of Biology, University of 
Miami.

Gαq signals through the Phospholipase-Cβ (PLCβ) and Trio, a Rho GTPase exchange factor (RhoGEF), but how these two 
effector pathways promote synaptic transmission remains poorly understood. Here we use the egg-laying behavior circuit 
of C. elegans to show that PLCβ/EGL-8 and Trio/UNC-73 mediate serotonin signaling through related biochemical pathways 
but by functioning in distinct cells. Using transgenic rescue experiments we find that PLCβ functions in neurons while Trio 
functions in both neurons and the postsynaptic vulval muscles. Additionally, cell specific activation of Rho GTPase/Rho-1 in the 
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serotonergic HSN neurons promotes synaptic transmission, associated with increase in HSN activity and egg-laying behavior. 
While Gαq, PLCβ, and Trio mutants all fail to lay eggs in response to serotonin, optogenetic stimulation of the serotonin-
releasing HSNs restores egg laying only in PLCβ mutants. We observed vulval muscle Ca2+ activity in PLCβ mutants while such 
activity was eliminated in strong Gαq and Trio mutants. Remarkably, egg-laying circuit activity and behavior defects of Gαq, 
PLCβ, and Trio mutants were rescued by Phorbol esters thought to mimic Diacylglycerol (DAG), a product of PIP2 hydrolysis 
by Phospholipases like PLCβ/EGL-8. DAG has been proposed to activate effectors including UNC-13, but we find that phorbol 
esters, but not serotonin, stimulate egg-laying behavior in unc-13 mutants. Together, these results show that serotonin and 
Gαq promote egg laying via two parallel mechanisms. Serotonin signaling through Gαq and PLCβ modulates UNC-13 activity 
to promote neurotransmitter release. Serotonin Gαq signaling through Trio RhoGEF- Rho GTPase and an unidentified, PMA-
responsive effector promotes postsynaptic muscle excitability. Thus, one neuromodulator can signal in distinct cells through 
different effector pathways to activate a motor behavior circuit.

915C	 Whole-brain	imaging	with	neuronal	identities	to	elucidate	the	mechanism	of	a	sensory	processing

Yuto Endo1,2, Chentao Wen1, Miyu Miyachi1, Kotaro Kimura1,2 1) Graduate School of Science, Nagoya City University, Japan; 2) 
Graduate School of Science, Osaka University, Japan.

A neural circuit in the brain processes sensory stimuli such as an odor to elicit a motor command. To understand the 
mechanism of such a sensory processing, a number of studies have sought to identify a neural circuit which processes a 
specific sensory stimulus (functional neural circuit). For identification of a functional neural circuit, it is required to conduct 
two types of experiments throughout the brain: 1) locating neurons that respond to the stimulus, and 2) identifying their cell 
types (cell-IDs) to estimate their connectivity based on anatomical connections. Locating stimulus-responsive neurons can be 
achieved by whole-brain calcium imaging, which record all neuronal activities throughout the brain. However, due to the lack 
of way to efficiently identifying cell-IDs, it has been difficult to identify a complete functional neural circuit with whole-brain 
imaging and cell identification.

To overcome the limitation, the method for cell identification of all neurons, called NeuroPAL, was developed in C. elegans 
(Yemini et al., Cell, 2020). Together with the connectome information as well as the records of all neuronal activities, we are 
now able to estimate a functional neural circuit based on cell-IDs of stimulus-responsive neurons.

To identify a complete functional neural circuit by integrating those techniques, we established a whole-brain imaging system 
combined with efficient cell identification system using NeuroPAL. This system consists of a 3D confocal microscopy, a multi-
color imaging system, a microfluidic device, and a pipeline of an image analysis (Chronis et al., Nat. Meth., 2007; Wen et al., 
eLife, 2021). By using this system, we successfully recorded activities of most head neurons simultaneously with an information 
of each cell-ID. Now we are identifying a set of odor-responsive neurons using this system with stimulation by a repellent odor 
2-nonanone (Kimura et al., J. Neurosci., 2010).

This study aims to identify a complete functional neural circuit for specific sensory processing pathways and it may provide 
clues for how a sensory stimulus is processed in the whole of a neural circuit. We thank Ev Yemini and Oliver Hobert for the 
help on NeuroPAL.

916A	 The	regulation	of	olfactory	circuit	by	EGL-4/PKG

Takahiro Hino1, Shota Hirai1, Takeshi Ishihara1, Manabi Fujiwara1 1) Grad Sch Sci, Kyushu Univ.

C. elegans has a simple circuit to process information of attractive odorants. That is basically a network between two pairs 
of olfactory neurons and several first-layer interneurons, which transmit the signals to downstream command interneurons 
or motor neurons. However, how the information processing works in the circuit remains elusive. egl-4 encodes a cGMP-
dependent protein kinase (PKG), and the loss-of-function mutations in the gene cause chemotaxis defects. By Ca2+ imaging 
analyses, we revealed that the response property of one of the first-layer interneuron, AIY, to diacetyl is reversed in the 
egl-4 mutant, while the responses of two upstream olfactory neurons, AWA and AWC, are largely unchanged. Ablation of 
AIY improved the chemotaxis to diacetyl of the egl-4 mutant animals, showing that AIY functions to suppress chemotaxis 
in egl-4. Interestingly, to the stimuli of another odorant, isoamyl alcohol, AIY in the egl-4 mutant responds almost normally. 
As expected, ablation of AIY in the egl-4 mutant did not improve the chemotaxis to isoamyl alcohol. These results implicate 
that EGL-4/PKG is involved in information processing in an odorant-specific manner and that the role of the AIY interneuron 
in chemotaxis circuit may be different for each odorant. We speculate that olfactory information of each odorant may be 
transmitted through different combination of redundant circuitries to induce chemotactic behavior and egl-4 mutation only 
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affects a certain circuitry. Such redundant circuitries may ensure the robust chemotaxis of worms and enable worms to 
perform multiple tasks concurrently. We found that the egl-4 mutant failed to exhibit chemotaxis to an odorant on plates 
saturated with another odorant, while the wild-type animals are still able to exhibit chemotaxis in the same condition. This 
appears to be consistent with the hypothesis. We are now trying to dissect the chemotaxis circuit by imaging analyses and cell 
ablation experiments and to reveal the neural mechanisms that allow animals to perform complex tasks.

917B	 The	role	of	network	topology	in	the	performance	of	the	circuit	for	nociceptive	behaviors	in	C. elegans 

Gal Goldman1, Vladyslava Pechuk1, Elad Schneidman1, Meital Oren-Suissa1 1) Weizmann Institute of Science, Rehovot, Israel.

The nature of the relationship between neural circuits and the resulting animal behavior is a key question in neurobiology. It 
was previously established that the specific synaptic and cellular properties of neural networks can be widely disparate, yet 
maintain similar function (Prinz et al., 2004). It is therefore clear that some features of a network’s structure are important to 
retain certain functional features. The sensitivity of such networks to changes in the topology have not been characterized.

To explore the contribution of topology to the network’s performance, we focused here on the circuit for nociceptive behaviors 
in C. elegans. The neurons of the circuit are shared between the two sexes, but their connectivity is different (Cook et al., 
2019). The behaviors that result from these circuits are sexually dimorphic as well. The distinct network topologies and 
behavioral outputs make this circuit a good example for exploring the relationship between structure and function in neural 
networks.

We simulated the response of the nociceptive circuits to external stimuli, in males and in hermaphrodites, using a wide range 
of realistic values for the circuit’s biophysical parameters (synaptic strengths, conductivity, membrane time constants, etc.). We 
then searched for the parameters’ space in which the activity of the motor output neurons in the simulation would match the 
worms’ behaviors in experimental observations.

We found an overlap between the sexes in terms of the synaptic and cellular parameters that allow for the correct behavior of 
the network. Moreover, our results suggest that the connectivity alone might be sufficient to explain the behavioral differences 
between the sexes. Notably, more stringent requirements of the models’ performance suggests that the connections in 
this network cannot be all excitatory, as has been commonly assumed, or that additional inhibitory neurons must play an 
important role in shaping the circuit’s response to tail stimulation. Future analysis will further explore the relations between 
the network’s topology and the joint activity patterns of the neurons as measured by calcium imaging.

918C	 Visualising	neuropeptide	spatial	range	of	action	within	the	nervous	system.

Evie Goss-Sampson1, Ángela Jimeno-Martín1, Arantza Barrios1 1) University College London.

Past experiences, moods and emotions change our behaviours, partly due to the neuromodulation of underlying circuits from 
neuropeptides. Neuropeptides are secreted, diffusible proteins that act on G-protein coupled receptors (GPCRs), providing 
long-lasting modulation to hard-wired neuronal circuits. Most neuropeptide receptor expressing neurons are not synaptically 
connected to the source, thus, the expression patterns of the ligand and its receptors represent a wireless chemical 
connectivity map that work in conjunction with traditional synaptic communication. Neuropeptides regulate many global 
states as well as more discrete modulatory functions such as learning and memory. However, it is unknown how neuropeptides 
encode such diverse information. For global behavioural state changes, it is thought neuropeptides may activate any target 
they reach in their diffusion pathway, a process termed volume transmission. For functions that require specific target 
modulation, such as associative learning, emerging evidence suggests diffusion could be more regulated and controlled (van 
den Pol 2012), however mechanisms underlying this regulation are unknown. Many affective disorders rely on exogenous 
application of neuromodulators, therefore improving our understanding of neuropeptide diffusion regulation, could reduce 
adverse side effects many patients suffer due to off-target activity.

We are employing C. elegans to establish an in vivo system to visualise neuropeptide based neuronal communication to use as 
a tool to identify molecular and cellular regulators of neuropeptide diffusion. We are focusing on Pigment Dispersing Factor-1 
(PDF-1) and its receptor PDFR-1, a highly conserved neuropeptide involved in a broad array of behaviours. By harnessing GPCR 
signalling cascades, we will introduce a synthetic pathway that converts the interaction between PDF-1 and PDFR-1 into a 
fluorescent signal, without interfering with endogenous signalling. We will control PDF-1 expression and secretion in a ligand-
null mutant by co-expressing PDF-1 and channelrhodopsin in one neuronal source. This expression pattern will be used as the 
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basis for a forward genetic screen. This project aims to create a system to visualise neuropeptide modulation in vivo which will 
set the foundation for an in-depth investigation to understand neuropeptide spatial range of action.

919A Glial KQT-2 K+ channels are needed for aversive response to octanol

Bianca Graziano1, Lei Wang1, Jesus Fernandez-Abascal1, Nicole Encalada1, Laura Bianchi1 1) University of Miami Miller School of 
Medicine.

KCNQ channels are members of a family of voltage-gated potassium channels that are encoded by five human genes and are 
evolutionarily conserved across species. KCNQ2 through 5 subunits are primarily expressed in the nervous system, where they 
modulate cellular excitability. Epilepsy, autism and other neuropsychiatric conditions have been associated with mutations 
in the KCNQ channels genes expressed in the nervous system. Although strong evidence supports the expression of KCNQ 
channels both in neurons and in glia, the role of these channels in glial cells is still unknown. In this study, we use C. elegans 
to investigate the glial function of the nematode KQT channels, which are the homologs of the human KCNQ channels. By 
RNA sequencing we found that the amphid glia, that encapsulate sensory neurons in the amphid sensory organ, are enriched 
in kqt-2. Using kqt-2 knock-out and glial-specific knock-down, we found that glial KQT-2 is needed for aversive response to 
octanol. Furthermore, we showed that the kqt-2 reduced octanol response is rescued by glial-specific expression not only of 
the nematode KQT-2 but also of the human KCNQ2 and KCNQ3 subunits. Our data support that KCNQ channels function in glia 
to promote neuronal activity suggesting that diseases associated with mutations in these channels might be contributed by 
glial KCNQ channels as well. Ca2+ imaging and behavioral experiments with worm and human genes wild type and mutants are 
in progress to establish via what mechanism glial KCNQ channels regulate neuronal output and behavior.

920B	 Expansion	of	Cholinergic	Signalling	Reveals	Polymodal	and	Novel	Ligand	Gated	Ion	Channels	Involved	in	Switching	
Behavioural	States

Iris Hardege1, Julia Morud2, William Schafer1 1) MRC Laboratory of Molecular biology, Cambridge, UK; 2) University of 
Gothenburg, Gothenburg, Sweden.

Ligand-gated ion channels (LGICs) play important roles in synaptic communication and the regulation of behaviours. The cys-
loop superfamily of LGICs, which contains mammalian nicotinic acetylcholine and GABA receptors, has undergone vast gene 
expansion in nematodes and includes channels gated by classical and non-classical neurotransmitters. Yet the majority of C. 
elegans LGICs remain uncharacterised, with no known ligand or biological function. We have undertaken a deorphanisaiton 
study of a number of uncharacterised C. elegans LGICs, in particular from a subfamily of 12 channels known as the «diverse» 
group. Using two-electrode voltage clamp recordings from Xenopus oocytes injected with worm LGICs, we identified ligands 
for 5 of the 12 channels in the diverse subgroup. All are inhibitory anion-selective channels, yet despite sharing close sequence 
similarity, they are gated by chemically diverse ligands.

We identify three receptors for choline, GGR-1, GGR-2 and LGC-40, which despite binding the same ligand differ in their 
pharmacological and neuronal expression profiles. This may point towards a potential role for choline in the regulation of the 
nervous system. Interestingly, we found a single channel, LGC-39 to be gated not only by acetylcholine but also by aminergic 
ligands, in particular octopamine and tyramine. Thus LGC-39 has the capacity to form a polymodal receptor activated by 
chemically disparate neurotransmitters. The expression pattern of lgc-39 reveals that it is present in a number of neurons 
which receive both aminergic and cholinergic input, including AVA, the major synaptic target of the octopamine producing 
RICs.

Finally, we find that LGC-41 is not activated by any classical neurotransmitter, but is activated by betaine, a metabolite 
chemically related to choline. LGC-41, along with putative betaine synthesis genes, is widely expressed in the nervous system, 
in particular in a number of neurons associated with regulating search behaviours including ASI. Strikingly, we find that lgc-
41 and betaine synthesis mutant worms show defects in transitioning from local to global search behaviour in the absence of 
food. This implicates betaine and its receptor in regulating complex behaviours which rely on the integration of a number of 
sensory inputs. Taken together our findings highlight the remarkable functional and behavioural diversification amongst the 
LGICs in C. elegans.

921C	 Identifying	Triggers	for	Pathogen	Learning	in	C. elegans

Audrey Harnagel1, Cori Bargmann1 1) The Rockefeller University.
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The ability to discriminate between nutritious and harmful food is essential to survival. As a result, learned avoidance to 
harmful food sources is conserved from invertebrates to humans. The mechanisms enabling the nervous system to associate 
sensory cues from a food source with an internal state of sickness to trigger aversive memory formation remain elusive. After 
prolonged exposure to pathogenic food, C. elegans can learn to avoid the pathogen upon subsequent encounter1. This learned 
aversion requires infection; non virulent forms of bacteria are not sufficient for memory formation. In response to exposure 
to pathogenic food, serotonin is induced in a pair of sensory neurons called ADF and remodels downstream circuits2. Learned 
aversion to pathogen requires serotonin signaling from ADF, suggesting that ADF serves as a site of integration for detecting 
bacterial cues and internal sickness caused by the pathogen.

We seek to understand how internal state changes the coupling between sensory activation and serotonin release in 
ADF neurons. As a first step, we are using calcium imaging to examine ADF responses to bacterial cues in both naive and 
pathogen-exposed animals. ADF responds robustly to conditioned media from both pathogenic and non-pathogenic bacteria 
in a dose-dependent fashion, and ADF activity can be modulated by previous odor history. We are screening mutants 
using these quantitative parameters to assess ADF responses to direct chemosensory stimuli, indirect signaling from other 
sensory neurons, and signaling from non-neuronal tissues indicating bacterial infection. Our goal is to uncover cell-biological 
mechanisms through which ADF neurons mediate learned pathogenic behavior in C. elegans.

1. Zhang, Y., Lu, H., & Bargmann, C.I. (2005). Pathogenic bacteria induce aversive olfactory learning in Caenorhabditis elegans. 
Nature, 438(7065), 179.

2. Morud, J., Hardege, I., Liu, H., Wu, T., Basu, S., Zhang, Y., & Schafer, W. (2020). Deoprhanisation of novel biogenic amine-
gated ion channels identifies a new serotonin receptor for learning. bioRxiv. doi: https://doi.org/10.1101/2020.09.17.301382.

922A	 Molecular	Encoding	and	Synaptic	Decoding	of	Memory	of	Chemical	Concentration	in	C.	elegans

Shingo Hiroki1, Hikari Yoshitane1, Yoshitaka Fukada1, Masahiro Tomioka1, Muneki Ikeda3, Ikue Mori2, Yuichi Iino1 1) School of 
Science, University of Tokyo; 2) Graduate School of Science, Nagoya University; 3) Department of Neurology, University of 
California San Francisco.

Learning the intensity of past stimulus, e.g. a concentration of a chemical substance, is a widely conserved function of the 
nervous system. However, how the memory is encoded in molecules and decoded through synaptic transmission is not 
comprehensively understood.

C. elegans memorizes experienced NaCl concentration and migrates toward the learned concentration. The canonical signaling 
pathway underlying this behavior is the diacylglycerol(DAG)/protein kinase C(PKC) pathway, which functions in the NaCl-
sensing neuron ASER. Previous reports observed DAG dynamics during changes in ambient NaCl concentration and revealed 
that DAG decreased with increasing NaCl and DAG increased in response to NaCl decrease. Subsequently, once activity of PKC-
1 is changed, the direction of chemotaxis on the NaCl gradient is biased: when PKC-1 is activated, the worm migrates towards 
higher NaCl, whereas inactivation causes migration towards lower NaCl. As a consequence, worms migrate towards preferred 
concentration of NaCl. However, how PKC-1 generates migration bias is yet unknown.

To identify the molecule that acts downstream of PKC-1, we performed nervous system-specific phosphoproteomic analysis, 
using a nonspecific biotinylation enzyme, TurboID. Among phospho-sites upregulated in pkc-1(gf)-expressing worms, we found 
a phosphorylation of UNC-64/Syntaxin 1A at Ser65. The Ser65 phosphorylation-deficient mutant of unc-64, unc-64(S65A), 
showed a migration bias in the same direction as pkc-1(lf). unc-64(S65A) showed reduced release of glutamate following 
activation of ASER.

Furthermore, we investigated how unc-64(S65A), or a reduction in glutamate release, results in migration bias. As previous 
studies from our lab showed that the AIB interneurons respond to a change in NaCl concentration via the glutamatergic 
transmission from ASER, we focused on the response of AIB. Both in unc-64(S65A) and pkc-1(lf), AIB responses were reversed 
compared to wild type. However, glutamate release from ASER increased by activation of ASER in both wild type and pkc-1(lf), 
suggesting changes in glutamate release alone cannot explain the reversed AIB response. This led us to examine whether the 
basal synaptic release, or basal glutamate level may affect the response of AIB. Indeed, direct exposure of AIB neurons to 
glutamate revealed that the response of AIB to increase of glutamate is reversed according to the glutamate concentration in 
the external bath solution. We now hypothesize that this is due to a difference of sensitivity between inhibitory and excitatory 
glutamate receptors.
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923B	 A	Dual	Role	for	LAR/PTP-3	in	Regulating	Long-distance	AMPAR	Transport	and	Synaptic	Retention	Essential	for	Long	
Term	Associative	Memory

Dayton Pierce1, Attila Stetak2, Frederic Hoerndli1 1) Colorado State University; 2) Biozentrum, University of Basel Switzerland..

Synaptic AMPA subtype of glutamate receptors (AMPAR) play essential roles in excitatory synaptic transmission, learning 
and memory. The majority of them are synthesized in the soma of neurons and are transported to far reaching dendrites. 
Although, recent studies have shown that long-distance synaptic transport is regulated by neuronal activity, we know very little 
about how AMPAR get delivered or removed by molecular motors. Here we show that loss of the A isoform of the receptor 
tyrosine phosphatase PTP-3 the C. elegans homologue of vertebrate LAR-RPTP, leads to a ~60% decrease in AMPAR transport 
affecting synaptic delivery and synaptic function necessary for long-term associative olfactory memory (LTAM) in C. elegans. 
We show that PTP-3A is necessary postsynaptically in adult neurons for the regulation of AMPAR transport, delivery and 
memory. In addition, Fluorescence Recovery After Photobleaching and Photoconversion of tagged GLR-1 reveal, that while 
loss of PTP-3A leads to defects in transport and local synaptic trafficking of GLR-1, a mutation affecting all PTP-3 phosphatase 
domains only affects local synaptic cycling and retention. Finally, we show that the N- and C-terminal of PTP-3A have different 
functions in regulating transport and synaptic retention of AMPARs. Altogether, our results suggest a model in which PTP-3 
coordinates transport and delivery of AMPARs to synapses using 2 domains possibly released by synaptic activity and essential 
for long-term associative learning.

924C	 Contribution	of	a	FOXD3/4 ortholog to optimization of avoidance behavior mediated by pre- and postsynaptic gene 
expression for a biphasic calcium response

Sayaka HORI1, Shohei MITANI1 1) Tokyo Women›s Medical University School of Medicine.

The central neural network optimizes avoidance behavior depending on the nociceptive stimulation intensity is essential 
for survival. How the property of the hub neurons for selecting behaviors is genetically defined is not well understood. Here 
we show that the transcription factor unc-130, a human FOXD3/4 ortholog, is required to optimize the avoidance behavior 
depending on stimulus strength in Caenorhabditis elegans. unc-130 is necessary for both ON-calcium decrease and OFF-
calcium increase in AIB, a central neuron of avoidance optimization. Ablation of predicted upstream inhibitory neurons 
reduced frequency of turn behavior, suggesting optimization needs both calcium responses. At a molecular level, unc-130 
upregulates expression of at least three genes: nca-2, a homolog of the vertebrate cation leak channel NALCN, glr-1, an 
AMPA type glutamate receptor, and eat-4, a hypothetical L-glutamate transmembrane transporter in the central neuron of 
optimization. unc-130 shows more limited regulation in optimizing behavior than an atonal homolog lin-32, unc-130 and 
lin-32 appear to act in parallel molecular pathways. Our findings suggest that unc-130 contributes to behavioral optimization 
mediated by pre- and postsynaptic expression to lead biphasic neural responses.

925A	 A	neuropeptide-controlled	circuit	controls	rhythmic	anterior	body	wall	muscle	contraction

Mingxi Hu1 1) Zilkha Neurogenetic Institute.

Neuropeptides play critical roles in controlling behavior, but how neuropeptides pattern the output of neural circuits is poorly 
understood. Here, we report the identification of a simple circuit composed of the intestine, the motor neuron AVL, and the 
muscle that controls the rhythmic anterior body wall muscle contraction (aBoc) and we find that this circuit is controlled 
exclusively by neuropeptide signaling. The neuropeptide like protein NLP-40, which is secreted from the intestine (pacemaker), 
elicits a calcium transient in AVL every 50 seconds. Genetic ablation of AVL or inhibition of exocytosis from AVL by tetanus 
toxin (TeTx) abolished 80% of the aBoc events. Live calcium imaging of AVL revealed that nlp-40 mutations eliminated calcium 
transients in AVL, whereas null mutations in aex-2/GPCR, which encodes the NLP-40 receptor, led to both a reduction in 
calcium transient frequency and a delay in their onset. These results suggest that AVL is the major target for NLP-40 signaling 
for aBoc and can be activated by NLP-40 in both an AEX-2-dependent and independent way. We identified two neuropeptides 
that contribute to aBoc, which are the FMRFamide neuropeptide-like protein FLP-22 and the neuropeptide-like protein NLP-6. 
flp-22 mutants reduced aBoc frequency to 60% whereas nlp-6 mutants had normal aBoc frequency, and flp-22; nlp-6 double 
mutants showed severe aBoc defects similar to AVL ablation. Channelrhodopsin-induced AVL activation could robustly elicit 
aBoc in the absence of nlp-40, but failed to elicit robust aBoc in flp-22; nlp-6 double mutants, suggesting that FLP-22 and NLP-6 
secretion from AVL promotes aBoc. FLP-22 or NLP-6 fusion proteins with Venus adopted a punctate pattern of fluorescence 
in the AVL soma and axon, and there was a significant accumulation of FLP-22 and NLP-6 containing vesicles in axons of 
animals with impaired pacemaker input (nlp-40 or aex-2 mutants), or compromised dense core vesicle secretion (unc-31/
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CAPS mutants). We found that lrk-1/LRRK functions in AVL to promote aBoc to positively regulate the secretion of both FLP-22 
and NLP-6, but is not required for AVL activation by NLP-40. We found that AVL-specific inhibition of the PKA pathway, which 
functions downstream of AEX-2, led to accumulation of NLP-6::Venus at release sites but had no effect on FLP-22::Venus 
accumulation, whereas inhibition of SNARE-mediated exocytosis (TeTx expression in AVL or snb-1/synaptobrevin mutants) 
selectively increased FLP-22::Venus accumulation. These results suggest that the release of FLP-22 and NLP-6 are regulated by 
both common and distinct signaling factors. Together, we propose that the differential regulation of FLP-22 and NLP-6 release 
from AVL by the pacemaker signal ensures that the anterior body wall muscle contraction occurs at the proper frequency and 
that its timing is coordinated with the defecation motor program.

926B	 Learning-dependent	gain	control	by	asymmetric	modulation	of	the	first-	and	second-order	time-differential	of	
stimulus	in	sensory	neurons

Yosuke Ikejiri1,2, Yuki Tanimoto1, Shuhei Yamazaki1, Yasushi Iwatani3, Kotaro Kimura1,2 1) Osaka University, Toyonaka, Osaka; 2) 
Nagoya City University, Mizuho-ku, Nagoya, Aichi; 3) Hirosaki University, Hirosaki, Aomori.

Animals respond to environmental stimuli whose intensity varies by approximately 1010-fold, although neural responses 
can only change by 102-fold, which requires proper adjustment of the relationship between the environmental stimuli and 
the neural response. One example of this adjustment is neural gain control, defined as the change in the slope of a neural 
response to a stimulus, instead of a general reduction (adaptation) or enhancement (sensitization) of the response. However, 
these mechanisms are poorly elucidated. Here, we report that the neural gain control in the ASH nociceptive neuron occurs 
by asymmetric modulation of the first- and second-order time-differentials of sensory stimulus. Previously, we showed 
that the worm’s avoidance behavior to the repulsive odor 2-nonanone is enhanced by pre-exposure to the odor as a type 
of non-associative learning (Kimura et al., J Neurosci 2010). We now found that the ASH responses, which are activated by 
increasing the 2-nonanone concentrations (Tanimoto et al., eLife 2017), are modulated by the odor learning. Quantitative 
odor stimuli analysis revealed that the naive ASH neurons respond similarly to small and large linear increases in odor 
concentration, whereas the pre-exposed ASH neurons only respond to large increases. Analysis of the stimulus-response 
relationships suggested that this learning-dependent change is a neural gain control of response. Interestingly, mathematical 
analysis revealed that the ASH response is approximated by the sum of the first- and second-order time-differentials of odor 
concentration, and the second-order time-differential is greatly suppressed by learning. We found that the terms of the first- 
and second-order time differential are expressed by the variable coefficients. To test the validity of this model, we compared it 
with the first-order time-differential only model and second-order time-differential only model using the Bayesian information 
criterion (BIC). As predicted, in naive ASH neurons, the model of the sum of the first- and second-order time-differentials 
of odor concentration was the best fit, and the first-order time-differential only model was the best fit in the pre-exposed 
condition. These results may suggest that the ASH response is mediated by the long (corresponding to the first-order term) 
and transiently (the second-order term) activated voltage-gated calcium channels and that the contribution of these channels 
are modulated by the odor stimulus.

927C	 Mitochondrial	hydrogen	peroxide	in	interneurons	induces	neuropeptide	secretion	to	regulate	the	intestinal	
antioxidant	response

QI JIA1, Derek Sieburth1 1) Zilkha Neurogenetic Institute, Los Angeles, CA.

Reactive oxygen species (ROS) are chemically reactive molecules that are formed during oxidative phosphorylation and 
function as important messengers in cellular signal transduction and homeostasis. We found that endogenously generated 
hydrogen peroxide (H2O2) by axonal mitochondria functions as signaling cue to regulate secretion of the neuropeptide-like 
protein, FLP-1, from AIY to promote organism-wide protection against oxidative stress. We showed that acute (10 min) 
exposure to the ROS generator juglone or H2O2, or the activation of miniSOG on AIY mitochondria increases the release 
of FLP-1::Venus fusion proteins from AIY. Mutations in the endogenous mitochondrial peroxiredoxin/prdx-3-thioredoxin/
trx-2 antioxidant system, which lead to elevated H2O2 levels in AIY axonal mitochondria, increase FLP-1 release from AIY. 
Mutants with defects in the anterograde transport of mitochondria to axons (ric-7) or conversion of superoxide to hydrogen 
peroxide in mitochondria (sod-2) block FLP-1 secretion induced by juglone but not by H2O2. ric-7, sod-2 and trx-2 function cell 
autonomously in AIY to regulate FLP-1 secretion, and the catalytic activity and mitochondrial targeting of TRX-2 and SOD-2 are 
essential for their functions in regulating FLP-1 secretion. In addition, H2O2 promotes FLP-1 secretion through cell-autonomous 
activation of the dense core vesicle priming factor protein kinase C (PKC-1). PKC-1 variants lacking a conserved cysteine residue 
(C524) that is predicted to be sulfenylated by H2O2 restore baseline but not juglone- or H2O2-induced FLP-1 secretion to pkc-1 
mutants. Finally, H2O2-induced FLP-1 release from AIY activates the oxidative stress response transcription factor SKN-1/Nrf2 in 
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the intestine and protects animals from ROS-mediated toxicity. Together our data reveal a role for endogenous H2O2 in linking 
mitochondrial stress with the oxidative stress response through neuroendocrine signaling.

928A	 Connectomic	comparison	of	P. pacificus and C. elegans anterior nervous system structure

Cristine Kalinski1, Steven J. Cook2, S. Rebecca Stephen2, Maryam Majeed2, Nadin Memar3, Barbara Conradt3, Ralf Schnabel4, Ralf 
J. Sommer5, Oliver Hobert2 1) Fordham University; 2) Columbia University, HHMI; 3) LMU München, Germany, UCL, London, 
UK; 4) Technische Universität Braunschweig; 5) MPI for Developmental Biology, Tübingen, Germany.

Generating connectomes can lead to an increased understanding of how nervous system structure and connectivity can dictate 
behavior. To expand upon this growing body of knowledge, here we use connectomics to describe how the nematode nervous 
system has evolved by comparing the divergent nematode species P. pacificus and C. elegans. As the complete connectome 
of C. elegans has already been established, we reconstruct serial-section electron micrographs (EM) to generate volumetric 
reconstructions of multiple P. pacificus samples. We extend our analysis of P. pacificus nervous system ultrastructure beyond 
the pharyngeal (Bumbarger et al 2013) and amphidial (Hong et al 2019) circuits to include the complete nerve ring and 
surrounding anterior nervous system (defined as the tip of the nose to the deirid commissures). We have completed our 
reconstruction of these samples, and find the overall structure of the nervous system is conserved, and we can unambiguously 
identify all neurons whose cell bodies or commissures are present within these EM series. Through embryonic lineaging, we 
observe only one difference in neuron number – the AVH neurons are absent in P. pacificus due to an extra cell death. Despite 
a gross anatomic similarity, approximately 20% of neurons are structurally different between species. These differences 
(examples in parenthesis) include axonal extensions (ALM), axonal absences (AVM), somatic protrusions (ASJ), dendritic 
absences (URB), somatic dislocations (IL2), and local branching (RIS). Beyond structural differences at the neuron level, we 
explored whether fundamental aspects of neighborhood or strata formation, as described by Brittin et al 2021 and Moyle et 
al 2021, are conserved across species. The number of neighboring or adjacent processes is similar between species and is also 
nearly equivalent in its constancy. We find, however, that the set of individual neuronal adjacencies differ between species, 
leading to a more lateralized partitioning of left-right homologous neurons into distinct groups. Together, our results suggest 
the nerve rings of P. pacificus and C. elegans are structurally more different than what is seen across development or between 
the sexes. We continue to analyze our results in the context of synaptic connectivity, behavior, and molecular markers.

929B	 FSHR-1	regulates	cholinergic	synaptic	vesicle	and	active	zone	protein	localization	to	control	neuromuscular	signaling	
balance in C. elegans

Morgan Buckley1, Amy Godfrey1, Alyssa Ritter1, Allyson Munneke1, Julie Kolnik1, Sarah Olofsson1, David Emch1, Kyle Cherry1, 
Lauryn Padgett1, Barry Wei1, Jennifer Kowalski1 1) Butler University.

Excitatory to inhibitory signaling balance is essential to nervous system function. The G protein-coupled receptor FSHR-1 is the 
Caenorhabditis elegans ortholog of mammalian glycopeptide hormone receptors and modulates signaling at the C. elegans 
neuromuscular junction, where excitatory cholinergic and inhibitory GABAergic inputs control muscle excitation. Inhibition 
of fshr-1 expression was previously shown to cause reduced muscle contraction and accumulation of fluorescently labeled 
synaptic vesicles in cholinergic motor neurons. Here, we used a combination of aldicarb-induced paralysis and swimming 
assays to confirm the neuromuscular defects of fshr-1(ok778) loss-of-function mutants, which we found are exacerbated 
in aged animals, as well as in animals exposed to chronic oxidative stress. Expression of fshr-1 in all neurons, as well as in 
cholinergic or GABAergic neurons alone, could restore neuromuscular activity to these animals under normal conditions. 
Surprisingly, however, this same fshr-1 re-expression in cholinergic or GABAergic neurons failed to restore wild type synaptic 
vesicle localization, and endogenous fshr-1 expression was detected in what appear to be pharyngeal neurons and arcade cells 
but not in body wall motor neurons, suggesting a complex site of action. fshr-1(ok778) mutants also exhibited build-up of the 
synaptic vesicle priming factor, UNC-10/RIM, and its interaction partner, SYD-2/Liprinα, primarily in cholinergic motor neurons. 
No such effects were observed for the active zone protein, CLA-1/Clarinet, or the INS-22 dense core vesicle marker. Finally, 
gain-of-function mutations in gsa-1/GaS or acy-1/adenylyl cyclase suppressed the reduced muscle excitation of fshr-1 mutants. 
Together, these data support a model in which FSHR-1 may act cell non-autonomously, as well as in body wall motor neurons, 
to promote muscle excitation upstream of GSA-1 and ACY-1, ultimately controlling UNC-10 localization and cholinergic vesicle 
release. We are currently further exploring FSHR-1 site(s) of action, working to identify potential ligands that may control 
FSHR-1’s neuromuscular effects, as well as investigating potential connections of FSHR-1 to lipid signaling and other stress-
related pathways as they relate to neuromuscular and other neuronal signaling events in physiological and stress conditions.

930C	 Understanding	the	development,	plasticity,	and	function	of	synaptic	asymmetry	in	C. elegans
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Garrett Lee1, Leo Tang1, Steven Cook2, Scott Emmons1, Hannes Buelow1 1) Albert Einstein College of Medicine, Bronx, NY ; 2) 
Columbia University, New York, NY.

Lateralization of the nervous system is conserved across the animal kingdom from invertebrates to humans. The human brain 
asymmetrically processes faculties across the left and right hemispheres, and impaired functional lateralization has been 
implicated in depression, schizophrenia, and autism spectrum disorders. However, whether asymmetric connectivity exists in 
anatomically symmetric structures and what its function may be remains largely unknown. Serial electron micrograph (EM) 
reconstruction of the C. elegans connectome revealed that the chemosensory ASE neurons exhibit left-right asymmetry in 
their connection to the odorsensory AWC neurons. While morphologically symmetric, ASEL and ASER exhibit differential gene 
expression and function. ASEL primarily mediates attraction to increases in Na+ concentration, while ASER triggers avoidance 
of decreases in Cl- concentration. To confirm the EM data as well as study the connection’s development, maintenance, 
plasticity, and function, we created a fluorescent reporter of this connection using in vivo Biotin Labeling of Intercellular 
Contacts (iBLINC). iBLINC analysis confirmed that ASEL tends to form more synaptic contacts onto AWC than ASER. Analysis of 
connectivity over development revealed that the asymmetry is established by L3 and maintained through adulthood. Genetic 
conversion of both ASE neurons to an ASEL fate reversed the asymmetry. In contrast, neither changing both ASE neurons to 
the ASER fate nor symmetrizing the postsynaptic AWC neurons displayed altered synaptic lateralization from wildtype. These 
findings suggest that pre-synaptic identity contributes to establishment of the asymmetric ASE/AWC connection. Interestingly, 
the left-right lateralization is reversed when C. elegans are exposed to increased NaCl environments. Synaptic number changes 
progressively over the course of twelve hours and in a dose-dependent manner, suggesting that the lateral connectivity is 
plastic. Finally, we have identified several genes that are required to establish or maintain the ASE/AWC synaptic asymmetry. 
Future experiments will characterize the functional significance of left-right asymmetry using Ca2+ imaging. In analyzing this 
connection, we aim to understand fundamental aspects concerning the formation and function of asymmetric connectivity.

931A	 An	adaptive-threshold	mechanism	for	odor	sensation	and	animal	navigation

Sagi Levy1,2, Cori Bargmann2,3 1) Current Address: Technion - Israel Institute of Technology, Haifa, Israel; 2) The Rockefeller 
University, New York, NY; 3) Chan Zuckerberg Initiative, Palo Alto, CA.

Identifying the environmental information and computations that drive sensory detection is key for understanding animal 
behavior. A variety of different coding strategies have been proposed to mediate sensory detection across organisms and 
systems, including readouts of the signal absolute level, derivatives, or fold change, low-pass-filtered signal variables, 
and Linear-Nonlinear models. Differentiating between various models can be challenging without a deliberate systematic 
experimental design. Here we measure responses in the C. elegans olfactory neuron AWCON over a wide range of stimulus 
conditions. We find that previous sensation models could only match subsets of experimental observations. We formulate an 
alternative adaptive concentration threshold model in which sensory activity is regulated by an absolute signal threshold that 
continuously adapts to odor history. The activation threshold is extracted from a non-linear function of the signal followed by a 
low pass filter. The model fits the measured sensory threshold and latency over a broad stimulus range and accurately predicts 
sensory activity and probabilistic behavior during animal navigation in odor gradients. At a molecular level, the rate of the 
threshold adaptation is regulated by EGL-4, a cGMP-dependent protein kinase. The adaptive-threshold model generality was 
demonstrated by predicting activity of larval zebrafish optic tectum neurons in response to looming visual stimuli. Theoretical 
analysis shows that the adaptive concentration threshold model is better than the derivative and fold change models in 
filtering stimulus noise, allowing reliable sensation in fluctuating environments. Our model unifies previous sensation models 
under one mechanism and demonstrates an efficient encoding sensory mechanism that reconcile apparent tradeoffs between 
responsiveness, noise filtering, accurate detection and fast response speed.

932B	 UNC-10	(RIM)	and	RIMB-1	(RIM-binding	protein)	localize	synaptic	UNC-2	(Cav2)	channels	in	a	differential	manner	to	
regulate	transmission	in	cholinergic	and	GABAergic	motor	neuron	circuits

Barbara Janosi1,2, Jana Liewald1,2, Szi-chieh Yu1,2,3, Simon Umbach1,2, Ivan C Alcantara1,2,4, Amelie C. F. Bergs1,2, Martin Schneider1,2,5, 
Jiajie Shao1,2, Alexander Gottschalk1,2 1) Buchmann Institute for Molecular Life Sciences, Goethe-University Frankfurt, Germany; 
2) Department of Biochemistry, Chemistry and Pharmacy, Institute for Biophysical Chemistry, Goethe-University Frankfurt, 
Germany ; 3) Princeton Neuroscience Institute, Princeton University, NJ, USA; 4) National Institute of Diabetes and Digestive 
and Kidney Disease, National Institutes of Health, Bethesda, MD, USA; 5) Max-Planck-Institute for Neurobiologie, Department 
of Genes–Circuits–Behavior, Martinsried, Germany.
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Synapses are intricately organized subcellular compartments in which molecular machines cooperate to ensure 
spatiotemporally precise transmission of chemical signals. Key components of this machinery are P/Q-type voltage-gated 
Ca2+-channels (VGCCs), specifically UNC-2, that translate electrical signals into a trigger for fusion of synaptic vesicles (SVs) with 
the plasma membrane. UNC-2 and the Ca2+ microdomains it generates must be located in the right distance to the primed 
SV, to elicit transmitter release without delay. Rab3 interacting molecule (RIM/UNC-10) and RIM-binding protein (RIM-BP/
RIMB-1) were shown in different model systems to contribute to the spatial organization of the active zone protein scaffold, 
and to localize VGCCs next to docked SVs by binding to each other and to the C-terminal region of the Cav2 VGCC α-subunit 
(UNC-2). We asked how this machinery is organized at the C. elegans neuromuscular junction (NMJ), and whether it can 
differentially regulate transmission in circuits composed of different neuron types, specifically cholinergic vs. GABAergic motor 
neurons. Evidence for such differential functionality of the presynaptic release machinery was provided by earlier work using 
optogenetic stimulation (1,2) and recordings in distinct mutants or pharmacologically affected synapses (3). rimb-1 mutants 
had mild synaptic defects, through loosening the anchoring of the UNC-2 VGCC and delaying the onset of SV fusion, while 
RIM (unc-10) deletion had much more severe defects. rimb-1 mutants caused increased cholinergic but reduced GABAergic 
transmission, while overall transmission at the NMJ was reduced, as shown by voltage imaging. The UNC-2 channel could 
further be untethered by removing its C-terminal PDZ binding motif, and this untethering could be exacerbated by combining 
the ΔPDZ mutant with the rimb-1 mutation. Similar phenotypes resulted from acute degradation of the Cav2 β-subunit CCB-1, 
indicating that destabilization of the VGCC complex causes the same phenotypes as its untethering.

1 Liewald et al. (2008) Nat Methods 5(10): 895-902.

2 Liu et al. (2009) PNAS 106(26): 10823-10828.

3 Liu et al. (2018) Cell Rep 22(9): 2334-2345.

933C	 Biochemical	characterization	of	UNC-47	in	Xenopus oocytes

Angélique Lubin1, Charlotte Tissot1, Stéphane Supplisson1, Marie Gendrel1 1) Institut de Biologie de l’Ecole Normale Supérieure 
(IBENS), Ecole Normale Supérieure, CNRS, INSERM, PSL Research University, Paris, 75005, France.

GABA is the main inhibitory amino-acid neurotransmitter in mature neurons which can mediate fast and slow 
neurotransmissions by binding to the GABA receptors GABAA and GABAB, respectively. In C. elegans, the GABAergic nervous 
system was thought to be composed of only 26 out of a total of 302 neurons and was traditionally defined by expression of 
three key players: GAD/UNC-25, the enzyme allowing GABA synthesis, VGAT/UNC-47, the H+ coupled transporter packaging 
GABA in synaptic vesicles and GAT/SNF-11, the Na+ coupled transporter recapturing GABA from the synaptic cleft. However, we 
have shown by immunostaining that 15 new neurons in C. elegans are GABA positive but do not always express all of the key 
players (Gendrel et al, 2016). For example, the interneurons AVAs, AVBs and AVJs are GABA-positive but express none of the 
previous key players even though synaptic vesicles are detected at their synaptic terminals and their post-synaptic partners 
express GABA receptors, suggesting alternative modes of GABA transport. We are currently in the process of identifying those 
new GABA transporters but surprisingly the intrinsic properties of the vesicular transporter VGAT/UNC-47 has never been 
established. We undertook its characterisation in Xenopus oocyte. In order to correctly localize VGAT to the oocyte membrane, 
we are mutating the sorting signal addressing the transporter to vesicle membranes as it was done for the glutamate vesicular 
transporters VGLUT1/2/3. A GFP-tagged version of the protein will allow us to monitor if the protein is indeed correctly 
localized at the membrane of the oocytes. Using two- electrode voltage clamp, transporter currents will be recorded in order 
to determine which ions are being transported with GABA, what is the substrate specificity, as well as the steady-state and pre-
steady-state transport kinetics.

934A	 Expression	of	mutant	human	tau	protein	drives	synaptic	loss	in	Caenorhabditis elegans

Molly Massengale1, T. Chris Gamblin2, Brian Ackley1 1) The University of Kansas; 2) University of Texas at San Antonio.

Tau aggregation is associated with neurodegenerative diseases, and mutations in human tau have been linked to several 
disorders including FTDP-17, with varying phenotypic effects. How tau aggregation results in altered neuronal function is 
controversial and poorly understood, given the difficulties associated with modeling tau aggregation and neurodegeneration 
in animal models. To address this problem, we have generated multiple C. elegans lines of transgenic animals expressing 
different variants of the longest isoform of human tau (htau40) to better understand how aggregation might cause subsequent 
downstream events leading to increased toxicity. We have produced multiple transgenic lines expressing variants of human 
tau protein in neurons to compare their effects on neuronal function. When broadly expressed throughout the nervous system 
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mutated htau40 caused decreased lifespan, as well as a decreased locomotor capability as they age. Decreased lifespan, along 
with cognitive and motor defects, are associated with human tauopathies, suggesting our model is reproducing consequences 
relevant to human disorders. When we selectively express mutated htau40 in the GABAergic motorneurons, we find an age-
associated decrease in the number of GABAergic motor neuron synapses, importantly, in the absence of other indicators 
of neuronal degeneration, i.e. axons and cell bodies were still intact. We have also begun testing mutations in C. elegans 
orthologs of known Alzheimer’s risk factors and found that loss of the LAR-like receptor tyrosine phosphatase enhances the 
synaptic loss due to mutations in htau40. Together, these results indicate the utility of our model to understand how tau 
aggregation impacts neuronal homeostasis and function.

935B	 Investigating	the	connection	between	the	DAF-7/TGF-beta	signaling	pathway	and	the	dense	core	vesicle	protein	
IDA-1

Shad-Lee Dorlean1, Paola A Rojas Rodriguez1, Shannon McLaughlin1, Annette McGehee1 1) Suffolk University, Boston, MA.

The DAF-7/TGF-beta signaling pathway in C. elegans is affected by the environment. This includes factors such as inadequate 
food supply, high temperature, or overpopulation. We previously found that the DAF-7/TGF-beta signaling pathway regulates 
the abundance of the glutamate receptor GLR-1. Mutants in the DAF-7/TGF-beta signaling pathway have increased levels of 
GLR-1 and an increased rate of spontaneous reversals, a behavior which is regulated by GLR-1. However, the exact mechanism 
of how DAF-7/TGF-beta signaling regulates GLR-1 is unknown. We tested to see whether ida-1, which is expressed in cells 
that express glr-1, might be involved in this regulation. IDA-1 is normally found on the surface of dense core vesicles (DCV’s) 
and is involved in normal neuropeptide and DCV signaling. To test the involvement of ida-1 in the DAF-7/TGF-beta-dependent 
regulation of GLR-1 we assessed spontaneous reversal frequency and GLR-1::GFP levels in single and double mutants. The 
increased rate of spontaneous reversals and the increased GLR-1::GFP levels that are detected in daf-7 mutants are blocked 
in daf-7 ida-1 double mutants. These results support the idea that IDA-1 does indeed play a role in the DAF-7/TGF-beta-
dependent regulation of GLR-1. We then focused on testing whether IDA-1 expression and localization are affected in daf-7 
mutants. We investigated this question using strains expressing IDA-1::GFP. We imaged neurons in the head of C. elegans 
worms of the appropriate genotypes at both the cell body and neurite in order to measure the intensity of the IDA-1::GFP. We 
found increased levels of IDA-1::GFP in both cell bodies and neuronal puncta in the daf-7 mutant as compared to wildtype. 
These results suggest that the DAF-7 pathway regulates levels of IDA-1. The exact mechanism however, is yet to be discovered.

936C	 Mechanosensory	feedback	initiates	egg-laying	circuit	activity	and	behavior	of	C. elegans

Emmanuel Medrano1, Kevin Collins1 1) University of Miami.

Animals live in complex environments in which decisions about external stimuli are influenced by sensory feedback of internal 
state, for example hunger, developmental age, or reproductive drive. Our understanding of how animals integrate external and 
internal sensory information to elicit a context-appropriate, unilateral decision remains incomplete for many such behaviors. 
This work explores the transition between inactive and active states of egg laying in Caenorhabditis elegans. During egg-laying 
active states, cells of the egg-laying circuit show rhythmic calcium activity that directs egg release. The HSN command neurons 
show peak activity ~2 s before egg release, followed by the VC motor neurons and the vulval muscles, both of which show 
peak activity coincident with egg release. However, the signal that initiates these active states remains unknown. Here we test 
the hypothesis that feedback of egg accumulation in the uterus provides the ultimate initiating signal. We show that acute 
microinjections mimic the accumulation of eggs, inducing vulval muscle contractility, egg release, and an immediate activation 
of the other cells of the egg-laying circuit. Surprisingly, injections into double mutants defective in synaptic transmission from 
the HSNs and the VCs show a normal induction of vulval muscle calcium activity and egg release. Similarly, injections into unc-
13 and unc-31 mutants defective in small clear and dense core vesicle release also show a normal induction of vulval muscle 
calcium activity and egg release, consistent with the idea that the postsynaptic vulval muscles themselves are the proximal 
target of the acute microinjection response. The injection-induced response in the vulval muscle is dependent on L-type 
voltage-gated calcium channels, as injections into egl-19 mutants or into animals treated with nemadipine, an EGL-19 channel 
blocker, show a greatly diminished calcium response. We show that direct prodding of the vulval muscles induces a localized 
calcium response, suggesting the vulval muscles themselves are directly sensitive to mechanical input. Together our results 
suggest that the post-synaptic egg-laying vulval muscles detect egg accumulation and signal via retrograde feedback to the 
presynaptic cells in the circuit to initiate and sustain the active egg-laying behavior state.

937A	 A	central	role	of	AVA	in	regulating	overall	motor	states	activity
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Jun Meng1,2, Wesley Hung2, Lili Chen3, Sonia El Mouridi4, Marine Mercier4, Thomas Boulin4, Shangbang Gao3, Mei Zhen1,2 1) 
Department of Physiology, University of Toronto, Toronto, Ontario, Canada; 2) Lunenfeld-Tanenbaum Research Institute, Mount 
Sinai Hospital, Toronto, Ontario, Canada; 3) Key Laboratory of Molecular Biophysics of the Ministry of Education, College of Life 
Science and Technology, Huazhong University of Science and Technology, Wuhan, China; 4) Institut NeuroMyoGène, Univ Lyon, 
UniversitéClaude Bernard Lyon 1, Lyon, France.

The descending neurons transmit and process neural signals to guide the locomotor behaviour. In the C. elegans motor circuit, 
premotor interneurons AVA and AVB potentiate backward and forward locomotion, respectively. Previously, we and others 
have shown that AVA hold an unusually depolarized RMP of ~-23mV that implicates tonic activities. We show that a two-pore 
K+ leak channel TWK-40 plays a critical role to establish this RMP, and maintaining this RMP is crucial for C. elegans to sustain 
not only reversal, but also forward movement. We demonstrate that AVA’s positive role in forward movement requires AVB. 
Specifically, the chemical synaptic release of AVA is critical for promoting the forward speed, whereas neuropeptide synthesis 
in AVA and AVB regulates forward bending curvature. These results are in disagreement with the mutual inhibition model of 
AVA and AVB, but instead, propose an alternative, new model of AVA’s central role in controlling both forward and backward 
movement.

938B	 Whole	Brain	Calcium	Dynamics	During	Aversive	Memory	Recall

Julia Miller1, Fatema Saifuddin1, Rashmi Chandra1, Raymond Dunn1, Noelle L’Etoile1 1) University of California, San Francisco, CA.

Memory provides an important survival benefit across many species, as failure to recognize signals associated with harmful 
agents can be deadly. For example, the pathogenic bacteria Serratia marcescens emits butanone and acetone which attract 
the nematode C. elegans, but if ingested it kills the animal within days. However, worms that survive learn to avoid the 
bacteria to refrain from further ingestion. We use a spaced cycle odor-training paradigm to induce learning in C. elegans by 
pairing butanone with starvation, and this olfactory memory can last over 16 hours. However, the changes in neural dynamics 
that allow an animal to make the choice to avoid an odor are still unknown. We want to understand the full complement of 
neurons, their activity, and the interplay between neuron ensembles that coordinate movement to and away from the odor 
as a function of memory. As a first step, we will train worms in either butanone or buffer (as a control) in three 80’ odor 
exposures interrupted by 30’ feedings in the absence of the odor. We will then image restrained worms that express GCaMP6f 
in the nuclei of all neurons and present butanone to their nose to ask if butanone exposure elicits calcium changes reflective 
of the worm’s behavior in a chemotaxis assay. Animals trained in buffer chemotax towards butanone, and thus we expect they 
will show reduced turns and backing during butanone exposure. We predict these behaviors will correlate with lower activity 
in the neurons AIB and AVA. By contrast, if the animals have learned to avoid butanone, those animals will increase turns 
and backing, and AIB and AVA will show higher activity under the same odor presentation paradigm. These experiments will 
also provide us an unbiased approach to identify other neurons important to a learned response. We might predict that the 
baseline neural dynamics will be the same in buffer and butanone trained animals, in which we may be able to identify the 
sequence of neurons whose activation elicits butanone attraction in buffer trained animals or repulsion in butanone trained 
animals. Examining the patterns of activity within the butanone-sensing circuit as well as the interactions with other neuronal 
ensembles will provide us with important insight into the decision-making process and how it changes after learning.

939C	 PDF-1	modulation	of	aversion	and	reward	during	associative	learning

Laura Molina-Garcia1, Susana Colinas-Fischer1, Lucy Lin1, Arantza Barrios1 1) University College London, London, UK.

A central goal in neuroscience is to understand how neural circuits integrate conflicting (rewarding and aversive) experiences 
that need to be behaviourally resolved during learning.  To shed light into the molecular and cellular mechanisms underlying 
this process we are dissecting the neuronal circuit that regulates sexual conditioning in C. elegans.

Previously, the Iino lab (Sakai et al., 2013) and us (Sammut et al., 2015) have shown that C. elegans males undergo sexual 
conditioning, a form of associative learning by which a rewarding experience with mates overrides the behavioural 
consequences of an aversive association with starvation. Thus, sexual conditioning leads to a switch in behavioural responses 
to an environmental stimulus from avoidance to attraction.

Our lab also identified the MCM interneurons and PDF-1 neuromodulation as the cellular and molecular regulators of the 
sexually conditioned behavioural switch (Sammut et al., 2015).  These studies showed conditioned responses to salt. Here 
we show that other stimuli such as benzaldehyde can also be sexually conditioned and this is also regulated by the MCMs and 
PDF-1.
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We find a dual role for PDF-1 in the regulation of aversive learning and sexual conditioning in C. elegans. By using a Cre-Lox 
intersectional strategy we found that PDF signaling encodes both aversion and sexual conditioning by modulating two partially 
distinct circuits. Within these circuits, we have identified the interneurons RIA, AIY and RIM as target cells receiving PDF-1 
neuromodulation to drive sexual conditioning. Expression of the PDF-1 receptor (pdfr-1) only in these neurons is sufficient to 
rescue attraction during sexual conditioning, but not repulsion during aversive learning.

Furthermore, by removing PDF-1 in specific cells, while keeping the endogenous levels of expression in the rest of the circuit, 
we have identified the MCMs and AVB neurons, as a source of PDF-1 during sexual conditioning. Importantly, PDF-1 release 
from the MCMs and AVBs is not required during aversive learning. Thus, highlighting the importance of source specificity 
versus overall neuropeptide levels during fine tune modulation of specific behaviors.

Currently, we are measuring neuronal activity within the chemotaxis circuit to further understand how sensory information is 
represented after conditioning and PDF neuromodulation to switch odour preferences.

940A	 LGC-50	-	a	new	serotonin	receptor	involved	in	aversive	olfactory	learning	that	displays	regulated	plasma	membrane	
trafficking

Iris Hardege2, William Schafer2, Julia Morud1,2 1) Department of Chemistry and Molecular Biology, University of Gothenburg, 
Sweden; 2) MRC Laboratory of Molecular Biology, Cambridge, UK.

Across animal phyla, monoamines signal through both metabotropic and ionotropic receptors. In worms as well as in 
humans, metabotropic monoamine receptors, which modulate neuronal activity through G-protein-mediated second 
messenger pathways, have received most attention. However, expression studies have indicated that the vast majority of C. 
elegans neurons postsynaptic to aminergic neurons do not express metabotropic amine receptors. This implies that synaptic 
monoamine transmission may be mediated by as yet uncharacterized ionotropic receptors.

We have in our recent work identified endogenous ligands for five new amine-gated ion channels (LGC), all of which are found 
localised postsynaptically to aminergic neurons. In particular we have shown the serotonin-gated receptor LGC-50 to be a 
cation channel that is localised in the interneuron RIA, which is strongly innervated by the serotonergic neuron ADF. Previous 
work has indicated a role for ADF and RIA in aversive pathogen learning, through which animals learn to avoid odours released 
by pathogenic bacteria following infection. We have also shown that lgc-50 mutants show a strong defect in pathogen learning, 
which can be rescued by expression of LGC-50 in RIA. These results suggest that serotonin may act through LGC-50 to modify 
the strength of specific synapses in the olfactory navigation circuit.

Our recent work also indicated that the plasma membrane localisation of LGC-50 is tightly regulated, and that potential 
disruption of this trafficking influences memory formation. We have now identified a 17-amino acid long motif in the 
intracellular M3/4 domain of LGC-50 that conveys this regulated membrane localisation. Further, we have evidence that this 
motif might act as a binding site for the protein NRA-1 and that this protein-protein interaction might be involved in moving 
LGC-50 to the plasma membrane during memory formation. LGC-50 thus provides an entry point to define the molecular and 
neural changes underlying learning and memory in the worm.

941B	 Neurogenetics	of	modulatory	cholinergic	signaling	in	C.	elegans	interneurons

Marie-Helene Ouellette1, Michael Hendricks1 1) McGill University, Canada.

We previously identified a small circuit that integrates both sensory and motor input, involving a glutamatergic interneuron 
(RIA) that receives cholinergic feedback from head motor neurons (SMDs). RIA is functionally and spatially subdivided into 
compartments corresponding to sensory input and reciprocal motor domains. Motor input, which is mediated specifically 
through GAR-3 mAChRs, is received in phase with head movement during locomotion, leading to compartmentalized local 
calcium events and gait regulation. We found that a novel phenotype we named “head lifting” (movement of the worm’s 
anterior section along the Z axis) appears to strongly correlate with disruption of RIA compartmentalization. Head lifting arises 
from bilateral (DV) activation of head muscles and occurs preferentially at particular points in the locomotion cycle. Here, we 
characterize this phenotype and use it to probe the genetics of compartmentalized signals in RIA.

942C	 Whole-body	neural	circuit	influences	experience-dependent	temperature	acclimation

Haruka Motomura1,2, Satoko Fujii1, Makoto Ioroi1, Atsushi Kuhara1,2, Akane Ohta1,2 1) Graduate school of Natural Science, Konan 
University; 2) Institute for integrative Neurobiology, Konan University.
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C. elegans stores temperature experiences and can induce temperature acclimation linked with cold tolerance (Ohta et 
al., Nature commun, 2014; Okahata et al., Science Advances, 2019). Here we found that a neural circuit containing ASJ 
sensoryneuron, PVQ and RMG interneurons, a head-to-tail neural circuit, is a central circuit in temperature acclimation. 
CREB/CRH-1 functions to regulate temperature acclimation in the ASJ thermosensory neuron and RMG head interneuron. 
Presynaptic signal enhancement by PKCgf revealed PVQ tail interneuron function as a bridge between the ASJ and RMG via 
glutamatergic signaling. Ca2+ imaging demonstrated that activities in ASJ, PVQ and RMG fluctuated with temperature changes, 
suggesting that these neurons are involved in temperature signaling. To identify the upstream sensoryneuron activating PVQ, 
we monitored PVQ neural activity of mutants defective in thermo-sensitivity of ASJ, ADL and ASG thermosensory neurons. We 
found that the Ca2+ levels of PVQ in tax-4(CNG channel) mutant defect in thermo-sensation of ASJ were higher than those in 
wild-type. Conversely, changes in Ca2+ levels of PVQ were decreased in deg-1 mutant impairing DEG/ENaC thermoreceptor of 
ASG thermosensory neuron. These results suggest that PVQ interneuron integrates temperature signaling from two upstream 
sensory neurons, ASG and ASJ. We hypothesized that ASG positively regulates the PVQ via the ASK sensory neuron, because 
this is the shortest pathway from ASG to PVQ. To examine whether ASK bridges between ASG and PVQ, we used reconstituted-
caspase that can occur selective ablation of targeted cells. We found that the Ca2+ levels of PVQ in both ASG-ablated animals 
and ASK-ablated animals were decreased, suggesting that ASK bridges neural signaling between ASG and PVQ. Altogether, the 
ASJ and ASG which transmits an opposite temperature signaling to the tail interneuron PVQ. PVQ in turn releases glutamate 
to the RMG interneuron located in the head. We propose this body-wide circuit as the modulatory mechanism of temperature 
acclimation.

943A	 Quantitative	prediction	of	neuromodulator-programmed	behaviors

Navin Pokala1 1) New York Institute of Technology (NYIT).

By perturbing the activities of subsets of cells within a circuit, neuromodulators such as neuropeptides and biogenic amines 
drive neural networks to states that generate particular behaviors. We have developed an algorithm for quantitatively 
predicting the behavioral effects of simultaneous arbitrary higher order neural perturbations from experimentally observed 
pair perturbation data. This pairwise decomposition algorithm reduces the exponentially scaling problem of predicting 
behavioral outputs of arbitrary network states to an experimentally tractable and logarithmically smaller quadratically scaling 
one. We have tested this algorithm in silico using neural networks evolved to simulate C elegans chemotaxis behaviors, 
and found that the approximation agrees well with exact values. We are testing this algorithm experimentally in vivo using 
histamine-based chemical genetic technologies we have developed for controlling neural activity in C elegans.

944B	 Functional	photon-based	neurotransmission	in	a	nociceptive	avoidance	circuit

Montserrat Porta de la Riva1, Adriana González1, Frederic Català Castro1, Neus Sanfeliu Cerdán1, Michael Krieg1 1) The Institute 
of Photonic Sciences (ICFO).

Communication between cells is essential during development, homeostasis and nervous system function. The distribution 
of information is carried out by secreted chemicals, which are released and perceived by different cells. Defects in 
neurotransmission can lead to neurological disorders and lack of adaptation of the surrounding environment.

Here, we have developed a synthetic, photon-based signaling system that we used to overcome synaptic transmission defects 
in C. elegans, restoring the communication between nervous cells. In particular, we have replaced a conditional defect for 
glutamate release in the nociceptor neuron ASH with a calcium sensitive light emitting enzyme (enhanced Nanolantern). 
To prove functionality, we built an optimized microscope capable of detecting how cellular calcium increase triggers light 
production in vivo.

Subsequently, light emission is coupled to downstream interneurons (AVA, AIB) expressing an ultrasensitive light-gated ion 
channel (Channelrhodopsin-XXL). Finally, we developed a new microfluidic device, which we call Trap’N’Slap, with the aim 
to deliver mechanical stimuli directly to ASH, while recording calcium transients (by means of Genetically Encoded Calcium 
Indicators) directly from AVA and AIB. This, together with behavioral nose touch assays, proved that quantum release from 
ASH, is able to recover functional communication between neurons in an endogenous circuit.

945C	 Newly-discovered	neural	branches	may	release	the	excitatory	signal	potentiated	by	serotonin	to	activate	the	C. 
elegans egg-laying circuit

Shavanie Prashad1, Michael Koelle1 1) Yale University, New Haven, CT.
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Serotonin plays a central role in human mood disorders and is thought to function by modulating response to 
neurotransmitters. We are using the C. elegans egg-laying circuit to provide the first detailed example of how serotonin 
regulates a neural circuit at a cellular and molecular level. Egg laying occurs when the Hermaphrodite Specific Neurons (HSNs) 
release serotonin to cause two vulval muscle types, the vm1s and vm2s, to contract and open the vulva. Past studies1 suggest 
that during every body bend, the vm1s receive an excitatory signal from cell(s) other than the HSNs, but typically this is a 
subthreshold excitatory signal that does not evoke egg laying. If that were the case, the role of serotonin would be to make 
the vulval muscles more excitable so that the vulval muscles do contract in response to this excitatory signal2. Even so, no 
major synapses onto the vm1s have been identified, so the source of the hypothesized vm1 excitatory signal has remained 
unknown. In the course of our studies of two G protein-coupled receptor fosmid-based reporters (DOP-5::GFP and DOP-
6::GFP), we observed a set of neural branches emerge from the right ventral nerve cord just anterior and posterior to the vulva 
and terminate in varicosities that lie over the anterior and posterior vm1s. These neural branches, which have never been 
described previously, form starting at the late L4 stage at the same time as the rest of the egg-laying system differentiates. 
We hypothesize that these neural branches form synapses onto the vm1s and provide the excitatory signal that is potentiated 
by serotonin to trigger vulval muscle contraction and egg laying. Our work to identify the specific neuron(s) that make the 
branches so far suggests they are cholinergic neuron(s) other than the ventral cord motor neurons. Future experiments will 
confirm the identity of the neurons, test if they indeed form a synapse onto vm1s, and utilize optogenetic tools to examine 
how manipulating their activity alters vm1 muscle activity. This study will enable us to study how serotonin modulates 
responses to the excitatory signal in the neural circuit.

1Collins et al. (2016) Elife 5:e21126.

2Brewer et al. (2019) PloS Genet 15:e1007896.

946A	 Dopaminergic	neurons	are	critical	for	encoding	and	retrieval	of	adaptive	memory	in	Caenorhabditis elegans

Vishnu Raj1, Anoopkumar Thekkuveettil1 1) Sree Chitra Tirunal Institute for Medical Sciences and Technology.

The neuronal basis of learning and memory has not been well elucidated. Alterations in neurotransmitter release and synaptic 
plasticity allow connectome alterations to play a critical role in learning and memory formation. Dopamine (DA) is one of the 
neurotransmitters involved in motivation and motor function. In the present study, we used Caenorhabditis elegans to verify 
the role of DA and dopamine neurons in olfactory adaptive learning. Both wild-type (N2) and DA deficient (cat-2) mutant 
showed learning and memory formation when worms were trained towards butanone (conditional stimulus) in association 
with food (unconditional stimulus). However, the transgenic worms (dat-1::ICE) with loss of dopamine neurons due to 
interleukin-1 beta converting enzyme (ICE) expressing under dat1 promoter showed significant loss of memory retention. 
A similar loss of memory retention was observed in UA44 worms expressing human alpha-synuclein, a protein involved in 
dopaminergic neurodegeneration. The worms treated with exogenous DA could partially rescue memory retention. When 
the dat-1::ICE worms were rescued from dopamine neuron degeneration with siRNA targeting ICE, the memory retention was 
regained comparable to that of control worms. Transgenic worms expressing GCaMP in dopaminergic neurons (CEP and ADE) 
were used to measure the calcium dynamics during memory recall. An increased firing pattern of dopamine neurons was 
observed during memory recall, confirming these neuronal connectomes are crucial in olfactory adaptive learning in worms. 
Furthermore, worms with dopamine neuron degeneration have been found to have low acetylcholine release. These results 
suggest the critical role of DA in memory recall and might be playing a significant role in cognitive function.

Key words: Dopamine; Learning and Memory; C.elegans; Neurodegeneration; Calcium imaging.

947B	 Nonequilibrium	response	functions	for	functional	connectivity	in	the	brain

Francesco Randi1, Andrew Leifer1 1) Princeton University.

Despite the power of the C. elegans connectome, the community currently lacks systematic direct measures of the strength, 
sign (excitatory vs. inhibitory), and temporal properties of the connections between neurons. We refer to these properties 
as functional connectivity, and they are crucial to understand circuit function. Functional connectivity can now be measured 
on larger scales thanks to the combination of optogenetics and neural activity imaging. These experiments, however, do not 
directly measure the direct (monosynaptic) connections between neurons, but only the effective connections, which are a 
combination of the direct and the indirect (polysynaptic) paths connecting neurons in the network.
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We sought a mathematical framework to describe the results of those experiments and obtain the direct contributions from 
the effective connections observed in experiments. Conventional models start from a description of the direct connections and 
then consider network effects through numerical simulations. Response functions, which give the activity of a neuron through 
convolutions with the inputs to that neuron, allow us instead to obtain explicit relations between the properties of the direct 
and effective connections between neurons. Traditionally, however, this is possible only for linear networks that do not have 
synaptic adaptation or neuromodulation. We will present a framework based on nonequilibrium response functions, that 
extends the application of response functions also to nonlinear and time-dependent networks and allows for the description of 
time-varying functional connectivity.

948C	 Role	of	Connectome	in	Concentration-dependent	Odor	Adaptation	in	Caenorhabditis	elegans

Swathy S Nair1, Anoopkumar Thekkuveetil1 1) Sree Chitra Institute for medical science and technology.

Odor is perceived when the molecular signatures in the form of their chemical structures are translated into a specific odor 
quality and intensity. Animals respond differently to different concentrations of the same odor. We tried to understand the 
logic of this olfactory information processing at receptor levels. We used Caenorhabditis elegans to analyze the mechanisms 
of sensory recognition and discrimination by the nervous system. In C. elegans, sensory neurons AWC and AWA mediate 
attractive behavior whereas AWB, ASH and ADL are involved in repulsive behavior in response to odorants. We tested the 
behavior of C. elegans towards different volatile odorants isoamyl alcohol, butanone and benzaldehyde with their attractive 
and repulsive concentrations.

GLR-1 is expressed in motorneurons and interneurons, including four of the five pairs of command interneurons that are 
required for locomotory control. It is found to have a role in sensing the gradient of odors. Also, food associated appetitive 
learning of C. elegans with a particular solvent of a low concentration showed an adaptation but interestingly, the same 
became repulsive at higher concentrations. Our results indicate that the interneuron AIY has a mediatory role in sensing 
changes in odorant concentrations. We found that SRA-11 which is an odor receptor present in AIY interneuron is essential in 
the detection of differences in odor concentration. These results suggest that there is a possible pathway downstream of AWC 
neuron most probably involving AIY interneuron in odor gradient detection.

949A	 Developing	a	single-synapse	functional	imaging	assay	in	C. elegans

Marcos Schaan Profes1, Araven Tiroumalechetty1, Peri Kurshan1 1) Albert Einstein College of Medicine.

Individual synapses in a neuronal circuit—or even within a single neuron—often exhibit dramatically different levels of activity 
from one another. To better understand the mechanisms regulating functional heterogeneity within neuronal circuits we are 
developing a single-synapse functional imaging assay in C. elegans. A membrane-bound version of the genetically encoded 
calcium indicator GCaMP5 was targeted postsynaptically at neuromuscular junctions, revealing fluctuating fluorescent 
transients opposed to individual presynaptic release sites and dependent on the synaptic vesicle release protein UNC-13. 
Spontaneous calcium transients are analyzed using a custom and automated Matlab suite we have developed. Our analysis 
pipeline enables us to identify waves of synaptic transmission propagating along an axon via en passant synapses. Combining 
this assay with cell-specific presynaptic markers will enable us to understand how synaptic activity differs between synapses in 
the same neuron and between neighboring motor neurons of different classes. In addition to spontaneous activity, we will use 
optogenetic tools to assess evoked synaptic activity and plasticity. Finally, we will assess how synaptic heterogeneity or single-
synapse functional properties are affected by mutations in presynaptic proteins including neurexin, a synaptic cell-adhesion 
molecule associated with functional maturation of synapses and implicated in neurodevelopmental disorders such as Autism.

950B	 Sexually	dimorphic	neuronal	circuitry	drives	distinct	mechanosensory	responses

Hagar Setty, Meital Oren. Weizmann Institute of Science

The recent publication of the anatomical maps of the nervous system of both sexes in C. elegans revealed an abundance of 
dimorphic connectivity between sex-shared neurons. However, the molecular mechanisms that underlie the development 
of sexually dimorphic neuronal circuits are poorly understood. We focus on the sex-shared interneuron AVG, which in 
hermaphrodites receives very little inputs, but in males receives many inputs from both male-specific and sex-shared sensory 
neurons.
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By combining behavioral assays with optogenetic manipulation and tracking of freely moving animals, we discovered a novel 
dimorphic role for AVG in tail mechanosensation and locomotion. Specific silencing of AVG using histamine-gated chloride 
channels revealed it is required only in males for tail-touch response (a forward movement of the worm in response to a 
touch applied to the tail (Li et al, 2011)). Optogenetic inhibition of AVG inhibited the locomotive behavior of males, but not 
hermaphrodites. Calcium imaging experiments using a microfluidic device for mechanical stimulation (Fehlauer et al, 2018) 
further support a role for AVG in tail mechanosensation.

To discover molecular candidates that mediate tail mechanosensation we carried out a reverse genetic screen. We found 
that the AMPA glutamate receptor glr-1 is required for tail mechanosensation only in hermaphrodites, while the NMDA 
glutamate receptor nmr-1 is required in both sexes, with a stronger effect in males. To test whether nmr-1 and glr-1 function 
cell autonomously in AVG, we analyzed the tail-touch responses of mutant animals with a masculinized AVG. Masculinizing 
AVG in nmr-1 mutants reduced the response of hermaphrodites to that of the males, while masculinizing AVG in glr-1 mutants 
did not alter the phenotype of the tail-touch response. Our preliminary results suggest that nmr-1, but not glr-1, mediate tail 
mechanosensation in males through AVG.

To investigate the sensory input to AVG, we focused on the sex-shared sensory neurons PHA, PHB and PHC, which generate 
sexually dimorphic connections with AVG (Cook et al, 2019). Silencing PHA and PHB revealed that PHA is required for 
tail mechanosensation only in males, while PHB is required in both sexes. PHC silencing affected only hermaphrodites, 
corroborating previous results by Serrano-Saiz et al, 2017.

To summarize, our results show that the circuit for tail mechanosensation is sexually dimorphic in all aspects - molecular, 
cellular and behavioral.

951C	 Synapsin	is	required	for	dense	core	vesicle	capture	and	cAMP-dependent	neuropeptide	release

Jiajie Shao1,2, Szi-chieh Yu1,2, Jana Liewald1,2, Wagner Costa1,2, Alexander Gottschalk1,2 1) Buchmann Institute for Molecular Life 
Sciences, Goethe-University; 2) Department of Biochemistry, Chemistry and Pharmacy, Institute for Biophysical Chemistry, 
Goethe-University.

Release of neuropeptides from dense core vesicles (DCVs) is essential for neuromodulation. Compared to the release of 
small neurotransmitters, much less is known about the mechanisms and proteins contributing to neuropeptide release. By 
optogenetics, behavioral analysis, electrophysiology, electron microscopy, and live imaging, we show that synapsin SNN-1 is 
required for cAMP-dependent neuropeptide release in Caenorhabditis elegans hermaphrodite cholinergic motor neurons. In 
synapsin mutants, behaviors induced by the photoactivated adenylyl cyclase bPAC, which we previously showed to depend 
on acetylcholine and neuropeptides (Steuer Costa et al., 2017), are altered like in animals with reduced cAMP. Synapsin 
mutants have slight alterations in synaptic vesicle (SV) distribution, however, a defect in SV mobilization was apparent after 
channelrhodopsin-based photostimulation. DCVs were largely affected in snn-1 mutants: DCVs were ∼30% reduced in synaptic 
terminals, and not released following bPAC stimulation. Imaging axonal DCV trafficking, also in genome-engineered mutants 
in the serine-9 protein kinase A phosphorylation site, showed that synapsin captures DCVs at synapses, making them available 
for release. SNN-1 co-localized with immobile, captured DCVs. In synapsin deletion mutants, DCVs were more mobile and less 
likely to be caught at release sites, and in non-phosphorylatable SNN-1B(S9A) mutants, DCVs traffic less and accumulate, likely 
by enhanced SNN-1 dependent tethering. Our work establishes synapsin as a key mediator of neuropeptide release.

952A	 Investigating	the	role	of	complexin-1	function	in	dopamine	signaling

Cassandra Smith1, Jennifer Quinde1, Corey Roach1, Jiah Toms1, Brian Nelms1 1) Fisk University.

Dopamine signaling plays a role in regulating motor control across the animal kingdom and has been implicated in many motor 
movement-related diseases, but the full set of regulatory molecules controlling dopamine release is still not fully described. 
Through RNA-sequencing, we identified cpx-1 as a gene highly expressed in dopamine neurons. Previous work has suggested 
that a loss of the complexin protein, CPX-1, is linked to motor movement defects in C. elegans. We hypothesize that disruption 
of cpx-1 function in dopamine neurons will lead to an excess of extrasynaptic dopamine due to premature synaptic vesicle 
fusion. In C. elegans, mutations leading to an excess of extrasynaptic dopamine result in a Swimming-Induced Paralysis (SWIP) 
phenotype, when the nematode paralyzes within minutes compared to tens of minutes in the wild-type worm. We have 
observed that cpx-1 mutants show a dopamine-related SWIP phenotype similar to dat-1 mutants. To further investigate the 
specificity of the role of cpx-1 in dopamine neurons we are generating cpx-1;dop-3 double mutants and using a dat-1p::cpx-1 
recovery construct to rescue the cpx-1 mutant phenotype. If we observe a rescue of the SWIP phenotype in the cpx-1;dop-3 
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double mutants and dat-1p::cpx-1 transgenic worms, then this will suggest cpx-1 function is crucial for proper dopamine 
neuron function. This work is supported by NSF CREST Center for Biological Signatures & Sensing (#HRD1547757) and NIH R25 
Bridges to the Biomedical Doctorate (#2R25GM107754-06A1).

953B	 CYLD-1,	a	lysine	63	deubiquitinase,	regulates	synaptic	transmission	and	preserves	neuronal	homeostasis	during	
ageing

Angeliki Sotiriou1,2, Vassiliki Nikoletopoulou3, Nektarios Tavernarakis1,2 1) Institute of Biology and Biotechnology, Foundation for 
Research and Technology-Hellas, Heraklion, Greece; 2) Department of Basic Science, School of Medicine, University of Crete, 
Heraklion, Greece; 3) Department of Fundamental Neurosciences, University of Lausanne, Lausanne, Switzerland.

Protein ubiquitination is a central coordinator of cellular physiology, regulating both protein turnover and signal transduction. 
Ubiquitin monomers are assembled into polymeric chains through conjugation of one ubiquitin molecule to an internal lysine 
or the N-terminal methionine of another ubiquitin molecule, giving rise to eight types of homotypic polyubiquitin chains 
and a plethora of heterotypic, mixed and branched chains, collectively referred to as the ubiquitin code. Distinct signals 
emanate from different ubiquitin chain topologies, eliciting unique biological outcomes for their protein substrates. Lysine 63 
(K63) polyubiquitination orchestrates proteasome-independent protein degradation, targeting substrates to the autophagy-
lysosome pathway. Cylindromatosis (CYLD), a tumor suppressor, functions as a deubiquitinating (DUB) enzyme with specificity 
towards K63-linked polyubiquitin chains. CYLD is highly expressed in neurons, where it determines the K63 polyubiquitination 
status of synaptic proteins in response to neuronal activity, coordinating remodeling of the post-synaptic density and synaptic 
plasticity. Our previous work has shown that autophagy contributes to synaptic plasticity via direct degradation of synaptic 
proteins, thereby regulating cognitive behaviors, such as learning and memory. Here, we investigate the role of CYLD and K63 
polyubiquitination in neuronal physiology in Caenorhabditis elegans. CYLD-1, the nematode CYLD homologue, is expressed in 
the C. elegans nervous system and regulates autophagy. Neuronal depletion of CYLD-1 perturbs neurotransmission, impairs 
learning and shortens lifespan. Notably, CYLD-1 preserves motor neuron integrity and motility during ageing. We aim to 
elucidate neuronal functions that are compromised in CYLD-1 deficient worms and characterize the role K63 polyubiquitination 
in neuronal physiology. Our findings highlight DUB enzymes as potential therapeutic targets to ameliorate age-associated 
neurodegeneration and cognitive decline.

954C	 A	PP1	holoenzyme	regulates	synaptic	neurotransmission

Aikaterini Stratigi1, Patrick Laurent1 1) Université Libre de Bruxelles, Brussels, Belgium.

Protein Phosphatase 1 (PP1) are holoenzymes made of a catalytic subunit and of regulatory subunits, which specify 
holoenzyme’s substrates, location and function. Although PP1 is known for long to control many aspects of the synaptic 
function, the PP1 holoenzymes active at synapse are largely unknown, as well as their substrates. PhospHatase and ACTin 
Regulator (PHACTR) are a family of PP1 regulatory proteins. Structurally, they contain a highly conserved C-terminal which 
include three RPEL motifs for G-actin (monomeric actin) binding and one PP1 binding motif. PHACTR1 is highly expressed in 
human brain and mutations in PHACTR1 are associated with the epileptic West syndrome in humans, although the molecular/
cellular mechanisms are unknown. Biochemical characterization of PHACTR showed PP1 and G-actin compete for binding to 
PHACTR C-terminal end.

Caenorhabditis elegans bears a unique ortholog for PHACTRs (we named it pprp-1). Our results indicate a presynaptic role for 
pprp-1 at Neuromuscular Junctions(NMJ): pprp-1(null) mutants are sensitive to cholinesterase inhibitor and this phenotype is 
rescued by expression of pprp-1 in cholinergic neurons. Interestingly, mutations in the RPEL motifs generated a constitutively 
active pprp-1(gof) allele that is resistant to cholinesterase inhibitor. We quantified the distribution of multiple synaptic markers 
at the cholinergic NMJ. The amount and the localization of SNN-1-GFP and ITSN-1-GFP are modified in pprp-1 (null) and (gof) 
in opposite direction. Also, genetic interactions with pprp-1(null) and (gof) suggest snn-1 and itsn-1 contributes to PPRP-1 
signaling. Synapsin (SNN-1) and Intersectin (ITSN-1) are two phosphoregulated proteins involved in synaptic vesicle cycle. Their 
dephosphorylation/phosphorylation cycles affect formation of complexes with other proteins, modulating their functions in 
inactive or active synapse. We propose PPRP-1-PP1 regulates the synaptic function of those key synaptic factors directly or 
indirectly.

955A	 Redefining	the	GABAergic	neuron

Charlotte Tissot1, Angélique Lubin1, Marina Giovannetti1, Stéphane Supplisson1, Marie Gendrel1 1) Institut de Biologie de l’Ecole 
Normale Supérieure (IBENS), Ecole Normale Supérieure, CNRS, INSERM, PSL Research University, Paris, 75005, France.
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The balance between excitation and inhibition is critical to the proper function of neural circuits. GABA is the main inhibitory 
amino-acid neurotransmitter in mature neurons.

The GABAergic phenotype in vertebrates and invertebrates has been defined classically by the presence of three key players 
in the presynaptic neurons: the enzyme needed to synthetize GABA from glutamate GAD/UNC-25, the vesicular GABA 
transporter VGAT/UNC-47 that packages GABA in synaptic vesicles and the plasma membrane GABA transporter GAT/SNF-11 
that recaptures GABA from the synaptic cleft. For over 20 years, the C. elegans GABAergic nervous system was thought to be 
composed of only 26 out of the total 302 neurons. However, we have discovered 15 new GABA-positive neurons that do not 
conform to this classical scheme of GABAergic neurons (Gendrel et al, 2016). Indeed, some of these neurons, such as AVBR/L, 
AVAL/R and AVJL/R, do not express GAD/UNC-25, VGAT/UNC-47 and/or GAT/SNF-11 even though synaptic vesicles are detected 
at their pre-synaptic terminals and their post-synaptic partners express GABA receptors, showing evidence of alternative 
modes of GABA transport. We aim to identify and characterize the plasma membrane and vesicular GABA transporters used 
by these neurons. In the C. elegans genome, 55 genes encode putative amino acid transporters. As a first step, we undertook 
the expression pattern analysis of these candidate genes using a fosmid-based reporter strategy (Tursun et al, 2009). Initial 
results show expression in the nervous system for two out of four studied genes. We are currently mapping to see if they are 
expressed in our neurons of interest. As a second step, anti-GABA immunostaining will be performed on KO strains for the 
genes expressed in our neurons of interest. Indeed, an increase in GABA staining would indicate the inability of neurons to 
transport the neurotransmitter out of the cell, demonstrating that the mutated gene encodes a vesicular GABA transporter. 
On the other hand, the absence of the plasma membrane GABA transporter in neurons unable to synthetize GABA would be 
indicated by an absence or a decrease of the signal.

956B	 Monoaminergic	molecular	pathways	in	modulating	memory	and	behaviour

Amal Varghese1, Anoopkumar Thekkuveettil1 1) Sree Chitira Tirunal Institute of Medical Sciences and Technology.

To exercise information about its immediate surroundings C.elegans receive a variety of external stimuli, which establishes 
behavioral modifications in animals. Monoamines seem to mediate a wide range such functions along with physiological 
and homeostatic functions in animals. Recent evidences suggest Tyramine (TA), one of the precursors for monoamines like 
dopamine and serotonin, could act as a neurotransmitter. However, the molecular mechanisms underlying the tyramine 
pathway is poorly understood. Tyraminergic neurons, expressing SER-2 receptors, could act as neuromodulator and facilitate 
escape response in C. elegans. Yet another receptor TYRA-2 acts as determining factor in shut down of aversive behaviours in 
unharmonious situations for Risk-Reward pathway.Tyramine secretion being extrasynaptic from Motor interneuron RIM is likely 
to affect the head neurons, presenting receptors towards tyramine.This mechanism might be credited in establishing essential 
behavioral modifications and short lived neuronal alterations in the animals. In this study, we verified the role of monoamines 
by c.elegans behaviour using olfactory learning and memory generation. A significant increase in memory was found in worms 
on providing tyramine extra-synaptically. Mechano-stimulation assay in presence of tyramine also correlates with behavioral 
alterations via omega turns and reversal of worm, suggesting escape response activity coordinated with motor neuronal 
stimulation (RIM). These results suggest that the monoaminergic molecular modulation in associated neurons facilitates 
alterations in memory formations. The top down approach of multisensory decision involving ASH and AWA is advocated by 
tyramine, this can also possibly alter preferences based on learning and memory in worms.

Key words

- Tyramine, SER-2, TYRA-2, Mechano-stimulation, Associative memory

957C	 Comparison	of	electrophysiological	and	motility	assays	to	study	drug	effects	in	C. elegans

Janis Weeks1, Steffen Hahnel2, William Roberts1, Iring Heisler2, Daniel Kulke2 1) InVivo Biosystems Inc. (formerly NemaMetrix). 
Eugene, Oregon, USA; 2) Elanco Animal Health. Monheim, Germany. .

Two behavioral phenotypes commonly measured in C. elegans research are worm motility and pharyngeal pumping frequency. 
Anthelmintic drugs developed against parasitic worms impair these behaviors, typically by perturbating ion channels or 
neurotransmitter receptors involved in neuromuscular transmission. Motility assays can provide high-throughput screening 
tools for drug effects, whereas electrophysiological recordings can provide a more direct readout of drug action on ion 
channels and neurotransmitter receptors, at the cost of lower throughput. In the past decade, microfluidic platforms for 
electrophysiological recordings from intact worms have emerged that pose fewer technical challenges and higher throughput 
than traditional micropipette recordings. Here we compared three platforms head-to-head to evaluate their respective 
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strengths and limitations for characterizing drug effects on C. elegans. We tested two microfluidic devices that record 
electropharyngeograms (EPGs) from the nematode pharynx ─ the ScreenChipTM and the 8-channel EPG platform ─ and one 
whole-worm motility platform, the wMicroTracker. The two EPG platforms non-invasively detect pharyngeal neuromuscular 
activity via recording electrodes positioned near a worm’s body, with customized software for data display and analysis. 
The wMicroTracker uses a multi-well plate format, with worm movements detected by interruption of an infrared laser 
microbeam, coupled to software that displays and analyzes the results. To compare these platforms, we tested levamisole, 
which is an agonist of L-type acetylcholine receptors (L-AChRs), and three macrocyclic lactone drugs that activate glutamate-
gated chloride channels (GluCls; ivermectin, moxidectin, and milbemycin oxime). These anthelmintic drugs are used against 
parasitic nematodes of humans and animals and are valuable probes for investigating synaptic function. Drug potencies (IC50 
values) from concentration-response curves, and the time-course of drug effects, were compared across platforms and across 
drugs. As predicted by the synaptic locations of GluCls and L-AChRs, EPG recordings were more sensitive than motility assays in 
detecting macrocyclic lactones, whereas the opposite was found for levamisole. Drug effects on pharyngeal pump patterning 
(i.e., regular vs. irregular) and EPG waveform shapes were also compared. These experiments revealed clear differences in 
drug effects within and between drug classes and identified potential drug-class-defining phenotypes. Having determined 
relative strengths and limitations of these three assay systems, investigators can better select which platform or combination 
of platforms best meets their research needs. The authors thank Carolin Gojny, Sven Zymny and Kristin Robinson for excellent 
technical assistance, and the Bayer Life Sciences Collaboration for funding SRH.

958A	 Understanding	how	neuroendocrine	cells	are	mechanically	activated	in	C. elegans

Lijie Yan1, Kevin Collins1 1) University of Miami.

Neuroendocrine cells release neurotransmitters and hormones to control body functions often in response to chemical or 
mechanical activation. However, we still lack the knowledge of how neuroendocrine cells develop, how they are activated, and 
the functional importance of their extrasynaptic signaling. In C. elegans, there are four uterine-vulval (uv1) neuroendocrine 
cells at the ventral surface of the vulval canal which release tyramine and neuropeptides that inhibit egg-laying behavior. Our 
previous studies have shown these cells are mechanically activated following egg-laying events, but whether the uv1 cells 
respond to vulval opening or passage of eggs through the uterus was not clear. We developed an optogenetics approach to 
stimulate vulval muscle contraction while recording uv1 cell Ca2+ activity. These studies indicate that vulval opening, not egg 
release, drives uv1 activity. We also discovered that mechanical prodding of the uv1 cells was sufficient to induce calcium 
activity, confirming the uv1 cells respond directly to mechanical activation. We are presently manipulating the time and 
speed of the mechanical stimulus in juvenile and adult animals to determine how these parameters affect uv1 activation. 
[KMC1] To determine if prodding of the vulva triggers vulval muscle contraction which then drives uv1 activation, we will 
analyze uv1 activation in unc-54 muscle myosin mutants unable to contract the vulval muscles. We have recently shown that 
vulval muscle contraction stimulates Ca2+ activity in the cholinergic VC neurons that innervate the vulval muscles. The uv1 
cells express muscarinic acetylcholine receptors that might modulate uv1 activity following VC signaling. We will block VC 
synaptic transmission with Tetanus Toxin to test whether acetylcholine signaling from the VCs affects uv1 activation. To identify 
molecules required for uv1 activation, we identified new mutants that do not show uv1 Ca2+ activity in response to egg laying. 
Some mutants affect uv1 cell development while others affect activation. We are presently using a Hawaiian single nucleotide 
polymorphism mapping strategy followed by whole-genome sequencing to identify the mutant genes. We predict the genes 
will encode conserved factors that function generally to regulate the development and activation of neuroendocrine cells like 
uv1 that regulate core body functions including reproduction and metabolism.

959B	 A	gut	neuroendocrine	signal	regulates	synaptic	assembly	in	the	brain

Shi Yanjun1, Qin Lu1, Shao Zhiyong 1 1) Fudan University.

The gut-brain axis plays an essential role in regulating neural development in response to internal environmental stimuli, such 
as microbes or nutrients. Defects in gut-brain communication can lead to various neurological disorders. However, it remains 
unknown whether gut plays an intrinsic role in regulating neuronal development. Through a genetic screen in C. elegans, we 
uncovered that an intrinsic Wnt-endocrine pathway in gut regulates synaptic development and neuronal activity in brain. 
Specifically, the Wnt signaling upregulates the expression of the neuropeptide NLP-40 in the gut and facilitates presynaptic 
assembly through the neuronal expressed GPCR AEX-2 receptor during development. The NLP-40 acts most likely through 
modulating neuronal activity and promoting synaptic protein trafficking. Our study reveals a novel role of gut in synaptic 
development in the brain and provides additional molecular basis for gut-brain interactions.
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960C	 Systematic	screening	of	autism-associated	genes	for	roles	in	GABAergic	neuronal	morphologic	plasticity

Kristi Zoga1, Michael Hart 1 1) University of Pennsylvania.

Neuronal plasticity is crucial to mammalian brain development, function, and the generation of behaviors, including learning 
and memory. Deficits in neuroplasticity and in the balance of excitation and inhibition have been hypothesized to underlie 
a number of neurodevelopmental conditions, including autism spectrum (AS). AS encompasses heterogenous conditions 
and disorders characterized by core behavioral changes. Despite the association of hundreds of genes with AS, how each 
one contributes to behavioral changes at the molecular and neuronal levels remains relatively unknown. In C. elegans, 
the GABAergic neuron DVB undergoes experience-dependent structural plasticity characterized by branching and neurite 
outgrowth in adult males, impacting excitatory and inhibitory balance and behavioral output. We are using this simple model 
of neuroplasticity to screen 50 conserved autism-associated genes for roles in GABAergic neuronal plasticity and maintenance 
of excitatory and inhibitory balance. Among the genes we have tested, males mutant for rbr-2/KDM5B, snf-11/SLC6A1, set-
4/KMT5B, or unc-10/RIMS1 did not show significant changes in DVB morphology, while mutations in chd-1/CHD1, daf-18/
PTEN, gap-2/SYNGAP1, and unc-44 resulted in increased DVB neurite outgrowth in adult males. unc-44 is the worm ortholog 
of ankyrin (ANK2), a high confidence autism-associated gene that is important for cytoskeleton organization. In unc-44 loss 
of function mutant males, we found branching and neurite outgrowth to be nearly doubled at days 1 and 3 of adulthood. 
We are currently testing fkh-7/FOXP1, slt-1/SLIT1, lin-59/ASH1L, nmr-2/GRIN2B, kqt-1/KCNQ3, and cca-1/CACNA1H. We will 
analyze the role of these genes on DVB-dependent behavioral plasticity and determine molecular mechanisms and potential 
interactions for genes with identified phenotypes.

961A	 Novel	patient-derived	mutation	in	the	presynaptic	calcium	channel	UNC-2	reduces	synaptic	expression	yet	increases	
presynaptic	release

Maximiliano Zuluaga-Forero1,3, Yongming Dong2, Jihong Bai2, Peri T. Kurshan1 1) Albert Einstein College of Medicine, Bronx, NY ; 
2) Fred Hutchinson Cancer Institute, Seattle, WA; 3) Universidad Nacional de Colombia, Bogotá, Colombia.

Channelopathies cause a wide variety of disorders, but understanding how specific mutations lead to disease has been 
complicated by gene redundancy and compensatory effects in various classical and complex vertebrate models. We use 
C. elegans to evaluate the functional and behavioral effect of a rare and novel human patient-derived point mutation 
(D1634N) in the P/Q-type voltage-gated calcium channel (CACNA1). Mutations in this channel are typically associated with 
autosomal dominant neurological disorders like familial hemiplegic migraine type 1 (FHM1), episodic ataxia type 2 (EA-2), 
and Spinocerebellar ataxia type 6 (SCA6); however, patients with the D1634N mutation have not been classified into any of 
these disorders, suggesting a novel mechanism of action. The worm has only one ortholog of the channel (UNC-2) expressed 
in its nervous system and shares high homology in the region of the single point mutation D1634N. Our CRISPR-generated 
D1634N worms show decreased channel expression at synapses using an endogenously-tagged protein. Surprisingly, 
acetylcholine release (as assessed by aldicarb sensitivity), miniature EPSC frequency, and behavioral readouts of hyperactivity 
are all increased, suggesting that this point mutation may affect channel voltage sensitivity and/or sub-synaptic localization 
at presynapses. Additional interactions with other presynaptic proteins and calcium channel auxiliary subunits are being 
evaluated to address the impact of this mutation on presynaptic morphology and synaptic function.

962B	 Pseudognaphalium obtusifolium	Extract	Improves	Lifespan	and	Thermotolerance	in	C. elegans

Courtney Alexander1, Ashley Edwards1, Dontae Mosely1, Kazhmiri Deberry1, Hannah Mariani1, Conner Sandefur1 1) University of 
North Carolina at Pembroke College of Arts and Sciences.

For centuries, Lumbee Indians of North Carolina have used indigenous plants like Pseudognaphalium obtusifolium, rabbit 
tobacco, to make medicinal teas. Other tribes, like Cherokees and Creeks, used rabbit tobacco teas to combat a host of 
illnesses and maladies from muscle pain to colds. These teas were believed to have anti-inflammatory properties, though 
the biology has not been explored. We harvested and dried local rabbit tobacco and prepared aqueous extracts. The extract 
improved the lifespan, thermotolerance and motility of young adult nematodes, compared to vehicle control. Animals were 
age-synchronized and exposed to either the aqueous extract or control media. Then, worms were tested for thermotolerance 
or motility. A lifespan analysis was run in parallel. Nematodes that were treated with rabbit tobacco extract lived longer and 
had improved thermotolerance and motility. Work is ongoing to determine the molecular mechanism for this phenotype, as 
well as testing other Lumbee plants. This work helps pave the way for a biological basis for indigenous medicine.
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963C	 Investigating	the	basis	of	severe	stress	resistance	in	ageing

Irtiqa Ali1, Jack Martin1, Alejandra Zarate-Potes1, Jacob Ackerley1, Alexandre Benedetto1 1) Lancaster University.

Key words

Severe stress resistance, ageing, CeMbio, IIS, oxidative, heat.

Abstract

Stress resistance and longevity are robustly correlated across heat stress paradigms but not oxidative stress paradigms. In 
particular, severe stress resistance in ageing C. elegans markedly differs between exposure to oxidative and heat stress that 
kill wild type worms within a couple of hours (Benedetto et al. Aging Cell 2019). Severe stress resistance may engage multiple 
mechanisms such as basal stress handling vs adaptive stress response pathways, different stress transduction pathways, 
the ability to execute the organismal death program (Galimov et al. 2019), or protection/sensitisation conferred by the gut 
microbiota. To disentangle these and evaluate their relative roles in ageing worms, we are screening C. elegans mutant in 
combination with strains from CeMBio collection for resistance to 7% tert-butyl hydroperoxide (t-BHP) and 42oC heat-shock 
as severe oxidative stress and thermal stress paradigms, respectively, before contrasting these results with aged animals. We 
are performing these screens on young adults at first, before moving into aged worms. So far, we have found that the capacity 
to execute the organismal death pathway does not significantly impact severe stress resistance in young adults fed an OP50 
diet. However, young adults fed on 48 different bacterial isolates displayed varying levels of severe heat and oxidative stress 
resistance, some of which were insulin/IGF1-signalling (IIS) pathway-dependent. We are currently investigating the basis of 
these differences. This poster will provide an overview of the methods used, current results and planned future work.

964A	 Role	of	the	conserved	cholinesterase	family	member	CEST-1.1	and	its	modular	metabolite	products	in	life	span	
control

Parker Allen1, Patrick Hu1, Frank Schroeder2, Chester Wrobel2, Brian Curtis2, Joseph Kruempel3, Albert Higgins-Chen4 1) 
Vanderbilt University Medical Center, Nashville, TN; 2) Boyce Thompson Institute and Department of Chemistry and Chemical 
Biology, Cornell University, Ithaca, NY; 3) University of Michigan Medical School, Ann Arbor, MI; 4) Yale School of Medicine, 
New Haven, CT .

Although the role of the C. elegans FoxO transcription factor DAF-16 in promoting longevity is well established, how DAF-
16/FoxO extends life span remains poorly understood. While the identities of thousands of DAF-16/FoxO target genes are 
known, mechanistic links between DAF-16/FoxO-dependent regulation of specific genes and DAF-16/FoxO-dependent life span 
extension are lacking. We have discovered that a conserved cholinesterase family member encoded by the DAF-16/FoxO target 
gene cest-1.1 is required for full life span extension in the context of reduced DAF-2 insulin-like signaling and sufficient to 
extend life span when expressed in a wild-type background. A functional CEST-1.1::GFP fusion protein is expressed specifically 
in the intestine and localizes to the apical plasma membrane. Comparative metabolomic analysis using HPLC-high resolution 
mass spectrometry revealed that CEST-1.1 is required for the biosynthesis of two structurally novel nucleoside-like ascarosides 
termed uglas#1 and uglas#11. These surprising findings support a role for an unprecedented class of metabolites in life span 
control and orthogonally expand the landscape of biogenic small molecules that may influence aging.

965B	 The	impact	of	calorie	restriction	mimetics	on	cellular	phenotypes	triggered	by	an	Alzheimer	disease-related	
presenilin-1 protein splice variant in Caenorhabditis elegans

Carla Almendáriz-Palacios1, Cheng-Wei Wu2, Brandon M Waddell2, Carlos E. De Carvalho3, Christopher H. Eskiw1,4, Darrell D 
Mousseau5 1) Department of Food and Bioproduct Sciences, University of Saskatchewan, Saskatoon, Canada; 2) Department 
of Veterinary Biomedical Sciences, Western College of Veterinary Medicine, University of Saskatchewan, Saskatoon, Canada; 
3) Department of Biology, University of Saskatchewan, Saskatoon, Canada; 4) Department of Biochemistry, Microbiology 
and Immunology, University of Saskatchewan, Saskatoon, Canada; 5) Cell Signalling Laboratory, Department of Psychiatry, 
University of Saskatchewan, Saskatoon, Canada.

As we age, our brain undergoes a number of changes at the cellular and molecular levels. These changes, such as those 
associated with protein removal through autophagy, lead to the aggregation of misfolded proteins and eventually to the 
disruption of the nuclear membrane. Age-related disruption of these cellular events is strongly associated with diseases, such 
as Alzheimer’s disease (AD), the most common form of dementia. Much of the brain malfunction during AD is related with the 
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beta-amyloid peptide that is generated because of incorrect cleavage of the amyloid precursor protein (APP). This incorrect 
cleavage of APP has been associated with dysfunction of the presenilin-1 (PS-1) protein. Alterations in the PS-1 gene have been 
associated with nuclear membrane disruption and autophagy impairment. A screen of mRNA transcripts in our laboratory 
identified a splicing variant of PS-1 (PS-1 (SV)) that is highly expressed in AD brain samples. The role of PS-1(SV) during AD and 
aging is unknown.

Since current AD pharmacological therapies are not effective, there is critical need to find treatment strategies. One promising 
alternative is caloric restriction (CR), the reduction in dietary caloric intake without inducing malnutrition, which has been 
shown to increase autophagy, reduce risk of AD and extend lifespan in various species. A new class of compounds called CR 
mimetics (CRms), which mimic the effects of CR without the need for dietary intervention, have been identified.

The C. elegans model is widely used to study aging and neurodegeneration. The sel-12(or131) strain, which carries a loss-of-
function sel-12, the worm homologue of PS-1, exhibits an egg-laying defect (which is often associated with aging), a reduction 
in lifespan and a loss of nuclear membrane integrity. Our preliminary results, based on transient expression of PS-1 in the sel-
12(or131) background, confirms that PS-1(WT) can rescue the egg-laying defect, but that PS-1(SV) cannot, suggesting that the 
PS-1(SV) is non-functional, which might underlie its influence on age-related phenotypes.

Because the defects displayed by the sel-12 strain can be, in part, attributed to the damaged autophagy, it represents an 
ideal model to test if the CRms, metformin, resveratrol and everolimus, which have already shown to rescue experimental 
autophagy impairment, can alleviate age-related phenotypes found in C. elegans PS-1(SV)::sel-12.

966C	 Protective	roles	of	imidazolium	salts	in	C. elegans models of stress and neurodegeneration

Natalia Andersen1,3,5, Tania Veuthey1,3,5, Gustavo Silbestri2,4,5, Diego Rayes1,3,5, María José De Rosa1,3,5 1) Instituto de Investigaciones 
Bioquimicas de Bahia Blanca; 2) Instituto de Quimica del Sur; 3) Departamento de Biologia, Bioquimica y Farmacia, Universidad 
Nacional del Sur; 4) Departamento de Quimica, Universidad Nacional del Sur; 5) Centro Cientifico Tecnologico, Bahia Blanca, 
Argentina.

In this study, we aim to evaluate the role of imidazolium salts as antioxidant and anti-aging agents. We synthesized 
imidazolium salts and use the nematode C. elegans to perform a screening and analyze their ability to improve oxidative stress 
resistance. We identified a derivate, 1-Mesithyl-3-(3-sulfonatopropyl)imidazolium (MSI), that enhances animal resistance to 
oxidative stress.

As a first approach to delineate its mechanism of action, we evaluated MSI ability to activate transcription factors involved 
in cytoprotective stress responses, such as the DAF-16/FOXO and SKN-1/Nrf2 pathways. We found that MSI stress protection 
was not dependent on DAF-16. Nevertheless, we discovered that GST-4 detoxifying enzyme, a downstream effector of SKN-1 
transcription factor, is involved in MSI-mediated oxidative stress resistance.

Oxidative stress has been largely related with aging and neurodegeneration. To gain further insight into MSI role in 
proteostasis, we evaluated mobility as an indicator of healthspan in Huntington’s, Parkinson’s and Alzheimer’s disease models. 
We found that MSI ameliorates mobility rate decline in these proteotoxic models of neurodegenerative diseases. Surprisingly, 
our results show that MSI did not improve mean lifespan neither in wild-type worms nor in Alzheimer’s disease animal models. 
Overall, our results show a scenario where healthspan seems to be uncoupled to lifespan. Additional research is needed to 
underpin the mechanism responsible for MSI’s protective role.

967A	 The	role	of	FGF	signaling	in	C.	elegans’	aging

Jessica Antonio1, Jae Seung Chang1, Kyoung-hye Yoon1 1) Yonsei University Wonju College of Medicine.

Fibroblast growth factors are conserved signaling peptides that are important for proper development, as well as regulating 
metabolic homeostasis. In C. elegans, there are two FGF orthologs, namely egl-17 and let-756. They both act on the one 
FGFR, egl-15, which is expressed in different tissues such as the hypodermis, muscle, neurons, and intestine. To investigate 
factors involved in healthy aging, we utilized the swimming assay, an established exercise paradigm for C. elegans. We looked 
at factors expressed in the muscle that may be affected by swimming exercise. During our initial investigation, we found that 
let-756 mRNA is increased after swimming. Surprisingly, while trying to investigate the role of let-756 in swimming exercise, we 
found that feeding RNAi in L4 worms actually increases maximum velocity of aging worms, an indicator of health. In addition, 
we found that let-756 RNAi treatment starting at L4 worms increases lifespan. Our study aims to investigate the role of FGF 
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signaling and its downstream signaling pathway that is regulating the aging process. In answering this question, we want to 
investigate if this effect requires egl-15 in specific C. elegans tissues and what specific egl-15 subtype plays a role in the aging 
process.

968B	 Role	of	the	RNA	binding	protein,	NCL-1,	on	ribosome	biogenesis	and	stress	response

David Aristizabal-Corrales1, Michelle Gutwein1, Fabio Piano1, Kris Gunsalus1 1) Center for Genomics & Systems Biology, 
Department of Biology, New York University, New York, NY.

Ribosome production determines the capability of the cell to produce proteins, divide, grow and adapt to new environments. 
Ribosome biogenesis is controlled at multiple levels in response to both environmental and developmental cues. In C. 
elegans,the RNA binding protein NCL-1has been shown to suppress ribosome production by reducing the levels of the 
ribosomal RNA processing factor, fib-1. NCL-1 is required for lifespan extension induced in stressful conditions such as 
reduction in mTOR, insulin or mitochondrial activity, as well as caloric restriction, placing it at the center of the stress response. 
However, the molecular mechanisms of ncl-1 regulation and its exact role in these pathways are still not well defined. We 
have found that NCL-1 suppresses the levels not only of fib-1, but also of multiple rRNA/tRNA processing factors. Many of 
the mRNAs coding for these factors contain an UUGUU sequence motif, which is bound by NCL-1 in vitroand likely mediates 
regulation of these transcripts by NCL-1 in vivo. Animals deficient for ncl-1 activity show increased nucleolar size in both 
germline and somatic cells, which is associated with increased ribosome biogenesis. Interestingly, we found that ncl-1 mutants 
show a strong reduction in fertility when grown at high temperatures (27°C) and this phenotype seems to be associated 
with defects in the germline cell stem pool. We have observed that the influence of different bacterial diets on fertility also 
depends on the function of ncl-1.These results point to an essential role of ncl-1 in the regulation of fertility in response to 
environmental cues. We are currently studying the RNA targets of NCL-1 as well as the co-factors that could form complexes 
with NCL-1 to regulate its function. We believe this study will advance our understanding of the regulation of the stress 
response and its connection with ribosome biogenesis, fertility and lifespan.

969C	 Ubiquitin-Dependent	Dimer-Monomer	Switch	Defines	Substrate	Specificity	and	Processivity	of	the	E3	Ligase	CHIP

Vishnu Balaji1, Wojciech Pokryzwa2, Robin Lorenz3, Leonie Mueller1, Thomas Loewe1, Thorsten Hoppe1 1) Institute of Genetics 
and CECAD Research Center, University of Cologne, Cologne, Germany; 2) Laboratory of Protein Metabolism in Development 
and Aging, International Institute of Molecular and Cell Biology, Warsaw, Poland; 3) FB 10 Mathmatics and Natural Sciences, 
University of Kassel.

Proteostasis is achieved by quality control pathways that support the generation of correctly folded proteins, prevent protein 
misfolding and remove toxic proteins. The quality control E3 ligase CHIP ubiquitylates damaged proteins consigned by 
chaperone partners for disposal through the endo-lysosomal pathway, proteasomal degradation, or autophagy. Additionally, 
CHIP has been reported to modulate essential signaling pathways by specifically delivering a myriad of native proteins 
to destined fates homeostasis (Paul I and Ghosh M.K., 2015). We aimed at understanding the substrate specificity and 
processivity through a “structure to function” approach, by examining the modeled 3D structure of the C. elegans ortholog 
of CHIP, CHN-1, based on the reported structure of murine CHIP (Zhang M et al., 2005). Using C. elegans and mammalian 
cells as model system and with various genetic and biochemical analyses, we demonstrate that monomeric CHN-1/CHIP has 
preserved ubiquitylation activity and promotes longevity via the DAF-2 Insulin-like signaling pathway (Tawo R et al., 2017). Our 
data reveal that the CHN-1/CHIP autoubiquitylation and its chaperone binding interplay modulates the alteration between 
monomer and dimer (Balaji V and Hoppe T., 2020). Together, the conserved dimer-monomer transition provides a molecular 
switch regulating CHN-1/CHIP activity in response to proteotoxic stress and aging.

970A	 All	trans	retinoic	acid	extends	C. elegans lifespan in an aak-2 and hsf-1 dependent	manner	by	modulating	
metabolism.

Stephen Banse1, Christine Sedore1, Anna Coleman-Hulbert1, Erik Johnson1, E Grace Jones1, John Willis1, Erik Segerdell1, Patrick 
Phillips1 1) University of Oregon. Eugene OR.

Aging is a pan-metazoan phenotype that significantly impacts human health and society. Across metazoans, the rate of aging 
is influenced by a zero-sum allocation of resources between maintenance and growth. We therefore sought to manipulate 
signaling components from conserved resource allocation systems to identify potential anti-aging interventions. Here 
we present the exploration of the endogenous vitamin A derivative all trans Retinoic Acid (atRA), and its role promoting 
gluconeogenesis, as a modulator of aging in Caenorhabditis elegans. We found that supplementation with atRA extends 
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lifespan in a concentration dependent manner. As predicted based on the conserved pathway, atRA acts independently of 
daf-16, but it does require the conserved AMP sensor aak-2, consistent with a change in metabolism and energy storage. 
The observed shift in metabolism comes at a reproductive cost, consistent with a redirection of energy resources to somatic 
maintenance. This approach shows that the manipulation of a conserved metabolic regulatory circuit by co-opting endogenous 
signaling molecules can extend lifespan.

971B	 Characterization	of	downstream	steps	in	the	Intracellular	Pathogen	Response-mediated	thermotolerance	in	C. 
elegans

Mario Bardan Sarmiento1, Spencer Gang1, Emily Troemel1 1) UC San Diego.

Infection by intracellular pathogens can induce proteotoxic stress in host organisms. In research to characterize the host 
response to intracellular infection in C. elegans, our lab found that a common transcriptional response to diverse natural 
pathogens called the Intracellular Pathogen Response (IPR) is associated with increased tolerance of proteotoxic stress. The 
IPR is inhibited by pals-22, a gene of unknown biochemical function, and pals-22 loss-of-function mutants have constitutively 
induced IPR gene expression and improved tolerance of heat shock. The IPR includes upregulated expression of several 
ubiquitin ligase components, and through a combination of genetic and biochemical approaches, we found that several of 
these components comprise a novel multi-subunit ubiquitin ligase complex that is required for increased proteostasis of pals-
22 mutants. However, the steps downstream of this ubiquitin ligase complex that lead to increased tolerance of proteotoxic 
stress remain unclear.

In our proposed model for the IPR, survival after heat shock (thermotolerance) in C. elegans is conferred by increased 
ubiquitylation of proteins, perhaps because of their increased degradation. As ubiquitylated proteins can be degraded either 
by the proteasome or the lysosome, we tested pharmaceutical inhibition of both of these systems. When thermotolerance 
testing is performed on WT and pals-22 mutants after inhibition of the proteosome with bortezomib, we see a decrease in 
survival in both strains. However, when treated with bafilomycinA, a macrolide antibiotic V-ATPase inhibitor that prevents the 
acidification of the lysosome, the increased survival in response to heat shock of pals-22 mutants is rescued back to wildtype 
levels, while wildtype animals remain unaffected. This pals-22-specific effect is a promising indication that pals-22 increased 
thermotolerance depends on the lysosome. Ongoing studies include genetic approaches to analyze a role for the lysosome, as 
well as efforts to identify ubiquitylated targets downstream of pals-22 that might be degraded by the lysosome.

972C	 CBP-1/p300	acetyltransferase	regulates	the	heat	shock	response	in	C. elegans

Lindsey Barrett1, Sandy Westerheide1 1) University of South Florida.

The decline of proteostasis is a hallmark of aging that is, in part, affected by the dysregulation of the heat shock response 
(HSR), a highly conserved cellular response to proteotoxic stress in the cell. The heat shock transcription factor HSF-1 is 
well-studied as a key regulator of proteostasis, but mechanisms that could be used to modulate HSF-1 function to enhance 
proteostasis during aging are largely unknown. The activation and attenuation of HSF-1 during the HSR is fine-tuned via post-
translational modifications, including the recently emerging regulation through acetylation. In this study, we examined histone 
acetyltransferase regulation of the heat shock response and HSF-1 in C. elegans. We performed an RNA interference screen of 
histone acetyltransferases and examined mRNA expression of the heat-shock inducible gene hsp-16.2, a widely used marker 
for HSR activation. From this screen, we identified one histone acetyltransferase, CBP-1, as a negative regulator of the HSR. We 
found that while knockdown of CBP-1 decreases overall lifespan of the worm, it also enhances heat shock protein production 
upon heat shock and increases thermotolerance of the worm in an HSF-1 dependent manner. Similarly, we examined a 
hallmark of HSF-1 activation, the formation of nuclear stress bodies (nSBs). We examined the recovery rate of nSBs and found 
that knockdown of CBP-1 enhanced the recovery and resolution of nSBs after stress. Collectively, our studies enhance our 
knowledge of the regulation of HSF-1 by CBP-1 and its physiological effects at the organismal level upon stress.

973A	 Exploring	muscarinic	regulation	of	oxidative	homeostasis	during	neuromuscular	transmission

Kasturi Biswas1, James.B. Rand2, Micahel.M. Francis1 1) University of Massachusetts Medical School; 2) University of Oklahoma 
Health Sciences Center.

The heightened metabolic demands of excitable cells, such as neurons and muscles, have the potential to produce elevated 
levels of reactive oxygen species (ROS) and oxidative stress. ROS, such as singlet oxygen ions and peroxides, are generated as 
by-products of ATP synthesis during aerobic metabolism. High levels of ROS produce cellular damage by reacting with proteins 
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and lipids, and this oxidative damage may accumulate over the lifetime of non-dividing neurons and muscle cells. It is therefore 
critical for neurons and muscles to have mechanisms for controlling oxidative stress. Caenorhabditis elegans provides a simple 
genetic system to explore molecular links between neuronal activity and oxidative stress. Our preliminary studies of cholinergic 
synapses at the C. elegans neuromuscular junction suggest an interesting potential mechanism for homeostatic regulation 
of oxidative stress at synapses. Our findings suggest that synaptic activation of ligand-gated nicotinic acetylcholine receptors 
(nAChR) heightens susceptibility to oxidative stress, while activation of muscarinic G protein-coupled acetylcholine receptors 
(mAChR) reduces oxidative stress. Specifically, we found that deletion of muscle nAChRs extends survival in the presence of the 
chemical oxidative stressor paraquat, suggesting that synaptic activation of muscle nAChR increases vulnerability to oxidative 
stress. In contrast, deletion of the mAChR gar-3, enhances the toxic effects of paraquat. Consistent with prior work 1, we 
observed gar-3 expression in pharyngeal muscles, head neurons, body wall muscles, and ventral nerve cord motor neurons. 
Notably, we found that body wall muscle-specific expression of wild type gar-3 in gar-3 mutants reverses the heightened 
sensitivity of gar-3 mutants to paraquat, indicating that body wall muscle expression of gar-3 may be critical for organismal 
oxidative stress regulation. Oxidative damage has been linked with several neurodegenerative disorders, such as Alzheimer’s 
disease and Parkinson’s disease2, yet the underlying mechanisms remain unclear. Gaining an improved understanding of how 
excitable cells minimize oxidative damage will be important for developing new therapeutics to combat degenerative disorders 
and other conditions associated with oxidative stress.

Keywords:	Cholinergic	neurotransmission,	ROS,	oxidative	homeostasis

1.Chan, J. P. et al. J. Neurosci. (2013)

2.Manoharan, S. et al. Oxidative Medicine and Cellular Longevity (2016)

974B	 Mitochondrial	fusion	and	fission	balance	is	required	for	exercise-induced	benefits	in	Caenorhabditis elegans

Juliane C. Campos1,2,3, Luiz Henrique M. Bozi1, Jeremy M. Van Raamsdonk3,4,5,6, Alexander M. van der Bliek7, T. Keith Blackwell2,3, 
Julio Cesar B. Ferreira1 1) Institute of Biomedical Sciences, University of Sao Paulo, Sao Paulo, Brazil; 2) Research Division, Joslin 
Diabetes Center, Boston, MA; 3) Department of Genetics, Harvard Medical School, Boston, MA; 4) Department of Neurology 
and Neurosurgery, McGill University, Montreal, Canada ; 5) MeDiC and BRaIN Programs, Research Institute of the McGill 
University Health Centre, Montreal, Canada; 6) Division of Medicine, McGill University, Montreal, Canada; 7) Department of 
Biological Chemistry, David Geffen School of Medicine at University of California, Los Angeles, CA.

Exercise has been used as a valuable tool in the diagnostics of age-related diseases, as well as a nonpharmacological 
intervention capable of improving healthspan. Overall, exercise benefits are triggered by transient changes in mitochondrial 
connectivity and functionality, thereby rewiring cellular metabolism. Mitochondrial fusion and fission are critical effectors of 
mitochondrial dynamics, which allows a fine-tuned regulation of organelle connectiveness, content, distribution, size, turnover 
and bioenergetics. The question arises as to whether there is any inter-dependence between mitochondrial fusion-fission 
balance and exercise capacity during aging, and whether this synergism drives health aging. Here, we set out to genetically 
dissect the role of mitochondrial fusion-fission balance to exercise-induced benefits in C. elegans. Using acute (4h) and 
long-term (1h/day for 10 days) swimming protocols, we determined the contribution of mitochondrial dynamics to physical 
capacity and responsiveness to exercise. While one bout of 4h-swim induces mitochondrial fission in muscle followed by 
a fusion state after a 24h-period of recovery, daily exercise sessions delay the mitochondrial fragmentation, as well as the 
decline in physical capacity with aging in WT worms. These benefits are abrogated in mutants with compromised fusion (fzo-1) 
and fission (drp-1), and a complete lack of mitochondrial plasticity (drp-1;fzo-1 and drp-1;eat-3). These mutants also display 
reduced physical capacity with aging when compared to WT. Knowing that many anti-aging mechanisms act, at least in part, 
by influencing mitochondrial fusion and fission events, we next submitted long-lived mutants to exercise. Exercise fails to 
induce benefits in long-lived mutants isp-1, nuo-6, daf-2,eat-2 and CA-AAK-2, some of which reduced mitochondrial plasticity 
seems to be required for longevity. Finally, we explored molecular mechanisms that orchestrate mitochondrial dynamics with 
aging. Interestingly, constitutive AMPK activation (CA-AAK-2) also does not allow exercise adaptation but uniquely preserves 
muscle function during aging. As seen with exercise, this benefit is abolished upon fusion-fission impairment. Together, our 
study provides evidence that perturbing mitochondrial morphology and connectivity, as well as impairing organelle plasticity 
are critical to exercise-induced benefits. Therefore, targeting mechanisms to optimize mitochondrial plasticity may represent a 
novel strategy to promote healthy aging, and also possibly for recapitulating exercise benefits.

975C	 AGE-1/PI3K	Signaling-Independent	Effects	of	DAF-18/PTEN	on	Starvation	Resistance	During	L1	Arrest	in	
Caenorhabditis elegans
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Jingxian Chen1, Rojin Chitrakar1, L. Ryan Baugh1 1) Department of Biology, Duke University, Durham, North Carolina, United 
States of America.

Caenorhabditis elegans has a variety of signaling pathways that sense nutrient availability and regulate gene expression and 
metabolism to support homeostasis. For instance, Insulin/Insulin-like Growth Factor-1 Signaling (IIS) is transduced by the 
AGE-1/phosphoinositide 3-kinase (PI3K) signaling cascade to antagonize DAF-16/FoxO and promote growth and development, 
but during starvation, when IIS is reduced, DAF-16 activates expression of genes that promote developmental arrest and 
survival. AGE-1/PI3K signaling is opposed by DAF-18/PTEN’s lipid-phosphatase activity at the level of phosphatidylinositol 
3,4,5-trisphosphate (PIP3). However, it is unclear whether DAF-18/PTEN’s understudied protein-phosphatase activity plays a 
role and mediates AGE-1/PI3K signaling-independent effects. We assayed three facets of L1 starvation resistance (survival as 
well as growth rate and fecundity upon recovery) in wild type and mutants affecting AGE-1/PI3K signaling and DAF-18. We 
observed non-additive effects of daf-16 and daf-18 on L1 starvation resistance, suggesting DAF-16/FoxO-independent effects 
of DAF-18/PTEN. In agreement, transcriptome-wide epistasis analysis of daf-18 and daf-16 suggests a branched pathway 
with daf-18 acting through and in parallel to daf-16. We show that gain-of-function mutants of akt-1 and pdk-1, the major 
AGE-1/PI3K signaling effectors, alone and combined, are less starvation-sensitive than daf-18(null), suggesting DAF-16/FoxO-
independent effects of DAF-18/PTEN arise from outside of AGE-1/PI3K signaling instead of other PI3K signaling targets. We 
report that an age-1 null mutant with no PIP3 present is not epistatic to daf-18(null), which strongly supports that DAF-18/
PTEN regulates starvation resistance through mechanisms besides counteracting AGE-1/PI3K. We generated daf-18 point 
mutants disrupting each phosphatase activity individually by CRISPR-Cas9. The protein phosphatase-dead mutant is starvation-
sensitive, suggesting the protein-phosphatase activity mediates AGE-1/PI3K signaling-independent effects of DAF-18/PTEN. 
Overall, this study reveals a novel mechanism of the tumor suppressor DAF-18/PTEN in maintaining homeostasis during 
starvation in C. elegans.

976A	 A	novel	proteostasis	adaptation	in	the	long-lived	Caenorhabditis elegans rpn-10 proteasome subunit mutant

Meghna Chinchankar1,2,3, Karl Rodriguez1,4, Alfred Fisher1,2,3,5 1) Barshop Institute for Longevity and Aging Studies, UT Health San 
Antonio (UTHSCSA), San Antonio, TX; 2) Center for Healthy Aging, School of Medicine, UTHSCSA, San Antonio, TX; 3) Division 
of Geriatrics, Gerontology, and Palliative Medicine, Department of Medicine, UTHSCSA, San Antonio, TX; 4) Department of Cell 
Systems and Anatomy, UTHSCSA, San Antonio, TX; 5) Division of Geriatrics, Gerontology, and Palliative Medicine, Department 
of Medicine, University of Nebraska Medical Center, Omaha, NE.

The loss of proteostasis due to reduced efficiency of protein degradation pathways has been highlighted in several aging 
processes and age-related disorders. Paradoxically, we have reported that the Caenorhabditis elegans rpn-10(ok1865) 
proteasomal subunit mutant exhibits enhanced proteostasis, elevated stress resistance and extended lifespan. The RPN-10/
PSMD4 subunit is a ubiquitin receptor on the 26S proteasome that targets polyubiquitinated substrates to its catalytic core 
for degradation. The rpn-10 mutant possesses mild proteasome dysfunction and a distinct proteasomal peptidase activity 
profile. Notably, compensatory activation of autophagy and SKN-1/Nrf-regulated responses only partially underlie the robust 
rpn-10 mutant phenotype, thus prompting our further investigation into its novel protective processes. To this end, we 
observed that several endoplasmic reticulum protein quality control (ERQC) genes were transcriptionally upregulated in the 
rpn-10 mutant. This is functionally relevant in the rpn-10 mutant which exhibits higher ER stress resistance and altered ER 
homeostasis compared to the wild-type. Moreover, as a significant subset of the upregulated ERQC genes was enriched for 
ER-associated proteasome-mediated degradation (ERAD), we sought to determine the turnover of ER substrates in the rpn-10 
mutant. As expected, the attenuated accumulation of the ER-localized aggregation-prone mutant α-1 antitrypsin (ATZ) reporter 
indicated that ER proteostasis is augmented in the rpn-10 mutant. Via a forward genetics screen for suppressors of decreased 
ATZ aggregation in the rpn-10 mutant, we identified an unexpected player, ecps-2, which is a homolog of the proteasome-
associated adaptor protein ECM29. While we observed that ecps-2 did not regulate proteasomal subunit expression or the 
ER stress response, we found that the loss of ecps-2 in the rpn-10 mutant strongly reduces its proteasomal chymotrypsin-like 
activity. Altogether, this suggests that the modified proteasomal assembly of the rpn-10 mutant contributes to its cellular 
proteostasis. Furthermore, the increased rpn-10 mutant lifespan appears to depend partially on ecps-2 but more strongly 
on its ERQC status. Therefore, we propose that the ecps-2-proteasome interaction induces a unique ERQC adaptation which 
supports the superior proteostasis and longevity of the rpn-10 mutant.

977B	 Age-dependent	changes	in	C. elegans gut	microbiome	composition	and	their	consequences

Rebecca Choi1, Song-Ah Baek1, Maureen Berg1, David Monnin1, Juhyun Cho1, Michael Shapira1 1) University of California, 
Berkeley.
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Aging involves a multi-tissue deterioration. Among other things, it affects the gut microbiome. Changes in gut microbiome 
composition, in turn, could contribute to age-related pathologies, as imbalances in microbial composition (dysbiosis) 
are associated with pathology. Identifying central themes in age-dependent microbiome changes is lagging, as is our 
understanding of their consequences. To examine the bidirectional relationships between host aging and the gut microbiome, 
we followed age-dependent changes in microbiome composition in worms raised on either natural-like compost microcosms 
or on well-defined synthetic microbiotas consisting of natural worm gut colonizers. Microbiome composition was analyzed 
using 16S next generation sequencing or with CFU counts of bacteria cultured on selective media. Additionally, gut colonization 
at different ages was evaluated using fluorescent microscopy of an RFP-expressing derivative of an Enterobacter commensal.

Experiments in both compost microcosms and synthetic microbiotas revealed an expansion of the Enterobacteriaceae family 
in aging worms, a trend similarly observed in humans. Worms sampled during continuous growth on complex microbiotas 
showed similar age-dependent changes in their gut microbiomes as worms shifted to complex bacterial communities 
for a fixed time at advancing ages, suggesting that the aging intestinal niche is more important for determining changes 
in microbiome composition than the duration of exposure to bacterial communities. Further supporting this expansion, 
experiments with the RFP-expressing Enterobacter demonstrated increased age-dependent gut colonization. This particular 
Enterobacter commensal was previously shown to protect young worms from Enterococcus infection, but was found to 
bloom in immune mutants, reversing its contributions and causing increased pathogen susceptibility (Berg et al. 2019). 
Indeed, increased commensal colonization in aging worms abolished the commensal’s beneficial effects and increased worm 
susceptibility to infection, as compared to age-matched worms raised on Escherichia coli. Current experiments are underway 
to examine whether rebalancing of the gut microbiota in aging worms could ameliorate host survival.

978C	 Genetic	regulators	of	stress-induced	RNA	mis-splicing	in	Caenorhabditis elegans

Samantha Chomyshen1, Cheng-Wei Wu1 1) University of Saskatchewan, Saskatoon, Saskatchewan, Canada.

Splicing of pre-mRNA is an essential process for all eukaryotic dividing cells. Pre-mRNA splicing defects are implicated in 
numerous human diseases, including Alzheimer’s disease and cancer, however, its cause is poorly understood. Using the 
nematode Caenorhabditis elegans as a model, we have recently shown that exposure to the environmental heavy metal 
cadmium can cause RNA splicing disruption, implicating loss of RNA metabolism regulation as a potential mechanism of 
cadmium toxicity. To understand the genetic mechanism of RNA splicing regulation under environmental stress, we sought to 
identify and characterize genes that, when knocked down, can protect against cadmium-induced RNA splicing errors. Using 
a C. elegans in vivo splicing reporter, we found that majority of the gene knock-downs that improved RNA splicing under 
stress encode various components of the protein synthesis machinery, including ifg-1, which encodes the human eIF4G gene 
previously shown to regulate aging in worms. Knockdown of various protein translation related genes not only increase C. 
elegans lifespan but also enhance resistance to cadmium survival. Using RNA-seq, we found that ifg-1 mutants show increases 
in expression of >80 genes that regulate RNA splicing, importantly, ifg-1 mutants exposed to cadmium show a 50% decrease in 
cadmium-induced alternative splicing events observed in N2. Downstream of ifg-1, we have identified RNA splicing regulators 
that do not affect N2 lifespan when knocked-down but abolishes ifg-1’s long-lived phenotype. Suppression of protein synthesis 
has been shown to be beneficial in promoting longevity and stress resistance in various organisms including C. elegans, and 
our study may have implicated a potential mechanism through which these physiological benefits are achieved in part by 
improvements to RNA splicing fidelity.

979A	 UNC-45	has	a	crucial	role	in	preventing	sarcopenia	in	C. elegans

Courtney Christian1, Hiroshi Qadota1, Guy Benian1 1) Emory University, Atlanta, GA.

As longevity increases, age-related diseases will become a greater public health concern. Sarcopenia, the age-related decline 
in muscle mass and function without any underlying disease, is estimated to affect 40-50% of people over the age of 80 and 
is a major contributor to physical disability and mortality among the elderly. The molecular mechanisms responsible for this 
pathology remain unknown. Muscle function is dependent on having properly organized and functioning thick filaments, 
which are primarily composed of myosin. UNC-45, the first myosin head chaperone discovered, is required for the folding of 
the myosin head initially after translation and likely re-folds the myosin head to regain functionality after thermal or chemical 
stress causes unfolding. Here we show that myosin, UNC-45, and its co-chaperone HSP-90 are decreased during aging in C. 
elegans. HSP-90 transcript declines at day 2 of adulthood, directly before its decline in protein at day 3 of adulthood. The loss 
of HSP-90 protein directly precedes a loss of UNC-45 protein at day 4 of adulthood, and precedes the loss of the major client of 
UNC-45, myosin MHC B, at day 8 of adulthood. Myosin and UNC-45 protein decline appear to be independent of steady state 
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mRNA levels. This decrease in chaperone protein correlates to decreased assembled thick filaments and a decline in mobility. 
We also see a decrease in UNC-45 protein, but not transcript, in an hsp-90 loss of function temperature sensitive mutant, 
suggesting a role for HSP-90 in UNC-45 protein stabilization or regulation. Using a temperature sensitive unc-45 mutant, we 
can observe early onset of sarcopenia when UNC-45 is lost during young adulthood. Additionally, there is an increase in UNC-
45 phosphorylation with age that may be related to its increased degradation. This leads us to investigate the possibility that 
during aging a loss of HSP-90 leads to UNC-45 phosphorylation (and other post-translational modifications) and degradation, 
which then leads to a loss of muscle mass and function. A better understanding of how myosin and its chaperone proteins are 
regulated and affected by aging will lead to better preventative care and treatment of sarcopenia and, possibly, the age-related 
decline of heart muscle function.

980B	 Material	states	of	protein	cargo	in	neuronal	exophers

Edward Chuang1, Monica Driscoll1 1) Dept. of Molecular Biology and Biochemistry, Rutgers University, Piscataway, NJ.

Neurodegenerative diseases are devastating disorders that affect millions of Americans and cause hundreds of thousands 
of deaths each year. Amyotrophic lateral sclerosis (ALS), commonly referred to as Lou Gherig’s disease, is caused by the 
degeneration of upper and lower motor neurons that results in progressive paralysis, whereby cognitively healthy patients 
are “trapped” within paralyzed bodies and experience respiratory failure and death within 3-5 years. Protein aggregation is 
a hallmark of pathology in neurodegenerative diseases. FUS and TDP43 are two RNA-binding proteins that are commonly 
found to aggregate in the neurons of patients with ALS. Aggregation pathology spreads through the brain along neuronal 
circuits suggesting a mechanism of neuronal transfer of aggregates that may be exploited for novel interventions against 
these devastating neurodegenerative diseases. Our lab has recently observed that C. elegans neurons can expel aggregated 
mCherry or PolyQ protein from the soma in large membrane-bound vesicles (called exophers) to promote proteostasis within 
the neuron. It is interesting that proteins such as FUS and TDP43 can form a variety of material states including liquid droplets, 
hydrogels, and insoluble aggregates. The material state phenomenon is also observed for the P granule proteins PGL-3, which 
forms a liquid, and MEG-3, which forms a hydrogel. It is unknown whether liquid droplets or hydrogels (or both or neither) 
are expelled in exophers. We are expressing FUS, TDP43, PGL-3, and MEG-3 in C. elegans touch neurons to determine their 
capacity to be recruited to exophers. The results I will present will further our understanding of exopher cargo selection and 
the potential for exopher biology to be a target for intervening in neurodegenerative diseases.

981C	 Putative	role	of Caenorhabditis elegans huntingtin in stress response

Christine Chung1, Hanee Lee1, Roy Jung2,3, Ihn Sik Seong2,3, Junho Lee1 1) Seoul National University, Seoul, Korea; 2) 
Massachusetts General Hospital, Boston, MA ; 3) Harvard Medical School, Boston, MA.

CAG repeat expansion mutation in exon 1 of huntingtin (HTT) causes neurodegenerative disorder called Huntington’s disease 
(HD). HD is both gain of function of the mutant protein and a loss of function of the wild type protein. Huntingtin functional 
study is important for the pathology and for the therapeutic studies. Huntingtin studies using different research models 
indicate that the gene is necessary for survival and required for the normal development in many different eukaryotes. 
However, the normal function of huntingtin remains elusive. Null mutation of Caenorhabditis elegans huntingtin is a non-lethal 
mutation, and this makes C. elegans a strong research model to study the normal function of huntingtin. There’s no CAG repeat 
sequence near the N-terminus in Ce_huntingtin. However, according to the sequence alignment analysis, Ce_huntingtin and 
human HTT have very similar sequences especially near the C termini. Expression pattern analysis shows that Ce_huntingtin is 
expressed in multiple tissues and enriched in the neurons including the serotonergic neurons that are closely related to stress 
responses in C. elegans. We observe that huntingtin in C. elegans has roles in stress response pathway. Decreased survival to 
bacterial pathogen and thermal stress is caused by a deletion mutation of Ce_huntingtin. Our research evaluating the function 
of Ce_huntingtin in stress response will help to find the unknown normal function of huntingtin in human as well.

982A	 Balancing	aging,	proteostasis	and	nervous	system	function:	differential	effects	of	multiple	lifespan-extending	
genetic	manipulations	in	MJD/SCA3.

Marta Daniela Araujo Costa1,2, Jorge Diogo da Silva1,2, Dulce Almeida1,2, Joana Pereira-Sousa1,2, Andreia Teixeira-Castro1,2, Patricia 
Maciel1,2 1) Life and Health Sciences Research Institute (ICVS), School of Medicine, University of Minho, Campus Gualtar, 4710-
057 Braga, Portugal; 2) ICVS/3B’s - PT Government Associate Laboratory, Braga/Guimarães, Portugal.
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Over the past few years evidence that contradicted aging as an inevitable phenomenon has surged, leading the scientific 
community to concentrate efforts to test drugs that effectively tackle aging. In parallel, this approach aimed to decrease the 
prevalence of a number of different disorders, such as neurodegenerative diseases, for which aging is a key risk factor.

Here, the hypothesis that delaying aging is neuroprotective was assessed in a C. elegans model of Spinocerebellar Ataxia 
(SCA) Type 3, also known as Machado-Joseph disease (SCA3/MJD), the most common SCA worldwide. This neurodegenerative 
disease has a clear genetic cause, the abnormal expansion of a CAG triplet in the ataxin-3 gene. However, the contribution of 
additional genetic/environmental factors have been proposed to explain the variable disease phenotype.

Lifespan-increasing mutations that are representative of well-known and conserved aging regulator mechanisms (insulin/IGF-1 
signaling, dietary restriction, germline ablation and mitochondrial dysfunction) were introduced in the genetic background of 
the SCA3 nematode model. Their impact in key aspects of the disease was then assessed.

Lifespan-extension improved the SCA3 motor phenotype if induced by altered nutrient sensing pathways, as is the case of 
the insulin/IGF-1 and mTOR signaling, but not when associated with other pathways, such as mitochondrial dysfunction and 
germline ablation. This challenges the idea that delaying aging is by itself beneficial and regarded a guaranteed therapy for 
these diseases. Additional experiments pointed to significant transcriptomic alterations in the proteostasis network caused 
by the downregulation of IGF-1/insulin signaling. However, not all insulin/IGF-1-dependent transcriptional responses seemed 
disease-modifying, suggesting that neuroprotective effects of aging can be restricted to more specific aging factors. Finally, 
chronic treatment of the C. elegans SCA3 model with insulin/IGF-1 signaling inhibitors also improved the motor phenotype, 
further demonstrating the therapeutic value of insulin/IGF-1 downregulation for the disease, increasing prospects for 
additional drug repurposing centered in this pathway.

These results provide key insights to guide future therapeutic strategies for neurodegenerative diseases based on the 
manipulation of the aging process.

984C	 Local	regulation	of	mRNA	fate	governs	mitochondrial	biogenesis	during	ageing	in	C. elegans

Ioanna Daskalaki1,2, Maria Markaki1, Nektarios Tavernarakis1,3 1) Institute of Molecular Biology and Biotechnology, Foundation 
for Research and Technology-Hellas; 2) Department of Biology, University of Crete, Greece; 3) Department of Basic Sciences, 
Medical School, University of Crete, Greece.

Mitochondria are important regulators of healthspan and lifespan, and their perturbation has been correlated with various 
pathological conditions. Mitochondrial abundance and function are controlled by the opposing processes of mitochondrial 
biogenesis and mitophagy. While the mechanisms underlying mitophagy have been extensively studied, mitochondrial 
biogenesis is not well understood. We find that the mRNA decapping and the CCR-4/NOT complexes physically associate with 
mitochondria and oppositely regulate mitochondrial abundance during ageing. Components of the two complexes tightly 
control the fate of specific nuclear encoded mitochondrial transcripts, including those for ETC components and mitochondrial 
biogenesis regulators. Our findings indicate that post-transcriptional regulation of select mitochondrial transcripts modulates 
mitochondrial abundance and function, as well as, lifespan and stress resistance in C. elegans. The tight evolutionary 
conservation of the decapping and the CCR-4/NOT complex components suggests that similar mechanisms contribute to 
mitochondrial homeostasis during ageing across diverse organisms.

985A	 Persistent	DNA	repair	complex	binding	in	the	absence	of	DNA	damage	excision	impairs	neuron	functionality

Carlota Davo Martinez1, Alba Muniesa Vargas1, Cristina Ribeiro-Silva1, Arjan Theil1, Wim Vermeulen1, Hannes Lans1 1) 
ErasmusMC.

Nucleotide excision repair (NER) is a major DNA repair pathway that removes a large variety of helix-distorting DNA damage. 
Hereditary mutations in NER genes that encode proteins that make up the core NER machinery, such in endonucleases XPF 
and XPG, can give rise to the cancer prone disorder xeroderma pigmentosum (XP) or to more severe disorders in which XP 
is combined with progressive neurodegeneration or progeroid Cockayne syndrome (CS) features, called XP-CS. Intriguingly, 
mutations in other factors of the core NER complex give rise to a milder phenotype. It is not properly understood why 
mutations in genes that act in the same DNA repair pathway cause different types of disease.

Here, we use C. elegans as a model to study the phenotypic impact of different mutations in the evolutionary conserved NER 
pathway. We found that XPF-1 or XPG-1 deletion mutants show severe developmental arrest and neuronal dysfunction upon 
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induction of UV damage. In the absence of XPF-1 or XPG-1, core NER-intermediates accumulate at DNA damage and stay stably 
bound to DNA. We hypothesized that this could shield the lesion from other DNA repair pathways and block transcription, 
which could cause this severe phenotype. Intriguingly, we found that inhibiting the binding of the core NER-intermediates 
to DNA in XPF-1 or XPG-1 worms alleviated the severe phenotype, confirming that the accumulation of repair intermediates 
can indeed be more toxic for cells than the damage itself. Together, these results strongly suggest that the persistence of NER 
intermediates adversely affects cell functionality, which may be a plausible explanation for why mutations in XPF or XPG can 
lead to more severe disease features than mutations in other core subunits.

986B	 Heterochromatin	protein	1	regulates	longevity	and	the	mitochondrial	unfolded	protein	response

Patricia De La Cruz Ruiz1, Peter Askjaer1, Marta Artal Sanz1 1) Andalusian Centre of Developmental Biology.

Prohibitins (PHB-1 and PHB-2) form a large macromolecular structure at the mitochondrial inner membrane. Prohibitin 
deficiency shortens the lifespan of wild type animals, but dramatically extends the lifespan of a variety of metabolically 
compromised animals such as insulin/IGF-1 receptor (daf-2) mutants. This phenotype is accompanied by a differential 
induction of the mitochondrial Unfolded Protein Response (UPRmt), a stress protective mechanism that is attenuated in daf-2 
mutants.

Through a genome wide RNAi screen we identified Heterochromatin Protein 1 (HP1) as a new regulator of the UPRmt. HP1 
proteins (HPL-1 and HPL-2 in C. elegans) bind histone H3 methylated on lysine 9 to maintain chromatin in a repressed state 
during development. We observed induction of the UPRmt in HP1 single and double mutants, as well as decreased basal and 
maximal respiration compared to wild type animals, suggesting a mitochondrial dysfunction. This is supported by an increased 
sensitivity of HP1 mutants to the antibiotic doxycycline, which specifically blocks mitochondrial translation. Furthermore, 
HP1 protein levels increased in response to phb-1 depletion, both, in otherwise wild type animals and in daf-2 mutants. 
Interestingly, hpl-1 mutants reduced the UPRmt triggered by phb-1 depletion, but suppressed the attenuated UPRmt in PHB-
depleted daf-2 mutants.

HPL-1 protein levels increase as animals age, while HPL-2 remains steady. Interestingly, hpl-1 deletion extended lifespan 
independently of phb-1. However, in daf-2 mutants, hpl-1 was required for the enhanced longevity conferred by PHB 
depletion. We are currently investigating which genes are targeted by HP1 proteins under conditions leading to opposing 
ageing phenotypes. Given the evolutionary conservation of ageing mechanisms and the proteins under study, research in 
short-lived model systems amenable to genetic dissection, such as C. elegans, is likely to be beneficial to human health.

987C	 Prohibitin	depletion	extends	lifespan	of	a	TORC2/SGK-1	mutant	through	autophagy	and	the	mitochondrial	UPR

Patricia de la Cruz Ruiz1, Blanca Hernando-Rodríguez1, Mercedes M. Pérez-Jiménez1, María Jesús Rodríguez-Palero1, Manuel D. 
Martínez-Bueno1, Antoni Pla 1, Roxani Gatsi1, Marta Artal Sanz1 1) Andalusian Centre of Developmental Biology.

Mitochondrial prohibitins (PHB) are highly evolutionarily conserved proteins with a peculiar effect on lifespan. While PHB 
depletion shortens lifespan of wild type animals, it enhances longevity of a plethora of metabolically compromised mutants, 
including target of rapamycin complex 2 (TORC2) mutants sgk-1 and rict-1. SGK-1 belongs to the AGC kinase family and is 
the sole C. elegans homologue of the mammalian Serum- and Glucocorticoid-inducible Kinase. SGK-1 regulates aging and 
mitochondrial homeostasis as part of TORC2 downstream of RICT-1. Intriguingly, TORC2 mutants induce the mitochondrial 
unfolded protein response (UPRmt), while reducing the strong UPRmt elicited by PHB depletion.

Here we show that sgk-1 mutants have increased mitochondrial size, mitochondrial interconnectivity, respiration rate and ROS 
production. Remarkably, all these features are suppressed by PHB depletion. A transcription factor RNAi screen identified lipid 
and sterol homeostasis as UPRmt modulators in sgk-1 mutants. Further, we show that sgk-1 mutants have impaired lipogenesis 
and lipoprotein/yolk formation, plausibly due to alterations in membrane lipid and sterol homeostasis. Surprisingly, both 
defects are suppressed by PHB depletion. Lifespan analysis shows the requirement of the sterol binding protein SRBP1/SBP-1 
for the extended lifespan of sgk-1 mutants and the further increase conferred by PHB depletion.

Additionally, we show that while autophagy is similarly induced in sgk-1 mutants, PHB-depleted and sgk-1;PHB-depleted 
animals, lysosomal function is particularly enhanced in sgk-1;PHB-depleted worms. Interestingly, autophagy and the UPRmt 
are dispensable for the lifespan of sgk-1 mutants and PHB-depleted animals. However, the enhanced longevity caused by PHB 
depletion in sgk-1 mutants requires both, the UPRmt and autophagy, but not mitophagy. We hypothesize that UPRmt induction 
upon PHB depletion extends lifespan of sgk-1 mutants through autophagy and probably modulation of lipid metabolism.
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988A	 Stress	discrimination	by	body-wide,	stochastic	DAF-16/FoxO	nuclear	translocation	pulses

Olga Filina1, Burak Demirbas1, Timo Louisse1, María Olmedo2, María Antonia Sánchez-Romero2, Jeroen Van Zon1 1) AMOLF, 
Amsterdam, The Netherlands; 2) University of Seville, Seville, Spain.

In C. elegans, the insulin/IGF-1 pathway is responsible for mounting tailored responses to a broad range of external stresses. 
DAF-16/FOXO, the primary output of this pathway, translocates to the nucleus upon stress to induce gene expression. So 
far, it is assumed that the level of nuclear DAF-16 remains constant if stress conditions are unchanged. Surprisingly, when 
we visualized DAF-16 in individual L1 larvae exposed to constant stress, we instead observed stochastic pulses of nuclear 
translocation, with DAF-16 moving between the nucleus and cytoplasm in ~1hr pulses. Pulses were present both in DAF-
16::GFP integrated transgenes and CRISPR knock-ins. The pulses were strikingly synchronized across the worm body, with cells 
from different tissues switching within minutes. Quantitative analysis revealed that DAF-16 pulse dynamics was specific to 
different types of stress: starvation resulted in pulses that resembled stochastic oscillations, osmotic shock yielded random 
pulses whose average durations increased with salt concentration while their amplitude remained constant, and temperature 
shock gave rise to a single high-amplitude pulse, followed by persistent DAF-16 nuclear localization. These results suggest 
that the worm could use differences in DAF-16 nuclear translocation dynamics to determine both magnitude and type of 
stress. We use mathematical modelling to provide a potential mechanism for DAF-16 pulse generation and their body-wide 
synchronization. Finally, we also observed pulsatile dynamics of the DAF-16 homolog FoxO in mammalian cells at low nutrient 
levels that activate insulin signaling. Overall, this indicates that DAF-16/FoxO translocation pulses are a general feature of 
insulin signaling.

989B	 Nuclear	Hormone	Receptor	NHR-49	controls	a	HIF-1-independent	hypoxia	adaptation	pathway	in	Caenorhabditis 
elegans

Kelsie Doering1, Xuanjin Cheng1, Luke Milburn2, Ramesh Ratnappan3, Arjumand Ghazi3, 4, Dana Miller2, Stefan Taubert1 1) Centre 
for Molecular Medicine and Therapeutics, Department of Medical Genetics, University of British Columbia; BC Children’s 
Hospital Research Institute, Vancouver, Canada; 2) Department of Biochemistry, University of Washington School of Medicine, 
Seattle, Washington; 3) Department of Pediatrics, University of Pittsburgh School of Medicine, Pittsburgh, Pennsylvania; 
4) Departments of Developmental Biology and Cell Biology and Physiology, University of Pittsburgh School of Medicine, 
Pittsburgh, Pennsylvania.

Cells encounter many harmful stresses, and their ability to mount responses specific to each stress is critical for survival. The 
response to insufficient oxygen (hypoxia) is orchestrated by the conserved Hypoxia-Inducible Factor (HIF). However, HIF-
independent hypoxia response pathways exist that act in parallel to HIF to mediate the physiological hypoxia response. We 
have found a HIF-independent hypoxia response pathway controlled by Caenorhabditis elegans Nuclear Hormone Receptor 
NHR-49, an orthologue of mammalian lipid metabolism regulator Peroxisome Proliferator-Activated Receptor alpha (PPARα). 
We show that nhr-49 is required for worm survival in hypoxia and is synthetic lethal with hif-1 in this context, demonstrating 
that these factors act independently. Our RNA-seq analysis shows that in hypoxia nhr-49 regulates a set of genes that are hif-1-
independent, including autophagy genes that promote hypoxia survival. We further show that Nuclear Hormone Receptor nhr-
67 and Homeodomain-interacting Protein Kinase hpk-1 act in the NHR-49 pathway. The former acts during normoxia to repress 
NHR-49; however, during hypoxia, an increase in NHR-49 protein levels in turn represses nhr-67 levels, forming a feedback loop 
that may serve to reinforce NHR-49 activity. In contrast to nhr-67, the upstream kinase HPK-1 positively regulates the NHR-49 
hypoxia response, as it is required to activate the NHR-49 regulated hypoxia response genes and to survive hypoxia. Together, 
our experiments define a new, essential hypoxia response pathway that acts in parallel to the well-known HIF-mediated 
hypoxia response.

990C	 Effect	of	individual	members	of	gut	microbiome	on	C. elegans	stress	resistance,	lifespan	and	healthspan

Hunter Edwards1, Daniela Vidal4, Taslim Anupom2, Fan Zhang4, Buck Samuel4, Siva Vanpalli3 1) Department Biological Sciences, 
Texas Tech University, Lubbock, TX; 2) Department of Chemical Engineering, Texas Tech University, Lubbock, TX; 3) Department 
of Electrical Engineering, Texas Tech University, Lubbock, TX ; 4) Alkek Center for Metagenomics and Microbiome Research, 
Baylor College of Medicine, Houston, TX.

Dysregulation of the human gut microbiome has been linked to the development of many human diseases, including 
inflammatory disorders such as irritable bowel syndrome and ulcerative colitis. Moreover, studies have shown that the 
microorganisms colonizing the GI tract interact extensively with host signaling pathways, including the highly conserved 
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ageing-related Insulin/IGF signaling pathway. The mechanisms by which the gut microbiota influences host gene expression 
and physiology remains unclear. With a rapid lifespan of less than one month, C. elegans have been used to study the 
relationship between host phenotypes and gene expression for decades. C. elegans are typically grown on a non-native 
singular food source, E. coli OP50, selected for its accessibility and ease of growth in the laboratory environment. The 
versatility of the soil dwelling nematode offers a unique platform to study complex microbial communities in a well-defined 
gnotobiotic environment, however very little is known about the effects of non-E.coli bacteria on C. elegans health and 
survival.

Here we conduct comprehensive screen of select individual bacteria isolated from natural C. elegans microbiome. Sterile C. 
elegans can be housed in pillared microfluidic chambers where bacterial membership can be precisely controlled and readily 
delivered to control quality and quantity of the bacteria. Using this platform, we show that individual members of the natural 
microbiome colonize the C. elegans gut and exert variable effects on host physiology including delayed development and 
growth, stress resistance and survival. Specifically, we find that two bacterial isolates, which dominate the guts of C. elegans, 
Ochrobactrum BH3 and Myroides BIGb0244, extend lifespan and healthspan in our semi-liquid microfluidic environment. 
Our results lay the foundation for future, high-throughput screens of larger communities and panels of microbes, such as the 
BIGbiome and CeMbio model microbiomes. This robust system will allow for simultaneous and comprehensive assessment of 
the effects of both individual isolates and multi-member communities on host gene expression and aging related phenotypes.

991A	 Tissue-Specific	Roles	of	microRNA	Argonaute	Proteins	in	Aging

Corrina Elder1, Laura Chipman1, Ian Nicastro1, Nathan Barney1, Amy Pasquinelli1 1) UC San Diego.

MicroRNAs (miRNAs) are short, non-coding RNA molecules that negatively regulate gene expression post-transcriptionally. 
When bound with Argonautes (AGOs) and other companion proteins, miRNAs can target mRNAs for degradation or 
translational repression. The miRNA pathway is conserved through many organisms and is involved in development, 
longevity, and stress responses. Two integral Caenorhabditis elegans AGOs (ALG-1 and ALG-2) are 81% identical at the 
amino acid level and have similar spatiotemporal expression patterns in developing C. elegans, but recent work shows that 
these developmentally redundant AGOs take on opposing roles in adults. There is a global reduction of ALG-1 expression in 
adults, while ALG-2 levels remain constant. Loss of function (LOF) alg-1 mutants have shortened lifespans, whereas LOF alg-2 
mutants live longer than wildtype organisms. Through transcriptional profiling of these mutants, we’ve identified unique sets 
of misregulated miRNAs and protein-coding genes. Interestingly, there is an enrichment of up-regulated neuronal-specific 
genes in the alg-1 adult mutant, and previous work has shown that individual tissues play pivotal roles in regulating longevity. 
We have begun to test well-characterized aging phenotypes at the tissue level, which reveal that ALG-1 is important in the 
maintenance of pharyngeal, muscular, and intestinal integrity in adulthood. Additionally, we have generated tissue-specific 
ALG-1- or ALG-2-depleted strains to begin testing the hypothesis that ALG-1 and ALG-2 regulate miRNA targets in a tissue-
specific manner, leading to opposing roles in the lifespan of C. elegans.

992B	 Insulin-like	signaling	and	starvation	resistance	via	daf-16/FoxO-dependent and independent gene regulatory 
pathways

Kinsey Fisher1, Ryan Baugh1, Rojin Chitrakar1 1) Duke University.

In the absence of food, C. elegans are able to arrest development in order to survive extended periods of starvation. 
This period of quiescence is reversible upon feeding, and the ability to start and stop development is dependent on the 
transcriptional effector of insulin-like signaling, daf-16/FoxO. daf-16 is responsible for inhibiting pathways that promote 
development and activating stress-response genes, and it is regulated by the insulin receptor daf-2/InsR via the PI3K pathway. 
We are interested in exploring the gene regulatory mechanisms of daf-2 that promote starvation resistance in daf-16-
dependent and independent manners. Gene expression data revealed that the histone variant hil-1/H1-0 is activated by daf-16 
during starvation, and that its expression decreases upon feeding. Assays for survival, growth and reproduction following 
recovery from starvation using hil-1 mutant alleles tm1442 and gk229 suggest that hil-1 plays a critical role in C. elegans’ ability 
to survive and recover from starvation. We hypothesize that HIL-1 alters chromatin structure, regulating expression of nutrient-
responsive genes. In addition, RNA-seq-based epistasis analysis suggests a function of daf-2 independent of daf-16. Phenotypic 
assays of daf-2 and daf-16 single and double mutants revealed that simultaneous disruption of daf-2 and daf-16 leads to 
increased starvation resistance over the daf-16 single mutant. Together these results suggest DAF-2 regulates starvation 
resistance through one or more effectors in addition to DAF-16. Identifying daf-2 signaling effector mechanisms as well as the 
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DAF-16-dependent function of hil-1 in cellular quiescence will be valuable for understanding the genetic basis of physiological 
adaptation to nutrient availability with implications for aging and the pathological consequences of nutrient stress in humans.

993C	 14-3-3	and	its	interacting	proteins	in	aging	and	neurodegeneration

Akshatha Ganne1,2, Meenakshisundaram Balasubramaniam1,4, Robert Shmookler Reis1,3,4, Srinivas Ayyadevara1,3,4 1) UAMS; 2) 
UALR; 3) Central Arkansas Veterans Healthcare Service, Little Rock; 4) Department of Geriatrics. The 14-3-3 proteins are an 
evolutionarily conserved family of proteins that are ubiquitous from nematodes to humans. They are intrinsically unstructured 
proteins that bind to a diverse array of key regulatory-protein targets, modulating their functions. They were shown to bind 
to DAF-16 and SIR-2.1 proteins, with substantial effects on C.elegans lifespan. In mammals, these regulatory proteins are 
most highly expressed in brain/cerebral tissue, predominantly in neurons. Their presence in cerebrospinal fluid may serve 
as biomarkers of neuronal damage associated with Alzheimer’s disease (AD), Creutzfeldt–Jakob disease (CJD), spongiform 
encephalitis, brain cancers, and stroke. We also observed a significant enrichment of specific 14-3-3 isoforms among the 
proteins we identified in neuropathy-associated protein aggregates. Intriguingly, the interacting partners of 14-3-3 isoforms are 
altered in AD. We pursued these observations in the present study, by immunoprecipitation to isolate specific aggregate types, 
followed by mass spectrometry to identify interacting protein partners of 14-3-3, and thus to gain insights into their roles in 
C.elegans aging and models of age-associated neurodegeneration.

994A	 Rationing	yolk	affects	offspring	quality,	not	quantity,	in C. elegans

Ellen Geens1, Pieter Van de Walle1, Francesca Caroti2, Rob Jelier2, Christian Steuwe3, Liliane Schoofs1, Liesbet Temmerman1 
1) Animal Physiology and Neurobiology, KU Leuven, Leuven, Belgium; 2) Predictive Genetics and Multicellular Systems, KU 
Leuven, Leuven, Belgium; 3) Centre for Membrane Separations, Adsorption, Catalysis and Spectroscopy for Sustainable 
Solutions, KU Leuven, Leuven, Belgium.

Embryonic development demands energy to drive biological processes like chromosome segregation and cell division, as well 
as molecular building blocks such as nucleotides and amino acids to meet the needs of DNA replication and protein synthesis. 
To conform to these requirements, egg-laying species rely on a finite maternal energy supply incorporated into the egg, 
known as yolk. Throughout evolution, however, it has not been uncommon for parental generations to experience hardships 
to the extent that they cannot provide sufficient resources to their offspring. Wild animals still regularly face such challenges, 
and people often associate these situations with them having to decide to only feed some of their children, sealing the fate 
of others. This is in line with many observations done in egg-laying species, where resources limitation due to maternal yolk 
deprivation will result in a lower fecundity. Nevertheless, for some oviparous species, including Caenorhabditis elegans, yolk 
availability does not seem to correlate with fecundity, which challenges this paradigm.

Via differential proteomics and physiological experiments using multiple yolk-deprived mutants, we found that, unlike species 
where egg production correlates with yolk protein levels, C. elegans appears to invest in massive yolk production to gain a 
small temporal advantage during embryonic development. Moreover, yolk provisioning also allowed offspring to be more 
resistant to post-embryonic larval starvation. Under conditions of limited food availability, as are common in nature, these 
characteristics grant well-provisioned offspring a competitive edge over yolk-deprived animals. These results suggest that, in 
contrast to other oviparous species, C. elegans resorts to prioritizing offspring numbers over quality when confronted with yolk 
deprivation.

995B	 Three	programmatic	mechanisms	of	aging	in	C. elegans 

David Gems1, Evgeniy Galimov1, Carina Kern1 1) University College London.

One of the main objectives of research on aging in C. elegans is to develop an understanding of the fundamental principles 
that govern the process of senescence (aging) including the development of diseases of aging. Attaining this understanding 
has proven to be difficult, despite major advances in terms of knowledge of genes and pathways which affect lifespan. Work 
in the Gems lab has investigated two different ideas about aging in C. elegans. First, and initially, that it results mainly from 
the accumulation of stochastic molecular damage. Second, and more recently, that it results mainly from non-stochastic 
programmatic mechanisms driven by wild-type gene action. Tests of the damage theory yielded largely negative effects [1-6]. 
By contrast, tests of programmatic theories have both supported such theories [7-11] and led to elaborations of them [12-16].

Our recent work suggests a new picture of C. elegans aging as driven by three distinct forms of programmatic mechanism. 
First, programs optimized for fitness in early life that later run on in futile fashion, causing pathology. This is exemplified by 
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uterine tumor formation which results from run-on of embryogenetic programs [10, 11], consistent with recent programmatic 
theories [17-19]. Second, costly programs that promote aging as part of a suicidal reproductive effort (semelparous 
reproductive death, c.f. Pacific salmon). For example, consumption of intestinal biomass to support production of yolk that is 
vented to support larval growth leads to gut atrophy (see presentation by C.C. Kern)[8, 16, 20]. Third, programmed adaptive 
death, that can evolve in organisms that exist in clonal, high-density populations and, particularly, where reproductive death 
occurs [12-14]. We suggest that the unusually high degree of plasticity in aging in C. elegans reflects suppression of genetically 
determined reproductive death and adaptive death.

[1] Free Radic Biol Med (2003) 34, 277. [2] Free Radic Biol Med (2004) 37, 239. [3] Free Radic Biol Med (2011) 51, 1575. [4] 
Genes Dev (2008) 22, 3236. [5] Cell Cycle (2009) 8, 1681. [6] Mech Ageing Dev (2012) 133, 282. [7]. Oncotarget (2016) 7, 
39082. [8] Curr Biol (2018) 28, 2544. [9] Antioxid Redox Signal (2013) 19, 321. [10] Aging (2018) 10, 1188. [11] NPJ Aging Mech 
Disease (2018) 4, 6. [12] Philos Trans R Soc B (2021) 376, 20190730. [13] Ageing Res Rev (2019) 50, 58. [14] Biochem (Moscow) 
(2019) 84, 1433. [15] Preprints (2020) 2020110019. [16] BioRxiv (2020) doi.org/10.1101/2020.1111.1115.380253. [17] Physiol 
(2005) 20, 252. [18] Cell Cycle (2006) 5, 2087. [19] Proc Biol Sci (2019) 286, 20191604. [20] J Gerontol A (2019) 74, 1180.

996C	 Uncovering	protective	mechanisms	of	the	probiotic	Bacillus subtilis	against	α-synuclein	aggregation

Eugenia Goya1, Feng Xue1, Sofia Arnaouteli2, Nicola R Stanley-Wall2, Maria Doitsidou1 1) University of Edinburgh, Centre for 
Discovery Brain Sciences, Edinburgh, UK ; 2) University of Dundee, School of Life Sciences, Dundee, UK.

Recent discoveries have implicated the gut microbiome in the progression and severity of Parkinson’s disease. However, 
how gut bacteria affect neurodegenerative disorders remains unclear. We previously showed that a probiotic Bacillus subtilis 
strain inhibits α-synuclein aggregation and clears preformed aggregates in an established Caenorhabditis elegans model of 
synucleinopathy (Goya et al, 2020). The reduction in aggregates can be triggered by multiple B. subtilis strains and correlates 
with improved locomotion in α-synuclein-expressing worms. We provide evidence for distinct contributions of spores and 
vegetative cells in inhibiting α-synuclein aggregation, and a role of biofilm formation in the gut for maintaining low levels of 
aggregation during aging. We are taking genetics and metabolomics approaches to uncover bacterial metabolic pathways that 
mediate the protective effect, and host response mechanisms triggered by the B. subtilis diet. Our findings provide a basis for 
exploring the disease-modifying potential of B. subtilis and its metabolic products in synucleinopathies.

998B	 Cryptic	transcription	and	deregulation	of	alternative	3’	splice	site	selection	are	associated	with	physiological	aging	
in C. elegans

Seokjin Ham1, Sangsoon Park1, Sieun Kim1, Eun ji Kim1, Sujeong Kwon1, Seung-Jae Lee1 1) Korea Advanced Institute of Science 
and Technology.

Aging is associated with changes in diverse biological processes, including gene expression at transcriptomic levels. The age-
associated changes scale with two types of aging, chronological and physiological aging. Understanding these two aspects 
is important for delaying or even reversing physiological aging processes. However, dissecting the difference between 
chronological and physiological ages at the transcriptomic level has been a challenge due to its complexity. Here we analyzed 
transcriptomic features that scaled with physiological or chronological aging using various ages of wild-type C. elegans and 
long-lived daf-2/insulin/IGF-1 receptor mutants, which display delayed physiological aging in various aspects. We found that 
while changes in the abundance of protein-coding transcripts were independent of ages, upregulation of non-exonic (intronic 
and intergenic) or non-coding transcripts generally scaled with aging in wild-type worms. This result raises the possibility 
of impaired transcriptional repression and increased diversity of expressed transcripts in aged worms. Next, we analyzed 
transcriptomic features associated with physiological ages. We showed that daf-2 mutations delayed age-dependent increases 
in cryptic transcription and the use of rarely used distal 3’ splice sites in transcripts. Thus, cryptic transcription and the usage 
of distal 3’ splice sites appear to scale with physiological ages, which may contribute to the increased diversity of expressed 
transcripts in aged worms. We then sought to identify factors that mediated the physiological, age-dependent increase 
in transcriptomic deregulation by analyzing the expression changes in genes associated with RNA processing. While the 
expression of most genes that encode RNA processing components generally decreased and scaled with chronological ages, 
eleven of them exhibited downregulation scaling with physiological ages. Currently, we are functionally characterizing these 
eleven genes by performing an RNAi-based lifespan screen, and will test whether any of these genes underlie physiological 
age-dependent transcriptomic changes. Together our results suggest that cryptic transcription and deregulation of alternative 
3’ splice site selection are transcriptomic features scaling with physiological ages. We believe our work will provide novel 
insights into dissecting chronological and physiological aging at the transcriptomic level.
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999C	 Homolog	of	ELAC2	is	responsive	to	mitochondrial	stress	and	activates	the	mitochondrial	unfolded	protein	response

James Held1, Maulik Patel1,2,3 1) Department of Biological Sciences, Vanderbilt University, Nashville, TN; 2) Department of Cell 
and Developmental Biology, Vanderbilt University School of Medicine, Nashville, TN; 3) Diabetes Research and Training Center, 
Vanderbilt University School of Medicine, Nashville, TN.

Proper mitochondrial function is imperative for cell health and homeostasis. Defects in mitochondrial function have profound 
impacts on aging and have been associated with a growing list of diseases and disorders. To maintain mitochondrial function, 
cellular mechanisms have evolved that are responsive to mitochondrial stress. However, the molecular underpinnings of 
these mechanisms are poorly understood. Using a targeted screening approach, we have discovered that the tRNA processing 
enzyme HOE-1 (homolog of ELAC2) is responsive to mitochondrial stress. Upon mitochondrial stress, nuclear levels of HOE-
1 are elevated. We find that HOE-1 is integral for the activation of an important stress mechanism called the mitochondrial 
unfolded protein response (UPRmt). Loss of HOE-1 attenuates UPRmt induction, while forcing its nuclear accumulation is 
sufficient to robustly induce UPRmt, even in the absence of mitochondrial stress. Blocking tRNA export from the nucleus is 
sufficient to suppress HOE-1 dependent UPRmt induction. These data suggest that HOE-1 generates tRNA species required in 
the cytosol to trigger UPRmt. Taken together we have identified a novel and unusual pathway of UPRmt activation. Our work 
provides a better understanding of how cells sense and respond to mitochondrial stress.

1000A	 LEA	motifs	promote	desiccation	tolerance	in vivo

Jon Hibshman1, Bob Goldstein1 1) The University of North Carolina at Chapel Hill, Chapel Hill, NC.

Cells and organisms typically cannot survive in the absence of water. However, there are some notable exceptions, including 
animals such as nematodes, tardigrades, rotifers, and some arthropods. One class of proteins known to play a role in 
desiccation resistance is the late embryogenesis abundant (LEA) proteins. These largely disordered proteins protect plants 
and animals from desiccation. A multitude of studies have characterized stress-protective capabilities of LEA proteins in vitro 
and in heterologous systems. However, the extent to which LEA proteins exhibit such functions in vivo, in their native contexts 
in animals, is unclear. Furthermore, little is known about the distribution of LEA proteins in multicellular organisms or tissue-
specific requirements in conferring stress protection. To study the endogenous function of an LEA protein in an animal, we 
created a true null mutant of C. elegans LEA-1, as well as endogenous fluorescent reporters of the protein. We confirmed that 
C. elegans lacking LEA-1 are sensitive to desiccation. LEA-1 mutant animals were also sensitive to heat and osmotic stress and 
were prone to protein aggregation. During desiccation, LEA-1 expression increased and became more widespread throughout 
the body. LEA-1 was required at high levels in body wall muscle for animals to survive desiccation and osmotic stress. We 
identified minimal motifs within C. elegans LEA-1 that are sufficient to increase desiccation survival of E. coli. To test whether 
such motifs are central to LEA-1’s in vivo functions, we then replaced the sequence of lea-1 with these minimal motifs and 
found that C. elegans survived mild desiccation and osmotic stress at the same levels as worms with the full-length protein. 
Our results provide insights into the endogenous functions and expression dynamics of an LEA protein in a multicellular 
animal. The results show that LEA-1 buffers animals from a broad range of stresses. Our identification of LEA motifs that can 
function in both bacteria and in a multicellular organism suggests the possibility of engineering LEA-1-derived peptides for 
optimized desiccation protection.

1001B	 Identifying	the	mechanisms	of	NLP-14/Orcokinin	signaling	during	sleep.

Madison Honer1 1) Saint Joseph›s University.

Despite sleep being essential and conserved, an understanding of its mechanisms are lacking. We recently described a role 
for NLP-14/orcokinin neuropeptides during the regulation of sleep, most notably during stress-induced sleep (SIS). Orcokinins 
are found in ecdysozoan animals and have been shown to regulate circadian rhythms and molting in insects. Despite their 
conservation, their downstream mechanisms are not well understood. Taking advantage of the observation that over-
expression of nlp-14 induces a strong sleep phenotype, we conducted a forward genetic screen for suppression of the sleep 
phenotype. Our experimental approach uses 3D-printed chambers which allow for the sorting of animals using gravity. 
Mutagenized animals are induced to fall asleep by nlp-14 over-expression. Those who fell asleep were trapped in the lower 
chamber, while the rare suppressors swam against gravity to the upper collection platform. We have isolated multiple mutants, 
which we call orcokinin suppressors (orcs), and have sequenced their genomes. Currently, we are identifying the causative 
alleles. Two of these unmapped mutants orcs(327) and orcs(330) display drastically reduced levels of SIS. These new mutants 
may represent novel sleep genes essential for SIS regulation.
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1002C	 Crosstalk	between	HSR	and	mTOR	regulates	hibernation	and	longevity

Makoto Horikawa1, Adam Antebi2, Masaki Mizunuma1 1) Hiroshima University, Hiroshima, Japan; 2) Max Planck Institute for 
Biology of Ageing, Cologne, Germany.

Population aging accelerates in the world and the anti-aging study becomes more and more important. During these decades, 
anti-aging studies have discovered several regulatory mechanisms of aging, such as mTOR and insulin signals. And clinical 
studies on anti-aging have launched recently. However, it is still unclear “why we age“. To answer the fundamental question, 
we are now studying slowed aging at low temperatures, as a new anti-aging model.

In C. elegans, lifespan and developmental speed are inversely correlated with living temperature even in both long-lived 
and short-lived mutants. It suggests that aging speed in whole-life, from development to aging, is slowed down at low 
temperatures. But, the regulatory mechanism of aging at low temperatures is poorly understood. In previous studies, we found 
components of HSP90 complex, HSP90/hsp-90 and co-chaperone p23/daf-41, controlled lifespan in response to temperature 
(PLoS Genet 2015). A mutation of daf-41 caused short-lived and a gain-of-function mutation of hsp-90 extremely extended the 
lifespan at 15°C. The maximum lifespan of the hsp-90 mutant was longer than 100 days. According to the result, we thought 
some chaperones are involved in cold adaptation and investigated the functions of chaperones at low temperatures. And, we 
found the hsf-1(sy441) mutants, heat shock response (HSR), stopped development at 9°C and they restarted growing when 
the mutants were transferred to 20°C. Interestingly, the hsf-1 mutants could survive at least for 60 days in the diapause at 9°C. 
Therefore, we named this cold-inducible diapause phenotype «hibernation».

Next, we explored mutants that show the hibernation phenotype from known aging mutants and found the rict-1(mg451) 
mutants, in mTORC2 pathway, also stopped growth at 9°C. Although the rict-1 mutants were mostly killed by severe vulval 
bursting, approximately 10% of total worms could enter into hibernation and survived longer than 60 days as larvae. We also 
tested crosstalk between HSR and mTORC2 pathways and found that the gain-of-function mutation of hsp-90 inhibited the 
hibernation-entry of the rict-1 mutants. We found another crosstalk that the overexpression of skn-1 extending lifespan only at 
15°C (H Miller, Aging Cell 2017) also prevented the hibernation-entry of both the rict-1 and hsf-1 mutants.

With these findings, we hypothesized that there is a crosstalk between the regulation of hibernation-entry and longevity, 
and it can be used for the screening of novel longevity genes. By EMS mutagenesis, we have already isolated more than 50 
hibernation-exit mutants in hsf-1 and rict-1 mutants background and now measure the lifespan of the worms.

1003A Are levels of autophagy increased or decreased in daf-2	insulin/IGF-1	mutants?

Kuei Ching Hsiung1, Hannah Chapman1, David Gems1 1) Institute of Healthy Ageing, and Department of Genetics, Evolution and 
Environment, University College London.

According to one theory, molecular damage is the principal cause of ageing, while somatic maintenance mechanisms act 
against damage accumulation and ageing. One such maintenance mechanism is autophagy, which can remove damaged 
cellular constituents. Autophagy is considered a likely mechanism protecting against ageing. Various findings support the view 
that autophagy levels are elevated in daf-2 insulin/IGF-1 receptor mutants in C. elegans, and that autophagy contributes to 
their extended lifespan.

We have been investigating the causes of intestinal atrophy, a major senescent pathology in C. elegans. Our evidence 
supports the view that gut atrophy is the result of the intestine consuming its own biomass to support yolk synthesis in 
sperm-depleted hermaphrodites [1], an example of a programmatic mechanism of ageing [2]. This yolk is vented via the vulva 
after reproduction and can support larval growth [3] (see presentation by C.C. Kern). Such intestinal biomass repurposing 
is facilitated by autophagy, and greatly reduced in daf-2 mutants [1,4]. This suggests that autophagy is decreased in daf-2 
mutants. Consistent with this, it has been reported that protein turnover is also reduced in daf-2 mutants.

To try to resolve the conflicting conclusions about the relationship between IIS, autophagy and ageing in C. elegans we are 
re-examining effects of knockdown of genes encoding the machinery of autophagy on pathology and ageing, taking into 
consideration issues of timing and severity of knockdown, daf-2 allele class, temperature, bacterial status and other issues. 
Our interim data will be described.

[1] M. Ezcurra, et al (2018) Curr. Biol. 28: 2544.

[2] A.A Maklakov, T. Chapman (2019) Proc. Biol. Sci. 286: 20191604.
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[3] C.C. Kern et al (2020) BioRxiv doi.org/10.1101/ 2020.11.15.380253.

[4] A. Benedetto, D. Gems (2019) Autophagy 15: 731.

1004B	 Quantitative	Analysis	of	DAF-16	Lifelong	Spatiotemporal	Activity	under	Dietary	Restriction	as	a	Predictor	of	C. 
elegans lifespan

Javier Huayta1, Adriana San Miguel1 1) North Carolina State University, Raleigh, NC.

Several environmental factors affect longevity in C. elegans. Most of these function through the DAF-16 transcription factor, 
which regulates expression of genes involved in aging and stress response. Current methods to track DAF-16 activity have a 
destructive nature, and use strains with multiple copies of daf-16. Thus, we created a single copy GFT-tagged strain at the 
endogenous locus of daf-16. This strain, along with quantitative analysis of fluorescence imaging enables lifelong tracking 
of DAF-16 activity in response to environmental perturbations in vivo. Thus, the relationships between environmental 
perturbations, longitudinal gene activity, and lifespan can be explored. We aim to elucidate how the lifelong molecular activity 
of daf-16, driven by environmental interventions, determines lifespan in C. elegans.

Using a custom image-processing algorithm, we tracked DAF-16 under various dietary restriction (DR) regimes. In particular, 
the image processing approach enabled evaluation of complex patterns of DAF-16 nuclear migration at the tissue and cellular 
levels. To characterize DAF-16 activity, we developed a strain that labels the endogenous DAF-16 protein with GFP using 
the CRISPR/Cas9 system. We observed migration of DAF-16 to cell nuclei of nematodes under DR conditions. This pattern 
increased the longer the animals were under this condition, reaching a peak after 12 hours of DR and decreasing thereafter. 
Moreover, under repeated and intermittent exposure of the same C. elegans population to DR, we identified a decreasing 
activity of DAF-16 in subsequent days. Additionally, we have observed migration of DAF-16 to nucleoli, a phenomena not 
described previously, and an increased response of DAF-16 in neurons when compared to other tissues. We aim to determine 
how tissue specific activity of DAF-16 contributes to longevity in this nematode. Lifespan measurements were performed for 
animals under the same DR regimes, enabling assessing how lifelong DAF-16 activity, , measured as cumulative intensity at the 
cellular level, correlates with lifespan.

We characterized lifespan in C. elegans, while correlating this metric to quantifiable endogenous activity of DAF-16 under 
various DR regimes. Furthermore, our findings show that DAF-16 activity is tissue specific and its lifelong activity is correlated 
with longevity. These results will help understand the fundamental mechanisms by which this transcription factor regulates the 
aging process.

1005C	 Defining	a	functional	role	for	splicing	factors	in	modulating	longevity	in	C. elegans

Noel Jackson1, Porsha Howell1, Caroline Heintz1, Sneha Dutta1, Maria Perez Matos1, William Mair1 1) Department of Molecular 
Metabolism, Harvard T. H. Chan School of Public Health, Boston, MA .

Aging is the decline in proliferative processes and organismal metabolism that promotes deterioration of cellular and 
physiological function and eventually leads to mortality. Biological aging can be uncoupled from chronological age and slowed 
by restricting food intake without malnutrition through dietary restriction (DR) and altering nutrient-sensing pathways, such 
as the mechanistic target of rapamycin (mTORC) pathway. The Mair lab has identified a conserved splicing factor, SFA-1/SF1, 
that modulates the longevity phenotype usually attained through dietary restriction (DR) and suppressed-mTORC1 activity in 
C. elegans. However, the mechanism that links DR and mTORC1 longevity to the regulation of SFA-1/SF1 is unknown. SFA-1 is 
the C. elegans homolog of mammalian splicing factor SF1, which coordinates with other splicing factors to initiate splicing of 
pre-mRNA transcripts. SF1 splicing efficiency is altered by phosphorylation events at conserved residues, and we have found 
that altering SFA-1 by inhibiting phosphorylation events in two distinct residues abolishes the suppressed-mTORC1 longevity 
phenotype in C. elegans. In future studies, I will characterize the functional role of SFA-1 and its downstream targets and 
interaction partners to identify their contribution to aging. Uncovering biological processes that are regulated by SFA-1 and 
drive lifespan extension could define novel RNA homeostatic modulators of longevity that may contribute to age-related 
diseases.

1006A	 Tubular	lysosome	induction	links	starvation	to	animal	longevity

Tatiana Villalobos1, Bhaswati Ghosh1, Tyler Butsch1, Sanaa Alam1, Cara Ramos1, Eric Eymard1, Suman Das1, Adam Bohnert1, Alyssa 
Johnson1 1) Louisiana State University, Baton Rouge, LA.
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Lysosomes are digestive organelles that govern cellular metabolism and homeostasis. Despite their importance to animal 
health and disease, the current model of lysosome structure and function is quite simplistic; autophagic lysosomes are 
thought to exist mainly as discrete vesicles with uniform activity. Here, we report that vesicular lysosomes in the C. elegans 
gut transform into an extensive, dynamic, tubular network in response to animal starvation. These tubular lysosomes 
(TLs) are acidic, serve as preferential sites of starvation-triggered autophagy, and are stimulated via inhibition of the mTOR 
pathway. Consistent with our past studies in flies, we identify spin-1, a C. elegans Spinster ortholog, as a critical TL gene. Using 
an endogenously-tagged SPIN-1::Cherry transgenic line, we find that genetic models of caloric restriction show atypically 
high spin-1 expression levels, which correlates with the constitutive presence of TLs throughout the gut. TLs also appear to 
contribute to the transgenerational effects of starvation; well-fed descendants of starved worms can show gut TLs for several 
generations. Notably, the presence of gut TLs in well-fed progeny is predictive of enhanced adult lifespan. Further, we find that 
experimental expression of the Drosophila TL stimulator SVIP in C. elegans is sufficient to induce gut TLs in well-fed worms and 
improve C. elegans health during aging. These findings highlight a new class of degradative lysosomes that act at the center of 
the cellular response to starvation, potentially coordinating its positive effects on animal health and longevity.

1007B	 pqm-1/SALL2 promotes oncogenic eicosanoid metabolism following early-life starvation

James Jordan1, Amy Webster1, Jingxian Chen1, Rojin Chitrakar1, L. Ryan Baugh1 1) Duke University.

C. elegans develop tumor-like gonad abnormalities in early adulthood after extended L1 starvation followed by unlimited 
feeding. We determined that increased maternal oocyte provisioning of vitellogenin protects progeny from starvation-induced 
pathology by reducing insulin/IGF signaling (IIS) during larval development. Here we show L1 starvation and IIS interact to 
affect phosphatidylcholine (PC) metabolism and adult pathology. PQM-1/SALL2 activity is increased in fed worms following 
L1 starvation. Knock-down of the sole known IIS receptor daf-2/InsR activates DAF-16/FoxO and inhibits PQM-1, and pqm-1 
RNAi during larval development reduces starvation-induced pathology. PQM-1 promotes fatty acid synthetase fasn-1/FASN 
expression following L1 starvation, and mutation of fasn-1 reduces starvation-induced pathology. Lipid profiling revealed 
L1 starvation increases PC abundance in early adulthood, and daf-2 RNAi during development suppresses this increase in a 
daf-16-dependent fashion. Powerful signaling molecules called oxylipins are derived from the oxidation of polyunsaturated 
fatty acid tails of PC. Oxylipins derived from arachidonic acid (AA), known as eicosanoids, are best studied. fat-4/FADS2/
FADS3 mutants, which cannot desaturate fatty acids to produce AA, are resistant to starvation-induced pathology. Mutation 
of the omega-3 fatty acid desaturase fat-1 increases starvation-induced pathology, and fat-4 is epistatic to fat-1, suggesting 
elevated levels of AA or AA-containing phospholipids is oncogenic following early-life starvation. Indeed, lipid profiling 
revealed that PC species containing AA and other long polyunsaturated tails are particularly increased following L1 starvation. 
Furthermore, oxylipin profiling showed that fat-4 mutants, which do not develop starvation-induced tumors, have reduced 
levels of eicosanoids. In addition, gene expression profiling suggests fat-4 affects cell-cell adhesion and the innate immune 
system, suggesting consequences of eicosanoid signaling. Finally, treatment with an antioxidant during larval development 
suppressed starvation-induced pathology. Together, these findings provide insight into the metabolic consequences of early-
life starvation, which can result in adult disease. Moreover, this study implicates IIS in regulation of PC metabolism, which plays 
an understudied role in regulation of critical factors governing growth and homeostasis including TOR, RAS, and PPAR.

1008C	 A	Golgi	protein	MON-2/MON2	mediates	longevity	via	upregulating	autophagy

Yoonji Jung1,7, Ara B. Hwang2,7, Nari Kim2,7, Jeonghun Yeom3,7, Murat Artan2, Dae-Eun Jeong2, Özlem Altintas2, Keunhee Seo2, 
Mihwa Seo2, Dongyeop Lee2, Wooseon Hwang2, Yujin Lee1, Jooyeon Sohn1, Sungeun Ju2, Seong Kyu Han2, Hyun-Jun Nam2, Linnea 
Adams4, Youngjae Ryu5, Dong Jin Moon2, Chanhee Kang6, Joo-Yeon Yoo2, Sang Ki Park2, Chang Man Ha5, Malene Hansen4, Sanguk 
Kim2, Cheolju Lee3,8, Seung-Yeol Park2,8, Seung-Jae V. Lee1,8 1) Department of Biological Sciences, Korea Advanced Institute of 
Science and Technology, Daejeon, South Korea; 2) Department of Life Sciences, Pohang University of Science and Technology, 
Pohang, Gyeongbuk, South Korea; 3) Theragnosis Research Center, Korea Institute of Science and Technology, Seoul, South 
Korea; 4) Development, Aging, and Regeneration Program, Sanford Burnham Prebys Medical Discovery Institute, La Jolla, 
California, USA; 5) Research Division, Korea Brain Research Institute, Daegu, South Korea; 6) School of Biological Sciences, 
College of Natural Sciences, Seoul National University, Seoul, South Korea; 7) These authors contributed equally.; 8) To whom 
correspondence should be addressed..

The Golgi apparatus is a crucial organelle for post-translational modification and transport of macromolecules, including 
proteins and lipids. Impaired functions of the Golgi complex cause various diseases but its role in organismal longevity remains 
elusive. Here, we show that an evolutionarily conserved Golgi protein MON-2, a mediator of trafficking between endosome 
and the Golgi, promotes longevity caused by inhibition of mitochondrial respiration. By performing quantitative proteomics 
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followed by RNAi-based lifespan screen, we identified factors that are required for the extended lifespan of the respiration 
isp-1(qm150) and clk-1(qm30) mutants. Among them, we found that genetic inhibition of mon-2 by RNAi and mutation 
suppressed the longevity of the respiration mutants. We showed that other factors that mediate trafficking between the Golgi 
and the endosome, such as snx-3/sorting nexin 3, tbc-3/TBC1D22A and PAD-1/DOP1, were also required for the longevity 
of respiration mutants. Next, we asked how two organelles, the Golgi and mitochondria, communicated with each other for 
the regulation of longevity. We hypothesized that MON-2 and established pro-longevity factors coordinately mediate the 
longevity of mitochondrial mutants. We demonstrated that MON-2 was required for enhancing autophagy, a process essential 
for long lifespan of respiratory mutants. We found that the number of LGG-1 puncta, a reporter of autophagy, was increased 
by isp-1(qm150) and clk-1(qm30) but decreased by mon-2(xh22) mutation. We further showed that MON-2 was required for 
the long lifespan caused by several regimens that upregulate autophagy, such as mutations in insulin/IGF-1 receptor, daf-
2(e1370), dietary restriction mimetic eat-2(ad1116) and food deprivation. We found that HLH-30/TFEB and BEC-1/Atg6, key 
regulators of autophagy, promoted longevity by acting together with MON-2. We then showed that mammalian MON2 also 
upregulated autophagy under starvation conditions by binding to GABARAP L2, a member of LC3 family proteins. Interestingly, 
we found that starvation induced the translocation of MON2 from the Golgi to recycling endosome, which may contribute to 
autophagosome formation in cultured mammalian cells. Thus, evolutionarily conserved MON-2/MON2 appears to promote 
longevity via upregulating autophagy. Altogether our study highlights the crucial roles of inter-organelle communications 
between mitochondria, the Golgi and autophagosome in the regulation of longevity.

1009A	 Antagonistic	pleiotropy	in	the	function	of	stress-activated	kinase	KGB-1	is	mediated	by	mir-71

Siavash Karimzadegan1, Cyrus Ruediger2, Sonya Lin1, Michael Shapira1 1) Department Integrative Biology, University of California 
Berkeley; 2) Department of Molecular and Cellular Biology, University of California Berkeley.

The Antagonistic Pleiotropy theory for the evolution of aging proposes that a gene may have pleiotropic effects at different life 
stages, and these effects could be under varying, and in fact opposite, evolutionary pressures. Because the strength of natural 
selection declines with age, deleterious effects of genes late in life may be outweighed by early-life beneficial qualities. This 
would culminate in positive selection of gene variants that are beneficial early in life, for development or reproduction, in spite 
of their detrimental contributions late in life, i.e. to aging and to lifespan. Despite the elegance and simplicity of the theory, a 
mechanistic understanding of how this principle manifests is still lacking.

Here we investigate antagonistic pleiotropy as manifested in the function of the Caenorhabditis elegans JNK homolog KGB-1, 
which provides stress protection in developing larvae, but sensitizes adults to stress and shortens their lifespan. Previously 
we had shown that KGB-1’s antagonistic contributions depended on age-dependent and opposing regulation of the stress 
transcription factor DAF-16 (Twumasi-Boateng et al., 2012) and that contributions were mostly cell-nonautonmous (Liu et al., 
2018), but the underlying mechanism remains unknown. Here, we describe a role for the microRNA mir-71in mediating the 
effects of KGB-1 on DAF-16 and its downstream antagonistic phenotypes.

Fluorescent imaging along with genetic and survival analyses revealed age-dependent regulation of mir-71 expression by 
KGB-1 - upregulation in larvae, but downregulation in adults. Furthermore, mir-71 was required both for early life effects of 
KGB-1 - resistance to cadmium - as well as for KGB-1-dependent infection sensitivity late in life and shortened lifespan. In 
addition, KGB-1 activation in long-lived mir-71 over-expressors reduced their lifespan to the same level as in wildtype animals, 
suggesting that KGB-1 gauged the effects of mir-71.

Not all of the effects of KGB-1 depended on mir-71. KGB-1 activation increases larval resistance to protein folding stress, but 
mir-71 disruption had no effect on that. At the same time, disruption of the argonaute gene alg-1, a central component of 
the microRNA machinery, did. These results suggest that microRNAs play a role in mediating age-dependent antagonistic 
contributions of KGB-1 to survival. mir-71 plays a central role, but additional microRNAs likely contribute redundantly.

1010B	 Adult	longevity	of	late-generation	Piwi/prg-1 mutants

Bree Heestand1, Matt Simon1, Sophia Kennedy1, Evan Lister-Shimauchi1, Shawn Ahmed1 1) UNC-Chapel Hill.

The C. elegans Piwi Argonaute protein PRG-1 associated with piRNAs to preventing germ cells from expressing foreign genetic 
elements such as transposons. PRG-1 promotes germ cell immortality and lines of prg-1 mutants are initially fertile but 
become sterile if they are grown for many generations. prg-1 mutant sterility is a form of reproductive arrest (1), which may 
resemble reproductive arrest in response to environmental stresses such as starvation (2). We found that early-generation 
prg-1 mutants have normal lifespans and fertility, while later generations had reduced fertility yet longer lifespans. Mutation 
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of the stress response transcription factor Daf-16/FOXO, caused the longevity phenotype of late-generation prg-1 mutants to 
disappear, leading to the conclusion that prg-1 mutant longevity may be a hormetic stress response. Phenotypes that arise 
from epigenetic defects can be inherited for at least 3 generations (3,4), and we found that longevity of late-generation prg-1 
mutants is inherited by F1 but not F2 cross progeny. We are currently asking if the daf-12 germline signaling pathway that 
regulates aging is required of prg-1 mutant longevity. Overall, our results imply that the longevity of late-generation prg-1 
mutant is distinct from the longevity that is transmitted for several generations by germ cells of mutants deficient for the ASH-
2/SET-2/trithorax transcriptional activation complex (3,4).

1. Heestand, B., Simon, M., Frenk, S., Titov, D. & Ahmed, S. Transgenerational Sterility of Piwi Mutants Represents a Dynamic 
Form of Adult Reproductive Diapause. Cell Rep. 23, 156–171 (2018).

2. Angelo, G. & Van Gilst, M. R. Starvation Protects Germline Stem Cells and Extends Reproductive Longevity in C. elegans. 
Science 326, 954–958 (2009).

3. Greer, E. L. et al. Transgenerational epigenetic inheritance of longevity in Caenorhabditis elegans. Nature 479, 365–371 
(2011).

4. Lee TW, David HS, Engstrom AK, Carpenter BS, Katz DJ.

Repressive H3K9me2 protects lifespan against the transgenerational burden of COMPASS activity in C. elegans. Elife (2019). 
doi: 10.7554/eLife.48498

1011C	 Disrupting	Polyunsaturated	Fatty	Acid	Biosynthesis	Modulates	Lifespan	and	Healthspan

Benjamin Kessler1, Morteza Sarparast2, Devon Dattmore3, Fan Zhang3, Jamie K. Alan4, Kin Sing Stephen Lee2,5 1) Department of 
Physiology, College of Natural Science, Michigan State University, East Lansing, MI 48824; 2) Department of Chemistry, College 
of Natural Science, Michigan State University, East Lansing, MI 48824; 3) Department of Pharmacology and Toxicology, College 
of Natural Science, East Lansing, MI 48824; 4) Department of Pharmacology and Toxicology, College of Human Medicine, East 
Lansing, MI 48824; 5) Department of Pharmacology and Toxicology, College of Osteopathic Medicine, East Lansing, MI 48824.

Specific omega-3 and omega-6 polyunsaturated fatty acids (PUFAs) have protective effects against aging-related conditions 
such as cardiovascular disease, inflammation, and neurodegenerative diseases. However, it is unclear which PUFAs are 
required in the diet and how they affect human health and disease. This study will investigate the physiological roles of 
individual PUFAs in order to pharmacologically and dietarily promote healthy aging. We will use fatty acid desaturase enzyme 
knockout transgenic C. elegans strains to assess the in vivo effects of PUFAs on the aging process. This investigation will create 
a dataset that includes lifespan and healthspan data (as determined by thrashing and/or egg laying) for every available fatty 
acid desaturase enzyme genetic knockout in the worm. Additionally, lipidomic or metabolic analysis will be used to assess the 
lipidome of key strains. We hypothesize that specific PUFAs modulate physiological processes through their corresponding 
downstream metabolites’ role in lipid signaling. Our data showed that mutants with genetically disrupted PUFA biosynthesis 
displayed a decreased median lifespan, poor physical fitness, and altered egg laying patterns. Interestingly, our results from 
several mutants are different from published data involving the use of FuDR, a chemical that prevents progeny. It is expected 
that lipidomic analysis of the knockout worms will reveal that our in vivo observations are associated with an altered lipid 
panel, especially downstream metabolites. Our data suggest that genetically altering endogenous levels of PUFAs modulates 
lifespan and healthspan. However, specifically limiting omega-3 PUFA biosynthesis has a rescuing effect on healthspan. 
Investigating these metabolic pathways may elucidate novel drug targets that could revolutionize chronic disease treatment 
and prevention.

1012A	 Air	pollution	triggers	protein	misfolding	in	C.	elegans

Emily Green1, Bailey Garcia Manriquez1, Prisha Rajasekeran1, Julia Papapanagiotou1, Hayeon Ryou1, Claire Strysick1, Elise Kikis1 1) 
The University of the South.

Environmental degradation caused by human behavior is of great concern for human health and the health of Earth’s 
ecosystems. Air pollution, and, especially, traffic-associated particulate matter (TRAP) is a significant health concern. 
Epidemiological studies have shown that exposure to TRAP triggers Alzheimer’s disease (AD) symptoms. Likewise, controlled 
laboratory studies in which AD mice were continuously exposed to TRAP revealed an increase in amyloid beta (Aβ) plaques. Aβ 
plaques are composed of misfolded protein. Their increase could be a direct consequence of the disruption of the proteostasis 
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network or an indirect consequence of neuroinflammation. To determine whether TRAP directly impairs the folding of disease-
associated proteins, we utilized C. elegans as a model that lacks a canonical inflammatory response. To this end, we exposed 
animals expressing Aβ or Huntington’s disease-associated polyQ protein to nano-sized traffic-derived particulate matter. We 
found that TRAP triggered polyQ protein misfolding and increased Aβ toxicity. Together, our data suggest that TRAP may act, at 
least in part, to trigger disease by disrupting the proteostasis balance.

1013B	 Spaceflight	effects	on	muscle	size	in	C. elegans

BanSeok Kim1, Alfredo Jr. Alcantara1, Je-Hyun Moon1, JinIl Lee1, Atsushi Higashitani2 1) Division of Biological Science and 
Technology, College of Science and Technology, Yonsei University, Wonju, South Korea; 2) Graduate School of Life Sciences, 
Tohoku University, Sendai, Japan.

Many countries are planning on space colonization, researching space habitation and even privatizing space travel. However, 
if we travel to space in the future, our bodies will be exposed to space environment during long-term space flight. Previous 
studies have revealed that space microgravity induces muscle atrophy. To understand how microgravity affects muscle 
and motor neuron that traverses body wall muscle, we focused on the GABAergic motor neurons in C. elegans, the DD/VD 
neurons. We sent C. elegans to the ISS in space to find any changes in DD/VD neurons and muscles. The worms who were 
born in microgravity environment were frozen after six days from birth and parental worms who experienced both 1G and 
microgravity condition were frozen together, and we received these samples. While we were analyzing the neurons as well as 
muscle size and shape by immunostaining, we were faced with a difficulty seeing GFP of DD/VD neurons because of their weak 
signal. Thus, we could check only muscle size of C. elegans using phalloidin staining method. Preliminary results show that 
space microgravity-exposed worms aboard the ISS may show differences in size compared to ground-control samples. We are 
currently analyzing muscle size in other space samples, as well as DD/VD motor neuron development.

Keywords : space flight, microgravity, muscle size

1014C	 ALGN-2,	asparagine-linked	glycosylation	protein,	is	critical	for	longevity	conferred	by	enhanced	nonsense-mediated	
mRNA decay

Eun Ji E. Kim1, Heehwa G. Son1, Hae-Eun H. Park1, Yoonji Jung1, Sujeong Kwon1, Seung-Jae V. Lee1 1) Korea Advanced Institute of 
Science and Technology.

Orchestrated protein and DNA quality control plays a major role in preventing premature aging and promoting longevity in 
many species. Several recent studies have shown that RNA quality control is also critical for longevity. Nonsense-mediated 
mRNA decay (NMD) is a biological surveillance mechanism that eliminates mRNA transcripts with premature termination 
codons. We previously showed that NMD in Caenorhabditis elegans contributes to longevity by enhancing RNA quality 
(Son et al., 2017, Nat. Comm.). Here, we aimed at identifying NMD-modulating factors that affect longevity in C. elegans by 
performing RNAi and mutagenesis screens. From a genome-wide RNAi screen using a sensitized NMD-responsive GFP reporter 
strain, smg-1(tm849); sec-23p::gfp::lacZ(PTC) (Longman et al., 2007, Genes Dev.), we identified several NMD-modulating 
factors: algn-2/asparagine-linked glycosylation protein, zip-1/bZIP transcription factor, and C44B11.1/FAS apoptotic inhibitory 
molecule. We further showed that knocking down each of algn-2, zip-1, and C44B11.1 increased the levels of the rpl-7A 
transcript, an established endogenous NMD target. We found that two of the mutants isolated from our mutagenesis screen 
displayed decreased rpl-7A transcript levels. We further characterized algn-2, which exhibited an age-dependent decrease in 
its expression and was required for maintaining normal lifespan. We showed that knocking down algn-2 significantly reduced 
longevity conferred by various genetic interventions, including daf-2/insulin/IGF-1 receptor mutations, dietary restriction 
mimetic eat-2 mutations, and mitochondrial respiration-defective isp-1 mutations. We further demonstrated that genetic 
inhibition of daf-2/insulin/IGF-1 receptor upregulated ALGN-2, which contributed to long lifespan in an NMD dependent 
manner. Thus, upregulation of ALGN-2 conferred by reduced insulin/IGF-1 signaling enhances NMD in C. elegans. Overall, 
our study identified novel modulators of NMD, including algn-2, which plays key roles in RNA quality control and organismal 
longevity. Our study will help understand how NMD-mediated mRNA quality control extends animal lifespan.

1015A An Alzheimer disease-related phenotype in C. elegans is exacerbated by serotonin uptake inhibitor antidepressants

Kaeli Knudsen1,2, Ryan Heistad1, Darrell Mousseau1, Carlos Carvalho2 1) Department of Psychiatry, University of Saskatchewan; 2) 
Department of Biology, University of Saskatchewan.
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An association is seen between depression early in life and the risk for developing Alzheimer disease (AD). Population studies 
suggest that some of this risk for AD might be more associated with the type of antidepressant drug being used rather than 
the depression itself. The Selective Serotonin Reuptake Inhibitors (SSRIs), which include drugs such as fluoxetine (Prozac®), 
are associated with the greatest risk. The pathology of AD is thought to relate to the accumulation of the β-amyloid (Aβ) 
peptide which aggregates in the form of plaques in the brains of patients with AD. Preliminary studies reveal that human cell 
cultures overexpressing the human APP gene (encodes the precursor molecule that yields the Aβ peptide) and treatment 
with fluoxetine secrete less Aβ into the culture medium. This is the first evidence that the serotonin transporter, the target 
for SSRIs, might influence Aβ clearance. We took advantage of a C. elegans model for ectopic Aβ expression and mutants with 
disrupted serotonin signaling to examine in vivo whether fluoxetine or its major metabolite, norfluoxetine, could exacerbate 
phenotypes associated with accumulation of Aβ peptides. Treatment with either drug resulted in an increased paralysis 
compared to treatment with vehicle. Furthermore, worms that express the human β-amyloid1-42 but that did not express MOD-
5, the worm analogue of the human serotonin transporter, showed more paralysis than the backgrounds strain. In addition, 
a worm that expresses human Aβ1-42 and does not express TPH-1, an enzyme required for serotonin biosynthesis, confirmed 
that the increased paralysis seen with SSRIs is likely not due to the altered levels of serotonin. These data have major clinical 
relevance as fluoxetine has been increasingly prescribed for off-label purposes, which might be exposing many individuals to 
an unexpected increased risk of developing AD.

1016B	 Cold	survival	driven	by	ferritin-mediated	iron	regulation

Tina Pekec1, Alicja Komur2, Daria Sobanska2, Yanwu Guo3, Marcin Frankowski4, Rafal Ciosk2,3 1) Friedrich Miescher Institute for 
Biomedical Research, Basel, CH; 2) Institute of Bioorganic Chemistry Polish Academy of Sciences, Poznan, PL; 3) University of 
Oslo, Oslo, N; 4) Adam Mickiewicz University Poznan, Poznan, PL.

Hibernation is employed by animals to withstand periods of low energy supply associated with cold temperatures. When 
adapted to cold, C. elegans can survive near-freezing temperatures for several days. Among factors promoting C. elegans cold 
survival is the conserved ribonuclease REGE-1/Regnase-1. The main target of REGE-1 is mRNA encoding a transcription factor, 
ETS-4, previously implicated in insulin signaling and the regulation of body fat. We found that the abnormal accumulation of 
ETS-4 is also responsible for the reduced cold resistance of rege-1 mutants. Conversely, ets-4 mutants survive cold much better 
than wild type. Through genetics and functional genomics, we found that, in the cold, the loss of ETS-4 leads to the activation 
of two transcription factors, DAF-16/FOXO and PQM-1. In contrast to standard cultivation temperatures, where these 
transcription factors play antagonistic functions, our analysis suggests that, in the cold, these transcription factors cooperate to 
induce transcription of specific genes. We show that one of their targets, FTN-1/ferritin, facilitates cold survival, and propose 
that it does so by detoxifying harmful iron species.

1017C	 Understanding	the	Molecular	Basis	of	Aging	of	Sensory	Neurons	in	C. elegans 

Ahsen KONAC1,2, Sebiha Cevik1,2, Oktay Kaplan1 1) Rare Disease Laboratory, School of Life and Natural Sciences, Abdullah Gul 
University, Kayseri, Turkey; 2) Department of Molecular Biology and Genetics, Faculty of Life and Natural Sciences, Abdullah 
Gül University, Kayseri, Turkey.

Though aging is inevitable, an average human life expectancy has substantially increased for the last 150 years, but the 
extension of lifespan does not necessarily equate with improved healthspan. The nervous system and neuronal cells gradually 
deteriorate with aging, but the molecular basis of neuronal aging, especially the aging of sensory neurons and sensory 
functions, remains a mystery. We employ C. elegans to address the following questions: (1) When does aging in the sensory 
neurons and sensory neurons related functions start? (2) Does aging in the neurons always occur at the same time or do 
different neuronal cells display distinct patterns? (3) Can we slow down neuronal aging? To this end, we generated several 
transgenic strains with various neuronal markers (endogenous and fosmid-based) labeled with various fluorescent tags. Then, 
using our fluorescence-based system, we examined whether a variety of mutant strains could reverse the neuronal aging. Our 
initial analysis has started to answer some of these questions. We will present the initial results in the meeting.

1018A	 Allele-specific	effects	of	mitochondrial	dysfunction:	A	C. elegans model	of	Multiple	Mitochondrial	Dysfunctions	
Syndrome 1

Peter Kropp1, Jing Wu2, Michael Sack2, Andy Golden1 1) National Institute of Diabetes and Digestive and Kidney Diseases, NIH, 
Bethesda, MD; 2) National Heart, Blood, and Lung Institute, NIH, Bethesda, MD.
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Multiple mitochondrial dysfunctions syndrome 1 (MMDS1) is a neurodegenerative and pediatric fatal disease of the Iron-
Sulphur cluster (ISC) biogenesis pathway. ISCs are essential cofactors of many proteins with a broad range of cellular functions. 
MMDS1 is caused by mutations the factor NFU1 that is responsible for trafficking ISCs to the appropriate mitochondrial target 
proteins. I hypothesized that in depth analyses of patient-specific NFU1 variations would reveal previously unappreciated roles 
for this factor in ISC delivery and a clearer connection between the genetics of NFU1 variants and clinical presentations of 
MMDS1.

Using the nematode Caenorhabditis (C.) elegans, I have recreated five MMDS1 patient-specific variants of NFU1 in its 
ortholog nfu-1. By using C. elegans I have been able to investigate complex metabolic and multicellular phenotypes that are 
highly relevant to MMDS1-individuals. Analyses of these variants includes molecular, biochemical, cellular, and physiological 
approaches which reveal an allelic series of phenotypic severity. There are significant decreases in mitochondrial function 
and extensive, albeit insufficient, compensatory changes in alternative metabolic pathways. A balance between up-regulation 
of glycolysis and fatty acid oxidation is regulated by the transcription factors DAF-16 and its downstream effector NHR-49. 
Additionally, oxidative stress caused by the apparent mishandling of ISCs appears to have a significant role in the phenotypic 
progression. Most notably, each of the five patient-specific alleles demonstrates unique differences in the causes of metabolic 
and oxidative stress due to impaired ISC mishandling. Therefore, by modeling MMDS1 in C. elegans, I have been able to 
distinguish differences between pathogenic variants in nfu-1 which lead to complex and multicellular responses.

1019B	 Nucleolar	size	is	modulated	by	autophagy	protein	LGG-1/GABARAP

Anita Kumar1, Taewook Kang2, Tara Thakurta1, Aric Rogers3, Martin Larsen2, Louis Lapierre1 1) Brown University, Providence, RI; 
2) University of Southern Denmark, Odense, Denmark; 3) MDI Biological Laboratory, Salisbury Cove, ME.

Active nuclear-cytoplasmic transport of several proteins and RNAs is facilitated by nuclear import and export receptors. 
Exportin 1 (XPO-1/XPO1/CRM1) is one such conserved receptor that aids nuclear export of a few mRNA and over 200 proteins 
including pre-ribosomal subunits, transcription factors, tumor suppressors, and oncoproteins. Previously, we had shown that 
genetic and pharmacological inhibition of XPO-1 conferred proteostatic benefits and enhanced lifespan in nematodes by 
transcriptional upregulation of autophagy via the transcription factor HLH-30/TFEB. Since XPO-1 is a major export receptor, we 
sought to characterize the nucleo-cytoplasmic distribution of proteins upon xpo-1 silencing. Proteomic analysis of nuclear and 
non-nuclear (cytoplasmic) fractions of worms upon xpo-1 RNAi by TMT-MS revealed repartitioning of several proteins involved 
in ribosome biogenesis, translation initiation, mRNA functions, and proteostasis. We also found transcriptional downregulation 
of ribosomal genes and a global reduction of protein synthesis by RNA-sequencing and polysome profiling, respectively. 
Additionally, the size of nucleoli, the hubs of rRNA synthesis inside the nucleus, and levels of nucleolar protein fibrillarin were 
significantly decreased, in line with recent reports on long-lived nematodes. Probing altered nucleolar dynamics further, 
we uncovered RPL-11.1, a ribosomal large subunit protein that has a role in nucleolar stress response, to be repartitioned 
to the nucleus in xpo-1 RNAi nematodes. We found that RPL-11.1 modulates nucleolar size in an LGG-1-dependent fashion, 
i.e., nuclear RPL-11.1 levels and nucleolar size increase when the autophagosome protein, LGG-1/GABARAP, is silenced. Our 
results also indicate an interaction between RPL-11.1 and LGG-1, highlighting a novel link between two convergent hallmarks 
of aging, nucleolar size and proteostasis. Furthermore, silencing rpl-11.1 in nematodes expressing Alzheimer’s Disease protein, 
Aß, in muscles, significantly reduced paralysis suggesting proteostatic benefits of reduced RPL-11.1 levels. Altogether, our data 
uncover that autophagy protein LGG-1/GABARAP is a key modulator of nucleolar function and lifespan by surveilling ribosomal 
subunits in the nucleus.

1020C	 Dietary	vitamin	B12	impacts	amyloid-β	proteotoxicity	by	alleviating	oxidative	stress	and	mitochondrial	dysfunction

Andy Lam1, Kirsten Kervin1, Jessica Tanis1 1) University of Delaware.

Alzheimer’s Disease (AD), the most common cause of dementia, is a multifactorial neurodegenerative disorder characterized 
by accumulation of amyloid-beta (Aβ) plaques, hyperphosphorylated tau, oxidative stress, and mitochondrial dysfunction. 
Some AD risk factors including genetic predisposition and aging cannot be changed, but diet, as a modifiable risk factor for AD, 
could potentially be targeted to slow disease onset and progression. However, it is challenging to determine which individual 
nutrients are neuroprotective in humans due to organismal complexity, genetic diversity, consumption of complex diets, and 
indirect dietary effects of gut microbiota. C. elegans eat a simple diet of E. coli and have been used extensively to identify 
and characterize factors that influence Aβ toxicity. Transgenic expression of toxic human Aβ in C. elegans body wall muscles 
generates robust time-dependent paralysis as well as AD-like pathological features including defects in mitochondrial function 
and morphology. We discovered that Aβ-expressing C. elegans fed OP50 E. coli exhibited faster paralysis, lower ATP levels, 
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more mitochondrial fragmentation, and increased reactive oxygen species compared to those raised on HB101 E. coli. This was 
not due to differences in macronutrient content, but rather on the availability of vitamin B12. We found the B12 supplementation 
alleviated mitochondrial fragmentation, bioenergetic defects, and oxidative stress, delaying Aβ-induced paralysis without 
affecting Aβ accumulation in animals fed OP50. Vitamin B12 did not have an additive effect on animals raised on HB101 
indicating that supplementation was only beneficial for animals with mild B12 deficiency. Vitamin B12 is an essential cofactor for 
methionine synthase (METR-1) and methylmalonyl coenzyme A (CoA) mutase (MMCM-1). We discovered that the protective 
effects of vitamin B12 required METR-1, suggesting that B12 is functioning as an enzyme cofactor rather than as an antioxidant. 
Methionine supplementation also eliminated the dietary shift in paralysis, consistent with our model in which the amount 
of vitamin B12 dependent methionine synthase activity impacts Aβ proteotoxicity. Introducing vitamin B12 at adulthood was 
beneficial for B12 deficient Aβ animals. In conclusion, our results demonstrate the potential for vitamin B12 as a therapy to target 
pathogenic features of AD triggered by both aging and proteotoxic stress.

1021A	 Regulation	of	the	hypertonic	stress	response	by	the	3’	mRNA	cleavage	and	polyadenylation	complex

Sarel Urso1, Todd Lamitina1 1) University of Pittsburgh, Departments of Pediatrics and Cell Biology, Pittsburgh, PA.

Maintenance of osmotic homeostasis is one of the most aggressively defended homeostatic setpoints in physiology. Challenges 
to osmotic can occur under both physiological and pathophysiological conditions. Increased extracellular osmolarity 
(hyperosmolarity) causes a rapid decrease in cell volume leading to increased intracellular ionic strength, macromolecular 
damage, and cell-ECM mechanical strain. To counteract these stressors, cells activate several physiological pathways. One 
major pathway involves the upregulation of proteins that catalyze the accumulation of solutes called organic osmolytes. 
Organic osmolytes restore cell volume, reduce cell-ECM mechanical strain, and prevent macromolecular damage. However, 
the mechanisms by which multicellular animals detect osmotic dyshomeostasis and activate osmosensitive gene expression 
remain poorly understood. C. elegans responds to hypertonic stress by upregulating the glycerol-3-phosphate dehydrogenase 
enzyme (GPDH-1) to accumulate the osmolyte glycerol. To understand how the osmotic stress response is coordinated in 
multicellular animals, we conducted an ENU-based genetic screen with a gpdh-1::GFP reporter to identify mutants with no 
induction of osmolyte biosynthesis gene expression (Nio mutants). Through whole genome-resequencing, we discovered 
that nio-3 was caused by a missense mutation in the cpf-2 gene and nio-7 was caused by a missense mutation in symk-1. 
Both cpf-2 and symk-1 are interacting components of the highly conserved 3’ mRNA cleavage and polyadenylation complex. 
cpf-2 and symk-1 block the hypertonic induction of gpdh-1 and other osmotically induced mRNAs, suggesting they act at 
the transcriptional level. Although null mutations in both cpf-2 and symk-1 are lethal, the nio alleles are viable under control 
conditions. However, under hypertonic stress conditions, nio-3 and nio-7 are unable to adapt and grow. Both nio-3 and and 
nio-7 suppress phenotypes known to be dependent on 3’ mRNA processing and cleavage, suggesting the missense alleles 
identified in our Nio screen cause partial loss of function in this complex. SYMK-1::GFP and CPF-2::RFP proteins are expressed 
ubiquitously and co-localize within the nucleus. Interestingly, hypertonic stress causes CPF-2::RFP to rapidly reolocalize into 
subnuclear puncta. The cell biological properties of SYMK-1::GFP are under investigation. Our data show that cpf-2 and symk-
1 are essential for physiological activation of the hypertonic stress response through a transcriptional mechanism. We are 
currently investigating how cpf-2 and symk-1 shape the mRNA polyadenylation landscape to control the hypertonic stress 
response pathway, as well as other stress response pathways, using RNAseq approaches

1022B	 Role	of	Stress	Granules	in	Stress	Responses	and	Ageing

Jiaqing Lang1, Aristeidis Sfakianos2, Alan Whitmarsh1, Gino Poulin1 1) University of Manchester, Manchester, UK; 2) University of 
Cambridge, Cambridge, UK.

Stress granules (SGs) are cytoplasmic ribonucleoprotein condensates that help reprogramme cells to adapt to and survive 
stress. Their dysregulation has been implicated in neurodegenerative diseases, cancer and ageing. SGs are conserved amongst 
eukaryotes and are composed predominantly of untranslated mRNAs, translation initiation complexes and RNA-binding 
proteins. They also interact with cellular signalling pathways to regulate changes in mRNA translation underpinning altered 
cell fate. Much of our understanding of SG function and behaviour is derived from cell-based studies, so it is important to 
address their role in an animal model. Our group has shown that key pathways regulating translation are important for SG 
assembly and function in human cell lines and we are now determining the in vivosignificance of this regulation in C. elegans. 
For example, we have found that the mTOR-S6 kinase pathway regulates the assembly and maintenance of SGs in both 
human cells and in C. elegans in response to heat shock. We have also found that specific translation initiation factors play 
key regulatory roles in SG assembly and aim to uncover the relationship between stress-induced translation inhibition, SG 
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dynamics and organism adaption over the lifespan of C. elegans. This research will provide new insights into the role SGs play 
in the integrated organismal response to both acute environmental insult and longer-term stress.

1023C	 Tissue-specific	DNA	repair	activity	of	ERCC-1/XPF-1

Mariangela Sabatella1, Karen L. Thijssen1, Carlota Davó-Martínez1, Wim Vermeulen1, Hannes Lans1 1) Erasmus MC.

Hereditary DNA repair defects affect tissues differently, suggesting that in vivo cells respond differently to DNA damage. 
However, knowledge of the DNA damage response is largely based on in vitro and cell culture studies. A prime example of a 
DNA repair defect leading to pleiotropic and tissue-specific symptoms, including neurodegeneration, developmental defects, 
cancer, bone marrow failure and accelerated aging, is deficiency of the ERCC1/XPF complex. ERCC1/XPF is a structure specific 
endonuclease that is involved in several DNA repair pathways and has a critical role in nucleotide excision repair (NER). This 
major DDR pathway is responsible for removing bulky DNA lesions, including those formed by UV light.

Here, we use in vivo imaging of ERCC-1/XPF-1 in C. elegans to demonstrate tissue-specific NER activity. In oocytes, XPF-1 
functions as part of global genome NER to ensure extremely rapid removal of DNA-helix distorting lesions throughout the 
genome. In contrast, in post-mitotic neurons and muscles, XPF-1 participates in NER of transcribed genes only. Strikingly, 
muscle cells appear more resistant to the effects of DNA damage than neurons. These results suggest a tissue-specific 
organization of the DNA damage response and may help to better understand pleiotropic and tissue-specific consequences of 
accumulating DNA damage.

1024A	 NGLY1	deficiency	suppressors	reveal	connections	between	nucleotide	metabolism,	the	proteasome,	and	longevity.

Nicolas Lehrbach1, Peter Breen2, Gary Ruvkun2,3 1) Basic Sciences Division, Fred Hutchinson Cancer Research Center, Seattle, 
WA; 2) Department of Molecular Biology, Massachusetts General Hospital, Boston, MA; 3) Department of Genetics, Harvard 
Medical School, Boston, MA.

NGLY1 deficiency is a rare autosomal recessive disorder caused by loss of function mutations in NGLY1. NGLY1 (png-1 in C. 
elegans) encodes an enzyme that removes N-linked glycans from glycoproteins delivered to the cytoplasm by the endoplasmic 
reticulum associated degradation (ERAD) pathway. NGLY1 deficiency causes global developmental delay, movement disorder, 
peripheral neuropathy, hypotonia, abnormal liver function, and alacrima. How defective protein deglycosylation causes these 
symptoms is poorly understood. We recently found that PNG-1/NGLY1 regulates the proteasome via deglycosylation of the 
SKN-1A/Nrf1 transcription factor. In animals lacking PNG-1, SKN-1A is inactive, leading to impaired proteasome function, 
reduced lifespan, and increased sensitivity to proteotoxic stress. These findings raise the possibility that the symptoms of 
NGLY1 deficiency are caused by a failure of proteasome regulation. To uncover new mechanisms of proteasome regulation 
and identify targets for therapeutic activation of the proteasome in NGLY1 deficiency, we isolated genetic suppressors of png-1 
mutants’ proteasome dysfunction. The suppressor mutations do not reverse the defect in proteasome subunit gene expression 
caused by loss of PNG-1. Instead, the suppressors appear to cause enhanced proteasome function via distinct mechanism(s) 
that are SKN-1A/Nrf1-independent. The suppressor mutations also have positive effects on proteostasis and lifespan in the 
wild type, suggesting these benefits are not limited to situations in which SKN-1A/Nrf1 is inactive. The suppressor mutations 
include loss of function alleles of tald-1 and ent-4. tald-1 encodes transaldolase, an enzyme in the pentose phosphate 
pathway, which generates ribose for de novo nucleotide biosynthesis. ent-4 encodes a putative member of the SLC29 family 
of nucleoside transporters. ENT-4 is localized to the apical surface of intestinal cells and may mediate uptake of dietary 
nucleosides. In support of a connection between nucleotide availability and the proteasome, mutants defective in nucleotide 
biosynthesis display enhanced proteasome function, whereas a nucleotide-rich diet can antagonize degradation of a model 
proteasome substrate. Our findings suggest that changes in nucleotide availability can profoundly alter proteasome function 
and proteostasis. Understanding the mechanistic basis for this connection may lead to new therapies for NGLY1 deficiency and 
diseases associated with impaired protein degradation.

1025B	 Increased	DNA	content	in	the	C. elegans intestine promotes body size and lifespan

Alex Lessenger1, Jessica Feldman1 1) Stanford University.

Polyploidy, the condition in which cells obtain additional sets of chromosomes, is a normal feature of cells in many diploid 
organisms, yet little is known about why an increase in ploidy may be advantageous. Polyploidy can protect liver cells from 
becoming cancerous after the loss of a tumor suppressor gene, but this cannot be the only purpose as many cell types 
become polyploid through post-mitotic DNA replication. A second hypothesis is that the increased DNA content in polyploid 
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cells supports greater cell size. For example, the growth of the nematode C. elegans is driven primarily through cell growth 
as opposed to cell proliferation, and its overall body size is thought to be regulated by the nuclear ploidy of its syncytial 
epidermis. The C. elegans intestine is also composed of large, polyploid cells, but it is unknown whether any physiological 
benefits result from this increased DNA content. Using a tissue- and temporally-specific protein degradation system, we 
degraded a C. elegans G1/S cyclin dependent kinase, CDK-2, to reduce the ploidy of the intestine and the epidermis. 
Preliminary results show that body size is not reduced upon reduction of epidermal polyploidy. In contrast, ploidy reduction 
in the intestine leads to slow growth, small body size, and reduced lifespan. Finally, low ploidy intestines may not have wild-
type capacity for nutrient absorption, as these worms show signs of starvation even with abundantly available food. These 
results implicate polyploidy as essential for the function of the intestine and challenge existing models of C. elegans growth 
regulation. Future studies will investigate whether polyploidy is involved in other intestinal processes such as yolk production 
and innate immunity.

1026C	 Food	additives	target	the	gut-neural	axis:	Impaired	peptide	trafficking	and	amyloid	protein	aggregation	lead	to	
premature aging phenotypes

Annette Limke1, Lutz Berwanger1, Andrea Scharf2, Anna von Mikecz1 1) IUF – Leibniz Research Institute for Environmental 
Medicine at Heinrich-Heine-University Duesseldorf, Duesseldorf; 2) Washington University, St. Louis.

Nanoparticles like nano silica (E551) are commonly used as food additives although bio-interactions with the gut are not well 
understood. Nutrients, like oligopeptides, together with nano silica are taken up via the same route via the pharynx to the 
intestinal tract. At the apical domain of intestinal cells, oligopeptides are transferred by the OPT-2/PEP-2 transporter to the 
cytoplasm and degraded downstream by hydrolases to provide amino acids for protein biosynthesis.

For analyses of the peptide transport, the fluorophore-conjugated dipeptide ß-Ala-Lys (AMCA) was used which normally 
distributes diffusely throughout the cytoplasm. Exposure with nano silica lead to an altered morphology of the intestine and 
disturbed peptide trafficking. Dipeptides accumulated in spherical subdomains that grow over time to a diameter of ≥6 µm. 
The peptide subdomains did not colocalize with known organelles such as gut granules and formed independently of the 
insulin/IGF-1 receptor (DAF-2) signaling pathway. Mutation of the daf-2 tyrosine kinase domain showed distinct patterns of 
peptide subdomains along the apical membrane of intestinal cells which indicated specific trafficking defects (Piechulek et al., 
2019). We suggest that nano silica-induced peptide subdomains represent new compartments of dipeptide storage leading to 
the inhibition of hydrolysis and peptide metabolism which in turn results in a decline of translation. Aberrant segregation of 
dipeptides by phase separation leads to a petite phenotype resembling OPT-2/PEP-2 transporter deficient mutants.

In addition, nano silica induce global amyloid protein aggregation that segregates components of the protein homeostasis to 
an insoluble aggregome. Candidate proteins include components of the translational machinery and ribosomal RNA processing 
(Scharf et al., 2016). Taken together, the results suggest that impairment of translation occurred by a lack of amino acid supply 
and amyloid segregation of proteins critically involved in protein synthesis. As translation was shown to be involved in the 
generation of both, premature aging and neurodegenerative diseases, further investigation of its role in the organ-cross talk 
between intestine and the neural system in xenobiotic-exposed C. elegans is required.

1027A De novo serine biosynthesis couples mitochondria to longevity

Eirini Lionaki1, Ilias Gkikas1,2, Ioanna Daskalaki1,2, Maria-Konstantina Ioannidi3,4, Maria I. Klapa4, Nektarios Tavernarakis1,5 1) 
Institute of Molecular Biology and Biotechnology, Foundation for Research and Technology-Hellas, Heraklion, Greece ; 2) 
Department of Biology, School of Sciences and Engineering, University of Crete, Heraklion, Greece; 3) Human & Animal 
Physiology Laboratory, Department of Biology, University of Patras, Patras, Greece; 4) Metabolic Engineering and Systems 
Biology Laboratory, Institute of Chemical Engineering Sciences, Foundation for Research and Technology-Hellas, Patras, Greece; 
5) Department of Basic Sciences, Faculty of Medicine, University of Crete, Heraklion, Greece.

Sustained mitochondrial fitness is intimately linked to healthy aging and longevity while it relies on coordinated mitochondrial 
biogenesis, maintenance, and clearance. These processes are fine-tuned by the constant targeting of proteins into the 
organelle. Mitochondrial protein import is a complex procedure mediated by conserved protein translocases in the outer and 
inner mitochondrial membranes. We are investigating how modulation of mitochondrial protein import translocases affects 
mitochondrial abundance, morphology, and function, ultimately impacting organismal physiology. We find that reduction 
in cellular mitochondrial load through mitochondrial protein import system suppression, referred to as MitoMISS, triggers a 
discrete longevity paradigm. MitoMISS longevity depends on ATFS-1, the transcription factor driving mitochondrial unfolded 
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protein response. However, mitochondrial chaperones are not causatively linked to longevity. Mechanistically, we show that 
MitoMISS initiates an ATFS-1-dependent unconventional UPRmt, leading to metabolic rewiring. Metabolic profiling of MitoMISS 
animals points to an adaptive metabolic response, encompassing fat mobilization, glycolysis and de novo serine biosynthesis. 
Genetic epistasis indicates that both glycolysis and de novo serine biosynthesis are prerequisites for MitoMISS associated 
longevity. Our findings extent the pro-longevity role of UPRmt and reveal a homeostatic mechanism that engages ATFS-1 to 
coordinate an adaptive metabolic shift that drives lifespan extension.

1028B	 Meiotic	mutations	impact	lifespan	and	healthspan	in	C. elegans

Julia Loose1, Thayjas Patil1, Judith Yanowitz2, Arjumand Ghazi1 1) Departments of Pediatrics, Developmental Biology and Cell 
Biology and Physiology, University of Pittsburgh School of Medicine, Pittsburgh, PA; 2) Magee-Womens Research Institute, 
Department of Obstetrics, Gynecology, and Reproductive Sciences, University of Pittsburgh School of Medicine, Pittsburgh, PA .

Meiotic chromosomal defects increase with age and are a major cause of miscarriages and age-related fertility loss in women. 
The link between maternal age and fertility has been well studied, however it is unknown if, and, how germline integrity 
impacts the rate of aging of the whole organism. We are utilizing the nematode model Caenorhabditis elegans to address the 
causative role of germline health on somatic aging. Specifically, we have examined genes that govern meiotic fidelity in the 
germline and addressed their role in somatic aging. C. elegans is uniquely suited to address this question as the somatic cells 
in the adult organism are post mitotic, allowing us to selectively disrupt germline integrity through meiotic gene mutations. 
We found that 14 of the 38 mutations we examined, in genes that govern different steps of meiosis, significantly reduced the 
lifespan of the animal. We also found that germline-specific RNAi knockdown of selected meiotic gene candidates, spo-11, dsb-
2, and htp-3, also reduced lifespan. These genes have roles throughout meiosis including double strand break formation during 
the process of meiotic recombination (spo-11 and dsb-2) and the formation of the synaptonemal complex (htp-3). We also 
examined how meiotic gene disruption impacts the rate of aging by measuring healthpsan parameters. We found mutations 
in all of the selected candidate meiotic genes, exhibited deficits in at least one, and often more than one, healthspan feature, 
including loss of mobility, diminished pharyngeal muscle pumping, tissue integrity and neurological function. Overall, our data 
demonstrate that genes that govern meiotic fidelity in the C. elegans germline impact the physiological health of the somatic 
tissues and aging of the whole organism.

1029C A C. elegans model to study the molecular pathogenesis of Cockayne Syndrome progeria

Amanda Lopes1, Matthias Rieckher1, Björn Schumacher1 1) Exzellenzcluster Cellular Stress Responses in Aging-Associated 
Diseases (CECAD), Institute for Genome Stability in Ageing and Disease (IGSAD), University Hospital Cologne, Cologne, 
Germany.

Cockayne Syndrome (CS) is a rare congenital disease that causes photosensitivity, growth and mental retardation, impaired 
nervous system development and premature ageing. The syndrome displays a complex array of symptoms that are caused by 
mutations in the CSB, or CSA gene, respectively, which facilitate DNA damage recognition in transcription-coupled nucleotide 
excision repair (TC-NER). While CS mouse models are photosensitive, and have been important for understanding some of 
the clinical features observed in humans, they lack concrete evidence for neurodegeneration. Here, we present evidence of 
neuronal and mitochondrial aberrations in csb-1(ok2335) mutant worms, which can be rescued by transgenic expression of pcsb-

1CSB-1::GFP. Neurodegeneration manifests progressively and is paralleled by neuro-muscular functional decline substantiated 
by reduced pharyngeal pumping, locomotion, touch sensation and chemosensation abilities, which are further enhanced upon 
UVB-induced DNA damage or transcription-blocking lesions caused by the cytotoxin Illudin M. The csb-1 mutant shows the 
accumulation of dysfunctional mitochondria, and increased hyperfusion, which is exacerbated upon exposure to UVB, resulting 
in reduced respiratory activity. Our data support the causal role of endogenous DNA damage for neurodegeneration and 
mitochondrial dysfunction in CS, and warrants the use of the model for identifying pharmacological interventions to improve 
CS and ageing.

1030A	 A	super-long	lived	mutant	and	a	multi-omics	discovery	platform	for	new	regulators	of	lifespan.

Andreas H. Ludewig1, Diana C. Fajardo Palomino1, Dania C. Pulido1, Frank C. Schroeder1 1) Boyce Thompson Institute, Cornell 
University.

The Insulin like signaling (ILS) pathway and the peroxisomal beta oxidation (PBO) are highly conserved central metabolic 
gateways that regulate the uptake of glucose and amino acids and the breakdown of fatty acids in all animals. ILS	
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has been widely associated with lifespan control across species (1);	PBO

has not been directly connected with lifespan modifications but our and other laboratories work showed that small molecular 
products of C. elegans PBO can trigger pro-health and anti-ageing effects (ascarosides #2, #3, #8, ncas#3 (2, unpublished)).

Crossing daf-22(ok693) worms lacking the CoA C-acetyltransferase DAF-22 and daf-2(e1370) mutants in which the function 
of the insulin receptor tyrosine kinase domain is compromised, we generated a d2d22 double mutant, which exhibits an 
extremely high long lifespan, almost double the lifespan of the already long-lived daf-2(e1370) worms. d2d22 double mutants 
further exhibit slow development, an extended fertility period, reduced number of progeny, and formation of large triglyceride 
containing droplets during adulthood.

Comparative metabolomic and transcriptomic analyses of wild type, daf-2, daf-22 and d2d22 mutants at different ages reveal 
small molecules and transcripts with starkly altered abundances in the long-lived strains. Accompanying proteomic analysis will 
provide further insight into the biosynthesis and regulatory aspects of those compounds. Selected compounds and mutants 
are tested in bioassays for developmental pace and lifespan. Integration of the all-omics data will facilitate the creation of a C. 
elegans pathway map of age-related small molecules.

1. Michelangela Barbieri, ... Giuseppe Paolisso. Am J Physiol Endocrinol Metab. 2003 Nov;285(5): E1064-71. Insulin/
IGF-I-signaling pathway: an evolutionarily conserved mechanism of longevity from yeast to humans. DOI: 10.1152/ 
ajpendo.00296.2003

2. Ludewig AH, … Schroeder FC. Proc Natl Acad Sci U S A. 2013 Apr 2;110(14):5522-7. Pheromone sensing regulates 
Caenorhabditis elegans lifespan and stress resistance via the deacetylase SIR-2.1. doi: 10.1073/pnas.1214467110.

1031B	 Axin-Mediated	Regulation	of	Lifespan	and	Muscle	Health	in	C. elegans	Requires	AMPK-FOXO	Signaling

Avijit Mallick1, Ayush Ranawade1, Wouter van den Berg1, Bhagwati Gupta1 1) McMaster University.

Aging is a significant risk factor for several diseases. Studies have uncovered multiple signaling pathways that modulate aging, 
including the insulin/insulin-like growth factor-1 signaling, and dietary restriction. In C. elegans, lifespan extension of daf-2/
InR mutants depends on the transcription factor DAF-16/FOXO and the catalytic subunit homolog of the energy sensor AMPK, 
AAK-2. DAF-16 and AAK-2 also mediate low diet and mitohormesis induced longer lifespan of animals. One of the kinases that 
affect DAF-16 function is AAK-2.

We have found that the Axin scaffolding protein homolog PRY-1 plays an essential role in aging and muscle health 
maintenance. Our genetic experiments show that pry-1 interacts with both aak-2 and daf-16 to regulate these two processes. 
Earlier, a genome-wide transcriptome profiling of pry-1 mutants revealed differentially expressed genes, many of which are 
associated with aging and muscle function. Consistent with this, PRY-1 is strongly expressed in muscles, and muscle-specific 
overexpression of PRY-1 extends life span, delays muscle aging, and improves mitochondrial morphology in an AAK-2-DAF-
16-dependent manner. Additionally, our data shows that PRY-1 is necessary for AAK-2 phosphorylation. Taken together, these 
findings demonstrate that PRY-1 functions cell-autonomously in muscles to promote the life span of animals. Current and 
future studies are aimed at further investigating the mechanism of PRY-1 function in regulating muscle health and aging.

Keywords:

PRY-1, Axin, Aging, Muscle, AMPK, AAK-2, DAF-16, FOXO, C. elegans

1032C	 Neuroprotective	effects	of	rutin	on	ASH	neurons	in	Caenorhabditis elegans model	of	Huntington’s	disease

Larissa Marafiga Cordeiro1, Marcell Valandro Soares1, Marina Lopes Machado1, Aline Franzen da Silva1, Fabiane Obetine1, Leticia 
Arantes1, Tássia da Silveira1, Félix Antunes Soares1 1) Federal University of Santa Maria, Santa Maria, RS, Brazil.

Huntington’s disease (HD) is an autosomal dominant, progressive neurodegenerative disease. It occurs due to a mutation 
in the huntingtin gene with an abnormal CAG repeat, leading to a variable length N-terminal polyglutamine chain (poly-Q) 
which confers toxic functions to mutant Htt leading to neurodegeneration. Rutin is a flavonoid found in plants, buckwheat, 
some teas and also in apples. Although our previous studies have already indicated that rutin has protective effects in HD’s 
models, more studies are needed to unravel its effects on protein homeostasis and the underlying mechanisms. In our study, 
we investigated the effects of chronic treatment with rutin in Caenorhabditis elegans model of HD focusing on ASH neurons 
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and antioxidant defense. The synchronized L1 worms were placed on rutin-NGM plates and kept at 20°C. Rutin was added 
every 24 hours at concentrations of 15, 30, 60 and 120 μM. We assessed octanol response, neuronal polyQ aggregates and dye 
filling assay. In addition, we analyzed the downstream heat-shock protein-16.2 (HSP-16.2) and superoxide dismutase-3 (SOD-
3). Overall, our data demonstrate that chronic rutin treatment maintains the function of ASH neurons in addition to decrease 
the degeneration of their sensory terminations. The mechanism proposed is antioxidant activity, through the overexpression 
of antioxidant enzymes and chaperones regulating proteostasis. Our findings provide new evidences about rutin playing a 
neuroprotective role in C elegans model. In addition to information for treatment strategies for neurodegenerative diseases 
and other diseases caused by age-related protein aggregation.

1033A	 MicroRNA	cluster	229-66	promotes	longevity	through	interaction	with	SKN-1	and	DAF-16	in	C. elegans

Latika Matai1, Thalyana Smith-Vikos2, Christine Parsons1, Jonathan D Lee1, Tanvi Saxena1, Mariel Shlomchik1, Frank J. Slack1 1) 
Beth Israel Deconess Med Center; 2) BioMed Central.

Recently, several microRNAs have emerged as potential contributors towards pathways that regulate aging. We have 
previously shown that miR-228 is required for dietary restriction mediated longevity through interaction with PHA-4 and SKN-1 
transcription factors. mir-229,64,65,66 is a cluster of microRNAs that are in the same family as mir-228 and share the same 
human homologs. They are present immediately adjacent to each other on the same chromosome and are thought to share 
the same promoter and identical seed sequences. Interestingly, we found that in contrast to the anti-longevity role of miR-
228, miR-229-66 cluster is required for C. elegans lifespan and longevity observed in mir-228 mutants. Dietary restriction and 
reduced insulin signaling up-regulates the expression of miR-229-66 cluster which in turn is critical for the complete extension 
of lifespan observed under these longevity perturbations. We also show that expression of transcription factors SKN-1 and 
DAF-16, which are known for their vital role in DR and low IIS mediated longevity, is positively regulated by miR-229-66 cluster. 
Conversely, these TFs also positively regulate expression of this miRNA cluster, indicating a positive feedback loop essential for 
longevity. Infact, we observed that miR-229-66 is a requisite for lifespan extension conferred by SKN-1 over expression. Given 
the conservation of these miRNAs and TFs across species, these interactions are likely to be conserved for longevity in more 
complex organisms as well.

1034B	 High	Throughput	Exopher	Whole	Genome	RNAi	Screening	with	Machine	Vision	and	Machine	Learning	Approaches

Ilija Melentijevic1, Mark Abbott1, Ryan Guasp1, Jonathan St. Ange1, Monica Driscoll1 1) Rutgers.

It has recently come to be appreciated that neurodegenerative disease proteins/aggregates can be found outside of 
mammalian neurons, and when outside can actually be taken up by neighboring cells. Transfer of offending molecules has 
been suggested to be a mechanism of pathogenesis spread for multiple neurodegenerative diseases, including the prevalent 
Alzheimer’s and Parkinson diseases. We discovered a novel capacity of young adult C. elegans neurons to extrude substantial 
membrane-bound packages of cellular contents via exohers, which can include aggregated human neurodegenerative disease 
proteins, mitochondria, or lysosomes, but no nuclear DNA.

We speculate that the mechanism of exopher formation in C. elegans is analogous to that used in the transfer of aggregated 
proteins in human neurodegenerative disease. If so, it will be absolutely critical for us to identify genes contributing to 
the recognition/sorting of cellular trash and to the expulsion of this material. Although we have identified some exopher 
mechanism players in candidate gene RNAi screens, measurement rates are slow and important players are likely hard to 
predict, necessitating an unbiased candidate approach and faster methods in order to elucidate a genetic mechanism.

To accomplish genome-wide screens for exopher-genesis modifier genes, we have developed a highly automated, high-
throughput whole-genome RNAi screening platform that can be implemented at a fraction of the time and cost of manual 
screens. Our screening protocol employs robotic dispensers and aspirators, coupled with a high content imaging system 
for animals grown and measured in a 96-well plate format that mimics a standard solid media plate environment. We are 
developing several machine vision approaches to allow for automated scoring of animals with an exopher to expedite the 
analysis. Our screen protocol allows for an entire genome to be screened in about two weeks, fast enough to allow for 
replicated screens and epistasis analysis of hits. We have developed approaches to store a 3D digital library and physical library 
of prepared samples for later re-imaging at higher resolution and re-analysis. We will present our current genetic approaches 
to establish a high exopher baseline, and computational approaches to detect exopher events in a crowded well.

1035C	 Role	of	Coelomocytes	and	Immunity	in	Axenic	Dietary	Restriction
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Lucas Mergan1, Brecht Driesschaert1, Elisabeth Dens1, Elke Vandewyer1, Louis Coussement2, Gerben Menschaert2, Bart P. 
Braeckman3, Liesbet Temmerman1 1) Lab of Molecular and Functional Neurobiology, Department of Biology, University of 
Leuven, Belgium; 2) Lab of Bioinformatics and Computational Genomics, Department of Mathematical Modeling, Statistics and 
Bioinformatics, Ghent University, Belgium; 3) Lab of Aging Physiology and Molecular Evolution, Department of Biology, Ghent 
University, Belgium.

Axenic dietary restriction (ADR) is the most potent form of dietary restriction in C. elegans known to date. Simply removing 
bacteria and growing worms in a sterile (semi-)defined culture medium results in more than doubling of lifespan, despite 
an abundance of calories and nutrients. The processes underlying this lifespan extension have remained enigmatic, as the 
mechanism seems distinct from other forms of DR and does not rely on known longevity pathways. One of the few molecular 
players that has been linked to ADR is CUP-4, a putative ligand-gated ion channel which when absent significantly reduces 
the longevity effect of ADR. CUP-4 is expressed solely in the coelomocytes, endocytic cells that have been suggested to serve 
scavenging, immune or hepatic functions. We wish to understand the underlying mechanisms of ADR longevity, and how the 
coelomocytes fit into this picture.

We performed lifespan assays to determine the effect of coelomocyte ablation or disruption of endocytosis upon longevity 
under ADR. After optimizing a cell-specific RNA-sequencing set-up for adult C. elegans coelomocytes using fluorescence-
activated cell sorting (FACS), we applied this pipeline to differentially analyze bulk coelomocyte transcriptomes under different 
dietary conditions and endocytic capacities. Our results revealed many differentially regulated immune genes, prompting us to 
investigate the potential involvement of diverse immune pathways (within the coelomocytes) in axenic dietary restriction. We 
hope that this will provide new insights into the lifespan-extending mechanisms of ADR, that can potentially be extrapolated to 
teach us more about the ageing processes at play in animals in general.

1036A	 Lipid	droplets	modulate	lifespan	and	selective	autophagy	receptor	p62/SQST-1	dynamics

Joslyn Mills1, Anita Kumar1, Wesley Parker1, Joshua Leitao1, Shi Quan Wong1, Celeste Ng1, Louis Lapierre1 1) MCB Department, 
Brown University, Providence, RI.

Organismal health and longevity depend largely on the maintenance of proteome stability, and age-associated proteostatic 
decline contributes to protein aggregation-induced pathologies found in many neurodegenerative diseases. Proteostasis is 
maintained via cellular mechanisms including the autophagy and the proteosome degradation machineries. A key regulator 
of the autophagic degradation of specific organelle and aggregating proteins that are prone to damage and ubiquitination 
is the selective autophagy receptor p62/SQST-1/SQSTM1. We tested whether increasing p62 levels (p62 OE) would improve 
proteostasis and consequently increase the lifespan of C. elegans. Unexpectedly, we found that simply overexpressing p62 
is not sufficient to extend lifespan in C. elegans at the standard growth temperature of 20C. Instead, we found that p62 OE 
is detrimental to the lifespan of wild-type (WT) animals under modest heat stress at 25C, which, similar to aging, caused 
abnormal accumulation of p62 aggregates. To systematically identify modulators of p62 levels under these conditions, we 
employed p62 OE strains with fluorescent reporters in an unbiased genome-wide RNAi screen and identified several p62 
modulators that coded for proteins associated with lipid droplets and those prone to aggregate with age.

A role for lipid droplets (LDs) in lifespan extension has emerged, as several long-lived C. elegans strains, including Insulin/
IGF-1 receptor daf-2 mutants, maintain elevated intestinal lipid stores throughout life, but a mechanistic understanding of 
the LD role in longevity is still lacking. We demonstrate that the detrimental effects of unprocessed p62 is rescued in daf-2 
mutants, underscoring the need for elevated lipid storage for proper p62 dynamics. To further support this point, we show 
that expansion of the intestinal LDs by silencing the cytosolic triacylglycerol lipase gene atgl-1/ATGL was sufficient to extend 
lifespan in WT animals and in comparatively short-lived animals exhibiting impaired proteostasis or p62 accumulation, as 
well as mitigate the age-related p62 accumulation and reduced overall ubiquitination of proteins. Conversely, depleting LDs 
accelerated the age-dependent accumulation of p62 and decreased lifespan at 25C. Altogether, our study supports the notion 
that LDs serve as a buffer for proteostasis under proteostatic strain, which reduces protein ubiquitination and ultimately 
unburdens p62-selective autophagy and promotes longevity in C. elegans.

1037B	 A	High-Glucose	Diet	Reduces	Male	Fertility	and	Sperm	Quality	in	C. elegans

Michelle Mondoux1, Kerry Larkin1, Marjorie Liggett1, Jason Erichsen1, Michael Mastroianni1, Caroline Davis1, Jose Garcia-Chope1 
1) College Holy Cross.
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Infertility affects ~15% of Americans of reproductive age. High-sugar diets, obesity, and type 2 diabetes have all been 
associated with infertility, and have been correlated with decreases in sperm and oocyte quality and viability. Despite the 
burden of infertility and the prevalence of high-sugar diets, the cellular and molecular mechanisms that link diet to fertility are 
unknown.

As in humans, a high-glucose diet leads to reduced fertility in C. elegans hermaphrodites. We found that high-glucose diet 
also reduces male fertility in a dose-dependent manner. Concentrations of glucose that have no effect on hermaphrodite 
self-fertility disrupted mated fertility, which allows us to separate the effects of glucose on males from the effects on 
hermaphrodites or fog-2 females. We tested several aspects of male fertilization success and find multiple defects on a 
high-glucose diet. First, a high-glucose diet reduces male sperm competitiveness. On a control diet, male sperm is used 
almost exclusively when males are mated to hermaphrodites. However, on a high-glucose diet, we find that although male 
sperm are still used preferentially, there was a dose-dependent reduction in the percentage of offspring dervied from male 
sperm, suggesting a reduction in sperm quality. We then measured sperm size, which is known to correlate with sperm 
competitiveness, and found that male sperm size is significantly decreased on a high-glucose diet. We also find a decrease in 
male spermatid production on a high-glucose diet. However, a high-glucose diet had no effect on spermatid transfer during 
mating or in mating behavior.

We are currently testing other known indicators of sperm quality to determine whether glucose affects other facets of male 
fertility, and whether the fertility defects we observe are separabale phenotypes. Understanding how a high-glucose diet 
affects male gametes contributes to our understanding of how diet affects fertility in C. elegans and can provide insight into 
the range of cell biological responses to excess glucose.

1038C	 GLA-3/TTP	plays	an	important	role	in	the	germline	stress	response	of	Caenorhabditis elegans

Enrique Morales-Oliva1, Angel Damazo-Hernández1, Laura S Salinas1, Laura I Láscarez-Lagunas1, Rosa E Navarro1 1) Instituto de 
Fisiología Celular, UNAM, México City.

GLA-3 is the C. elegans homolog of the mammalian tristetraprolin (TTP) which encodes a protein that contains two CCCH-like 
zinc-finger domains that function either as transcription factors or RNA-binding proteins. This gene which encodes two splice 
variants GLA-3A and GLA3B and the protein is expressed in both germline and soma.

Loss of gla-3 function present different alterations: protein degradation in muscle leading to a progressive loss of motility, 
increased germ cell death by apoptosis, severe defects in meiosis progression, reduced brood size and a low frequency of 
embryonic lethality.

Stress granules (SG) are dynamic cytoplasmic membrane-less organelles that are formed under harsh conditions. SG are 
composed of mRNAs that are stalled in translation pre-initiation complexes and different types of mRNA binding proteins like 
TIA-1 and TTP.

It has been probed by immunoprecipitation that GLA-3A-B associates with the MAP kinase protein MPK-1/ERK, which is 
required for pachytene progression during oogenesis, but this association is poorly understood. Additionally, in mammals was 
observed that TTP is phosphorilated by ERK and this modification affects SG formation, however this interaction has not been 
studied in C. elegans.

Since TTP has been shown to be associated with SG, the aim of this work is to study the function of GLA-3 and to identify 
whether this protein forms SG under different adverse conditions and the role of MPK-1 / ERK in SG formation.

We tested different stress conditions: heat shock (31oC for 3 hours), starvation (6 hours without bacteria) and oxidative stress 
(1 hour in Paraquat 0.2 mM) and evaluated SG formation using the strain tn1734 which had the protein GFP fused whit GLA-3A 
([gfp::3xflag::gla-3a]).

It was proved that GLA-3 express in germ line from larval stage L2 to adulthood, and in adult gonads, GFP::GLA-3A form SG 
under heat shock, starvation and oxidative stress. We also observed that iRNA knock-down by feeding animals with dsRNA for 
mpk-1 prevent the formation of GLA-3 SG.

We conclude that GLA-3 is a SG component and MPK-1 participate in SG assembly.

1039A	 KLF	Transcription	Factors	Regulate	SKN-1	Activity	in	C. elegans
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Jorge Castillo-Quan1,2, Emma Johnson3, Julia Barrett3, Katherine Gilmore3, Allison Carroll3, T. Keith Blackwell1,2, Natalie Moroz3 1) 
Joslin Diabetes Center, Boston, MA; 2) Harvard Medical School, Boston, MA; 3) Emmanuel College, Boston, MA.

SKN-1/Nrf (NF-E2 related factor) is a transcription factor that regulates redox regulators, such as glutathione S-transferase, 
and lipid metabolism in Caenorhabditis elegans (C. elegans). SKN-1 counters damage caused by reactive oxygen species, which 
is often implicated in age-associated diseases such as Alzheimer’s disease, and arteriolosclerosis. Recently, SKN-1 was shown 
to mediate fat accumulation and oxidative stress resistance in worms missing germline stem cells (GSC(-)). The mechanism 
by which this occurs is still unknown.  A preliminary genome-wide screen identified Kruppel-like family of transcription 
factors (KLF) as possible mediators of SKN-1, under GSC(-) conditions. KLF proteins have roles in adipogenesis and autophagy, 
suggesting they may mediate SKN-1 regulated fat accumulation and oxidative stress resistance in GSC(-) worms. To evaluate 
the role of KLF transcription factors, we assessed the role of klf-1 and klf-2 in SKN-1 activation, SKN-1 mediated stress 
resistance, lipid metabolism, and longevity. We found that the knockdown of klf-1, under GSC (-) conditions, decreased SKN-1 
activity, specifically the SKN-1c isoform, eliminated stress resistance, reduced lipid accumulation, and eliminated lifespan 
extension. klf-2 had less of an effect on SKN-1 however the knockdown of klf-2 surprisingly increased lipid accumulation under 
both basal and GSC(-) conditions suggesting that while klf-1 positively regulates SKN-1c, klf-2 may negatively regulate SKN-1c, 
possibly through lipids.

1040B	 The	transcriptional	signature	of	long	vs.	short	life	is	distinct	from	that	of	chronological	age

Matthew Mosley1, Holly Kinser1, Olivier Martin2, Nicholas Stroustrup2, Zachary Pincus1, Tim Schedl1, Kerry Kornfeld1 1) 
Washington University School of Medicine, St. Louis, MO; 2) Centre for Genomic Regulation, Barcelona, Spain.

What determines an individual’s lifespan? The intuitive answers of “genetics” or “environment” do not tell the full story—even 
isogenic populations of C. elegans reared in a controlled environment show the same degree of inter-individual variation in 
lifespan as that seen in outbred human populations. One hypothesis is that individuals are driven toward different fates by 
stochastic differences in the expression of key regulatory genes. We recently showed that the expression levels of 10 out of 
the 22 microRNA promoter::GFP constructs we examined were sufficient to predict an individual’s future lifespan. At least 
two of these GFPs predict lifespan independent of the activity of daf-16, and at least three report on lifespan redundantly 
despite being expressed in distinct tissues. We wondered whether these results might be evidence of a global gene expression 
state that determines (or is determined by) an individual’s remaining lifespan. To address this, we set out to understand the 
global transcriptional states underlying high vs. low expression of these lifespan-predictive GFPs. We performed RNA-seq 
on populations sorted by the GFP intensity of several of these predictive markers, as well as intestinal autofluorescence, a 
phenomenological biomarker of aging. We found that, regardless of biomarker, the differentially expressed genes between 
prospectively long- vs. short-lived populations were extremely similar. However, we also noted that these differences 
overlapped significantly with genes that change over time during chronological aging. We reasoned that this was due to the 
“apparent age” of the worms; that is, worms predicted to be long-lived had gene expression reflective of chronologically 
younger animals, while worms predicted to be short-lived showed premature genetic hallmarks of aging. We then asked 
whether this accelerated or retarded “apparent age” was the only difference between prospectively long- vs. short-lived 
populations. By first aligning each population to a high-resolution transcriptional time course, we account for and remove the 
effects of “apparent age,” revealing a signature that specifically reflects long vs. short future lifespan. Surprisingly, we found 
that, for all the predictive markers we tested, the expression of germline-related genes is highly related to future lifespan, even 
after controlling for the “apparent age” of the transcriptome.

1041C Glucose-induced developmental delay is modulated by insulin signaling in C. elegans

Saifun Nahar1, Manuel Ruiz2, Jose Robledo3, Luhua Song4, Pamela Padilla5 1) University of North Texas; 2) University of North 
Texas; 3) University of North Texas; 4) University of North Texas; 5) University of North Texas.

A significant amount of research has shown that type 1 diabetes in children causes a delay in puberty. However, it is unclear 
how hyperglycemia contributes to this delay in puberty. Hyperglycemia, which is associated with diabetes, refers to elevated 
blood glucose levels. To model hyperglycemia at a molecular level, C. elegans are fed a glucose-supplemented diet and the 
physiological and molecular impacts are studied. We found that a glucose-supplemented diet induces a developmental 
delay in comparison to the control food (OP50 E. coli diet). The glucose induced developmental delay was also observed 
in animals fed the ΔPTS E. coli OP50 bacteria strain, which lacks a glucose transporter, indicating the phenotype is not due 
to metabolites produced by OP50. Developmental delay can be induced by environmental stress or genetic mutations. For 
example, mutations that impact ceramide biosynthesis, electron transport chain activity, ubiquinone biosynthesis, or insulin 
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signaling (hyl-2(tm2031), isp-1(qm150), clk-1(e2519) and daf-2(e1370), respectively) lead to developmental delay. We tested 
if a glucose diet prolonged developmental progression in these mutants. A glucose-supplemented diet further exacerbates 
the developmental delay of the hyl-2(tm2031), isp-1(qm150) and clk-1(e2519) mutants but did not induce a developmental 
delay in the daf-2(e1370) animal. The resistance to glucose-induced developmental delay observed in the daf-2(e1370) animal 
is suppressed by daf-16(mu86). To further understand how glucose impacts insulin signaling and developmental progression 
we are using RNA sequencing and genetic analysis to identify the DAF-16 regulated genes that have a role in developmental 
progression. This could provide insight into how hyperglycemia and altered insulin signaling is linked to delayed puberty in 
children with type 1 diabetes.

1042A	 Modulation	of	small	RNA	pathways	suppresses	innate	immunity

Nikki Naim1, Francis Amrit2, Taiowa Montgomery4, Arjumand Ghazi2,3 1) Molecular Genetics & Developmental Biology Graduate 
Program, University of Pittsburgh - School of Medicine, Pittsburgh, PA; 2) Department of Pediatrics, University of Pittsburgh 
- School of Medicine, Pittsburgh, PA; 3) Department of Developmental Biology, Cell Biology, & Physiology, University of 
Pittsburgh - School of Medicine, Pittsburgh, PA; 4) Department of Biology, Colorado State University, Fort Collins, CO.

Procreation is widely known to cause immunosuppression yet the mechanisms by which immunity is suppressed during peak 
fertility remain unknown. tcer-1, which encodes the Caenorhabditis elegans homolog of the human transcription elongation 
and splicing factor, TCERG1, is once such gene involved in coordinating the immunity-fertility relationship. Our lab showed that 
TCER-1 is essential for healthy reproduction and prevention of age-related reproductive decline, and that it enhances lifespan 
in response to reproductive signals by ensuring lipid homeostasis. Our preliminary experiments have suggested that TCER-1 
suppresses immunity, in part, through regulation of endogenous small RNA (smRNA) pathways. smRNA are short (~18-30nt) 
RNA molecules known for their ability to silence self and foreign genetic material to regulate host gene expression. Despite 
the fact endogenous smRNAs are reported to regulate immune-defense genes and microbes target host smRNA pathways 
during infection, little is known about the molecular mechanisms involved. We have discovered that loss-of-function mutations 
in biogenesis genes for endogenous small interfering RNAs (siRNAs) induce exceptional resistance against the human 
opportunistic pathogen Pseudomonas aeruginosa. Our epistasis analyses have demonstrated that these genes act in the 
same genetic pathway as TCER-1 to repress immunity. smRNA sequencing has also shown that tcer-1 mutation causes a ~10% 
reduction in total endogenous siRNAs. These observations, and other data, have led us to hypothesize that TCER-1 suppresses 
innate immunity through modulation of the endogenous siRNA pathway and their targeted immunoresistance genes.

1043B	 Lactobacilli in a clade prevent age-dependent decline of thermotaxis behavior in Caenorhabditis elegans

Satoshi Higurashi1,2,3, Sachio Tsukada1,3, Shunji Nakano3, Ikue Mori3, Kentaro Noma3 1) Milk Science Research Institute, Megmilk 
Snow Brand Co. Ltd., Kawagoe, Japan; 2) Research and Development Department, Bean Stalk Snow Co., Ltd., Kawagoe, Japan; 
3) Neuroscience Institute of the Graduate School of Science, Nagoya University, Nagoya, Japan.

Diet is proposed to affect brain aging. However, the causality and mechanism of dietary effects on brain aging are still unclear 
because the long time scales of aging hinder in-depth research. The nematode Caenorhabditis elegans (C. elegans) has led 
aging research because of its short lifespan and ease of genetic manipulation. C. elegans fed the standard laboratory diet, 
Escherichia coli (E. coli), experiences an age-dependent decline in temperature-food associative learning, called thermotaxis. 
To address if diet affects this decline, we screened 35 different lactic acid bacteria as alternative diets. While Lactococcus, 
Streptococcus, Leuconostoc, Bifidobacterium, and homofermentative Lactobacillus species did not affect the age-dependent 
decline in thermotaxis, Lactobacilli in a clade enriched with heterofermentative bacteria prevented it. Among these 
heterofermentative Lactobacilli, Lactobacillus reuteri did not alter the lifespan or locomotion. We found that DAF-16, a FOXO 
transcription factor, acts in neurons to regulate the effect of Lactobacillus reuteri. Our results demonstrate that diet can impact 
brain aging without affecting the lifespan and that bacterial screen using C. elegans is a powerful approach to investigate age-
dependent behavioral decline.

1044C	 H3K4me3	modifiers	regulate	amyloid	toxicity	in	C. elegans

Bryndon Oleson1, Janak Bhattrai1, Emily Jiang1, Daphne Bazopoulou1, Ursula Jakob1 1) University of Michigan, Ann Arbor, MI.

Neurodegenerative diseases such as Alzheimer’s disease (AD) and Huntington’s disease (HD) are characterized by the 
pathological deposition of amyloidogenic proteins which results in neurotoxicity and neurodegeneration. Aging is the 
greatest risk factor for these diseases, and as a result, interventions that delay aging also slow the progression of these 
age-associated diseases. As the precipitating events in AD and HD are thought to begin well before the onset of clinical 
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symptoms, identifying processes early in life may be key to significantly alter the trajectory of these diseases. Our lab has 
recently discovered one such early-life event: naturally-occurring fluctuations in levels of reactive oxygen species (ROS) that 
are predictive of lifespan and stress resistance. These effects, identified in C. elegans, were found to be mediated by redox-
dependent changes to the levels of trimethylated H3K4 (H3K4me3), an epigenetic mark associated with gene activation. 
These data demonstrate that transient changes in the levels of H3K4me3 during development can exert effects on organismal 
health and longevity that persist into adulthood. On this basis, we hypothesize that changes to H3K4me3 will also influence 
susceptibility to amyloid toxicity seen in AD and HD. In this study, we find that reduction of H3K4me3 levels by knockdown 
of set-2 and ash-2 (components of the H3K4me3 complex) in a C. elegans model strain of AD expressing amyloid-β (Aβ) 
reduced Aβ-induced paralysis. A similar delay in paralysis was observed following transient exposure of Aβ-expressing 
animals to mild concentrations of the ROS-generator paraquat during development. Importantly, these protective effects of 
developmental ROS are lost in animals that lack set-2. In addition to models of AD, C. elegans strains expressing amyloidogenic 
polyglutamine repeats (Q40) characteristic of HD were also protected from paralysis by ash-2 or set-2 knockdown, indicating 
that disruption of H3K4me3 levels can protect against proteotoxicity from multiple types of amyloidogenic proteins. Despite 
having a resistance to paralysis, polyglutamine-expressing animals with lower levels of H3K4me3 appear to have an increase 
in aggregation of the Q40 protein in both young and aged animals. We hypothesize that disruption of H3K4me3 may heighten 
the capacity of these animals to mount transcriptional responses to proteotoxic stress, and we are currently investigating the 
mechanisms that may confer this stress resistance.

1045A	 Metformin	Treatment	of	Diverse	Caenorhabditis Species	Reveals	the	Importance	of	Genetic	Background	in	
Longevity	and	Healthspan	Extension	Outcomes

Brian Onken1, Christine Sedore2, Anna Coleman-Hulbert2, David Hall3, Erik Johnson2, E. Grace Jones2, Stephen Banse2, Phu 
Huynh1, Suzhen Guo1, Jian Xue1, Esteban Chen1, Girish Harinath1, Anna Foulger3, Elizabeth Chao3, June Hope3, Dipa Bhaumik3, 
W. Todd Plummer3, Delaney Inman3, Mackenzie Morshead3, Max Guo4, Gordon Lithgow3, Patick Phillips2, Monica Driscoll1 1) 
Rutgers the State University of New Jersey; 2) Institute of Ecology and Evolution, University of Oregon; 3) The Buck Institute for 
Research on Aging; 4) Division of Aging Biology, National Institute on Aging.

Metformin, the most commonly prescribed anti-diabetes medication, has multiple reported health benefits, including lowering 
the risks of cardiovascular disease and cancer, improving cognitive function with age, extending survival in diabetic patients, 
and, in several animal models, promoting youthful physiology and lifespan. Due to its longevity and health effects, metformin 
is now the focus of the first proposed clinical trial of an anti-aging drug - the Targeting Aging with Metformin (TAME) program. 
Genetic variation will likely influence outcomes when studying metformin health effects in human populations. To test for 
metformin impact in diverse genetic backgrounds, we measured lifespan and healthspan effects of metformin treatment in 
three Caenorhabditis species representing genetic variability greater than that between mice and humans. We show that 
metformin increases median survival in three C. elegans strains, but not in C. briggsae and C. tropicalisstrains. In C. briggsae, 
metformin either has no impact on survival or decreases lifespan. In C. tropicalis, metformin decreases median survival in a 
dose-dependent manner. We show that metformin prolongs the period of youthful vigor in all C. elegans strains and in two C. 
briggsae strains, but that metformin has a negative impact on the locomotion of C. tropicalis strains. Our data demonstrate 
that metformin can be a robust promoter of healthy aging across different genetic backgrounds, but that genetic variation can 
determine whether metformin has positive, neutral, or negative lifespan/healthspan impact. These results underscore the 
importance of tailoring treatment to individuals when testing for metformin health benefits in diverse human populations.

1046B	 Dietary	restriction	promotes	healthspan	via	a	glucagon-like	signaling	pathway	in	C. elegans

Brian Onken1, Fathima Idris1, Monica Driscoll1 1) Rutgers the State University of New Jersey.

A major goal of aging research is to understand the underlying relationship between nutritional intake, metabolism, and 
healthy aging. Low-glycemic index diets have been shown to reduce risk of age-related metabolic diseases such as diabetes 
and cardiovascular disease, and reduced caloric intake via dietary restriction (DR) increases healthspan across species. One 
potential approach for supporting healthy aging is via interventions that engage healthspan-promoting metabolism.

Our previous work demonstrated that DR increases healthspan in a manner that requires gluconeogenic gene expression. 
In mammals, the glucagon signaling pathway promotes glucose production in the liver by stimulating glycogenolysis and 
gluconeogenesis. We reason that glucagon signaling, like DR, may have an overall positive impact on healthspan.
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To investigate this, we screened for potential glucagon receptors in Caenorhabditis elegans, and found one candidate, pdfr-1, 
which is required for the induction of gluconeogenic gene expression under DR and for the long lifespan of dietary-restricted 
animals. In the mammalian glucagon signaling pathway, the G protein alpha subunit coupled to the glucagon receptor 
activates adenylate cyclase, which increases cAMP levels to activate protein kinase A (PKA), which in turn inhibits glycolytic 
activity and promotes gluconeogenesis. Similar to candidate glucagon receptor pdfr-1, we found that a C. elegans adenylate 
cyclase ortholog, acy-1, is required for increased lifespan under DR. We also found that disruption of kin-2, which encodes the 
inhibitory subunit of the C. elegans PKA ortholog kin-1, triggers biomarkers for the DR state and results in dramatic healthspan 
increases that mirror those seen under DR. Strikingly, an acy-1 gain-of-function mutant phenocopies the healthspan benefits 
of kin-2 animals, and acy-1 and kin-2 function in the same pathway to affect healthy aging. Finally, we show that both the 
DR transcription factor pha-4 and the pdfr-1 receptor are required for enhanced healthspan in kin-2 and acy-1(gf) animals, 
suggesting that these components make up a health-promoting pathway that is engaged under dietary restriction and that 
parallels the mammalian glucagon signaling pathway.

1047C	 Compensation	and	Epistasis	in	the	role	of	RNA	polymerase	II	in	C.elegans aging

Natasha Oswal1,2, Nicholas Stroustrup1,2 1) Centre for Genomic Regulation (CRG), Barcelona, Spain ; 2) Universitat Pompeu 
Fabra (UPF), Barcelona, Spain.

Aging is a biological phenomenon that involves a gradual decline in physiologic homeostasis. As an essential molecular 
mechanism, transcription is clearly crucial for this homeostasis and yet the specific causal pathways through which 
transcription influences lifespan are difficult to identify. Disruption of transcription produces diverse pleiotropic effects and 
compensatory mechanisms, making it hard to isolate the specific pathways of influence involved.

To understand the role of basic transcriptional machinery in aging, we developed the Auxin Inducible Degradation (AID) 
system (Zhang, Liangyu, et al, 2015) as a tool to quantitatively tune the steady-state abundance of essential genes in long-
term, time-series experiments. Focusing on rpb-2, an RNA Polymerase II (B) subunit, we obtained an rpb-2::AID transgenic line 
that is viable in the presence of a highly-expressed somatic TIR-1 auxin-dependent E3-ubiquitin ligase. We found that rpb-
2::AID animals exhibit a dose-dependent relationship between auxin and lifespan, with high auxin concentrations replicating 
the adult lethal phenotype of rpb-2 RNAi. The dose dependence of lifespan on RPB-2 highlights the quantitative role RNA 
Polymerase II plays in C.elegans aging.

To investigate the pathways through which rpb-2 influences lifespan, we collected transcriptomic data from populations across 
an auxin dosage series. Selecting a set of differentially expressed genes for functional validation, we identified profound 
epistasis in the physiologic response to rpb-2 knockdown. RNAi of a single gene was sufficient to invert the dose-dependence 
of RPB-2 degradation on lifespan, causing a paradoxical extension of lifespan. This lifespan extension is similar to the previously 
characterized increased lifespan of the ama-1 mutant which is another RNA Polymerase II subunit (Debès, Cédric, et al, 2019).

We believe that physiologic dosage series provide a novel, quantitative means for mapping out the pleiotropic action of 
interventions in aging.

Zhang, Liangyu, et al. Development 142.24 (2015): 4374-4384.

Debès, Cédric, et al. bioRxiv (2019): 719864.

1048A	 Olfaction	regulates	organismal	proteostasis	and	longevity	via	microRNA-dependent	signalling

Fabian Finger1, Franziska Ottens1, Alexander Springhorn1, Tanja Drexel2, Lucie Proksch1, Sophia Metz1, Andriana Ntogka1, Luisa 
Cochella2, Thorsten Hoppe1 1) Institute for Genetics and CECAD Research Center, University of Cologne; 2) Research Institute of 
Molecular Pathology (IMP), Vienna BioCenter (VBC).

The maintenance of proteostasis is crucial for any organism to survive and reproduce in an ever-changing environment, but 
its efficiency declines with age. Post-transcriptional regulators such as microRNAs (miRNAs) control protein translation of 
target mRNAs, with major consequences for development, physiology and longevity. Here we show that food odour stimulates 
organismal proteostasis and promotes longevity in Caenorhabditis elegans through miR-71-mediated inhibition of tir-1 mRNA 
stability in olfactory AWC neurons. Screening a collection of miRNAs that control ageing, we found that the miRNA miR-71 
regulates lifespan and promotes ubiquitin-dependent protein turnover, particularly in the intestine. We show that miR-71 
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directly inhibits the Toll-receptor-domain protein TIR-1 in AWC olfactory neurons and that disruption of miR-71–tir-1 or loss 
of AWC olfactory neurons eliminates the influence of food source on proteostasis. miR-71-mediated regulation of TIR-1 
controls chemotactic behaviour and is regulated by odour. Thus, odour perception influences cell-type-specific miRNA–target 
interaction, thereby regulating organismal proteostasis and longevity. We anticipate that the proposed mechanism of food 
perception will stimulate further research on neuroendocrine brain-to-gut communication and may open the possibility for 
therapeutic interventions to improve proteostasis and organismal health via the sense of smell, with potential implications for 
obesity, diabetes and ageing.

1049B	 Recovery	from	Heat	Shock	Requires	the	miRNA	Pathway	in	Caenorhabditis elegans

Delaney Pagliuso1, Devavrat Bodas1,2, Amy Pasquinelli1 1) University of California San Diego, La Jolla, CA; 2) Johns Hopkins 
University School of Medicine, Baltimore, MD .

The heat shock response (HSR) is a highly conserved cellular process that promotes survival during stress. A hallmark of the 
HSR is the rapid induction of heat shock proteins (HSPs), such as HSP-70, by transcriptional activation. Once the stress is 
alleviated, HSPs return to near basal levels through incompletely understood mechanisms. Here, we show that the microRNA 
pathway acts during heat shock recovery in Caenorhabditis elegans. We present evidence that hsp-70 is repressed by miR-
85 and sequences in the hsp-70 3’UTR that include target sites for this miRNA. Regulation of hsp-70 by miR-85 was found 
to be particularly important during recovery from HS, as animals that lacked miR-85 or its target sites in the hsp-70 3’UTR 
overexpressed HSP-70 and exhibited reduced viability. In summary, our findings show that down-regulation of hsp-70 by miR-
85 after HS promotes survival, highlighting a previously unappreciated role for the miRNA pathway during recovery from an 
episode of stress.

1050C	 Regulation	of	temperature-induced	longevity	response	by	neuronal	GPCR	NPR-8	in	Caenorhabditis elegans

Sankara Palani1, Durai Sellegounder1, Yiyong Liu1 1) Department of Biomedical Sciences, Elson S. Floyd College of Medicine, 
Washington State University, Spokane, WA.

Various studies in both poikilotherms and homeotherms have associated lower temperature with longer lifespan and higher 
temperature with shorter lifespan. These inverse effects of temperature on longevity were traditionally explained by the “rate 
of living theory”, which posits that higher temperatures increase chemical reaction rates, thus speeding up the aging process. 
Recent studies have identified specific molecules and cells that mediate the longevity response to temperature, suggesting 
that the temperature effects on aging are not simply thermodynamic but regulated processes. The mechanisms underlying 
such regulation, however, are not well understood. In the current study, we found that Caenorhabditis elegans lacking NPR-8, 
a neuronal GPCR related to mammalian neuropeptide Y receptors, exhibited extended lifespan at warm temperature. Further 
investigation uncovered an NPR-8-longevity regulatory circuit that includes the thermosensory neurons AFD and the amphid 
sensory neurons AWB, AWC, and probably ASJ. Transcriptomic analyses revealed that NPR-8 controls collagen gene expression 
in the longevity response to temperature. Functions of the NPR-8-regulated collagen genes in this process are currently under 
investigation. These results suggest the temperature effects on longevity are regulated by the nervous system possibly via 
controlling collagen gene expression. Our study potentially provides mechanistic insights into understanding the relationship 
between temperature and longevity in humans, which could prove useful in mitigating negative impacts of increasing 
temperature due to global warming in a world with an aging population.

1051A	 Mitochondrial	defects	manifest	an	early	pathogenic	event	undermining	organismal	fitness	in	a	Tauopathy	model

Konstantinos Palikaras1,2, Kavya Achanta2, Mansour Akbari2, Vilhelm Bohr2,3 1) Department of Physiology, School of Medicine, 
National and Kapodistrian University of Athens; 2) Department of Cellular and Molecular Medicine, University of Copenhagen, 
Denmark; 3) Laboratory of Molecular Gerontology, National Institute on Aging, National Institutes of Health, Baltimore, MD, 
USA.

Battling age-associated neurodegenerative pathologies and their pervasive societal impact, is a global enterprise. Alzheimer’s 
disease (AD) is the most common dementia affecting elderly population and there is not any efficient therapeutic strategy 
until now. Age-dependent impairment of mitochondrial homeostasis is a common feature in evolutionary divergent organisms 
and is associated with neuronal loss and cognitive decline in AD. However, whether mitochondrial dysfunction is a culprit 
or bystander of AD pathology remain still elusive. Here, we utilized transgenic nematodes expressing the full length of wild 
type Tau (Tauwt-lo) in neuronal cells and monitored several aspects of mitochondrial morphology. Although Tauwt-lo expressing 
nematodes do not present Tau aggregates during larval stages, they display increased mitochondrial damaged and locomotion 
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defects. Interestingly, calcium chelating agents restores mitochondrial activity and motility in Tauwt-lo expressing larvae 
suggesting that cytoplasmic calcium elevation mediates neuronal impairment. Our findings in their totality suggest that 
mitochondrial damage is an early pathogenic event of AD that is taking place before Tau aggregation undermining neuronal 
homeostasis and organismal fitness during aging.

1052B	 Diacetyl	odor	shortens	food	deprivation-induced	longevity	via	downregulating	DAF-16

Sangsoon Park1,2,5, Murat Artan1,5, Dae-Eun Jeong1, Hae-Eun H. Park2, Heehwa G. Son2, Sieun S. Kim2, Yoonji Jung2, Yunji Choi3, 
Jin I. Lee3, Kyuhyung Kim4, Seung-Jae V. Lee2,6 1) Department of Life Sciences, Pohang University of Science and Technology, 
Pohang, Gyeongbuk, South Korea; 2) Department of Biological Sciences, Korea Advanced Institute of Science and Technology, 
Daejeon, South Korea.; 3) Division of Biological Science and Technology, College of Science and Technology, Yonsei University, 
Wonju, South Korea.; 4) Department of Brain and Cognitive Sciences, Daegu Gyeongbuk Institute of Science and Technology, 
Daegu, South Korea.; 5) These authors contributed equally to this work; 6) Corresponding author.

Dietary restriction extends lifespan in multiple species by reducing nutrient intake and access to non-nutritional food-derived 
cues. The nutritional effects of dietary restriction on longevity has been extensively studied. However, the roles of food-derived 
sensory cues in longevity conferred by dietary restriction or the identity of specific food-derived chemical cues that alter 
lifespan remain unclear. Here, we sought to identify food-derived volatile sensory cues that regulate lifespan in C. elegans. 
We first determined the effects of seven selected bacteria-derived volatile attractants on lifespan under food deprivation, 
one of life-extending dietary restriction regimens in C. elegans. We found that the odor of diacetyl, 2,3-pentanedione, 
2,4,5-trimethylthiazole, or benzaldehyde decreased the longevity conferred by food deprivation. We then tested whether the 
lifespan-reducing chemicals affected the activity of DAF-16, a longevity-promoting transcription factor acting downstream of 
sensory and insulin/IGF-1 signaling. We found that the odor of diacetyl or 2,3-pentanedione reduced the nuclear localization 
of DAF-16 under the food-deprived condition. We further showed that the diacetyl odor, which caused the greatest effect on 
the subcellular localization of DAF-16, reduced the expression of DAF-16-regulated genes, including sod-3, mtl-1, and hsp-12.6. 
These findings suggest that diacetyl reduces longevity conferred by food deprivation via downregulating DAF-16. Unexpectedly, 
we found that the odor of diacetyl decreased longevity caused by food deprivation in two established diacetyl receptor 
mutants, odr-10(ky225) and sri-14(ok2865) single and double mutants. Thus, diacetyl, a food-derived odorant, may shorten 
food deprivation-mediated longevity via downregulating DAF-16 by binding to unidentified receptors. We then examined 
whether diacetyl that is produced under physiological conditions regulated DAF-16 activity or lifespan. We found that the 
odor of diacetyl-producing lactic acid bacteria reduced the nuclear localization of DAF-16 under food deprivation but did not 
shorten longevity. These data suggest that the odor of diacetyl-producing lactic acid bacteria downregulates DAF-16 but is not 
sufficient to decrease lifespan in food-deprived conditions. Together, our study identified diacetyl as a longevity-reducing food-
derived volatile sensory cue that downregulates DAF-16. Our study will provide valuable insights into mechanisms by which 
reduced food odors contribute to dietary restriction-mediated longevity via sensory signaling.

1053C Sulfated steroid hormones regulate longevity and aging-related diseases

Mercedes M. Perez-Jimenez1, José M. Monje-Moreno1, Ana M. Brokate-Llanos1, Mónica Venegas-Calerón2, Alicia Sánchez-
García2, Paula Sansigre1, Amador Valladares1, Sara Esteban-García3, Irene Suárez-Pereira3, Javier Vitorica4,5,6, José Julián Ríos2, 
Marta Artal-Sanz 1, Ángel M. Carrión3, Manuel J. Muñoz1 1) Centro Andaluz de Biología del Desarrollo (CABD)-Universidad 
Pablo de Olavide (UPO), Departamento de Biología Molecular e Ingeniería Bioquímica; 2) Instituto de la Grasa (CSIC), Campus 
Universitario Pablo de Olavide (UPO); 3) Departamento de Fisiología, Anatomía y Biología Celular, Universidad Pablo de Olavide 
(UPO); 4) Departamento de Bioquímica y Biología Molecular, Facultad de Farmacia, Universidad de Sevilla; 5) Instituto de 
Biomedicina de Sevilla (IBiS)-Hospital Universitario Virgen del Rocío/ CSIC/Universidad de Sevilla; 6) Centro de Investigación 
Biomédica en Red sobre Enfermedades Neurodegenerativas (CIBERNED).

We have recently described that mutations in sul-2 gene, which encodes to the sulfatase of steroid hormone, or its inhibition 
with STX64 regulates aging and protein aggregation diseases.

Our research has revealed that sul-2 acts on sulfated steroid hormones in C. elegans, the orthologue to STS in humans. sul-
2 mutants have an increased pool of sulfated steroid hormones, increased life-span and ameliorate symptoms of protein 
aggregation diseases. The sul-2 longevity depends on germline-mediated factors as daf-16, daf-12, kri-1, tcer-1 and daf-36 
genes, but fertility is not affected. Interestingly, sul-2 is only expressed in sensory neurons, suggesting a regulation of sulfated 
hormones state by environmental cues.



Abstracts

23rd International C. elegans Conference     |    429

We managed to set up a treatment with the STX64, the specific STS inhibitor. STX64 in C. elegans increases longevity and 
ameliorates Alzheimer’s, Parkinson’s and Huntington’s disease models. Furthermore, testosterone-derived sulfated hormones 
reproduce the longevity and protein aggregation diseases phenotypes of sul-2, supporting that the presence of sulfated steroid 
hormones is the responsible of the phenotypes.

Remarkably, oral STX64 treatment in acute and chronic Alzheimer’s disease mammalian models suppresses the cognitive 
impairment and reduces the presence of senile plaques in the brain. STX64 is non-toxic in humans and together with our 
results open the possibility of reallocating steroid sulfatase inhibitors or derivates for the treatment of aging and aging related 
diseases.

1054A	 RNA	splicing	regulation	of	lipid	metabolism	and	longevity.

Maria C Perez-Matos1, Sneha Dutta1, Caroline Heintz1, Noel A Jackson1, Anne Lanjuin1, Mary Piper2, William Mair1 1) Department 
of Molecular Metabolism, Harvard TH Chan School of Public Health, Boston, MA.; 2) Department of Biostatistics, Harvard T.H. 
Chan School of Public Health, Boston, MA..

The containment of infectious diseases has catalyzed an increase in life-expectancy and age-related disease. Dietary restriction 
(DR), a reduced food intake without malnutrition, and reduced TORC1 signaling are highly conserved interventions to promote 
healthy aging and disease resistance. Our lab defined pre-mRNA splicing as a biomarker of aging and determined it has a 
causal role in DR and reduced TORC1 lifespan extension through splicing factor 1 (SFA-1). However, the mechanistic link 
between RNA splicing and longevity remains unknown.

We found lipid metabolic pathways are enriched in genes differentially spliced between subpopulations of C. elegans with 
different life expectancy based on splicing status. Similarly, fat metabolic pathways are enriched among genes with SFA-1 
dependent splicing changes. In fact, here we show that SFA-1 modulates fat storage in DR and reduced TORC1 longevity. 
Upon sfa-1 RNAi, eat-2 and raga-1 mutant C. elegans (genetic models of DR and reduced TORC1 longevity) have increased 
fat storage, while age-1 mutants (reduced insulin signaling longevity model) do not. Moreover, using Cross Linked Immuno-
Precipitation (CLIP) methods in C. elegans and Mouse embryonic fibroblasts (MEFs), we identified that SFA-1 binds pod-2 
(mammalian acaca), the rate limiting enzyme in fatty acid synthesis. Very excitingly, we found that pod-2 is a pathway-specific 
regulator of longevity. pod-2 RNAi suppresses the lifespan extension of eat-2 and raga-1 mutants, but not age-1 mutant 
worms.

Here we provide evidence on the interplay between pre-mRNA splicing and lipid metabolism in DR and TORC1 longevity. This 
brings us closer to the mechanistic understanding of RNA homeostasis as a novel paradigm of aging and physiology.

1055B	 Sex	affects	responses	to	environmental	stress	in	C. elegans

Juan Piloto1, Keith Choe1 1) University of Florida, Gainesville, FL.

In many species, physiological responses to disease and aging vary by sex. Although environmental stress is a major factor 
in disease pathogenesis and aging, there is poor understanding of how sex influences responses to stress at the cell and 
molecular levels. Stress responses are well-understood in C. elegans, but almost all studies focus exclusively on self-fertilizing 
hermaphrodites. Different types of environmental stress induce distinct sets of cytoprotective genes. We used quantitative 
PCR to measure expression of diverse cytoprotective genes. We found that N2 males have higher basal expression of 
osmotic, endoplasmic reticulum, detoxification, and heat shock stress response genes than N2 hermaphrodites. There was 
no difference for mitochondrial and innate immune stress response genes. We also compared stress resistance between 
sexes to determine if differences in gene expression correlate with physiological performance. Our results suggest that males 
are generally more resistant to environmental stressors than hermaphrodites. To determine if differences in basal gene 
expression extend to a broader array of stress response genes, we analyzed previously published RNAseq data for N2 males 
and hermaphrodites. Out of 92 cytoprotective genes representing osmotic, innate immune, detoxification, heat shock, heavy 
metal, DNA damage, endoplasmic reticulum, and mitochondrial stress responses, 17 were enriched at least 2-fold in males 
and 5 were enriched in hermaphrodites. We observe similar patterns of cytoprotective gene expression and stress resistance 
in natural isolates of C. elegans demonstrating that the differences are not unique to the domesticated N2 strain. Feminized 
mutants and hermaphrodites have similar basal stress response gene expression suggesting that the presence or absence of 
sperm is not driving the differences we observe. Analysis of previously published RNAseq data also suggests that males have 
greater cytoprotective gene expression than females or hermaphrodites in C. remanei and C. briggsae. These differences in 
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cytoprotective gene expression and stress resistance could serve as a model for defining fundamental mechanisms driving sex-
based differences in stress and aging biology. This work was supported by NSF grant IOS-1452948 to KPC.

1056C	 RBBP-5	regulated	methylation	at	Histone	3	Lysine	4	promotes	longevity	in	C. elegans

Gino Poulin1, Nurulhafizah Samsudin1, Pang Yoke Fei1, Kate Fisher1, Adriana Vintilla1, Gabriel Velichkova1, Alan Whitmarsh1 1) 
University of Manchester.

Histone 3 lysine 4 methylation (H3K4me) is an epigenetic mark regulating transcription, metabolism, and longevity. H3K4me 
necessitates, in addition to KMT2 enzymes, the conserved core components WDR5, ASH2, and RBBP5. In C. elegans, deficiency 
in WDR-5 or ASH-2 reduces H3K4me3 levels and extends lifespan. Transgenerational experiments whereby only the parental 
generation is deficient in WDR-5 or ASH-2 leads to incomplete reprogramming of the next generation resulting in long-lived 
descendants. Whether RBBP-5 has similar functions remains unclear. Herein, using spike in ChIP-seq, we show that RBBP-5 is 
required for H3K4 mono- and multi-methylation and adults lacking RBBP-5 are short-lived. In contrast with WDR-5 or ASH-2 
deficiencies, our transgenerational experiments show that reprogramming of the next wild type generation is normal. Instead, 
we revealed that RBBP-5-deprived descendants originating from mothers heterozygous for the rbbp-5 deficiency inherit a 
wild type lifespan. However, at the fifth generation the rbbp-5(-) short-lived phenotype fully manifest. Using RNA-seq and 
reporter assays, we found that RBBP-5 is important to maintain mitochondrial bioenergetic and core translational functions. 
We also show that restoring RBBP-5 expression in the soma is sufficient to recapitulate the wild type lifespan, hence ruling out 
the germlines as the primary site for H3K4me longevity promoting functions. Collectively, this work shows RBBP-5 regulated 
H3K4me promotes longevity and wild type lifespan can be epigenetically transmitted to H3K4me-depleted descendants most 
likely by a mechanism alleviating mitochondrial and translational dysfunctions in somatic cells.

1057A	 Elucidating	Valine’s	pro-survival	role	during	infection	via	the	mitochondrial	UPRmt

Mohammed Adnan Qureshi1, Mark Pellegrino1 1) University of Texas at Arlington.

The age-old battle between host and pathogen has driven numerous mechanisms used by each to outcompete the other. The 
mitochondrial unfolded protein response (UPRmt) is one such pathway used by the host in the defense against infection. The 
UPRmt not only helps in recovering mitochondria that are damaged during infection but also induces an immune response to 
thwart pathogen colonization. In the model organism Caenorhabditis elegans, pathogens such as Pseudomonas aeruginosa 
activate the UPRmt through the production of damaging toxins but also can downregulate the UPRmt during chronic infection. 
In our previous work we uncovered that loss of the P. aeruginosa acyl-CoA dehydrogenase FadE2 prolongs UPRmt activity 
and extends host survival. FadE2 showed substrate preferences for the coenzyme A intermediates produced during the 
breakdown of the branched-chain amino acid valine and to a lesser extent, leucine. Our data suggests that during infection, 
FadE2 restricts the supply of valine to the host hindering host energy metabolism in addition to the UPRmt. Consistently, 
valine supplementation re-established the UPRmt and prolonged host survival during infection with P. aeruginosa. However, 
the mechanism by which valine promotes the UPRmt during infection with P. aeruginosa is unclear. We are currently using 
RNA-Seq analysis, gene knockdown and overexpression to unravel the mechanistic basis of UPRmt regulation by valine during 
infection and will report our findings.

1058B	 A	microfluidics-based	chemical	screening	platform	for	lifespan	and	healthspan	extension	in	Caenorhabditis elegans

Mizanur Rahman1, Taslim Anupom1, Hunter Edwards1, Siddhartha Gupta1, Nathaniel Szewczyk2, Monica Driscoll3, Siva Vanapalli1 
1) Texas Tech University; 2) Ohio University; 3) Rutgers University.

C. elegans is a premier model organism used to identify pharmacological interventions that enhance lifespan and healthspan. 
Generally, animals are cultured on agar surface where drugs are either dissolved in agar or spread over solidified agar. The 
effects of the drug on lifespan are measured by the change of median or mean lifespan. The agar-based screening method has 
some severe limitations, including (i) limited throughput, (ii) progeny blocking methods can complicate outcomes, (iii) drug 
molecules may not be accessible to the animal due to transport limitation, (iv) bacteria can metabolize drug molecules, (vi) 
animals may avoid the bacterial lawn and therefore minimize drug exposure, and (vii) animals may be lost from the assay due 
to desiccation or burrowing. We present a microfluidic technology named an «Infinity screening system,» where animals are 
cultured in a confined, micro-structured liquid environment with an integrated fluid processing and imaging hardware. Food 
and drugs are prepared in a batch (no FuDR) for the entire lifespan experiment for precise control over the consistency of daily 
dose of food and drug quality. Images of animals moving in the chip pillar environment are acquired each day and processed 
for live/dead count and locomotion-based cohorts with a software built in-house. This study used seven well-studied anti-
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aging drugs to benchmark the infinity platform for the drug effectiveness and consumption for whole-life analysis. We used 
three concentrations for each drug, concentration identified in plate-based assays, 1/10th, and 1/100th of the plate-based 
dosage. The entire experiments require approximately 3 man-hr/day and 30 days to complete one biological replicates. We 
found that infinity chip requires approximately 7.5 -750 times less drugs to achieve similar effects to that of agar plates. In this 
study, we found Thioflavin T as toxic in the microfluidic environment at the highest concentration. The actual dependency of 
drug type on the effective concentration is still unclear. In general, we observed significant increase in mean lifespan without 
appreciable changes in maximum lifespan at an effective concentration. Moreover, α-Ketoglutarate was able to rescue plate 
like lifespan enhancement in infinity chip contrasting the lifespan outcome from Lifespan Machine. Although, all the drugs 
extend lifespan, only a few of them helped maintain a larger fraction of animal highly active in the older age.

1059C Whole-animal in vivo	screening	for	small	molecule	inhibitors	of	the	mitochondrial	UPR

Mustafi Raisa Amin1, Siraje Mahmud1, Mohammed Adnan Qureshi1, Jonathan Dowgielewicz1, Mark Pellegrino1 1) The University 
of Texas at Arlington.

Mitochondria are essential for energy production, metabolic signaling, calcium homeostasis, and other roles. Consequently, 
mitochondrial dysfunction is associated with several human pathologies including neurodegenerative, cardiovascular, and 
metabolic diseases, as well as cancer. Thus, cells use recovery mechanisms such as the mitochondrial unfolded protein 
response (UPRmt) to mediate mitochondrial recovery. Importantly, the UPRmt may have clinical relevance as it has been shown to 
play a role in cancer survival. Hence, inhibition of the UPRmt may be leveraged as an anticancer strategy with great therapeutic 
promise. We employed a whole-animal chemical screening approach to identify small molecule inhibitors of the UPRmt using 
the C. elegans UPRmt transcriptional GFP reporter strain hsp-6::GFP. We screened a library of 1280 FDA-approved drugs for 
their ability to inhibit hsp-6::GFP reporter expression during stress. Among the identified hits was Paroxetine (Paxil), a type 
of selective serotonin reuptake inhibitor (SSRI) that blocks serotonin transporters on the presynaptic membrane, thereby 
increasing the concentration of this neurotransmitter at the synapse. Serotonin stabilizes our mood and feelings of well-being. 
Thus, SSRIs are used in the treatment of depression and other mental disorders. The connection between the SSRI Paroxetine 
and the activity of the UPRmt, however, has not been previously reported. Consistent with suppression of the UPRmt, Paroxetine 
further impaired mitochondrial function during stress but had negligible effects under standard conditions. Importantly, 
Paroxetine did not suppress other cellular stress response pathways including the endoplasmic reticulum UPR (UPRER). In 
addition, Paroxetine suppressed UPRmt-associated phenotypes including extensions in lifespan and increased host survival 
during infection. Unexpectedly, genetically disabling the clinical target of Paroxetine, the serotonin reuptake transporter mod-
5, did not suppress UPRmt. Therefore, Paroxetine likely disables UPRmt activity through an unconventional drug target.

1060A	 Identification	of	common	lifespan-modulating	genes	through	genomic	comparison	of	diverse	long-lived	genetic	
mutants

Paige Rudich1,2,3, Sonja Soo1,2,3, Megan Senchuk4, Meeta Mistry5, Jeremy Van Raamsdonk,1,2,3,4,6 1) Department of Neurology and 
Neurosurgery, McGill University; 2) Metabolic Disease and Complications Program (MeDiC), Research Institute of the McGill 
University Health Centre; 3) Brain Repair and Integrative Neuroscience Program (BRaIN), Research Institute of the McGill 
University Health Centre; 4) Center for Neurodegenerative Science, Van Andel Research Institute; 5) Bioinformatics Core, 
Harvard T.H. Chan School of Public Health; 6) Department of Genetics, Harvard Medical School.

As the age of the world population rises, there is a concordant rise in age-associated diseases such as cancer, cardiovascular 
disease, and neurodegeneration. Understanding the aging process at the molecular level may aid development of preventative 
treatments for these diseases, as targeting lifespan-modulating pathways can be protective in models of age-onset 
diseases. However, lifespan-modulating pathways have wide ranging cellular effects, beyond delaying aging. To advance 
our understanding of genetic pathways contributing to longevity, and identify novel genetic targets to test in models of 
neurodegenerative disease, we identified “common” genes similarly modulated in a variety of long-lived genetic mutants.

We performed RNA sequencing on nine long-lived genetic mutants representing six different lifespan-modulating pathways: 
insulin-IGF1 signaling (daf-2), dietary restriction (eat-2), germline deficiency (glp-1), reduced mechanosensation (osm-5), 
reduced translation (ife-2), elevated mitochondrial reactive oxygen species (sod-2), and weak mitochondrial impairment (nuo-
6, isp-1, clk-1). There is a significant overlap in differentially expressed genes between almost all pairs of long-lived mutants. 
Thus, diverse lifespan-modulating pathways converge onto overlapping genetic targets. The genes upregulated by the lifespan-
modulating pathways fall primarily into two disparate groups: genes upregulated in eat-2, osm-5, and ife-2 worms, and 
genes upregulated in daf-2, sod-2, isp-1, and nuo-6 worms. The two gene groups are enriched for different tissue expression 
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and different molecular pathways, further supporting that these genes extend lifespan through distinct means. To identify 
“common” genes potentially shared across these groups, we selected for genes similarly modulated in at least six of the nine 
mutants. We identified 196 “common” upregulated genes enriched for genes involved in immunity and metabolism, and 62 
“common” downregulated genes enriched for genes associated with translation initiation. We will determine if the overarching 
common genes are required for enhanced longevity and then examine if the group-specific genes are required for longevity 
in their respective mutants. Developing a clearer understanding of the specific genes and pathways which directly modulate 
lifespan will advance our understanding of the aging process, and help to develop preventative treatments for our aging 
population.

1061B	 Investigation	of	the	transcriptional	response	to	starvation	at	the	tissue	level

Brendil Sabatino1,2, Deema Alhusari1,3, Stefan Taubert1,2 1) UBC; 2) BC Children›s Hospital Research Institute, Vancouver, BC; 3) 
BC Cancer Research Center, Vancouver, BC.

Competition for nutrients is a driving force in evolution. As such, organisms have evolved robust adaptive responses 
to withstand periods of starvation. In C. elegans, efforts have been made to map the acute starvation response at the 
transcriptome level using microarray and RNA-seq techniques. However, past studies used whole worms and thus represent 
an averaged response profile of all of the worms’ tissues. Recently, Kaletsky and colleagues developed methods to isolate and 
study purified C. elegans cell populations from larvae, which allows studying tissue-specific transcriptomes. To gain a better 
understanding of the response to starvation and potentially reveal unique tissue-specific responses, we are adapting this 
technique to study how neurons, hypodermis, intestine, and body wall muscles respond to starvation. Specifically, we have 
used four strains that express GFP in each of these tissues of interest. We then dissociate worms into single cells and FACS-sort 
GFP-labeled tissues both fed and starved animals, followed by RNA isolation and RNA-sequencing. To date, we have sequenced 
mRNA from neuronal and body wall muscle tissues from fed animals and animals that were starved for six hours. Preliminary 
analysis indicates that starvation induces broader changes in neurons compared to body wall muscle. Interestingly, using a 
liberal significance threshold of P <.05 and FDR < 1, only 11% of genes are regulated by starvation in both tissues, suggesting 
that tissues respond in a highly specific manner to starvation. In neurons, we observed a positive enrichment for biological 
processes involved in guanylyl cyclase signaling and cell projection remodeling, whereas negatively enriched processes 
included protein translation and ribosome assembly. In muscles, we observed positive enrichment of the ER unfolded protein 
response and cuticle remodeling, and negative enrichment of protein synthesis. Our work demonstrates variation in responses 
to starvation between tissues. The methods described will allow us to assemble a profile for each tissue, which can be used to 
develop functional experiments to unravel the biology of the starvation response.

1062C	 Soluble	Epoxide	Hydrolase	Inhibitor,	AUDA,	Recuses	Neurodegeneration	Induced	by	Amyloid	β	and	Tau

Morteza sarparast1, Fan Zhang2, Leslie Ramirez2, Benjamin Kessler2, Jamie K. Alan2, Kin Sing Stephen Lee1,2 1) Department of 
Chemistry, Michigan State University, East Lansing, MI, USA; 2) Department of Pharmacology and Toxicology, Michigan State 
University, East Lansing, MI, USA..

According to a United Nations report, the percentage of the population over the age of 65 is expected to increase from 
approximately 9% (2019), to roughly 20% by 2050. With this demographic change, we can expect a coinciding increased 
incidence of age-related neurodegenerative diseases (ND), including Alzheimer’s Disease (AD), for which there is no cure. The 
two hallmark pathologies of AD are the deposition of the amyloid β (Aβ) and the neurofibrillary tangles of the microtubule-
binding protein tau. Recent evidence suggests that increasing the epoxy-metabolites of polyunsaturated fatty acids (PUFAs) 
through pharmacological inhibition or genetic knock-out of soluble epoxide hydrolase (sEH), which metabolizes epoxy-PUFAs, 
could be an effective strategy in limiting AD neurodegeneration. Considering this, we seek to investigate the effect(s) of epoxy-
PUFAs on tau- and Aβ-induced neurodegeneration using Caenorhabditis elegans (C. elegans). The transgenic Tau (CK1441) and 
Aβ (CL2355) mutants show neurodegenerative behavior such as slow thrashing and decreased locomotion speed, respectively, 
and both strains show hypersensitivity to serotonin. Interestingly, supplementation of HE inhibitor, 12-[[(tricyclo[3.3.1.13.7]
dec-1-ylamino)carbonyl]amino]-dodecanoic acid (AUDA), rescues neurodegeneration in both transgenic strains. Our results 
suggested that specific epoxy-PUFAs significantly affect neurodegeneration, in particular those mediated by deposition of Aβ 
and/or tau, and the mechanistic studies on how EH inhibition alleviates neurodegeneration induced by Aβ and/ or tau are 
underway.

1063A	 The	PCP	molecule	Flamingo	regulates	body	size	and	lifespan	by	controlling	collagen	content	in	C. elegans



Abstracts

23rd International C. elegans Conference     |    433

Johanna Lena Schön1, Johanna Weinert2, Daniel Matús1, Claudia Binder3, Vivien Teßmar1, Samantha Hughes4, Yulia Popkova5, 
Jürgen Schiller5, Torsten Schöneberg1, Simone Prömel1,6 1) Rudolf-Schönheimer-Institute for Biochemistry, Leipzig University, 
Germany; 2) Clinic for Anaesthesia and Intensive Care, Leipzig University, Germany; 3) Carl Ludwig Institute for Physiology, 
Leipzig University, Germany; 4) Institute of Applied Biosciences and Chemistry, HAN University of Applied Sciences Nijmegen, 
The Netherlands; 5) Institute of Medical Physics and Biophysics, Leipzig University, Germany; 6) Institute of Cell Biology, 
Department of Biology, Heinrich Heine University Düsseldorf, Germany.

The CELSR/Flamingo homolog FMI-1 is well known for its key role in planar cell polarity (PCP) and axon guidance. The 
Adhesion-G protein-coupled receptor (aGPCR) acts as one of the PCP core proteins besides Frizzled, Dishevelled, Diego, Van 
Gogh or Prickle to realize the polarization of tissues such as epithelia. Interestingly, few studies report that aGPCRs as well 
as parts of the PCP core pathway components have also implications in other processes such as the regulation of metabolic 
processes.

Here, we show that FMI-1 is involved in body size regulation. Characterizing two different fmi-1 loss-of-function mutants we 
observed a significantly smaller body size, a prolonged lifespan, higher fat levels, and abnormal movement in the mutants 
compared to wild-type animals. None of these phenotypes was caused by caloric restriction or defects in food intake. 
Transcriptome analyses revealed that a large number of collagen gens are significantly upregulated in the absence of FMI-1. 
This was verified by directly assessing collagen in the worms. We found that body size is regulated by FMI-1 exerting a signal 
from sensory neurons, thereby affecting hypodermal collagen synthesis. However, the respective phenotypes of fmi-1 mutants 
are not a consequence of the previously described neuronal mismigration. Rescue experiments revealed that this function 
of FMI-1 is dependent solely on the N terminus of the GPCR, and thus, not on classical intracellular signaling into the same 
cell. Functional and expression analyses showed that FMI-1 signals are dependent on components of the insulin/IGF-1-like 
signaling pathway such as the DAF-16/FoxO transcription factor. Further, we tested a relation to the BMP signalling pathway. 
Interestingly, the role of FMI-1 in body size regulation seems to be caused by a different mechanism than its function in fat 
storage.

We hypothesize that the lack of the FMI-1 leads to higher levels of collagen in the worms’ cuticle, restricting its growth and 
movement and making it more resistant towards external stress. Taking together, our data highly suggest the PCP molecule 
Flamingo to be an interesting player in collagen homeostasis and body size regulation.

1064B	 Investigating	the	role	of	miro-1 in neurodegeneration using a C. elegans Alzheimer’s	disease	model

Mano Senthil1, Kenneth Norman1 1) Albany Medical College.

Alzheimer’s Disease (AD) is a debilitating neurodegenerative condition affecting many elderly individuals. Although AD is 
generally considered a progressive, age-related condition, a subset of the population is genetically predisposed to developing 
AD early in life, a condition known as familial Alzheimer’s Disease (FAD). FAD is primarily caused by mutations in one of 
three genes, Amyloid Precursor Protein (APP), Presenilin 1 (PSEN1), and Presenilin 2 (PSEN2), with most mutations occurring 
in PSEN1. PSEN1 functions the catalytic core of γ-secretase and is involved in the processing of APP to amyloid beta (Aβ) 
peptides. and the regulation intracellular Ca2+ signaling. Aβ plaque accumulation has long been regarded as the disease 
promoting agent controlling AD like neurodegeneration. However, recent studies are showing a lack of correlation between 
Aβ plaques and AD symptom severity, pointing to the possibility of other mechanisms controlling neurodegeneration. PSEN1 
is also known to regulate intracellular Ca2+ signaling, and mutations in PSEN1 have been shown to result in increased reactive 
oxygen species (ROS) production, oxidative stress, and neurodegeneration as a product of intracellular Ca2+ dysregulation. The 
mechanisms underlying these intracellular changes however remain unclear. We are looking to investigate the relationship 
between endoplasmic reticulum (ER)-mitochondrial Ca2+ signaling, mitochondrial ROS production, and neurodegeneration 
using C. elegans strains harboring mutations in the gene encoding the C. elegans PSEN1 homologue, sel-12. sel-12 mutants 
have been shown to display elevated intracellular Ca2+ levels and increased ER-mitochondrial contacts which are associated 
with increased mitochondrial Ca2+ uptake, mitochondrial ROS production, and neuronal dysfunction. To understand the 
mechanism underlying the sel-12 mitochondrial phenotype, we are investigating the role a specific mitochondrial outer 
membrane protein, MIRO-1, which has been shown to have roles in mitochondrial trafficking, mitochondrial Ca2+ regulation, 
and mitochondrial metabolism. By introducing a miro-1 null mutation into the sel-12 mutant background, we are investigating 
whether miro-1 has a role in the ER- mitochondrial Ca2+ homeostasis and if loss of miro-1 improves sel-12 mutant fitness. Thus 
far, our results indicate that disrupting miro-1 in the sel-12 mutant background restores the neurodegenerative phenotype 
observed in the FAD mutant model system.
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1065C	 The	AFD	temperature	sensing	neurons	adjust	C. elegans defenses to match the temperature-dependent threat of 
hydrogen peroxide produced by bacterial pathogens

Francesco Servello1, Olivier Martin2, Rute Fernandes2, Anders Lindberg1, Nohelly Derosiers3, Nicholas Stroustrup2, Javier Apfeld1 
1) Northeastern University; 2) Centre for Genomic Regulate; 3) University of Pennsylvania.

Activation of cellular defenses can protect hosts from the macromolecular damage induced by hydrogen peroxide—the 
weapon of choice for many bacterial pathogens. Sensory systems can coordinate the induction of these protective host 
defenses, yet direct links between individual sensory mechanisms and these innate immune responses are only beginning 
to be understood. Understanding how sensory mechanisms regulate C. elegans defenses to bacterially produced hydrogen 
peroxide may reveal novel insights into how multicellular organisms coordinate their innate immune response to changing 
environments.

We investigated how the two AFD temperature sensing neurons in Caenorhabditis elegans use temperature information 
to coordinate resistance to hydrogen peroxide produced by the pathogen Enterococcus faecium. We found that hydrogen 
peroxide was more lethal to nematodes at higher temperatures, and that at those higher temperatures the action of 
the AFD neurons enabled the nematodes to deal with the increased lethality of peroxides. In addition, nematodes that 
developed at higher temperatures induced AFD-dependent hydrogen peroxide defenses that were lasting, nearly doubling 
the animals’ survival to subsequent peroxide exposure at lower temperature, compared to animals grown continuously at 
lower temperatures. Remarkably, genetic ablation of the two AFD neurons pre-induced these defenses, leading to a three-fold 
increase in hydrogen peroxide resistance. Through mRNA-sequencing, we found that the AFD neurons regulated the activation 
of a broad set of DAF-16/FOXO and SKN-1/Nrf transcriptional targets. Genetic experiments demonstrated that in response to 
AFD ablation, and at higher temperatures, the partially redundant action of these two transcription factors in the intestine 
increased the nematode’s hydrogen peroxide survival. Finally, we found that these AFD-dependent mechanisms conferred 
resistance to hydrogen peroxide produced by the pathogen Enterococcus faecium. As E. faecium grows in a temperature-
dependent manner and produces hydrogen peroxide in a growth-dependent manner, we propose that this sensory system 
enables the nematodes to use temperature information to predict the likelihood of encountering bacterially produced 
hydrogen peroxide and adjust their innate immune defenses to match that threat.

1066A	 The	heat	shock	transcription	factor	HSF-1	protects	Caenorhabditis elegans from peroxide stress

Francesco Servello1, Javier Apfeld1 1) Northeastern University.

Cells induce conserved defense mechanisms that protect them from oxidative stress. How these defenses are regulated in 
multicellular organisms is incompletely understood. Here, we show that the heat shock transcription factor HSF-1 protects the 
nematode Caenorhabditis elegans from the oxidative stress caused by environmental peroxide. In response to a heat shock 
or a mild temperature increase, HSF-1 protects the nematodes from subsequent peroxide stress in a manner that depends on 
HSF-1’s transactivation domain. At constant temperature, HSF-1 protects the nematodes from peroxide stress independently 
of its transactivation domain, likely by inducing the expression of asp-4/cathepsin and dapk-1/dapk. Thus, two distinct HSF-1-
dependent processes protect C. elegans from peroxide stress.

1067B	 Collagen	gene	variants,	endoplasmic	reticulum	homeostasis,	and	aging

Hung-jen Shih1, Jeeyeon Cha2,3, Matthew Allen2, Stephane Flibotte4, Lisa Bastarache5, Patrick Hu2 1) Department of Cell and 
Developmental Biology, University of Michigan Medical School, Ann Arbor, MI; 2) Department of Medicine, Vanderbilt 
University Medical Center, Nashville, TN; 3) Division of Diabetes, Endocrinology, and Metabolism, Vanderbilt University Medical 
Center, Nashville, TN; 4) Departments of Zoology and Cellular and Physiological Sciences, University of British Columbia, 
Vancouver, British Columbia, Canada; 5) Department of Biomedical Informatics, Vanderbilt University Medical Center, 
Nashville, TN.

One third of all proteins are cotranslationally translocated into the endoplasmic reticulum (ER) during their biogenesis. A 
conserved homeostatic mechanism known as the ER unfolded protein response (UPR) has evolved to ensure protein folding 
homeostasis (proteostasis) in the ER lumen by tuning ER chaperone and protein degradative capacity to accommodate 
changes in unfolded protein load. Failure of the ER UPR can lead to protein misfolding and aggregation, a condition known as 
“ER stress” which is associated with common human diseases associated with aging such as Alzheimer’s disease, Parkinson’s 
disease, and diabetes. Therefore, insights into the molecular underpinnings of the ER UPR will likely lead to improved 
strategies to promote healthy aging through the maintenance of ER homeostasis.
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In previous studies we discovered that trap-1 null mutants exhibit constitutive expression of the hsp-4::GFP ER UPR reporter. 
To gain insight into how TRAP-1 contributes to ER homeostasis, we performed a genetic screen for modifiers of the trap-1 
mutant phenotype. We mutagenized trap-1;hsp-4::GFP worms and screened for F2 progeny with either increased or decreased 
GFP expression. One strain with increased GFP expression harbored a causal missense mutation in the col-75 collagen gene 
(dp691). A col-75 nonsense allele does not induce hsp-4::GFP expression, indicating that hsp-4::GFP induction is not due to loss 
of col-75 activity. Surprisingly, while col-75 is expressed primarily in the excretory cell, socket glia, and pharyngeal neurons, 
it induces hsp-4::GFP expression non-autonomously and specifically in intestine and spermatheca. Intriguingly, although 
germline missense mutations in human collagen genes that induce chronic ER stress typically cause disease, col-75(dp691) 
animals are healthy and retain wild-type levels of resistance to the ER stress inducer tunicamycin. A phenome-wide association 
study (PheWAS) of all common human COL missense alleles in the BioVU de-identified electronic health record-linked DNA 
biobank captured on the Illumina Exome BeadChip array revealed the association of several COL gene variants with protection 
from diagnoses of aging-related diseases such as heart failure, cancer, kidney disease, spinal stenosis, and inflammatory 
bowel disease. We hypothesize that collagen gene missense mutations that cause constitutive ER UPR induction have context-
dependent effects on cellular and organismal fitness and may contribute to human health through constitutive ER UPR 
induction.

1068C	 Protective	effects	of	caffeine	intake	on	intestinal	aging	by	regulating	yolk	protein	production	and	autophagy-
dependent	intestinal	atrophy	in	aged	C. elegans

Hyemin Min1, Esther Youn1, Minjin Lee1, Yhong Hee Shim1 1) Konkuk Univ.

Caffeine, a methylxanthine derived from plants is the most widely consumed ingredient in our daily life. Previous studies 
have shown that constant intake of a low dose of caffeine (<10 mM) has beneficial effects on aging-related disorders in C. 
elegans. In this study, we attempted to determine the possible anti-aging effects of caffeine on intestine using a Caenorhabditis 
elegans model. It was previously reported that intestinal atrophy was observed in aged worms due to the accumulation of 
vitellogenin. We also previously showed that caffeine intake reduces vitellogenin production. Vitellogenin production in C. 
elegans is highly temporal-, spatial- and sex-specific. It is produced only at the adult stage in the intestine of hermaphrodites. 
Therefore, we examined changes in the intestinal morphology and yolk protein production after caffeine intake in aged worms 
to see if caffeine can control the intestinal aging. Intestinal integrity including ACT-5 mislocalization and lumenal expansion 
were examined, and vitellogenin (VIT) production and pseudocoelomic lipoprotein pool (PLP) accumulation were measured 
after caffeine intake in aged worms. ACT-5 mislocalization and lumenal expansion were suppressed, and VIT production and 
PLP accumulation were significantly decreased by caffeine intake in aged worms. Furthermore, increased level of autophagy 
activity that is normally observed in aged worms for conversion of intestine to yolk protein was significantly reduced by 
caffeine intake. These findings suggest that caffeine intake suppresses a yolk-mediated intestinal atrophy in aged worms by 
reduction in yolk protein production and in autophagy activity. Taken together, caffeine appears to be a potential anti-aging 
agent that protects intestine from aging. This study was supported by NRF2018R1A2B6007915 and NRF2021R1A2C1011658.

Keywords: Caffeine; yolk protein; vitellogenin; pseudocoelomic lipoprotein pool; intestinal aging; autophagy

1069A	 Neuropeptide	modulation	of	insulin	signaling	in	bacteria-dependent	survival

Deniz Sifoglu1, Wolfgang Maier2, Joy Alcedo1,2 1) Wayne State University; 2) Friedrich Miescher Institute for Biomedical Sciences.

Bacterial food sources will differentially affect C. elegans physiology and survival. For example, C. elegans fed two E. coli 
strains—the B type OP50 versus the K12 type CS180—exhibit different survival phenotypes. Wild-type C. elegans fed OP50 
have a higher rate of early deaths compared to C. elegans fed CS180. The early deaths on OP50 are characterized by swollen 
pharynges (P-deaths) that resulted from bacterial accumulation within the tissue. In contrast, worms fed CS180 are more 
resistant to P-deaths. We find that the neuropeptide neuromedin U receptor nmur-1 inhibits P-deaths on OP50, but not 
on CS180. Interestingly, however, nmur-1 promotes the opposite response when the insulin receptor daf-2 has reduced 
activity—where nmur-1 now promotes P-deaths on OP50. Since both effects of nmur-1 appear dependent on the FOXO daf-16 
transcription factor, we propose that nmur-1 acts as a modulator of insulin signaling. Thus, NMUR-1 ensures that the insulin 
receptor DAF-2 signals at the appropriate level to promote pharyngeal health and optimal survival in response to specific 
bacteria.

1070B	 toluene-induced	bioenergetics	changes	generate	early	aging	and	decreased	healthspan	in	caenorhabditis elegans



Abstracts

23rd International C. elegans Conference     |    436

Marcell Soares1,2, Larissa Cordeiro1, Aline Silva1, Fabiane Baptista1, Tassia Silveira1, Felix Soares1, Daiana Ávila1,2 1) Federal 
University of Santa Maria, Santa Maria, RS, Brazil.; 2) Federal University of Pampa, Uruguaiana, RS, Brazil..

aging is a normal and inevitable cellular physiological process, however, in current days, individual or environmental factors 
are contributors to early aging, thus generating an impaired healthspan. barker, in an ecologic psychology context mentioned 
that “the environment always exerts influences in the individual”. if we adapt this to the toxicological sphere, daily we are 
exposed to many agents, whether intentional (drug’s abuse) or in a non-intentional manner (environmental or occupational), 
that induce countless toxic effects to the organism (influence). toluene is a major solvent used in industry of paints, gasoline 
and adhesives, therefore, workers are the non-intentional target public. however, toluene is also a psychoactive substance and 
epidemiologic data have shown its abuse as the third mostly consumed in comparison to others drugs there are many studies 
reporting the short-term effects of toluene, nevertheless, long-term effects after end of exposure are scarce. based on that, 
the aim of our work was to investigate the long-term impact of airborne exposure to toluene using caenorhabditis elegans. 
we used two strains: n2 wild type and mutant pe255 feIs5 [sur-5p::luciferase::GFP + rol-6(su1006)] to measure atp levels. 
approximately 100 nematodes at l4 stage were exposed to toluene in a vapor chamber for 24h, mimetizing two scenarios 
of exposure: scenario 1 (mean conc. 792 ppm) and scenario 2 (mean conc. 1,094 ppm). the experiments were conducted 1, 
48 and 96 hours after exposure. lipofuscin autofluorescence was measured as an aging bioindicator, neurobehaviors (head 
trashes, velocity and path length) to assess healthspan, and atp levels as mitochondrial function endpoint. we observed that 
worms exposed to both scenarios of exposure have shown increase of cellular lipofuscin accumulation, and that exposed 
worms demonstrated a progressive reduction of mobility in a significant manner. these findings corroborated with a decrease 
of mitochondrial functionality, demonstrated by atp levels reduction. here we demonstrate that toluene-induced early cellular 
aging can occur associate to accentuated motor loss that could be explained by a mitochondrial dysfunction, thus impacting on 
healthspan reduction. the literature supports this discovery, once long-term exposures either intentionally or occupationally 
are harmful to humans, however, here we observed that even long periods after withdrawal the toluene effects remain.

1071C	 HSP90	and	HSF-1	regulate	lipolysis	in	C. elegans

Milán Somogyvári1, Csaba Sőti1 1) Department of Molecular Biology, Semmelweis University, Budapest, Hungary.

Obesity is a risk factor for the leading causes of death in our modern societies. Many of the hallmarks of obesity and metabolic 
syndrome have large overlaps with hallmarks of another important risk factor for various diseases: ageing. HSP90, an abundant 
heat shock protein plays an essential role in the maintenance of proteostasis through stabilizing the conformation of various 
proteins, thus affecting many different intracellular pathways. In our previous works we demonstrated that HSP90 is required 
for longevity in C. elegans through regulating the activity of the transcription factor DAF-16 isoform A, and in fat storage 
regulation in mammalian cells through its client PPARγ. We have also found a conserved chaperone-client interaction between 
HSP90 and SIR2 in mammalian cells and worms. Here we confirm that SIR-2.1 and further show that HSP90 are required for 
lipid mobilization in C. elegans. We found that loss and gene silencing of SIR-2.1, as well as gene silencing and pharmacological 
inhibition of HSP90 both hinder starvation-induced lipolysis and the subsequent increase in the free fatty acid concentration. 
Besides this, we identified the heat shock transcription factor HSF-1 as the mediator of the observed inhibitory effect by 
modulating the expression of lipases, such as ATGL-1. Studies aimed at elucidating the components at different levels of this 
regulatory pathway are under way. Uncovering the mechanism by which these actors are involved in lipid mobilization and 
lifespan determination brings us closer to answers that might help to fight some of the most pervasive threats to human 
health in the XXI. century.

1072A	 Genetic	basis	of	enhanced	stress	resistance	in	long-lived	mutants

Sonja Soo1, Paige Rudich1, Meeta Mistry2, Jeremy Van Raamsdonk1,2 1) McGill University, Montreal, QC; 2) Harvard Medical 
School, Boston, MA.

In order to gain insight into the relationship between stress resistance and longevity, we directly compared resistance to 
multiple external stressors (heat, oxidative stress, bacterial pathogens, osmotic stress, and anoxia) with the magnitude 
of lifespan extension in nine long-lived C. elegans mutants representative of different pathways of lifespan extension. 
Furthermore, we have used RNA sequencing to analyse gene expression in each of these mutants to identify genes and 
pathways responsible for the enhanced resistance to stress. We find that all of the long-lived mutants examined have 
increased resistance to one or more type of stress. Resistance to each of the types of stress resistance examined exhibited 
a positive, significant correlation with lifespan, with bacterial pathogen resistance showing the strongest relationship. All 
of the long-lived mutants examined show upregulation of at least on stress response pathway, but differ in which pathway 
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shows the greatest enrichment. We used RNA sequencing data to identify which genes are most highly correlated with each 
type of stress resistance. In comparing these results to genes that are most highly correlated with longevity, we observed a 
highly significant overlap suggesting that the same genetic pathways are involved in both. This was especially true for genes 
correlated with bacterial pathogen resistance, which showed an 84% overlap with genes correlated with lifespan. Overall, our 
results demonstrate a strong correlation between stress resistance and longevity, and indicate that the same genes contribute 
to both phenotypes.

1073B	 Relating	Behavioral	Ageing	and	Lifespan	with	the	Lifespan	Machine	v2

Nicholas Stroustrup1,2, Natasha Oswal1,2, Olivier Martin1,2 1) Centre for Genomic Regulation (CRG); 2) Universitat Pompeu Fabra 
(UPF) Barcelona, Spain..

Aging involves a gradual transition from youthful vigor to geriatric frailty and death. An ideal intervention in aging would 
increase the period of youthful vigor in absolute terms without extending the period of geriatric frailty. However, few lifespan-
extending interventions appear to produce this effect. To better understand the interdependence between youthful vigor and 
lifespan, we developed a new version of “The Lifespan Machine” that can simultaneously measure outcomes of behavioral 
aging and lifespan at high precision in populations of thousands of C. elegans.

Across diverse interventions, we find that behavioral ageing and lifespan are not parsimoniously explained as manifestations 
of a single underlying aging process. Instead, we observe an inverse covariation between the duration of youthful vigor and 
remaining lifespan that more likely reflects a hierarchical structure in which partially independent aging processes progress 
during adulthood to separately drive behavioral aging and determine lifespan. Our results suggest there is substantial 
complexity in the pleiotropic, time-dependent action of lifespan-extending interventions, and suggest that a partitioning of 
lifespan into “healthy” an “unhealthy” periods may miss important distinctions present in the underlying physiology.

1074C	 Protective	and	reparative	effect	of	dragon	fruit	upon	central	nervous	system	toxicity	induced	by	copper

Wagner Antoino Tamagno1, Wallace Santini1, Amanda dos Santos1, Carla Alves2, Nathália Tafarel Sutorillo1, Ana Paula Vanin4, 
Rosilene Rodrigues Kaizer1,4, Leonardo José Gill Barcellos2,3 1) Biochemistry and Molecular Biology Laboratory of Federal 
Institute of Science, Education, and Technology of Rio Grande do Sul – campus Sertão, RS, Brazil.; 2) Graduate Program in 
Bioexperimentation and Graduate Program in Environmental Science, Universidade de Passo Fundo, BR 285, São José, Passo 
Fundo, RS 99052–900, Brazil.; 3) Graduate Program in Pharmacology, Universidade Federal de Santa Maria, Av. Roraima, 
1000, Cidade Universitária, Camobi, Santa Maria, RS 97105–900, Brazil.; 4) Graduate Program in Environmental Science and 
Technology, Federal University of Fronteira Sul (UFFS) – Erechim Campus, City of Erechim, State of Rio Grande do Sul – Brazil..

Copper is an essential metal and is important in general metabolism. However, in high concentrations, it becomes toxic to 
the organism. The metal-induced toxicity is linked to many neurodegenerative diseases like Parkinson’s, Alzheimer’s, multiple 
sclerosis, occurring in senile aging. To prevent neurodegenerative diseases, some studies are being developed to find ways of 
healthy aging. Natural compounds and diets based on fruits are increasing. Dragon fruit (Hylocereus undatus) is a tropical and 
Latin American fruit that is gaining more popularity due to its antioxidant properties. This fruit still has low popularity, since 
its planting and large-scale commercialization are recent. Here we evaluate the protective and reparative effect of different 
doses of dragon fruit’s microencapsulated pulp extract on copper-induced toxicity. The nematode Caenorhabditis elegans was 
used as a model, to research the effects of pitaya extract on the Cholinergic nervous system, behavior, lipidic peroxidation, 
and chaperon system. We observed that Cu severally increased directly the cholinesterase, chaperone, and peroxidation 
rates. When pitaya is applied, even to prevent or remediate, all those enzymes’ rates are normalized again. Overall, the results 
have shown that the pulp fruit extract can be used on dietary supplementation to prevent and repair neural damage. The 
extract was able to regulates the chaperone system to reduce expression of heat shock protein (16.2) and reestablished the 
AChE levels avoiding lipidic peroxidation. Changes in the behavior, decreasing cell death biomarkers, and lipidic peroxidation 
caused by copper toxicity are showing, and, based on these results, we concluded that the pitaya fruit has an important role in 
gerontological issues.

1075A	 An	autophagy	activator	extends	healthspan	and	lifespan	in	C. elegans

Ee Phie Tan1, Leonard Yoon2, Nora Lyang1, Rachel Botham2, Jin Xu2, Jose Nieto-Torres1, Svaitlana Zaretski1, Kristen Johnson2, 
Jeffery Kelly2, Malene Hansen1 1) Sanford Burnham Prebys, La Jolla, CA; 2) Scripps Research, La Jolla, CA.
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Autophagy is an evolutionarily conserved cellular recycling process with tight links to longevity and healthspan. In particular, 
autophagy function declines during aging, and is dysregulated in many age-related disorders such as in neurodegenerative 
diseases. Therefore, identifying interventions that can boost autophagy to prevent such chronic illnesses progression is crucial 
to improving organismal health.

Of note, autophagy is increasingly appreciated as a selective process by which specific types of cytosolic cargo, such as 
organelles, lipids and protein aggregates, are sequestered into double-membrane structures called autophagosomes that 
subsequently fuse with hydrolase-containing lysosomes to enable cargo degradation. Interestingly, accumulating evidence 
suggests that disruptions in selective autophagy can contribute to the development of age-related diseases. For example, 
chronic inhibition of lipophagy (selective lipid turnover) leads to increased accumulation of lipids, leading to obesity and 
diabetes. However, treatments that may target and improve selective autophagy to help relieve such illnesses remain 
underdeveloped.

To identify novel chemical compounds that may act as selective autophagy activators, we performed a high-throughput 
imaging screen in human adenocarcinoma cells to uncover small molecules that activate autophagy and increase lipid 
clearance. Given the previous links between autophagy and aging, we tested several autophagy activator hit compounds 
from the screen for autophagy- and lifespan assays in C. elegans. While we found that these compounds all increased 
autophagosome numbers, only animals fed with small molecule A20

exhibited life- and healthspan extension, along with reduced lipid levels, as observed in human cells. Importantly, this A20

-mediated lipid reduction and health benefits were not observed in autophagy mutants. Furthermore, we found that A20

could reduce PolyQ aggregate cargo load in multiple tissues, and we are currently investigating if A20

is affecting additional cytosolic cargos. Notably, inhibition of the nutrient sensor mTORC1 activates autophagy. However, A20 

seemed to function independently of mTORC1, and we are currently performing studies to determine how A20 could mediate 
autophagy.

In conclusion, we have identified a new compound A20

, which may potentially be applied in future strategies to improve organismal health and alleviate age-related diseases by 
boosting autophagy.

1076B	 Investigating	the	effect	of	stress	response	pathways	on	C. elegans electrotaxis behaviour

Shane Kevin Brendan Taylor1, Muhammad H. Minhas1, Justin Tong1, P. Ravi Selvaganapathy2, Ram K. Mishra3, Bhagwati P. 
Gupta1 1) Department of Biology, McMaster University, Hamilton, ON; 2) Department of Mechanical Engineering, McMaster 
University, Hamilton, ON; 3) Department of Psychiatry and Behavioural Neurosciences, McMaster University, Hamilton, ON.

C. elegans is a leading animal model for understanding the mechanisms of stress-induced behavioural changes. Stress-inducing 
conditions activate the unfolded protein response (UPR) in different cellular compartments that include the cytosolic heat 
shock response (HSR) and the mitochondrial and endoplasmic reticulum UPR (MT-UPR and ER-UPR, respectively). Our group 
is using a microfluidic-based electrotaxis device to examine the roles of genes and pathways involved in maintaining the 
stress response in worms. Previous work from our lab showed that C. elegans exhibit directional locomotion in a microfluidic 
channel in the presence of a mild electric field. It was also found that both neurons, specifically dopaminergic neurons, and 
muscles are involved in mediating this behaviour. Using our electrotaxis device, we have investigated how various stressors 
affect the behavioral response of animals. The treatments included a range of chemical, genetic, and environmental stress-
inducing conditions. Chronic exposure of paraquat or tunicamycin (activators of the UPR) affected the movement of animals, 
resulting in a lower electrotaxis speed. We then investigated mutations of the HSR, MT-UPR and ER-UPR pathways and saw a 
similarly abnormal response. Environmental stressors such as chronic heat exposure and dietary restriction, which can impact 
the UPR, were found to reduce the speed of animals significantly. We also investigated whether a daily exercise treatment 
could have a beneficial effect on worms and found that not only did it increase the electrotaxis speed but also led to improved 
muscle health. Together, these findings reveal the essential role of the stress response pathways in modulating the electrotaxis 
behaviour of animals. Additionally, our data show that chronic stress is detrimental, whereas transient stress can be beneficial 
to health.
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1077C C. elegans	TFIIH	subunit	GTF-2H5/TTDA	is	a	non-essential	transcription	factor	indispensable	for	DNA	repair

Karen Thijssen1, Melanie Woude, van der1, Carlota Davo-Martinez1, Mariangela Sabatella1, Wim Vermeulen1, Hannes Lans1 1) 
Erasmus MC Rotterdam.

The 10-subunit transcription factor TFIIH is vital to both transcription initiation and nucleotide excision repair. In transcription 
initiation, TFIIH facilitates promoter escape and RNA synthesis by RNA polymerase II. In nucleotide excision repair, TFIIH 
facilitates DNA damage verification and subsequent excision by endonucleases ERCC1/XPF and XPG. Hereditary mutations 
in TFIIH subunits cause different diseases, including the cancer prone xeroderma pigmentosum and the progeroid Cockayne 
syndrome. Mutations in the smallest subunit of TFIIH, TTDA/GTF2H5, cause xeroderma pigmentosum combined with the rare 
developmental disorder trichothiodystrophy. Trichothiodystrophy is thought to be brought about by gene expression defects, 
but to which extent TTDA/GTF2H5 is necessary for transcription in vivo is unclear. Trichothiodystrophy patients express a 
partially functional TTDA/GTF2H5 protein whereas mice with complete TTDA/GTF2H5 loss are not viable. Therefore, TTDA/
GTF2H5 has been considered to be essential to multicellular life.

We investigated the function of C. elegans TFIIH and its GTF-2H5 subunit in transcription and DNA repair. We show that in 
contrast to full depletion of other TFIIH subunits, complete loss of GTF-2H5 is compatible with C. elegans viability and growth. 
However, GTF-2H5 is indispensable for nucleotide excision repair, in which it promotes recruitment of the TFIIH complex to 
DNA damage. Also, GTF-2H5 promotes the stability of TFIIH in multiple tissues. Because of this, GTF-2H5 loss causes embryonic 
lethality when transcription is challenged. These results support the idea that TTDA/GTF2H5 mutations cause transcription 
impairment that underlies trichothiodystrophy and establish C. elegans as potential model for studying the pathogenesis of 
this disease.

1078A	 Perturbation	of	endosomal	trafficking	by	tbc-2 mutation decreases stress resistance and lifespan by altering nuclear 
localization	of	DAF-16

Annika Traa1,2, Hazel Shields1,2, Christian Rocheleau2,3, Jeremy Van Raamsdonk1,2,3,4 1) Department of Neurology and Neurosurgery, 
McGill University, Montreal, Quebec, H4A 3J1, Canada; 2) Metabolic Disorders and Complications Program, and Brain Repair 
and Integrative Neuroscience Program, Research Institute of the McGill University Health Centre, Montreal, Quebec, H4A 
3J1, Canada; 3) Division of Experimental Medicine, Department of Medicine, McGill University, Montreal, Quebec, Canada; 4) 
Department of Genetics, Harvard Medical School, Boston MA 02115, USA.

The C. elegans homolog of the FOXO transcription factor, DAF-16, plays an integral role in insulin-IGF1 signaling (IIS) and stress 
response. In conditions of stress or decreased IIS, DAF-16 moves to the nucleus where it activates genes that promote survival 
including antioxidants, chaperones and other stress response genes. To gain insight into the role of endosomal trafficking 
in the nuclear localization of DAF-16 in response to stress, we disrupted tbc-2, which encodes a GTPase activating protein 
involved in endosomal transport. We found that tbc-2 mutants showed slower nuclear localization of DAF-16 in response 
to heat stress and anoxia, but faster nuclear localization in response to oxidative stress. To determine if the rate of nuclear 
localization of DAF-16, affected stress resistance in these animals, we examined survival after exposure to different exogenous 
stressors. Consistent with the pattern of nuclear localization of DAF-16, we found that tbc-2 mutants have decreased 
resistance to heat stress and anoxia, but increased resistance to chronic oxidative stress. Finally, we examined the effect of tbc-
2 mutation on lifespan. As we have previously shown that DAF-16 has increased nuclear localization in long-lived mitochondrial 
mutants, and is required for their longevity, we examined the effect of disrupting tbc-2 on their lifespan. We found that 
deletion of tbc-2 markedly decreased the lifespan of three long-lived mitochondrial mutants (clk-1, isp-1, and nuo-6) whose 
longevity is dependent on DAF-16. Overall, this work demonstrates the importance of endosomal trafficking for the proper 
nuclear localization of DAF-16 during stress, and that perturbation of normal endosomal trafficking is sufficient to decrease 
both stress resistance and lifespan.

1079B	 SKN-1	activity	in	ASI	orchestrates	cell	non-autonomous	stress	resistance	in	peripheral	tissues

Christian Turner1, Sean Curran1,2 1) University of Southern California, Dornsife College of Letters, Arts, and Sciences, Department 
of Molecular Biology, Los Angeles, CA; 2) University of Southern California, Leonard Davis School of Gerontology, Los Angeles, 
CA.

SKN-1 is an essential transcription factor in C.elegans. Originally identified as a transcription factor essential for the 
specification of the intestine during development, SKN-1 has been characterized as the C.elegans orthologue of NRF2 in 
mammals. One primary function of SKN-1 includes the transcriptional activation of phase two detoxification genes during 
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oxidative and xenobiotic stress, however it has also been implicated in lipid metabolism. All of these essential cellular 
processes are needed for the maintenance of normal lifespan and as such, SKN-1 is a master cytoprotective transcription 
factor. Recently, while screening for novel regulators of SKN-1, several gain-of-function (gf) alleles of skn-1 were identified. 
While these mutants have increased stress resistance early in life, they also display shorter lifespans than wildtype animals. 
These early findings suggest a link between uncontrolled regulation of cytoprotective transcription factors and disease 
pathology. We seek to define the molecular and cellular mechanisms that govern the regulation of SKN-1 by exploiting a 
constitutively active mutant. We show via fluorescent microscopy that phenotypes caused by SKN-1gf are not the result of 
an intense soma-wide accumulation of SKN-1gf. Additionally we performed ChIP-seq to determine the difference in genome 
occupancy between wildtype SKN-1 and SKN-1gf. Lastly we show that target gene expression of SKN-1gf is diminished in 
mutants defective for neurotransmitter release, suggesting that phenotypes associated with SKN-1gf are controlled by 
signaling between two head sensory neurons and other somatic tissues where SKN-1gf is expressed

1080C	 Somatic	Regulators	of	the	Non-Cell-Autonomous	CEP-1/p53-Mediated	DNA	Damage	Response	in	Primordial	Germ	
Cells

Simon Uszkoreit1,2, Hui-Ling Ou1,2,3, Björn Schumacher1,2 1) Cologne Excellence Cluster for Cellular Stress Responses in Ageing-
Associated Diseases (CECAD), University of Cologne; 2) Institute for Genome Stability in Ageing and Disease, Medical Faculty, 
University of Cologne; 3) Present address: University of Cambridge - Department of Oncology.

The integrity of heritable genomes is a prerequisite for species maintenance. For more than a century, it was thought that 
the genomes in the germline of an organism are isolated from somatic influences by the so-called Weismann barrier. In C. 
elegans, the primordial germline consists of two somatic gonad precursors (SGPs) and two primordial germ cells (PGCs). We 
previously established that PGCs are relying on global genome nucleotide excision repair (GG-NER) to repair UV-induced DNA 
lesions. When GG-NER is compromised and the DNA damage persists the C. elegans p53-like, CEP-1, protein is induced in PGCs 
and keeps them arrested. Using a forward genetic approach, we established an unexpected non-cell-autonomous regulation 
of the CEP-1-mediated DNA damage response (DDR) in PGCs via the somatic niche. The niche control of the DDR in PGCs is 
mediated by the translation initiation factor IFE-4 operating in the SGPs and communicated via FGF-like signalling. Moreover, 
we determined that the niche control mechanisms of the p53 response is highly conserved from worms to mammals. In 
mammals, the IFE-4 orthologue eIF4E2 regulates the p53 induction in hair follicle stem cells upon UV-induced DNA damage. 
Therefore, we propose that a better understanding of the non-cell-autonomous control of the p53-mediated DDR in C. elegans 
will be highly relevant to better understand this central tumour suppressor mechanism in humans.

To elucidate the somatic regulators of the DDR in PGCs, we used a targeted genetic approach and interrogated pathways that 
we hypothesised to regulate the response to genotoxic stress. We determined an important regulatory role for nutritional 
interpretation and neuronal signalling. Impairment in these signalling processes suppressed the PGC cell cycle arrest and 
germline development upon persistent DNA damage. To dissect the mechanisms of this somatic influence in more detail, 
current emphasis is put on tissue-specific transcriptomics on fluorescence activated cell sorting (FACS)-based PGC/SGP 
isolations. We show for the first time a neuronal influence on the non-cell-autonomous DDR in PGCs and broaden the 
understanding of somatic regulations on the germline of C. elegans thus challenging the Weismann barrier.

1081A	 Identification	and	characterization	of	DNA	repair	complexes	by	proteomics	in	C. elegans

Melanie van der Woude1, Karen L. Thijsen1, Hannes Lans1 1) Department of Molecular Genetics, Erasmus MC, Rotterdam.

The integrity of DNA is constantly threatened by DNA damage induced by endogenous metabolic processes, environmental 
factors like chemicals and irradiation, or spontaneously via deamination and depurination. In order to remove those DNA 
lesions fast and efficiently, multiple DNA repair pathways can be activated. Nucleotide excision repair (NER) is a major DNA 
repair pathway which repairs a wide variety of helix-distorting lesions, especially those induced by UV irradiation. Two 
subpathways in NER can be discerned: global genome NER (GG-NER), which detects DNA damage anywhere in the genome, 
and transcription-coupled NER (TC-NER) that recognizes DNA damage that stalls RNA polymerase II in transcribed strands. 
Following detection, both subpathways converge onto the common core NER verification step, followed by excision of the 
damaged DNA strand and gap filling by novel DNA synthesis. Hereditary mutations in NER genes cause multiple different 
diseases, including the progeroid Cockayne syndrome and the cancer prone xeroderma pigmentosum. However, their exact 
pathogenesis is not fully understood.
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We use C. elegans to understand the in vivo impact of DNA damage and the biological relevance of NER in a multicellular, 
developing organism. Previously, we showed that GG-NER primarily acts in proliferative germ cells and embryos, while TC-
NER acts in post-mitotic somatic cells to maintain transcription. To better understand how DNA repair is organized in this 
tissue-specific manner, we developed a label free quantification proteomics pipeline with which we are able to isolate and 
characterize endogenous DNA repair complexes, both in unchallenged conditions and after UV irradiation-induced DNA 
damage. Using this method, we identified several previously unknown proteins that might regulate both NER initiation as well 
as the verification step. Currently, we investigate whether these proteins function in GG-NER and/or TC-NER, at which NER step 
they might function and whether their function is evolutionary conserved.

1082B	 Mild	impairment	of	mitochondrial	function	increases	longevity	and	pathogen	resistance	through	ATFS-1-driven	
activation	of	p38-regulated	innate	immunity

Juliane Campos1,2,3,4, Ziyun Wu1,2,3, Paige Rudich5,6, Sonja Soo5,6, Meeta Mistry7, Julio Ferreira4, Keith Blackwell1,2,3, Jeremy Van 
Raamsdonk2,5,6,8 1) Research Division, Joslin Diabetes Center, Boston, MA, USA; 2) Department of Genetics, Harvard Medical 
School, Boston, MA, USA; 3) Harvard Stem Cell Institute, Harvard Medical School, Boston, MA, USA; 4) Institute of Biomedical 
Sciences, University of Sao Paulo, Sao Paulo, Brazil; 5) Department of Neurology and Neurosurgery, McGill University, 
Montreal, Quebec, Canada; 6) Metabolic Disorders and Complications Program, and Brain Repair and Integrative Neuroscience 
Program, Research Institute of the McGill University Health Centre, Montreal, Quebec, Canada; 7) Bioinformatics Core, Harvard 
School of Public Health, Harvard Medical School, Boston. MA, USA; 8) Division of Experimental Medicine, Department of 
Medicine, McGill University, Montreal, Quebec, Canada.

While mitochondrial function is essential for life in all multicellular organisms, a mild impairment of mitochondrial function can 
extend longevity. By understanding the molecular mechanisms involved, these pathways might be targeted to promote healthy 
aging. In studying two long-lived mitochondrial mutants in C. elegans, we found that disrupting subunits of the mitochondrial 
electron transport chain resulted in upregulation of genes involved in innate immunity, which we found to be dependent 
on not only the canonical p38-mediated innate immune signaling pathway but also on the mitochondrial unfolded protein 
response. Both of these pathways are absolutely required for the increased resistance to bacterial pathogens and extended 
longevity of the long-lived mitochondrial mutants, as is the FOXO transcription factor DAF-16. This work demonstrates that 
both the p38-mediated innate immune signaling pathway and the mitochondrial unfolded protein response can act on the 
same innate immunity genes to promote resistance to bacterial pathogens, and that input from the mitochondria can extend 
longevity by signaling through these two pathways. Combined, this indicates that multiple evolutionarily conserved genetic 
pathways controlling innate immunity also function to modulate lifespan.

1083C	 Mitochondrial	unfolded	protein	response	transcription	factor	ATFS-1	increases	resistance	to	exogenous	stressors	
through	upregulation	of	multiple	stress	response	pathways

Sonja Soo1,2, Annika Traa1,2, Meeta Mistry3, Jeremy Van Raamsdonk1,2,4,5 1) Department of Neurology and Neurosurgery, McGill 
University, Montreal, Quebec, Canada; 2) Metabolic Disorders and Complications Program, and Brain Repair and Integrative 
Neuroscience Program, Research Institute of the McGill University Health Centre, Montreal, Quebec, Canada; 3) Bioinformatics 
Core, Harvard School of Public Health, Harvard Medical School, Boston. MA, USA; 4) Division of Experimental Medicine, 
Department of Medicine, McGill University, Montreal, Quebec, Canada; 5) Department of Genetics, Harvard Medical School, 
Boston, MA, USA.

The mitochondrial unfolded protein response (mitoUPR) is an evolutionarily conserved pathway that responds to various 
insults to the mitochondria through transcriptional changes that restore mitochondrial homeostasis in order to facilitate cell 
survival. Gene expression changes resulting from the activation of the mitoUPR are mediated by the transcription factor ATFS-
1/ATF-5. To further define the mechanisms through which the mitoUPR protects the cell during mitochondrial dysfunction, we 
characterized the role of ATFS-1 in responding to organismal stress. We found that activation of ATFS-1 is sufficient to cause 
upregulation of genes involved in multiple stress response pathways, including the DAF-16-mediated stress response pathway, 
the SKN-1-mediated oxidative stress response pathway, the HIF-mediated hypoxia response pathway, the p38-mediated innate 
immune response pathway, and antioxidant genes. Moreover, ATFS-1 is required for the upregulation of stress response genes 
after exposure to exogenous stressors, especially oxidative stress and bacterial pathogens. Constitutive activation of ATFS-1 
increases resistance to multiple acute exogenous stressors, while disruption of atfs-1 decreases stress resistance. Although 
ATFS-1-dependent genes are upregulated in multiple long-lived mutants, constitutive activation of ATFS-1 in wild-type animals 
results in decreased lifespan. Overall, our work demonstrates that ATFS-1 serves a vital role in organismal survival of acute 
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stresses through its ability to activate multiple stress response pathways, but that chronic ATFS-1 activation is detrimental for 
longevity.

1084A	 The	microbiome-muscle	connection:	Native	microbiota	affect	muscle	ageing	and	motility

Mireya Vazquez-Prada1, Antonis Karamalegos1, Daniel Scanlon1, Nathan Dennis1, Liam Aubrey1, Wei-Feng Xue1, Simon Moore1, 
Marina Ezcurra1 1) School of Biosciences, University of Kent.

Large-scale human metagenomic sequencing has identified associations between gut microbiome composition and host 
physiology, including immunity, nervous system function, and ageing. New findings in humans and model organisms suggest 
that the gut microbiome affects healthy ageing, and that the microbiome could be used to develop interventions to improve 
the way we age, but underlying mechanisms are not understood.

To define host-microbiome interactions affecting ageing we have established a new model system consisting of the 
nematode C. elegans combined with an experimental microbiome of 11 bacterial isolates representing the most abundant 
genera of C. elegans in the wild. Cultivation with the experimental microbiome preserves age-related motility, an effect 
that requires components of the p38 MAP kinase pathway, including nsy-1 and pmk-1. The experimental microbiome also 
induces mitochondrial fragmentation in body-wall muscle in a non-pmk-1 dependent manner, suggesting multiple routes of 
communication by which the experimental microbiome may modulate age-related motility.

In a transgenic proteotoxicity model expressing human Aß42 in muscle, age-associated paralysis is suppressed by the 
experimental microbiome. Cell-free supernatant from the experimental microbiome suppresses paralysis and reduces Aß42 

aggregation in vitro, suggesting secretion of microbial bioactive compounds capable of abrogating Aß42-associated toxicity. 
Together these findings show that molecular host-microbiome interactions modulate muscle function, mitochondrial dynamics 
and proteostasis during ageing to delay age-related decline in motility.

1085B	 Tyramine	modulates	the	systemic	stress	response	by	stimulating	the	release	of	intestinal	insulin	like-peptides	(ILPs)

Tania Veuthey1, Sebastian Giunti1, Jeremy Florman2, Maria Jose De Rosa1, Mark Alkema2, Diego Rayes1 1) 1Instituto de 
Investigaciones Bioquímicas de Bahía Blanca (CONICET), Dpto de Biología, Bioquímica y Farmacia, Universidad Nacional del Sur, 
Bahía Blanca, Argentina; 2) Department of Neurobiology, University of Massachusetts Medical School, Worcester, MA, USA.

Multicellular organisms trigger a complex and coordinated response against systemic stress. We have recently shown that 
in C. elegans, the neural stress-hormone tyramine supplies a state-dependent neural switch between acute flight- and long-
term environmental-stress responses (De Rosa et al, 2019). Tyramine release during the flight response, stimulates the DAF-2/
Insulin/IGF-1 signaling (IIS) pathway and precludes the nuclear translocation of the DAF-16/FOXO transcription factor through 
the activation of an adrenergic-like receptor TYRA-3 in the intestine. We hypothesize that tyramine stimulates the release 
of agonist ILPs from the intestine which acts as an autocrine and/or paracrine signal to systemically activate the DAF-2/IIS 
pathway. To test this hypothesis we are screening ILPs mutants for their resistance to environmental stressors (oxidative and 
thermal stress). The C. elegans genome encodes 40 ILPs, 28 of which expressed in the intestine. We performed a screening 
of intestinal peptides described as strong DAF-2 agonist, by silencing individual intestinal ILPs and testing worm resistance 
to environmental stressors (oxidative and thermal stress). Thus, so far we found that ins-3 and ins-7 mutants are resistant to 
environmental stress, like tyramine-deficient and tyra-3 mutants. We are further testing whether tyramine directly stimulates 
the release of these ILPs from the intestine through a Gq-protein mediated signaling pathway. These studies will provide 
insight into how a neurohormone coordinates systemic cellular stress responses.

1086C	 Host-microbiome	interactions	with	age	on	Caenorhabditis elegans reproduction

Daniela Vidal1, Fan Zhang1, Jessica Weckhorst1, Buck Samuel1 1) Baylor College of Medicine.

Interactions with and alterations of the gut microbiome with age can have a dramatic impact on our physiology. Changes in 
the membership of the gut microbiome can dictate levels of immunity, stress resistance and vitality across systems. Linking 
changes in the microbiome to microbial factors that may influence them has been a challenge in many systems due to the 
complexity of the microbiomes and intractability of following these interactions over an individual’s lifespan.

To address this gap, we leveraged recent advances in characterization of the natural microbiome of C. elegans to examine both 
the gut microbiome on the aging process in C. elegans and vice versa. First, we utilized a 64-member microbiome (BIGbiome) 
and asked whether microbiome membership changed as animals age. Compared to E. coli OP50 controls, the BIGbiome 
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community had several significant impacts on three genetically diverse strains (lab N2, plus wild JU1400 and ED3017), 
including extended lifespan (up to 10%), improved healthspans (e.g., 36% at d5) and greater reproductive output (23% higher 
at d1 adults). In addition, increases in the levels of Ochrobactrum BH3, a dominant colonizer of the C. elegans gut, from 0% 
to 25% in the BIGbiome community yielded a dose dependent promotion of reproductive rates. This indicates that specific 
members (such as Ochrobactrum) may promote reproductive rates and healthy aging in C. elegans.

Next, we determined how C. elegans age may influence microbiome membership. To do this, we monitored gut microbiomes 
of single animals for each of the C. elegans strains for the first 10 days of adulthood. Each of the host strains exhibited gut 
microbiomes distinct from the surrounding lawn in early adulthood, though they differed in (i) dominant microbes at that 
age, and (ii) the extent of the lifespan with enriched microbes. This suggests that the ability to maintain a specific microbiome 
community may be driven by changes in host responses in C. elegans.

Last, we sought to examine the genes that mediate Ochrobactrum impact on the aging process. We screened a ~1000 
microbiome regulators by RNAi for defects in Ochrobactrum colonization with age, then looked for altered reproductive rates 
in candidates (32 clones). Hits from these studies suggest that Ochrobactrum may be promoting reproduction via germline 
interactions directly. Together, our results highlight use of C. elegans as a model system for investigating microbiome influence 
on host aging.

1087A	 Conserved	roles	for	alh-6/ALDH4A1 in muscle function over the lifespan

Osvaldo Villa1, Sean Curran1 1) University of Southern California, Los Angeles, CA.

Environmental stress can negatively impact the rate of aging across organisms, however the impact of endogenously derived 
reactive oxygen species (ROS) that can stem from normal cellular metabolism remains less clear. Previous work identified 
mutations in alh-6, a highly conserved enzyme in the mitochondrial proline

catabolism pathway, that drive oxidative stress and accelerated aging in C. elegans. Mutations in alh-6 activate the 
cytoprotective transcription factor SKN-1 in muscle tissues. Here we demonstrate that of 95 mutations selected for activation 
of SKN-1 in the muscle, all harbor mutations in alh-6. These mutations cluster to specific regions in the ALH-6 polypeptide 
and impact muscle health across the lifespan. Lastly, we identify variants in ALDH4A1, the human ortholog of alh-6, that 
differentially impact large muscle group function in adult adults. Taken together, our work uncovers mitochondrial proline 
catabolism as a critical component of normal muscle aging across species.

1088B	 Isocitrate	lyase	protects	Caenorhabditis elegans from	mitochondrial	superoxide	stress	through	activation	of	the	
mitochondrial unfolded protein response

Guoqiang Wang1, Ricardo Laranjeiro1, Stephanie LeValley2, Jeremy Van Raamsdonk2,3,4,5, Monica Driscoll1 1) Deparment of 
Molecular Biology and Biochemistry, School of Arts and Sciences, Rutgers, The State University of New Jersey, Piscataway, 
NJ, USA; 2) Laboratory of Aging and Neurodegenerative Disease, Center for Neurodegenerative Science, Van Andel Research 
Institute, Grand Rapids, MI, USA; 3) Department of Neurology and Neurosurgery, McGill University, Montreal, QC, Canada; 4) 
Metabolic Disorders and Complications Program, and Brain Repair and Integrative Neuroscience Program, Research Institute of 
the McGill University Health Centre, Montreal, Quebec, Canada; 5) Department of Genetics, Harvard Medical School, Boston, 
MA, USA.

Mitochondrial energy metabolism produces ATP to support cellular activities at the same time that superoxide, the byproduct 
of electron transport, can either trigger signaling responses or post threats to cellular functions. Conserved superoxide 
dismutase (SOD) functions in protection by scavenging superoxide and converting to H2O2.

Eliminating mitochondrial SODs causes neonatal/embryonic lethality in both mice and flies, but not in the nematode C. 
elegans. C. elegans have 2 mitochondrial sod genes (sod-2 and sod-3) while mice and flies have one. Eliminating mitochondrial 
sod-2 can actually increase C. elegans lifespan. The mechanism causing C. elegans to be resistant to mitochondrial superoxide 
stress is still unknown.

A metabolic pathway, named glyoxylate shunt, distinguishes C. elegans from mice and flies. As an alternative branch to the 
tricarboxylic acid (TCA) cycle, the glyoxylate shunt is missing in both mice and flies. The icl-1 isocitrate lyase gene encodes 
the key enzymes of the glyoxylate shunt in C. elegans. We found that icl-1 is critical for protection against embryonic lethality 
when mitochondrial SODs are absent.
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The mitochondrial sod-2;sod-3 double mutant exhibits embryonic lethality in the range of 5% to 9%, which is associated with 
elevated icl-1 gene expression. We crossed the sod-2;sod-3 mutant to an icl-1 null allele, icl-1(ok531), and found that the 
embryonic lethality rose to ~ 60%. Thus, icl-1 protects against embryonic lethality in the absence of mitochondrial SOD.

To explore the mechanism by which icl-1 protects against embryonic lethality, we examined its role in activating the 
mitochondrial unfolded protein response (UPRmt). We found that icl-1 is required for the efficient activation of the UPRmt 
and the UPRmt is required to suppress embryonic/neonatal lethality. We also found that the UPRmt plays a significant role in 
protecting against mitochondrial superoxide stress, as the constitutive activation of UPRmt via atfs-1(gf)can bypass the icl-1 
requirement.

Our study reveals a pathway that involves the C. elegans specific glyoxylate shunt and a much-conserved UPRmt to counteract 
mitochondrial superoxide stress. This pathway might be manipulated in developing synthetic biological tools or innovative 
pharmacological methods to treat diseases that are related to mitochondrial superoxide stress.

1089C	 Increased	susceptibility	to	proteostasis	collapse	in	C.	elegans	following	consumption	of	UV-irradiated	bacteria

Rachel Wellman1, John Labbadia1, Filipe Cabreiro2 1) Institute of Healthy Ageing; Genetics, Evolution and Environment; Division 
of Biosciences, University College London, London, UK; 2) MRC London Institute for Medical Sciences, Imperial College, 
London, UK.

The maintenance of protein homeostasis (proteostasis) involves the regulated synthesis, folding, trafficking and degradation 
of proteins and is crucial to proper cell function. A breakdown in the regulation of proteostasis can lead to the accumulation 
and aggregation of mis-folded proteins, thereby causing cell and tissue dysfunction. As cells age, the ability to maintain 
proteostasis declines, leading to the emergence of age-associated diseases such as Alzheimer’s, Parkinson’s, Huntington’s 
and cardiovascular disease. Therefore, understanding the factors that contribute to proteostasis collapse is crucial for the 
development of strategies to promote healthy human ageing.

Recent work has demonstrated that the composition and activity of the gut microbiota is a crucial determinant of several 
aspects of long-term health in both humans and Caenorhabditis elegans. However, the effects of bacteria on host proteostasis 
are largely unexplored. Our research investigates the interplay between microbiota stress and host proteostasis, by observing 
the effects of UV irradiated bacteria on the ability of C. elegans to maintain proteostasis and suppress proteotoxicity 
throughout life.

Our initial findings suggest that consumption of irradiated bacteria by C. elegans during early adulthood increases the rate of 
proteostasis collapse. The rate of collapse is linked to the dose of irradiation that the bacteria is subjected to and the effects 
are observed in both wild type and mutant C. elegans fed on various strains of E. coli that are commonly used in C. elegans 
research.

We intend to investigate how these effects are mediated, using transcriptomics and genetic screening to identify the pathways 
within both bacteria and host cells that

influence age-related proteostasis collapse, thereby defining a new fundamental aspect of proteostasis regulation with 
implications for human health, common practices in C. elegans research and frequently used disinfection methods.

1090A	 Characterization	of	a	membrane	stress	response	to	stabilize	intracellular	trafficking	in	C. elegans

Christofer M Welsh1, Jote T Bulcha2,3, Albertha J M Walhout1,4, Amy K Walker1 1) Program in Molecular Medicine, University of 
Massachusetts Medical School, Worcester, MA; 2) Horae Gene Therapy Center, University of Massachusetts Medical School, 
Worcester, MA; 3) Department of Microbiology and Physiological Systems, University of Massachusetts Medical School, 
Worcester, MA; 4) Program in Systems Biology, University of Massachusetts Medical School, Worcester, MA.

Membranes form the outer boundaries of cells and their organelles. Some organelles, such as the endoplasmic reticulum 
(ER), mitochondria and Golgi apparatus, are defined by the structure and composition of their membranes. Dysfunction in 
the structure or function of membrane-defined organelles results in activation of stress responses to stabilize and restore the 
organelles. Organelle stress responses can affect lifespan and the aging process and may be activated in other physiological 
conditions such as during lipid accumulation in metabolic disease. Membrane stress responses in the ER and mitochondria 
can induce pathologies due to metabolic dysfunction, and as such constitute a public health concern. However, the Golgi 
stress response, a nascent field of study, has not been as extensively investigated. Using Caenorhabditis elegans and human 
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cell lines, we have found that altering levels of the membrane phospholipid phosphatidylcholine (PC) changes Golgi function 
by inactivating a key intracellular trafficking enzyme, the small GTPase ARF-1/ARF1. Furthermore, work in our lab has shown 
that dysfunctional COPI retrograde as well as COPII anterograde trafficking induces upregulation of the lowly expressed 
warf-1/arf-1.1 in C. elegans. Additionally, our data indicates that upregulation of warf-1 is dependent on LET-607/CREB3. We 
hypothesize that changes in the lipid composition of the Golgi apparatus, such as reduced levels of PC, activates a dual stress 
response to restore lipid homeostasis by SBP-1/SREBP1 and stabilize Golgi trafficking by the compensatory WARF-1. Warf-
1 is unique to C. elegans, however, in many respects its regulation and function are reminiscent of human ARF4. Like ARF4, 
warf-1 is upregulated in response to dysfunctional COPI retrograde trafficking by LET-607/CREB3. Furthermore, the N-terminal 
end of WARF-1 resembles that of ARF4 more closely than ARF1. It has been shown that this domain is required for class II 
ARFs to associate with ERGIC membranes during dysfunctional intracellular trafficking Consequently, investigating the warf-
1 membrane stress response will enhance our understanding of how human ARF4 functions during altered membrane lipid 
composition and stress to intracellular trafficking.

1091B	 Neural	G	protein-coupled	receptor	OCTR-1	regulates	temperature	effects	on	lifespan	in	C. elegans

Shawndra Wibisono1, Chia-Hui Chen1, Phillip Wibisono1, Jingru Sun1 1) Department of Biomedical Sciences, Elson S. Floyd 
College of Medicine, Washington State University, Spokane, WA.

We have previously demonstrated that OCTR-1, an octopamine G protein-couple receptor, functions in the sensory neurons 
ASH to suppress the innate immune response in Caenorhabditis elegans by inhibiting the expression of immune genes (Sun 
et al. 2011 Science 332:729-732). Here we discover that OCTR-1 also regulates temperature effects on lifespan in C. elegans. 
At the normal growth temperature 20°C, octr-1(ok371) mutant animals have similar lifespan to wild-type animals. However, 
at higher temperature 25°C, octr-1(ok371) mutants live significant longer than wild-type animals. These results suggest that 
OCTR-1 may mediate temperature effects on lifespan. RNA-seq data analysis showed that 63 immune genes were significantly 
down-regulated in octr-1(ok371) mutants relative to wild-type animals at 25°C. We further demonstrated that inactivation of 
several most-downregulated genes by RNA interference in wild type animals significantly extended their lifespan, similar to the 
phenotype of octr-1(ok371) animals. These suggest a new molecular regulation mechanism that downregulation of immune 
genes extend the lifespan of C. elegans, which is opposite to the general belief that an increase in defense immunity extends 
lifespan. We are currently investigating the underlying molecular mechanism in detail and also examining if the thermosensory 
neurons AFD and the chemosensory neurons ASH are involved in this OCTR-1-mediated regulation on lifespan.

1092C	 Protein	kinase	DRL-1	is	required	for	activation	of	stress	responses	in	cuticle	furrow	mutants

Keon Wimberly1, Keith Choe1 1) University of Florida.

Extracellular matrices (ECMs) mechanically support tissues of multicellular organisms. Barrier ECMs at the surface of animals 
act as a first line defense to many environmental stressors. ECM regulation of stress responsive gene expression remains 
poorly understood in animals but has the potential to influence development, aging, and clinically relevant conditions such 
as tissue fibrosis and tumorigenesis. We and others identified annular furrows in C. elegans, repeating circumferential bands 
of collagen in the cuticle, as an ECM structure required for regulation of stress responses. Genetic disruption of furrow 
collagen genes (dpy-2, 3, 7, 8, 9, and 10) induces organic osmolyte, detoxification, and antimicrobial genes in the absence of 
environmental stress. Mutation or loss of four non-collagen proteins secreted from epidermal cells (OSR-1, OSM-7, OSM-8, 
and OSM-11) activates the same stress responses without obvious changes to the cuticle indicating that other extracellular 
proteins are involved.

To identify downstream signaling mechanisms, we conducted an RNAi screen of protein kinases in dpy-7 worms. Loss of drl-1, 
Dietary Restriction-Like kinase, suppresses stress response gene expression and acute osmotic stress resistance in dpy-7 and 
dpy-10 worms. Loss of drl-1 also suppresses the same phenotypes in osm-7 and osm-8 worms. Alternatively, loss of drl-1 does 
not reduce stress response gene expression under basal conditions or during oxidative stress consistent with specificity to 
extracellular signals. DRL-1 has a kinase domain homologous to mammalian MEKK-3, which has been implicated in regulation 
of cell osmotic responses via p38 MAPK. RNAi of drl-1 was previously shown to increase fat metabolism and extend lifespan in 
C. elegans by a mechanism similar to dietary restriction. Genetic interaction analyses suggest that dietary restriction and p38 
MAPK have no effect or function parallel to DRL-1, respectively. Therefore, DRL-1 likely regulates stress responses downstream 
from the extracellular signals via a distinct mechanism. This work was supported by National Science Foundation grant IOS-
1452948.
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1093A	 Investigating	the	dietary	restriction	phenotype	caused	by	disrupted	intestinal	cell-to-cell	communication

Alexandra Wooldredge1, Leandre Glendenning1, Elena Holzmann2, Anna Kvindt2, Calista Diehl1, Kefei (Nina) Li1, Mercedes 
Campos-Lopez1, Rachael McMinimy1, Britta Spanier2, Maureen Peters1 1) Dept. of Biology, Oberlin College and Conservatory, 
Oberlin, OH, USA; 2) TUM School of Life Sciences Weihenstephan, Technische Universität München, Freising, Germany.

Mutations in the intestinal gap junction subunit innexin-16 (inx-16) result in poor cell-to-cell communication in the intestine. 
This disrupts a calcium wave that flows about once every minute controlling the defecation motor program. An abnormal 
inx-16 calcium wave leads to what appears to be a dietary restriction phenotype: extended lifespan and a smaller brood size 
laid over a longer period of time. We hypothesized that inx-16 mutant worms exhibit this dietary restriction phenotype due 
to a lack of nutrient absorption. Di- and tripeptide uptake is accomplished by the transporter PEPT-1, which is dependent on 
the proton gradient across the apical intestinal membrane. The proton gradient itself is maintained by a sodium proton pump 
whose activity is regulated by calcium flux. The interrelated nature of calcium dynamics, the proton gradient, and di- and 
tripeptide uptake led us to predict that the inx-16 mutation would suppress PEPT-1 mediated nutrient uptake.

To delineate the genetic and phenotypic relationship between inx-16 and pept-1 we have created an inx-16; pept-1 double 
mutant and begun to compare the phenotypes of the single and double mutants. pept-1 mutants’ failure to absorb di- and 
tripeptides results in a number of salient phenotypes including a reduced brood size, a shorter body length, and increased 
thermotolerance that we have analyzed. Brood size comparisons reveal already more than 50% reduction in both inx-16 and 
pept-1 single mutants when compared to wild-type, whereas the inx-16;pept-1 double mutant strain shows a more than 
80% reduced fecundity. Analyzing the developmental profiles also suggests an additive effect in the double mutant. Other 
parameters are different between the two single mutants. Both single mutants display thermotolerance relative to wild-type, 
yet pept-1’s tolerance is more profound. This magnitude difference between single mutants is mirrored in a fluorescently 
labeled dipeptide uptake assay. inx-16 mutants significantly differ from wild-type worms in dipeptide uptake. However, inx-
16 mutants still absorb dipeptide in selected intestinal regions, unlike pept-1 mutants. To learn more about the mechanistic 
differences between the mutants, we are conducting RT-qPCR experiments to investigate what pathways may be disrupted in 
these strains. Taken together, our results suggest that the dietary restriction phenotypes in inx-16 and pept-1 mutants are at 
least partially due to disruptions in different pathways.

1094B	 Identification	of	ccf-1 as a novel regulator of stress response and aging in C. elegans

Cheng-Wei Wu1, Sydney Murray1, Brandon Waddell1, Kelly Raymond1, Hadi Tabarraei1 1) University of Saskatchewan, Saskatoon, 
Saskatchewan.

In a genome-wide RNAi screen to identify activators of numr-1, a cadmium responsive gene involved in RNA splicing regulation, 
we isolated ccf-1 as a gene that is required for cadmium-induced numr-1 activation. The ccf-1 gene encodes a deadenylase 
within the CCR4-NOT complex that generally serves to suppress gene expression by initiating mRNA degradation. However, 
our RNAi screen suggests a novel role for ccf-1 in positively regulating gene expression during stress. Silencing of ccf-1 
inhibits various classes of cadmium-inducible genes including several glutathione-s-transferase (gst) and heat shock protein 
genes. RNAi knockdown of ccf-1 significantly reduces lifespan and decreases survival in cadmium, implicating a role for ccf-
1 in regulating aging and stress protection. The ccf-1 gene is also required for resistance against acrylamide toxicity with 
RNAi depletion of ccf-1 inhibiting acrylamide-induced gst induction, decreasing survival in acrylamide stress, and increasing 
C. elegans sensitivity to acrylamide-induced neurodegeneration. Using RNA-sequencing, we observed that ccf-1 regulates 
~28-35% of all genes induced by cadmium (500 out of 1802 DEG) or acrylamide (296 out of 851 DEG) by >2-fold. Clustering 
analysis of ccf-1 dependent cadmium or acrylamide up-regulated genes indicate significant enrichment to glutathione and 
cytochrome P450 metabolism, suggesting a central role for ccf-1 in regulating antioxidant defense in response to different 
stressors. Using a CCF-1::GFP translational reporter, we find that CCF-1 is broadly expressed in the intestine, muscle, and 
hypodemis. Interestingly, CCF-1::GFP strongly localizes to the intestinal nuclei, implicating a potential nuclear role for CCF-1 in 
transcriptional regulation that is distinct for its deadenylase function in the cytoplasm.

1095C	 Identifying	Metabolic	Alterations	That	Activate	the	UPR-ER	in	vivo

Jiaming Xu1,2,3, Stefan Taubert1,2,3,4 1) Graduate Program in Cell and Developmental Biology, The University of British Columbia, 
Vancouver, BC V6T 1Z4, Canada; 2) Centre for Molecular Medicine and Therapeutics, The University of British Columbia, 
Vancouver, BC V5Z 4H4, Canada; 3) Healthy Starts Theme, British Columbia Children’s Hospital Research Institute, Vancouver, 
BC V5Z 4H4, Canada; 4) Department of Medical Genetics, The University of British Columbia, Vancouver, BC V5Z 4H4, Canada.
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Endoplasmic reticulum (ER) stress due to protein misfolding is observed in many diseases such as cancer, diabetes, and 
metabolic diseases. ER homeostasis can be restored by activation of the unfolded protein response (UPR-ER), which 
alleviates the molecular stress or induces cell death when damage is too severe. In higher eukaryotes, the UPR consists of 
three branches: The Inositol-Requiring-Enzyme 1 (IRE-1) branch, the protein kinase RNA-like ER kinase (PEK-1) branch, and 
the Activating Transcription Factor 6 (ATF-6) branch. When misfolded proteins accumulate in the ER lumen, these sensors 
activate downstream effectors, which together attenuate global translation and transcriptionally upregulate genes that 
restore homeostasis. Interestingly, abnormal membrane lipid composition also induces the UPR-ER, independent of protein 
misfolding. However, to date we lack a global view of genetic perturbations that activate the UPR-ER in metazoans. To identify 
proteotoxicity-independent metabolic pathways that affect ER homeostasis, I used RNA interference (RNAi) to inactivate 1247 
metabolic genes in Caenorhabditis elegans with the IRE-1 branch specific transcriptional reporter, hsp-4p::gfp. After screening 
and rigorous validation, I obtained 34 high-confidence xbp-1-dependent hits that also activate the PEK-1 branch. Next, I used 
quantitative real-time PCR to show that 11 of 15 tested RNAi clones induce the endogenous UPR-ER in wild-type worms. Then 
I tested whether dietary choline supplementation, which suppresses UPR-ER in worms defective for phosphatidylcholine (PC) 
synthesis pathway, is sufficient to suppress UPR-ER activation in our hits. Of the 34 hits, 3 were partially rescued by dietary 
supplementation of choline along with the complete rescue of sams-1 RNAi-treated animals, suggesting majority of the hits 
does not activate the UPR-ER via defective PC synthesis. Finally, I performed follow-up studies on one of the hit pathways 
on DNA replication. In early embryos, DNA replication stress induces UPR-ER activation, but not the mechanistically distinct 
cytosolic or mitochondrial UPRs, in a partially ire-1-, xbp-1-independent manner. This suggests that replication stress does not 
trigger global protein misfolding. Interestingly, genomic instability caused by loss of DNA repair pathways such as mismatch 
repair, nucleotide excision repair, and cohesin, which is essential for proper chromosome segregation, did not activate the 
UPR-ER, suggesting that molecular events specific to replication stress activate hsp-4 and the UPR-ER in the embryo. In sum, by 
identifying new genes that affect UPR-ER homeostasis in C. elegans, my project provides new insights into UPR-ER regulation 
and may serve as a starting point for the discovery of drug targets for human diseases featuring UPR-ER dysfunction.

1096A	 Identifying	Downstream	Factors	in	efk-1/eEF2K-mediated	Starvation	Resistance	in	C. elegans

Junran Yan1,2,3,4, Forum Bhanshali1,2,3, Stefan Taubert1,2,3,4 1) University of British Columbia, Vancouver, BC, CA; 2) Centre for 
Molecular Medicine and Therapeutics; 3) British Columbia Children›s Hospital Research Institute; 4) Graduate Program for Cell 
and Developmental Biology.

During nutrient deprivation, cells protect themselves by shutting down energy-demanding processes such as protein synthesis. 
EFK-1/eEF2K (eukaryotic elongation factor 2 kinase) is a conserved kinase that responds to starvation by inactivating EEF-2/
eEF2, the rate-limiting driver of translation elongation, thus blocking mRNA translation to conserve energy. In C. elegans, 
the eEF2K ortholog efk-1 is transcriptionally induced in starvation and is essential for L1 starvation survival. However, little 
is known about the factors that promote starvation survival downstream of efk-1. Interestingly, Pseudomonas aeruginosa 
virulence factor ToxA also causes EEF-2 inhibition, which activates the transcription factors (TFs) ZIP-2/bZIP and CEBP-2/CEBPG 
downstream; additionally, eEF2K also regulates p53 in cancer cells. Thus, we asked if the TFs zip-2, cebp-2, and cep-1 function 
in starvation survival downstream of efk-1. Using the population starvation survival assay, we found that these factors are 
indeed required for L1 starvation survival. Next, we asked whether these TFs function in the efk-1 pathway. We found that 
efk-1;zip-2 and efk-1;cep-1 double mutants do not exhibit synthetic starvation survival defect compared to single mutants, 
indicating that these TFs act in the efk-1 pathway. Next, to characterize the pathways regulated by EFK-1, ZIP-2, and CEP-1 in 
starvation, we performed gene expression profiling by RNA-seq on wildtype and efk-1, zip-2, and cep-1 null mutants in fed 
and starved conditions. Consistent with functional data, the transcriptomic profiles of starved zip-2, cep-1, or efk-1 mutants 
correlate well with each other. Additionally, we found that expression of DNA repair pathways, such as nucleotide excision 
repair (NER), were elevated in starved wildtype worms, but attenuated in efk-1, zip-2, and cep-1 mutants, suggesting that 
EFK-1 activates DNA repair during starvation via ZIP-2 and CEP-1. As follow-up, we used the starvation survival assay to confirm 
that NER factors such as XPA-1 and others are also required for L1 starvation survival. Furthermore, by assaying starvation 
survival of the efk-1;xpa-1 double mutant, we found that efk-1 and xpa-1 function in the same pathway. In the future, we plan 
to confirm the role of EFK-1 in starvation-induced DNA repair by quantifying DNA damage in fed and starved wildtype and 
efk-1 mutant worms. Overall, our study has identified a new possible downstream mechanism by which efk-1/eEF2K promotes 
starvation stress resistance.

1097B	 Recovery	of	Muscle	Function	Dependent	on	the	Impaired	Cell	Death	in	a	C. elegans Premature Aging Model
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Sumino Yanase1, 3, Yu Suzuki1, 3, Kota Sekigawa1, Yuko Otsuka1, Kayo Yasuda2, Naoaki Ishii2 1) Daito Bunka University 
School of Sports & Health Science, Saitama, Japan; 2) Undergraduate School of Health Studies, Tokai University, Kanagawa, 
Japan; 3) Tokai University School of Medicine, Isehara, Kanagawa, Japan.

In mammals including humans, the age-related losses of muscle mass and function are known as sarcopenia. Although the 
mechanisms underlying the development of sarcopenia are multifactorial, apoptosis has been shown to play a role in muscle 
loss during aging [1]. Recently, age-related muscle loss has also been found in the nematode C. elegans during normal aging. 
As in humans, age-related muscle loss in C. elegans leads to decreased mobility and serves as a marker for increased mortality 
[2, 3]. Here we examined the difference in age-associated pharyngeal muscle function between the short-lived mev-1(kn1) 
and the phenotype of deficient cell death (mev-1;ced-3 mutant), however, have shown no significant histopathological change 
in the loss of pharyngeal muscle mass. The mev-1 gene encodes a large subunit of the enzyme succinate dehydrogenase 
cytochrome b, which is a component of complex II in the mitochondrial electron transport chain. Mutation of the gene causes 
an increase in mitochondrial oxidative stress, thereby induces abnormal apoptosis in embryonic development and shortenes 
the lifespan [4]. Moreover, we aim to detect age-related difference in gene expression concerned with the cell death signaling 
using both mutants.
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1098C	 Developing	a	System	to	Screen	Microbiome-Targeted	Neurodegeneration	Therapeutics	Using	Automated	
Monitoring of C. elegans

Giulia Zavagno1,2, Adelaide Raimundo2, Chris Saunter2, David Weinkove1,2 1) Durham University; 2) Magnitude Biosciences.

Neurodegenerative diseases predominantly affect older cohorts, but the first misfolding processes occur earlier in life, prior 
to diagnosis. Therefore, the ability to monitor health prior to the onset of severe symptoms will be informative in the search 
for preventative interventions and in understanding disease onset. There are several C. elegans models of neurodegeneration 
but manual assays are subjective, labour intensive and provide binary data at single time points per animal – namely time 
of paralysis. An automated imaging system to monitor worm movement can assist by simultaneously revealing in-depth 
movement data unavailable to manual methods and scaling to study hundreds of plates of animals more easily.

We have developed a technology that monitors plates of 6 cm petri dishes, with 30 worms on each. Using strains expressing 
polyglutamine tracts and amyloid-beta, we show that the presence of these transgenes is associated with early-life movement 
decline. Furthermore, there are differences in decline pattern dependent on whether the polyQ tract is expressed in body 
wall muscle or pan-neuronally, and on what treatments are used to prevent progeny such as FUdR or temperature sensitive 
sterile backgrounds. These findings allow the development of a robust system on which to screen mutants and pharmaceutical 
therapies. Our particular interest is drugs that influence E. coli as a model for microbiome interventions. We have found that 
inhibiting bacterial folate synthesis using sulfamethoxazole (SMX) extends C. elegans lifespan and healthspan, and here we also 
show the effect of SMX on various neurodegenerative models. This approach therefore becomes a model of gut microbiome-
host interaction which can streamline the selection of therapies for further testing on mammal models in the drug discovery 
pipeline.

1099A	 Elongator	complex	modulates	longevity	by	modifying	tRNA	nucleotide	in	C.elegans

Lina Zhao1, Changchun Chen2 1) Umeå Center for Molecular Medicine; 2) Umeå Center for Molecular Medicine.

Animals adjust their protein synthesis according to nutrient availability. Protein translation is a key cellular process that couples 
the environment signals to the animal physiology. Here we show that Elongator complex (ELPC) is essential for the formation 
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of mcm side chain on the uridine at the wobble position of tRNA in C. elegans. Lack of uridine modifications in the Elongator 
mutants leads to reduced translation efficiency. The thiolation of wobble uridine is mediated by NCS-1. A dramatic reduction of 
protein synthesis is observed when both mcm side chain and thiolation are abolished at wobble uridine in elpc; ncs-1 double 
mutants. Both elpc and ncs-1 mutants have increased lifespan, which is further extended in the elpc; ncs-1 double mutants. 
We did not observe an additive effect on longevity of tRNA modification mutants together with a reduced TOR signaling, both 
of which affect protein synthesis. Similar to the other mutants with reduced translation efficiency, elpc and ncs-1 mutants also 
display increased tolerance to several stress conditions including starvation, heat and oxidative challenges. Wobble uridine 
modifications are used to decode AAA and CAA, and we confirmed that the translation of the genes enriched in AAA and CAA 
codons are severely impaired in elpc; ncs-1 double mutants. Our observations demonstrate that Elongator complex modulates 
multiple cellular processes by regulating protein synthesis.

1100B	 Steroid	Hormone	Pathways	Coordinate	Developmental	Diapause	and	Olfactory	Remodeling

Heather Carstensen1, Reinard Villalon1, Kimberly Franco1, Navonil Banerjee2, Jacintia Ly1, Elissa Hallem2, Ray Hong1 1) California 
State University, Northridge; 2) University of Califormia, Los Angeles, Los Angeles, CA.

Developmental and behavioral plasticity allow animals to prioritize alternative genetic programs during fluctuating 
environments. In nematodes that interact with host organisms, reproductive adults and the developmentally arrested, host-
seeking larvae are likely to have different responses to odorants. To understand the genes that coordinate development 
and behavior, we used Pristionchus pacificus to characterize two dauer-constitutive mutants that form dauer larvae in 
the presence of food and at ambient temperatures (Daf-c). Both Daf-c alleles are recessive, temperature-sensitive, and 
incompletely penetrant, with a subset of the emerging DL exhibiting a transient, dauer-specific exsheathment defect. csu60 
mutant larvae committed to dauer entry spend a prolonged time as pre-dauer J2 larvae (J2d). Like dauers, the mutant J2d 
rarely ingest fluorescent latex beads, but they lack resistance to SDS. Both P. pacificus Daf-c alleles disrupt steroid synthesis 
required for proper regulation of the conserved canonical steroid hormone receptor DAF-12, whose dauer-constitutive and 
cuticle exsheathment phenotypes can be rescued by the feeding of ∆7-dafachronic acid (7DA), a ligand for DAF-12. The csu60 
allele has a deletion of the sole HydroxySteroid Dehydrogenase (HSD) in P. pacificus, and a transgenic Ppa-hsd-2 reporter 
shows expression in CAN neurons, intestine, and excretory gland cells in all stages, and excretory canal expression in dauers 
only. csu60 mutants exhibit ectopic expression of Ppa-odr-3p::rfp in an extra pair of amphid neurons. Unlike C. elegans, both 
the wild-type and mutant DL show repulsion to CO2. Both hsd-2(csu60) adults and dauers show enhanced attraction to a 
beetle pheromone, possibly due to the heterochronic activation of dauer-specific neuronal development in the adults. While 
this enhanced odor attraction can be rectified by a Ppa-hsd-2 rescue transgene, the enhancement acts independently of 
Ppa-daf-12, revealing unexpected decoupling of dauer formation and dauer-specific host-seeking behavior upstream of the 
conserved 7DA/DAF-12 module. Given that mutations in Ppa-daf-22, Ppa-daf-19, Ppa-daf-21, and several TGF-β homologs do 
not exhibit dauer formation phenotypes, we speculate that the genetic regulation for dauer entry has significantly diverged 
between C. elegans and P. pacificus.

1101C	 Peptidergic	modulation	of	dispersal	behavior	in	pathogenic	and	free-living	nematodes

Bram Cockx1, Sven Van Bael1, Rose Boelen1, Amanda Kieswetter1, Elke Vandewyer1, Heeseung Yang2, Junho Lee2, Isabel Beets1, 
Johnathan Dalzell3, Liesbet Temmerman1 1) KU Leuven; 2) Seoul National University; 3) Queen›s University Belfast.

Emerging evidence suggests that behavioral changes associated with host finding of pathogenic nematodes may be 
regulated by neuropeptides. Hence, we started from peptidomic discovery in such a species, Steinernema carpocapsae, to 
direct functional discovery. We observe numerous similarities between the well-studied C. elegans peptidome and the S. 
carpocapsae peptidome, which we further exploit to understand neuropeptidergic contributions to regulating nictation, an 
evolutionary conserved behavior for foraging in (these) nematodes.

An in-house method based on acidified methanol was used to extract endogenous neuropeptides of Steinernema carpocapsae 
infective juveniles, a life stage similar to the C. elegans dauer stage. Neuropeptide identification was done by state-of-the-art 
UHPLC-MS/MS. We detected 30% (139) of the predicted peptidome in these infective juveniles, which provides a resource 
for comparison with the C. elegans dauer peptidome (in house). We hypothesized that nictation-relevant peptides will be 
abundant in infective juveniles and/or dauers, and prioritized these for functional assays.
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Out of several tested target genes, we found at least one neuropeptidergic signaling system that is involved in modulation of 
nictation behavior, which we assayed using microdirt arenas. In addition, using phylogenetic analyses, we aim to get a better 
global understanding of conserved peptidergic signaling systems in parasitic and free living nematodes.

Steinernema spp. are used as eco-friendly alternative for chemicals to combat pest insects. Knowledge on neuropeptidergic 
regulation of host-finding strategies will help understand how entomopathogenic nematodes regulate their behavior. This 
should contribute to improving their applicability and host specificity in the field.

1102A	 Molecular	and	neuronal	mechanisms	underlying	early	experience-dependent	chemosensory	plasticity	in	C. elegans

Travis Kyani-Rogers1 1) Brandeis University.

Responses of animals to food or chemical stimuli can vary based on their internal state and experience. Work from our lab and 
others previously showed that adult animals which transiently experienced stress-induced dauer arrest during development 
(post-dauer) exhibit distinct gene expression profiles and behavioral responses compared to control adults which bypassed 
the dauer stage. We show that post-dauer adults exhibit significantly enhanced responses to volatile attractive odors, 
including odors sensed by the AWA and AWC olfactory neurons, as compared to control adults that bypassed the dauer 
stage. In contrast, responses of post-dauer adults to repellents is unaffected. We find that dauer larvae and post-dauer adults 
upregulate the diacetyl olfactory receptor ODR-10 in the AWA chemosensory neuron pair. Expression of this receptor in AWA 
neurons is known to drive food searching behavior in adult worms and is regulated in a sexual dimorphic manner. The dauer-
induced upregulation of this receptor in AWA neurons requires the stress response transcription factor DAF-16/FOXO. Via 
spatiotemporally regulated depletion of DAF-16 in AWA, we have established that DAF-16 acts early in development prior 
to dauer entry to transcriptionally upregulate odr-10 expression, and that it is dispensable for the maintenance of higher 
expression levels in post-dauer adults. Our data suggest a model in which early developmental stress is encoded at the level 
of regulation of olfactory receptor gene expression, and may modulate behavioral differences between adult animals based 
on their respective developmental experiences. To determine whether additional sensory genes are also subject to similar 
experience-dependent regulation, we have isolated AWA neurons via FACS from control and post-dauer L4s and are performing 
differential expression analyses. Future goals will be to determine the contributions of these differentially expressed genes to 
sensory behavior, and to define the cis- and trans-regulatory mechanisms that underlie this plasticity in gene expression and 
behavior.

1103B	 daf-42 is	an	Essential	Gene	for	development	into	diapause	stage	in	Caenorhabditis elegans

Daisy Lim1, Jun Kim1, Wonjoo Kim1, Nari Kim1, Junho Lee1 1) Department of Biological Sciences, Seoul National University, Seoul, 
Republic of Korea.

Dauer is a crucial diapause stage in nematodes as it facilitates phoresy from adverse to suitable and reproducible environment. 
In C. elegans, young larvae are able to integrate surrounding environmental conditions and develop into dauer stage instead 
of reproducing adult in adverse conditions. The worms are then arrested at dauer stage until they encounter favorable 
environment and resume development into adult stage. While studies on dauer formation in C. elegans have provided 
insights in the decision processes prior to dauer commitment, the downstream factors that directly participate in dauer 
development have remained elusive. This is in part due to difficulty in generating dauer stage-specific lethal mutants by 
random mutagenesis. We have discovered a novel mutant strain that exhibits developmental defect specifically during 
dauer development and identified its causative nonsense mutation in daf-42 gene. daf-42 mutants develop normally into 
reproducing adult animals under standard laboratory conditions, but they become trapped in their own cuticle and fail to 
molt into dauer larvae in dauer-inducing conditions. DAF-42 is expressed during dauer entry in hypodermis, according to 
RNA-seq and transcriptional reporter analysis. As daf-42 is known to have homologs in other Caenorhabditis species, we seek 
to elucidate both molecular mechanism of daf-42 in dauer development and its evolutionary conservation among nematode 
species. [This work is supported by research grants through Samsung Science and Technology Foundation under Project 
number SSTF-BA-1501-14 and the National Research Foundation of Korea (NRF-2014-Global Ph.D. Fellowship Program)]

1104C	 An	excitatory	GABA	receptor,	EXP-1	switches	odor	preference	and	regulates	metabolic	plasticity	in	C. elegans

Pratima Pandey1, Umer Bhat1, Anuradha Singh1, Aiswarya Joy1, Nagesh Kadam1, Kavita Babu2 1) IISER, Mohali; 2) IISc, Bangalore.

C. elegans like many other organisms have the remarkable ability of sensing changes in the external environment and 
accordingly shifting their metabolism from the reproductive state to the dauer diapause state that occurs during adverse 
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conditions. This regulatory plasticity is largely dependent upon olfaction since it provides essential dietary cues to choose 
between reproduction or long lasting survival strategy by shifting to developmental arrest. Innate sensory preferences 
towards attractants and repellents are defined by specific sensory neurons. The AWC and AWA sensory neurons detect volatile 
attractants, whereas AWB, ASH and ADL sense repellents. I will present data showing that EXP-1, an excitatory GABA receptor 
functions in a non-cell autonomous manner to regulate AWC dependent chemotaxis. We found that in the absence of exp-1 
from the ASI neuron, there is an attractant to repellant switch towards AWC sensed odorants. This extrinsic defect leads to 
changes in the intrinsic metabolism that results in a shift towards stress resistant dauer stage in a DAF-7 (TGF-ß) dependent 
manner. Our results also reveal that in the absence of exp-1, AMPA-type glutamate receptor levels are altered in amphid 
neurons and we are investigating how this process allows for a switch in the AWC dependent response to odorants. Together 
our data indicates that EXP-1 regulates a complex signaling network by integrating signals from multiple cells to perceive the 
environment and adapt to it by choosing between growth or dauer formation.

1105A	 Disruption	of	mitochondrial	factor	SDHA-2	affects	sperm	motility	and	male	fertility

Rachel Woodhouse1, Azelle Hawdon1,2, Edmund Hen King Wong1, Alyson Ashe1 1) The University of Sydney, Sydney, Australia; 2) 
Australian Regenerative Medicine Institute, Monash University, Clayton, Australia.

Sperm quality is essential to male fertility. Mitochondrial health contributes to sperm quality, but the precise role of 
mitochondria in sperm function is not fully understood. SDHA is a component of the succinate dehydrogenase (SDH) complex 
and plays a critical role in mitochondria in both the citric acid cycle and mitochondrial respiration. In the citric acid cycle SDHA 
converts succinate to fumarate. Additionally, this reaction contributes electrons to the electron transport chain, responsible for 
driving ATP synthesis. C. elegans have two orthologues of SDHA, SDHA-1 and SDHA-2.

Here, we show that mutation in sdha-2 results in dramatically reduced male fertility due to defective sperm activation. We 
found that C. elegans harbouring a sdha-2 SNP produce a significantly diminished brood size, one fifth of that of wild-type 
animals. In vitro sperm activation assays reveal that most mutant sperm do not activate from spermatids to spermatozoa, 
failing to grow the pseudopod required for motility. As a result, mutant sperm fail to localise to the spermatheca in 
hermaphrodites, the site of oocyte fertilisation. Instead, sperm display aberrant localisation throughout the uterus. We 
repaired the sdha-2 SNP in the endogenous locus to wild-type sequence using CRISPR-Cas9 and demonstrated complete 
rescue of brood size and sperm activation.

We identified similar sperm motility defects in sdha-1 mutant animals, further implicating succinate dehydrogenase function, 
and in icl-1 mutant animals. ICL-1 catalyzes the cleavage of isocitrate to succinate and glyoxylate in the glyoxylate cycle. This 
suggests that an imbalance in succinate may underlie the dramatic brood size defect, a hypothesis that we have tested by 
performing metabolomics on these strains.

Our results demonstrate a role for SDHA-2 in sperm motility and male reproductive health. In humans, SDH activity is positively 
correlated with sperm quality, and mutations in SDHA are associated with Leigh Syndrome. This strain may provide a new 
animal model of human SDH deficiency-associated infertility and other pathologies.

1106B	 Determining	the	Effects	of	1-Hydroxyphenazine	Exposure	on	UGT	Mutants	in	Caenorhabditis elegans

Muhammad Zaka Asif1, Kelsey Nocilla1, Zaki Hafeez1, Man Shah1, Arthur Edison1 1) University of Georgia.

Caenorhabditis elegans is an ideal model organism for studying the xenobiotic detoxification pathways of various natural and 
synthetic toxins. One such toxin that has been shown to cause death in C. elegans is 1-hydroxyphenazine (1-HP), a molecule 
produced by the bacterium Pseudomonas aeruginosa. Prior research in our lab has shown the median lethal dose (LD50) for 
1-HP in C elegans is 179 μM in PD1074 and between 150-200μM in N2.(Asif et al., 2021; Stupp et al., 2013). Prior research has 
also shown that C. elegans detoxifies 1-HP by glycosylating it with one, two, or three glucose molecules in N2 worms.(Stupp 
et al., 2013) We hypothesize that UDP-Glucuronosyltransferase (UGT) enzymes are responsible for glycosylating 1-HP in C. 
elegans. To identify UGT enzymes implicated in the glycosylation of 1-HP in PD1074, we have implemented our plate-based 
toxicity assay developed in our prior work on available UGT strains. We began by testing eight UGT mutants, UGT-1, UGT-6, 
UGT-9, UGT-23, UGT-49, UGT-60, UGT-62, and UGT-66, at the LD50 concentration of 1-HP in PD1074. We screened for mutants 
with a different mortality rate to N2 and PD1074 worms. Additionally, we will perform HPLC/UV analysis and NMR analysis in 
order to describe the differences in glycosylation patterns and the ratios of glycosylated and unglycosylated products in mutant 
strains with differential susceptibility to 1-HP than N2 and PD1074 worms. This could help explain the variation in mortality 
rates between the different strains and help us understand the complexity of UGTs in C. elegans.
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1107C	 Lipid-Metabolic	Genes	that	Coordinate	Innate	Immunity	and	Fertility

Laura Bahr1, 2, Arjumand Ghazi1, 2 1) University of Pittsburgh School of Medicine, Department of Cell Biology and Molecular 
Physiology Graduate Program, Pittsburgh PA; 2) Rangos Research Center, UPMC Children›s Hospital of Pittsburgh, Departments 
of Pediatrics, Developmental Biology and Cell Biology and Physiology, Pittsburgh, PA.

Fertility and immunity are both energy intensive metabolic programs. Energy allocation by an organism to one process is a 
trade-off at the cost of the other. Lipids are an energy-rich resource whose mobilization is integral to both reproductive success 
and pathogen defense. We are investigating the role of lipid-metabolic pathways in the immunity-fertility dialogue through 
infection of the nematode Caenorhabditis elegans, a well-established molecular-genetic model organism, by the human 
opportunistic pathogen Pseudomonas aeruginosa (PA14).

Previously, we demonstrated that PA14 infection dramatically reduces fertility and that TCER-1, worm homolog of a human 
transcription elongation and splicing factor TCERG1, protects host reproductive fitness in the presence of pathogen. Our recent 
data suggest that PA14 infection causes rapid depletion of stored lipids in somatic tissues, but that lipid stores in developing 
oocytes are protected from depletion by TCER-1. Thus, TCER-1 diverts energetic resources toward reproduction. In a 
preliminary RNA-seq study, we identified several lipid-metabolic genes antagonistically regulated by PA14 infection and TCER-1 
activity. We continue to interrogate the role of TCER-1 and its targets in balancing resource allocation between the competing 
demands of immunity and reproduction. These results will be discussed.

1108A	 Unravelling	the	identity	of	phosphorylcholine-transferring	enzymes	in	C. elegans

Myrna Bunte1, Elena García Pérez1, Marta Patrian1, Joost Riksen1, Jan Kammenga1, Arjen Schots1, Ruud Wilbers1 1) Laboratory of 
Nematology, Wageningen University & Research, Wageningen, The Netherlands .

The attachment of phosphorylcholine on carbohydrates (PC-glycans) is a common modification for nematodes including C. 
elegans. The presence of PC appears to be important for the development of nematodes and for immunomodulation by 
parasitic nematodes. PC-glycoprotein ES-62 of Acanthoceilonema vitae directs immune cells towards an anti-inflammatory 
phenotype and this immunomodulatory property appears to be dependent on the presence of PC-glycans. This makes 
glycoproteins with PC-glycans interesting therapeutic agents to combat immune disorders such as rheumatoid arthritis, 
systemic lupus erythematosus and asthma. However, the biosynthetic pathway of PC-glycans is not completely understood, 
where especially the identity of the PC-transferring enzyme, or PC-transferase, is not fully elucidated. There are strong 
indications suggesting that fukutin-related genes potentially encode for this PC-transferase. In this study, we examined 
whether four selected fukutin-related genes of C. elegans (W02B3.4, T07A5.1, T07D3.4 and Y22D7AL.11) are involved in the 
biosynthetic pathway of PC glycans. With CRISPR/Cas9 technology we created C. elegans knock-out lines for each fukutin-
related gene, but no significant reduction of PC was observed. Interestingly, one mutant line of W02B3.4 showed an increase 
of PC due to a potentially introduced signal peptide, indicating that the W02B3.4 gene could encode for a PC-transferase. 
Currently, we are combining mutant lines into double/triple/quadruple knock-out lines, which may provide more insight 
whether these fukutin-related genes encode for PC-transferases. These findings will contribute to our understanding of the 
pathway for PC-glycan biosynthesis, offering potential opportunities for design and synthesis of PC-glycan therapeutics.

1109B	 Selective	Control	of	Parasitic	Nematodes	with	Bioactivated	Nematicides

Andrew Burns1,2, Rachel Ross2, Megan Kitner3, Jack Castelli1,2, Jonathan Volpatti2,4, Aditya Vaidya5,6, Emily Puumala2, Bruna 
Palmeira7, Elizabeth Redman7, Jamie Snider1, Sagar Marwah2,8, Sai Chung2,8, Margaret MacDonald9, Jens Tiefenbach1, Chun 
Hu1,2, Qi Xiao7, Constance Finney7, Henry Krause1,2, Sonya MacParland2,8, Igor Stagljar1,2,10, John Gilleard7, Leah Cowen2, Susan 
Meyer9, Sean Cutler5,6, James Dowling2,4, Mark Lautens2, Inga Zasada3, Peter Roy1,2 1) Terrence Donnely Centre for Cellular and 
Biomolecular Research, Toronto, ON, Canada; 2) University of Toronto, Toronto, ON, Canada; 3) USDA-ARS Horticultural Crops 
Research Laboratory, Corvallis, OR, USA; 4) Hospital for Sick Children, Toronto, ON, Canada; 5) Institute for Integrative Genome 
Biology, Riverside, CA, USA; 6) University of California, Riverside, CA, USA; 7) University of Calgary, Calgary, AB, Canada; 8) 
Toronto General Research Institute, Toronto, ON, Canada; 9) USDA-ARS Mycology and Nematology Genetic Diversity and 
Biology Laboratory, Beltsville, MD, USA; 10) Mediterranean Institute for Life Sciences, Split, Croatia.

Global food security is threatened as the world amasses 10 billion people amid limited arable land. While nematode pests 
are a major barrier to agricultural intensification, most traditional nematicides are now banned because of poor nematode-
selectivity, leaving farmers with inadequate controls. Here, we describe a screen carried out in the model nematode 
Caenorhabditis elegans that enriches for selective nematicides by identifying molecules that are bioactivated by cytochrome 
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P450s, which are phylogenetically diverse. We identify a family of structures, called nemactivins, that are robustly bioactivated 
to a toxic metabolite selectively in nematodes. At low parts-per-million concentrations, nemactivins perform comparably well 
with commercial nematicides at controlling infection by the world’s most destructive plant-parasitic nematode Meloidogyne 
incognita. Hence, nemactivins are first-in-class bioactivated nematicides that provide much needed nematode-selectivity.

1110C Developing C. elegans models for SRD5A3-CDG and Cori rare congenital diseases

Hiba Daghar1,2,3, James J Doyle2,3, J Alex Parker1,2,3 1) Université de Montréal, Montreal, Canada; 2) Centre de recherche du centre 
hospitalier de l’Université de Montréal (CRCHUM), Montréal, Canada; 3) Modelis, Montreal, Canada.

Rare congenital diseases are in urgent need of therapies. A simple animal such as the nematode Caenorhabditis elegans (C. 
elegans) may provide insights into the investigation of these diseases. Because of its defined genome and because many genes 
are highly conserved between C. elegans and humans, it is possible to investigate the underlying pathways of these diseases. 
In this study, we characterize two rare congenital diseases: SRD5A3-CDG, a congenital disorder of glycosylation type 1q and

Cori disease, a glycogen storage disease type III. Current literature mainly shows clinical data concerning these diseases.

SRD5A3-CDG disease is caused by a mutation in steroid 5 alpha-reductase 3 gene (SRD5A3), leading to significant 
psychomotor, cognitive and visual impairments. C. elegans has an orthologue of SRD5A3 called B0024.13 along with deletion 
(B0024.13(deletion)) and point mutation (B0024.13(W6X)) resulting in viable animals suitable for experimentation. B0024.13 C. 
elegans strains show significant motor impairments, neurodegeneration as well as neurodevelopmental delay.

Cori disease is caused by a mutation in AGL gene coding for glycogen debranching enzyme which is involved in the 
glycogenolysis pathway. Clinically, Cori patients have significant hyperplasia of the liver, hypoglycemia, mental retardation and 
myopathy. The C. elegans orthologue of the Human AGL gene is agl-1. Our work with whole gene deletion (agl-1 (deletion)) 
and point mutation strains (agl-1 (W1044X), agl-1(S1444R)) showed significant movement impairments, neurodegeneration, 
and interestingly, a glycogen accumulation phenotype which make them suitable for drug screening experiments. An update of 
our work will be presented.

1111A	 UFD-2	modulates	the	E4	activity	of	the	chaperone-assisted	E3	ligase	CHN-1/CHIP	to	regulate	organismal	
proteostasis and lipid metabolism.

Aniruddha Das1, Pankaj Thapa1, Nilesh Shanmugam1, Katarzyna Banasiak1, Katarzyna Dabrowska2, Dominik Cysewski2, Michal 
Dadlez2, Hendrik Nolte3, Marcus Kruger3, Thorsten Hoppe3, Marcin Nowotny4, Wojciech Pokrzywa1 1) International Institute 
of Molecular and Cell Biology, Warsaw, Poland; 2) Institute of Biochemistry and Biophysics, Mass Spectrometry Lab, Warsaw, 
Poland; 3) University of Cologne, Institute for Genetics and Cologne Excellence Cluster on Cellular Stress Responses in 
Aging-Associated Diseases, Cologne, Germany; 4) International Institute of Molecular and Cell Biology, Laboratory of Protein 
Structure, Warsaw, Poland.

E3 ubiquitin ligases mediate the transfer of ubiquitin to a target protein (ubiquitylation). This process can be assisted by 
the ubiquitin chain elongation factor (E4) that enhances the polyubiquitylation of substrates. Chaperone-associated U-box 
protein CHIP can be involved in E4-like function when interacting with other ubiquitin ligases. However, little is known 
about CHIP direct interplay with E3s and the occurrence and regulation of its E4 activity. Here, we apply an integrative in 
vitro and in vivo approach to show that UFD-2, a U-box E3 enzyme, triggers the E4-like action of CHIP. Our data indicate 
that UFD-2 uses short, acidic peptide sequences to interact with the TPR domain of CHIP. This changes the flexibility of the 
U-box domain, allowing CHIP to work more efficiently with E2 conjugating enzymes boosting the synthesis of polyubiquitin 
chains. Hsp70 chaperone, a partner protein of CHIP, can negatively regulate the E3/E4 activity of CHIP and its interaction with 
UFD-2. By employing Caenorhabditis elegans as a model system, we show that the cooperation of CHIP and UFD-2 affects 
global proteostasis. Moreover, we demonstrate that the CHIP/UFD-2 pair influences lipids metabolism by directly regulating 
S-Adenosylhomocysteinase.

1112B	 A	Genetic	Titration	of	Membrane	Composition	Reveals	its	Importance	for	Multiple	Cellular	and	Physiological	Traits

Ranjan Devkota1, Rakesh Bodhicharla1, Delaney Kaper1, Marcus Henricsson2, Jan Boren2, Marc Pilon1 1) Dept.Chemistry and 
Molecular Biology, University of Gothenburg; 2) Dept. Molecular and Clinical Medicine, Wallenberg Laboratory, Institute of 
Medicine, University of Gothenburg.
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The composition and biophysical properties of cellular membranes must be tightly regulated to maintain the proper functions 
of myriad processes within cells. To better understand the importance of membrane homeostasis, we assembled a panel 
of five C. elegans strains that show a wide span of membrane composition and properties, ranging from excessively rich 
in saturated fatty acids (SFAs) and rigid to excessively rich in polyunsaturated fatty acids (PUFAs) and fluid. The genotypes 
of the five strain are, from most rigid to most fluid: paqr-1(tm3262) paqr-2(tm3410), paqr-2, N2 (wild-type), mdt-15(et14) 
nhr-49(et8), and mdt-15(et14) nhr-49(et8) acs-13(et54). We confirmed the excess SFA/rigidity-to-excess PUFA/fluid gradient 
using the methods of fluorescence recovery after photobleaching (FRAP) and lipidomics analysis. The five strains were then 
studied for a variety of cellular and physiological traits and found to exhibit defects in: permeability, lipid peroxidation, growth 
at different temperatures, tolerance to SFA-rich diets, lifespan, brood size, vitellogenin trafficking, oogenesis and autophagy 
during starvation. The excessively rigid strains often exhibited defects in opposite directions compared to the excessively 
fluid strains. We conclude that deviation from wild-type membrane homeostasis is pleiotropically deleterious for numerous 
cellular/physiological traits. The strains introduced here should prove useful to further study the cellular and physiological 
consequences of impaired membrane homeostasis.

1114A	 Loss	of	adaptor	protein	complexes	bypasses	mrp-5 deficiency and restores heme deficit in Caenorhabditis elegans

Simon Beardsley1, Xiaojing Yuan1, Sohini Dutt1, Mike Krause2, Harold Smith2, Iqbal Hamza1 1) University of Maryland, College 
Park, MD; 2) National Institute of Diabetes and Digestive and Kidney Diseases, National Institutes of Health, Bethesda, MD.

Metazoans require heme as an essential cofactor and synthesize it in the mitochondria. Caenorhabditis elegans and related 
helminths are an exception as they are unable to synthesize heme de novo but instead acquire heme from dietary sources 
for their growth and development. Heme is imported from the apical surface of the intestine by HRG-1-related importers and 
exported by MRP-5/ABCC5 from the basolateral surface. Loss of mrp-5 causes heme deficiency in extra-intestinal tissues and 
embryonic lethality, which can be suppressed by dietary heme supplementation raising the possibility that heme export in 
the absence of mrp-5 could be mediated by alternate pathways. Here we show, by performing a forward genetic screen in an 
mrp-5 null mutant, that loss-of-function in vesicular transport adaptor protein complexes fully restores heme homeostasis 
and normal growth and development in mrp-5 mutants. We screened over 160,000 haploid genomes and identified thirty-two 
bypass suppressors of mrp-5(ok2067). Deep-sequencing and variant analyses revealed three suppressors, each containing 
mutations in different adaptor protein 3 (AP3) complex subunits. RNAi depletion of individual subunits for either AP3 or 
AP2 phenocopies the mrp-5 bypass suppressors. Remarkably, loss of AP3 subunits in the mrp-5 mutants reversed intestinal 
accumulation of fluorescent heme analog; resistance to gallium protoporphyrin IX toxicity; extra-intestinal heme deficiencies; 
and neuronal abnormalities including glial migration and synaptogenesis. Taken together, our results show that cargo transport 
by vesicular adaptor proteins play a previously unanticipated role in systemic heme homeostasis and that multiple routes 
govern intra- and intercellular heme trafficking in metazoans.

1115B	 Characterizing	the	roles	of	ETS-4	transcription	factor	in	fat	metabolism

Aneta Dyczkowska1, Agnieszka Chabowska-Kita1, Yanwu Guo2, Rafal Ciosk1,2 1) Institute of Bioorganic Chemistry Polish Academy 
of Sciences, Poznan, Poland; 2) The University of Oslo, Oslo, Norway.

Obesity is a global health problem associated with many comorbidities, sparking interest in molecular mechanisms controlling 
body fat. Previously, we found that fat accumulation in C. elegans requires the endoribonuclease REGE-1/Regnase-1, which 
inhibits the expression of transcription factor ETS-4. Analyzing gene expression dependent on ETS-4, we noticed increased 
expression of a peptide transporter, PEPT-1, previously implicated in fat regulation. Currently, we investigate the potential link 
between ETS-4 and PEPT-1-mediated fat loss, and will present our results so far.

1116C	 A	fat-promoting	botanical	extract	from	Artemisia scoparia acts as longevity modifier in C. elegans

Bhaswati Ghosh1, Hayden Guidry2, Maxwell Johnston3, Adam Bohnert4 1) Louisiana State University, Baton Rouge, LA; 2) 
Louisiana State University, Baton Rouge, LA; 3) Louisiana State University, Baton Rouge, LA; 4) Louisiana State University, Baton 
Rouge, LA.

Like other biological processes, aging is not random, but subject to molecular control. Natural products that act on conserved 
metabolic pathways may provide entry points to extend animal lifespan and promote healthy aging. Here, we show that a 
botanical extract from Artemisia scoparia (SCOPA), which has previously been reported to promote fat storage and metabolic 
resiliency in mice, exerts pro-longevity effects on the nematode Caenorhabditis elegans. We find that wild-type C. elegans 
treated with SCOPA show significantly higher fat levels than controls but live nearly 40% longer. The SCOPA-mediated changes 
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to fat accumulation and lifespan require the transcription factor DAF-16/FOXO, which we find shuttles into the nucleus 
upon SCOPA treatment. Notably, the expression of DAF-16-targeted delta-9 desaturases dramatically increases in SCOPA-
treated animals; these desaturases govern SCOPA’s effects on fat content and are partly required for the SCOPA-dependent 
lifespan extension. We also find that SCOPA can enhance lifespan even when its administration is initiated at mid-adulthood, 
supporting its potential application as an intervention. In addition to their extended lifespan, SCOPA-treated animals show 
some signs of improved health during aging, including superior stress resistance. Thus, our data suggest that SCOPA-treated 
worms are fatty but metabolically healthy, and that they live long in part due to altered fat regulation. These findings add to 
emerging evidence indicating that elevated fat can be pro-health, and even pro-longevity, in some contexts.

1117A	 Synthesis	and	trafficking	of	mitochondrial	phospholipids	determines	survival	under	hypoxia

Ilias Gkikas1,2, Ioanna Daskalaki1,2, Eirini Lionaki1, Nektarios Tavernarakis1,3 1) Institute of Molecular Biology and Biotechnology, 
Foundation for Research and Technology-Hellas ; 2) Department of Biology, University of Crete, Heraklion, Crete, Greece; 3) 
Department of Basic Sciences, Faculty of Medicine, University of Crete, Heraklion, Crete, Greece.

Oxygen deprivation, referred to as hypoxia, entails extensive reprogramming of intracellular energy metabolism. For example, 
reduction of mitochondrial respiration and enhancement of glycolytic metabolism are commonly observed in hypoxic cells. 
These adaptations are mainly orchestrated by the hypoxia-inducible factor 1 (HIF-1). Interestingly, recent studies have shown 
that mitochondrial respiration is necessary for tumor growth under hypoxic conditions. However, the molecular mechanisms 
that adjust mitochondrial function upon oxygen deprivation remain elusive. We find that, while impairment of mitochondrial 
oxidative phosphorylation (OXPHOS) triggers HIF-1 activation, this is not sufficient for survival under oxygen limitation. By 
contrast, both mitochondrial OXPHOS and glycolysis are required for hypoxia resistance. To gain further insight into hypoxia 
resistance mechanisms, we conducted a genetic screen for mitochondrial genes involved in HIF-1-independent survival under 
hypoxia. We found that the mitochondrial phospholipid trafficking mediator MDMH-35 and its interacting partners B0334.4 
(PRELID-1) and F15D3.6 (PRELID-3), contribute to preserve mitochondrial function and confer resistance to hypoxic stress. In 
addition, we show that PRELID-1 and PRELID-3 antagonistically regulate mitochondrial phosphatidylserine (PS) trafficking and 
phosphatidylethanolamine (PE) synthesis. Together these findings indicate that balancing mitochondrial phospholipid content 
is necessary for survival under hypoxia, independently of HIF-1.

1118B	 The	role	of	O-GlcNAc	in	fertility	of	C. elegans males

Daniel Konzman1,2, Tetsunari Fukushige1, Michael Krause1, John Hanover1 1) National Institutes of Health; 2) Johns Hopkins 
University.

Mutations in the gene encoding O-GlcNAc transferase lead to embryonic lethality or a severe form of X-linked intellectual 
disability in humans. This disorder presents with developmental delay, low IQ, and several other developmental defects. To 
model this disorder, we turned to C. elegans, unique in model organisms in its fully mapped development and in that worms 
survive without O-GlcNAc. This post-translational protein modification is involved in diverse biological processes including 
nutrient signaling, signaling, and development. Deletion of the O-GlcNAc transferase gene (ogt-1) results in C. elegans males 
with reduced ability to successfully mate. This phenotype likely impacts signaling or development and may provide insights 
into which pathways are involved in this disorder.

Compared to wild-type male controls, ogt-1 males have a four-fold reduction in mean offspring, with nearly two thirds failing 
to produce any offspring at all. Fluorescent sperm tracking assays revealed that ogt-1 males transfer fewer sperm to their 
mates. We also determined that ogt-1 males show an increased incidence of developmental defects in male tail structures 
important to mating. Together, these data suggest a defect in mating behavior is the most likely explanation for the phenotype. 
In support of this, ogt-1 males are less likely than wild-type males to initiate mating when presented with mates. Compared 
with wild-type males, ogt-1 males are less likely to actively search for mates when isolated from other worms. This indicates 
these males have an imbalance between mating drive and food-seeking behavior.

The genetic amenability of C. elegans allows incorporation of transgenes, which we have exploited to determine the tissue-
specific effects of ogt-1 on the mating phenotype. As a positive control, we injected a wild-type copy of ogt-1 into deletion 
worms and demonstrated it was sufficient to rescue both the lost enzymatic activity and male infertility associated with 
ogt-1 deletion. Fertility was also rescued by expressing ogt-1 in a hypodermis-specific manner, which further implicates the 
development of the male copulatory organ, which is largely derived from the hypodermal lineage. Alternatively, the infertility 
may arise from disruption of signaling pathways within the hypodermis.
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This study reveals a crucial role for O-GlcNAc in complex developmental and behavioral processes in the C. elegans male. 
Genetic and molecular studies will further define the developmental and neuronal mechanisms impacted by O-GlcNAc.

1119C	 Investigating	the	mechanism	of	the	cell-nonautonomous	roles	of	the	nuclear	hormone	receptor	NHR-49	in	the	
nervous system of Caenorhabditis elegans

Saebom Kwon1, Jessica Antonio1, Hee Kyung Lee1, Jin Il Lee2, Kyoung-hye Yoon1 1) Yonsei University Wonju College of Medicine; 
2) Yonsei University, Wonju, South Korea.

The central nervous system plays a key role in regulating and coordinating whole-body metabolism. In C. elegans, the nuclear 
hormone receptor NHR-49 is ubiquitously expressed and serve as an important regulator of fat metabolism. In addition to 
altered lipid composition, nhr-49 mutants display a pleiotropy of defects, including shorter lifespan, impaired starvation 
response, and increased susceptibility to oxidative stress and pathogenic bacteria. Interestingly, NHR-49 expression in the 
neuron alone is sufficient to nearly restore lifespan. In light of recent findings of the cell-nonautonomous effects of neurons 
in cell stress and energy homeostasis in C. elegans, we wondered whether NHR-49 function in the neuron alone could also 
reverse other known nhr-49 mutant defects. We confirmed that expressing NHR-49 exclusively in the neurons restores lifespan 
to a near-wild type level and found that it was also sufficient to restore resistance to gut commensal bacteria. In contrast, 
neuronal NHR-49 did not restore resistance to oxidative stress. We are currently trying to identify the circuitry and signaling 
mechanism of this neuron-to-periphery communication.

1120A	 LPIN-1/Lipin	1	moderates	the	lifespan-shortening	effects	of	dietary	glucose	by	maintaining	ω-6	polyunsaturated	
fatty	acids

Yoonji Jung1, Sujeong Kwon1, Seokjin Ham1, Dongyeop Lee2, Hae-Eun H. Park1, Yasuyo Yamaoka2, Dae-Eun Jeong2, Murat Artan2, 
Ozlem Altintas3, Sangsoon Park2, Wooseon Hwang2, Yujin Lee1, Heehwa G. Son1, Seon Woo A. An1, Eun Ji E. Kim1, Mihwa Seo2, 
Seung-Jae V. Lee1 1) Department of Biological Sciences, Korea Advanced Institute of Science and Technology, Daejeon, South 
Korea; 2) Department of Life Sciences, Pohang University of Science and Technology, Pohang, South Korea; 3) School of 
Interdisciplinary Bioscience and Bioengineerings, Pohang University of Science and Technology, Pohang, South Korea.

Glucose is an essential energy source but excessive glucose causes diseases and accelerates aging in many species. We 
previously reported that a glucose-rich diet shortens the lifespan of C. elegans via accumulating saturated fatty acids (SFAs) 
and toxic metabolites (Lee et al., 2015, Genes Dev.). However, underlying mechanisms by which high-glucose diets shorten 
lifespan by affecting lipid metabolism remain incompletely understood. Here, we find that LPIN-1/Lipin 1, a phosphatidic 
acid phosphatase and a potential transcriptional coregulator, prevents worms from the lifespan-shortening effects of high-
glucose diets. Through performing RNA-sequencing analysis, we showed that the transcriptomic changes caused by lpin-1 
RNAi were partially reversed by glucose-rich diet feeding. Consistent with a previous report showing that LPIN-1 is a negative 
regulator of SBP-1/sterol regulatory element-binding protein (SREBP), a key transcription factor for fat synthesis (Smulan et al., 
2016, Cell Rep.), we found that lpin-1 RNAi upregulated fat-metabolic SBP-1 target genes. In contrast, we showed that overall 
transcriptomic changes caused by lpin-1 RNAi positively correlated with those by RNAi targeting sbp-1 or mdt-15/mediator 
15, a transcriptional coregulator of SBP-1. We also found that lpin-1 RNAi reduced lipid levels in glucose-rich diets, leading to 
compensatory activation of SBP-1. Specifically, we showed that lpin-1 RNAi upregulated lipid synthesis/desaturation genes 
and downregulated lipolysis genes in glucose and lipid metabolic pathways. Overall, these data suggest that LPIN-1 maintains 
lipid homeostasis under glucose-rich diets by altering lipid levels and composition in worms. Consistently, we found that lpin-1 
RNAi reversed the composition of fatty acids altered by glucose-rich diet feeding; the levels of SFAs and monounsaturated 
fatty acids (MUFAs) were decreased by lpin-1 RNAi but were increased by glucose-rich diets. In contrast, the levels of two ω-6 
polyunsaturated fatty acids (PUFAs), linoleic acid (18:2n-6) and arachidonic acid (20:4n-6), were increased by lpin-1 RNAi but 
decreased by glucose-rich diet feeding. Importantly, supplementation with linoleic acid or arachidonic acid suppressed the 
shortened lifespan of lpin-1(RNAi) worms under glucose-rich conditions. Thus, proper metabolic flow from glucose to ω-6 
PUFAs via LPIN-1 is crucial for maintaining health and normal lifespan against dietary glucose toxicity in animals.

1121B	 The	Search	for	Novel	Anthelmintic	Targets:	Characterizing	Alternative	Metabolic	Pathways	in	Caenorhabditis	
elegans

Margot Lautens1, June Tan1, Xènia Serrat1, Samantha Del Borrello1, Michael Schertzberg1, Andy Fraser1 1) University of Toronto.

Around a quarter of the human population is infected by parasitic helminths and this places a large economic burden on the 
agricultural industry. Unfortunately anthelmintic resistance is a growing problem. Helminths survive long periods of hypoxia 
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in their hosts, but their anaerobic metabolism has yet to be fully characterized. These anaerobic metabolic pathways are a 
promising, selective target for new drugs.

Fumarate reduction, a rewiring of the TCA cycle, has long been identified as a key pathway for parasitic worms. We have 
previously identified the metabolic pathway for the synthesis of the essential small molecule involved in fumarate respiration, 
rhodoquinone (RQ) which combines two important pathways, the kynurenine metabolism pathway and the ubiquinone 
synthesis pathway and found that COQ-2 is the key connection between both. We have previously found that a mutually 
exclusive exon in coq-2 which is exclusive to RQ-species is what determines whether RQ or the closely related ubiquinone (UQ) 
is synthesized. coq-2 has two key residues near the active site which are conserved in RQ-species but not in other invertebrates 
or in hosts. Furthermore, mutating these two residues is sufficient to change the UQ-exon so that it can recover in a RQ assay 
developed by our lab.

This finding combined with previous research which suggested that parasitic worms rely on extensive rewiring of existing 
pathways led to a focus on known metabolites and known pathways which often have existing drugs and crystal structures. 
By building from previous work, drug targets can be more easily found than if a novel pathway had to be characterized. 
The most effective drug targets will be those genes which are funadamental to parasitic metabolism and which have had 
divergence between hosts and parasites so that they can be targeted selectively. More specifically, four pathways which have 
been previously linked with anaerobic metabolism were tested for importance in RQ-dependent metabolism to narrow down 
to specific targets. For each of these targets, protein sequences were compared between hosts, parasites and RQ-containing 
mollusks and annelids to find conserved divergent residues in proximity to druggable sites. In total four known enzymes, 
including COQ2, have been found which are required for RQ-dependent metabolism and which have parasite specific residues 
near active sites which may act as selective drug targets. Humanized mutants have been generated for those residues. Moving 
forwards, in silico drug design will be carried out to find drugs predicted to be specific to the helminths which can be then be 
assayed against wild-type as well as the humanized mutants.

1122C	 Characterization	of	a	third	SHC	adaptor	protein	in	Caenorhabditis elegans

Victoria León-Guerrero1, Mercedes Di Bernardo1, W. Rod Hardy1, Lesley T. MacNeil1,2,3 1) Department of Biochemistry and 
Biomedical Sciences, McMaster University, Hamilton, Canada; 2) Farncombe Family Digestive Health Research Institute; 3) 
Michael G. DeGroote Institute for Infectious Disease Research.

SHC proteins are a family of adaptor proteins that play an important role in signal transduction, they are characterized by three 
crucial domains: the phosphotyrosine binding (PTB) domain, a Src2 homology (SH2) domain and a less conserved collagen 
homolog (CH1) domain. Two Caenorhabditis elegans SHC proteins have been described: SHC-1 and SHC-2. We have identified a 
third SHC protein, K11E4.2, that is intestinally expressed. Our analysis revealed that K11E4.2 null mutant animals suffer from a 
diet-dependent change in fat accumulation and increased sensitivity to starvation and oxidative stress. C. elegans shc-1 plays a 
role in stress response and lifespan regulation through the insulin signaling pathway. Our data suggest that shc-1 and K11E4.2 
do not act redundantly to regulate stress or starvation response, but rather each plays a distinct role in these processes.

1123A	 The	role	of	ceramide	metabolism	enzymes,	hyl-2/ceramide	synthase	and	asm-3/acid	sphingomyelinase,	on	lipid	
metabolism

Grace McIntyre1, Lou Wang2, Joycelyn Radeny3, Trisha Staab1, Jason Chan1 1) Marian University, Indianapolis, IN; 2) University of 
Washington, Seattle, WA; 3) Juaniata College, Huntington, PA.

The increase in our aging population presents a need for research on healthy aging. Here, we present work examining the 
role of ceramide and sphingomyelin metabolism on aging. Ceramide, which can be synthesized de novo or by recycling from 
sphingomyelin, is a sphingolipid that is important in responding to oxidative stress. Furthermore, it is known that ceramide 
levels increase with age, making ceramide an important lipid mediator of aging. We utilized C. elegans’ mutants lacking acid 
sphingomyelinase (asm-3) and ceramide synthase (hyl-2), which are previously found to be long- and short-lived, respectively. 
We performed a lipidomic analysis to explore longitudinal changes in lipid concentrations in wild type (N2) worms at 1, 5, and 
10 days of age, compared to long-lived worm models (eat-2/mAChR and asm-3/acid sphingomyelinase) as well as short-lived 
worm models (daf-16/FOXO and hyl-2/ceramide synthase). Among our samples, we detected 700 different lipids, including 
fatty acids and sphingomyelins. Interestingly, 10-day old hyl-2 mutants, which have a reduced life-span, showed an increased 
concentration of the putative omega-3 fatty acid, eicosapentaenoic acid (EPA), which has been shown to increase with 
longevity in worms. Conversely, asm-3 mutants, which are long-lived animals, have reduced levels of EPA. To expand upon 



Abstracts

23rd International C. elegans Conference     |    458

our lipidomic data with enzymatic findings, we utilized RT-qPCR analysis to longitudinally analyze fatty acid desaturases (fat-1 
and fat-4) involved in EPA metabolism in worms. We found that fat-4 expression is reduced in 1, 5, and 10 day hyl-2 animals, 
suggesting that ceramide metabolism may impact fatty acid genes involved in aging. Further work will examine the role of fatty 
acid tail elongases (elo-5 and elo-6) in hyl-2 and asm-3 mutant animals. This analysis will better define the intrinsic biochemical 
lipid processes associated with ceramide metabolism in aging animals.

1124B	 Rescue	of	Complex	I	mutants	by	hypoxia	and	intra-Complex	I	mutation

Joshua Meisel1,2, Sandra Wellner1,2, Vamsi Mootha1,2, Gary Ruvkun1,2 1) Massachusetts General Hospital, Boston, MA; 2) Harvard 
Medical School, Boston, MA.

Inherited disorders of mitochondrial oxidative phosphorylation can be caused by mutations in at least 290 genes and affect 
approximately 1 in 5,000 live births, with no proven therapies to date. In a mouse model of Leigh Syndrome harboring 
a deletion of the Complex I subunit Ndufs4 (LPD-5 in C. elegans), breathing hypoxia extends lifespan and prevents 
neurodegeneration, while exposure to modest hyperoxia exacerbates the disease and results in rapid death. The precise 
mechanism underlying the Complex I rescue by hypoxia and sensitivity to hyperoxia remains elusive. Here, we show that 
Complex I mutants in C. elegans including lpd-5 and nduf-7 are similarly rescued by hypoxia and sensitive to mild hyperoxia 
with respect to growth and development. Genetic activation of HIF-1 is not sufficient to rescue Complex I mutants, nor is 
HIF-1 necessary for the beneficial effect of hypoxia. To gain further insight into the interaction between Complex I dysfunction 
and oxygen we used forward genetics to isolate genetic suppressors of nduf-7 and gas-1 in hyperoxia. We identified an 
intra-complex missense mutation in a supernumerary subunit of Complex I, which confers dominant suppression of nduf-7, 
gas-1, and lpd-5 in hyperoxia. Ongoing studies, including additional forward genetic screens, promise to shed light on the 
mechanisms underlying the interaction between Complex I and oxygen.

1125C	 Global	profiling	of	distinct	cysteine	redox	forms	reveals	wide-ranging	redox	regulation	in	C. elegans

Jin Meng1,2,3, Ling Fu4,5, Keke Liu4, Caiping Tian4,6, Ziyun Wu1,2,3, Youngeun Jung7, Renan B. Ferreira7, Kate Carroll 7, Keith Blackwell1,2,3, 
Jing Yang4,5 1) Joslin Diabetes Center, Boston, MA; 2) Department of Genetics, Harvard Medical School, Boston, MA; 3) Harvard 
Stem Cell Institute, Cambridge, MA; 4) State Key Laboratory of Proteomics, Beijing Proteome Research Center, National Center 
for Protein Sciences (Beijing), Beijing Institute of Lifeomics, Beijing, China; 5) Innovation Institute of Medical School, Medical 
College, Qingdao University, Qingdao, China; 6) School of Medicine, Tsinghua University, Beijing, China; 7) Department of 
Chemistry, The Scripps Research Institute, Jupiter, FL.

Post-translational changes in the redox state of cysteine residues can rapidly and reversibly alter protein functions, thereby 
modulating biological processes. The nematode C. elegans is an ideal model organism for studying cysteine-mediated redox 
signaling at a network level. Here we present a comprehensive, quantitative, and site-specific profile of the intrinsic reactivity 
of the cysteinome in wild-type C. elegans. We also describe a global characterization of the C. elegans redoxome in which 
we measured changes in three major cysteine redox forms after H2O2 treatment. Our data revealed redox-sensitive events 
in translation, growth signaling, and stress response pathways, and identified redox-regulated cysteines that are important 
for signaling through the p38 MAP kinase (MAPK) pathway. Our in-depth proteomic dataset provides a molecular basis for 
understanding redox signaling in vivo, and will serve as a valuable and rich resource for the field of redox biology.

1126A	 Oleic	acid	modulates	reproductive	plasticity	via	DAF-12	in	postdauer	adults

Alexandra M. Nichitean1, Maria C. Ow1, Frances V. Compere1, Sarah E. Hall1 1) Syracuse University.

Environmental stress experienced during critical periods of development has been shown to result in reproductive plasticity 
in both plants and animals, although the molecular mechanisms regulating these phenotypes are not well understood. In 
previous work, we showed that different environmental stresses experienced during early development in Caenorhabditis 
elegans resulted in distinct reproductive outcomes. C. elegans larva experiencing early-life stress (starvation or high 
pheromone) may enter the stress resistant, developmentally arrested dauer stage. When environmental conditions 
improve, larva will exit dauer and proceed with reproductive development (postdauers, PD). We have shown previously that 
hermaphrodites that experienced starvation-induced dauer (PDStv) exhibited a lower brood size compared to continuously fed 
animals (control, CON). The set of genes with the most significant differential expression between PDStv and CON adults have 
functions in fatty acid metabolism, and we found that double mutant combinations of the delta 9-desaturase genes, fat-5, 
fat-6, and fat-7, as well as mutations in their transcriptional regulators, nhr-49, sbp-1, and mdt-15, abrogated the decreased 
brood size phenotype. Using Oil Red O staining to examine levels of stored lipids, we found that PDStv adults displayed lower 
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lipid stores in their intestines, but showed increased stored lipids in their embryos, when compared to CON adults. These 
results suggested that PDStv adults prioritize lipid production for reproduction rather than somatic maintenance after dauer 
exit. To test this hypothesis, we examined the brood sizes of PDStv adults that were cultivated on OP50 supplemented with 
different fatty acid molecules. We observed that supplementation with oleic acid (OA) resulted in a significant increase in 
brood size compared to animals fed only OP50, while other fatty acids resulted in no change or a decrease in brood size. We 
found that the OA-dependent increase in brood size required FAT-7, as well as the dafachronic acid (DA)-dependent activity of 
the DAF-12 steroid signaling pathway. Furthermore, we demonstrated that OA is required after dauer exit for the increased 
brood size phenotype. Together, these results suggest that OA may be acting as a signaling molecule to modulate PDStv 
reproductive plasticity through regulation of the DA-dependent DAF-12 pathway rather than acting in a nutritional capacity for 
reproduction.

1127B	 Mitochondrial	complex	I	redox	signaling	mediates	hypoxic	responses	in	C. elegans.

John Onukwufor2, Arsalan Farooqi1, Andrew Wojtovich1 1) Department of Anesthesiology and Perioperative Medicine, 
University of Rochester Medical Center, Rochester, NY; 2) Department of Pharmacology and Physiology, University of Rochester 
Medical Center, Rochester, NY.

Oxygen is essential for organismal function due to its role in cellular metabolism. Mitochondria are organelles that utilize 
substrates and oxygen to produce ATP. Dysregulation in oxygen supply caused by hypoxia, a condition of low oxygen tension, 
followed by the restoration of oxygen or reoxygenation, leads to mitochondrial dysfunction and reactive oxygen species (ROS) 
production. However, organisms have evolved various ways to sense and respond to changes in oxygen concentration. For 
example, C. elegans surveil their environment and respond to mitochondria distress and changes in oxygen concentration 
through behavioral avoidance responses but the mechanisms are unknown. Mitochondrial complex I of the electron transport 
chain is a major site of ROS production and is canonically associated with oxidative damage following hypoxic exposure. 
However, ROS also play important role in hypoxic signaling and we sought to untangle the dual role of complex I ROS in 
hypoxic signaling. We found that ROS is required for mediating behavioral responses to hypoxia and that ROS generated by the 
complex I inhibitor, rotenone, is sufficient. We then developed an optogenetic approach to spatiotemporally control complex 
I ROS production with light to demonstrate the role of site-specific ROS signaling. Light-induced complex I ROS rapidly and 
reversibly increased behavior. We showed that the bioenergetic effect of light induced complex I ROS was selective to complex 
I activity. Using genetic and pharmacologic approaches, we then characterized the ROS species and found that the matrix 
generation of H2O2 mediated the behavioral response. Surprisingly, this effect was mediated through a single thiol modification 
on complex I. We showed that mutants lacking the thiol residue were not responsive to acute hypoxic signaling. The hypoxic 
signaling mediated through the thiol extended to protection against prolong hypoxia-reoxygenation. Overall, we demonstrate 
that site-specific ROS can result in a pro-survival response to hypoxia through single thiol modification.

1128C	 Bacterial	D-alanine	metabolism	affects	C. elegans lifespan under high glucose conditions

Tian (Autumn) Qiu1, Jonathan Sweedler1, Nathan Schroeder1 1) University of Illinois at Urbana-Champaign, Urbana, IL.

Microbiome-derived metabolites are able to impact the host’s nervous system through the gut-brain axis. D-amino acids 
(D-AAs), the D-enantiomers of prevalent L-amino acids, have unique functions such as neuromodulators in animals including 
mollusks, rodents, and primates, while microbiota is a known contributor to the source of D-AAs in animals. Among all D-AAs, 
D-Ala is a potent agonist of the glycine binding site of N-methyl-D-aspartate (NMDA) glutamate receptors in vitro. Additionally, 
D-Ala immunoreactivity in pancreatic β-cells and adrenocorticotropic hormone (ACTH)-secreting cells suggests its involvement 
in glucose homeostasis. While several researches showed microbiota as a major source of D-Ala in animals, the effect of 
bacterial D-Ala synthesis and metabolism on host physiology has not been studied.

In this study, we fed wild type Caenorhabditis elegans N2 with Escherichia coli mutants with knockout of genes relevant to 
D-Ala biosynthesis (dadX, alr) and D-Ala metabolism (ddlA), and then examined changes in C. elegans phenotypes with or 
without the presence of high glucose. All three bacterial mutants displayed similar growth curves in nutrient-rich liquid media, 
but decreased D-Ala/total alanine ratio compared to the parental E. coli strain. To prevent the introduction of exogenous 
D-Ala, we cultured C. elegans on peptone-free NGM media. We found no statistically significant differences in life span when 
fed on the selected E. coli mutants. However, we observed a slight avoidance to all three bacterial mutants compared to the 
parental strain. When amended with 40 mM glucose, ΔddlA significantly decreased the life span of N2. No food preference was 
observed on glucose-amended plates. These results indicate that the combination of deficiency in bacterial DdlA activity and 
high glucose led to a decreased life span in C. elegans.
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1129A	 Role	of	branched	chain	amino	acid	metabolism	in	ubiquitin-dependent	proteolysis

Sonia Ravanelli1,2, Thorsten Hoppe1,2 1) CECAD Research Center, University of Cologne; 2) Institute for Genetics, University of 
Cologne.

The role of ubiquitin in mitochondrial surveillance is increasingly gaining attention with numerous stress pathways being 
recently described. Our group observed that mitochondrial stress affects ubiquitin-dependent proteolysis both in C. elegans 
as well as in mammalian cells. We performed a candidate screen and identified that metabolic defects could result in reduced 
UPS functionality independently of the mitochondrial unfolded protein response (UPRmt). Especially defects in the catabolism 
of branched chain amino acids (BCAAs) affects the ubiquitin-dependent turnover of a GFP-based model substrate in C. elegans. 
Surprisingly, a newly generated mutant of the enzyme responsible for the first step of the BCAA catabolism, bcat-1 (hh58), 
rescues this defect. We have indications that this mutation impairs mitochondrial import of BCAT-1, resulting in increased 
levels of this enzyme in the cytosol, where, its mammalian homolog BCAT1 is reported to be localized, in contrast to the other 
homolog BCAT2, which localizes in mitochondria. Through multiple omics analysis, we explored the general transcriptional, 
translational and metabolic regulation deriving from BCAA defects in combination with mislocalization of BCAT-1. Considering 
that balanced regulation of proteolysis and metabolism is crucial for organismal health, understanding the mechanisms 
underlying bcat-1 (hh58) increased proteolytic capacity might represent a novel starting point for the development of new 
therapeutic strategies or nutritional guidelines to treat metabolic disorders as well as neurodegenerative diseases.

1130B	 N. parisii compensates for genomic loss of dihydroceramide desaturase through reliance on C. elegans sphingolipid 
biosynthesis

JiHae Jeon1, Winnie Zhao1, Nick Burton2, Aaron Reinke1 1) University of Toronto, Toronto, ON; 2) University of Cambridge, 
Cambridge, UK.

Microsporidia are obligate intracellular parasites that have lost many metabolic enzymes, resulting in the smallest known 
eukaryotic genomes. Microsporidia are highly dependant upon host nutrients, but it is poorly understood the effect that these 
parasites have on host metabolism. Using N. parisii, a natural microsporidian parasite of C. elegans, we describe how infection 
alters host lipid metabolism. We show that the C. elegans lipase ATGL-1 is upregulated in response to N. parisii infection and 
that host fat stores are depleted. Metabolic profiling of infected animals reveals large changes in lipid composition including 
changes consistent with nutrient starvation. Additionally, we identify novel ceramides only generated in animals infected 
with N. parisii. Genomic analysis reveled that N. parisii has lost the enzymes necessary for the de novo synthesis of these 
sphingolipids. Mutations in C. elegans dihydroceramide desaturases F33D4.4 and ttm-5 or acid ceramidase asah-2, reduce 
N. parisii growth. Supplementation with sphingosine, a substrate for ceramide synthesis, enhances N. parisii proliferation. 
Together, our data demonstrate that N. parisii exploits sphingolipid biosynthesis in C. elegans and reveals an evolutionary 
strategy used by microsporidian parasites to cope with extreme genomic reduction.

1131C	 Downregulation	of	SEMO-1,	a	novel	hydrogen	sulfide-generating	C. elegans	enzyme,	enhances	lifespan:	role	of	AAK-
1/-2

Verena Alexia Ridolfi1, Thilo Magnus Philipp1, Karl Köhnlein1, Josephine Priebs1, Holger Steinbrenner1, Lars-Oliver Klotz1 1) 
Institute of Nutritional Sciences, Nutrigenomics Section, Friedrich Schiller University Jena, Jena, Germany.

The C. elegans ortholog of human selenium-binding protein 1 (SELENBP1), Y37A1B.5, is a pro-aging factor that confers 
resistance to high doses of selenite (1). SELENBP1 was recently identified as a methanethiol oxidase (MTO), catalyzing the 
conversion of methanethiol to hydrogen sulfide (H2S), hydrogen peroxide (H2O2) and formaldehyde. Here, we tested whether 
Y37A1B.5 has MTO activity and whether the AMPK orthologs AAK-1/-2 are involved in the effects of the protein on C. elegans 
lifespan.

We developed an MTO activity assay that is based on in situ-generation of methanethiol from methionine as catalyzed by 
a bacterial recombinant L-methionine gamma-lyase, followed by detection of two methanethiol oxidation products, H2S 
and H2O2. Using this assay, we demonstrate MTO activity of isolated recombinant Y37A1B.5, similar to recombinant human 
SELENBP1. Moreover, MTO activity was detected in lysates from wild-type nematodes but not in lysates from a newly 
generated Y37A1B.5-deficient mutant strain, suggesting that the Y37A1B.5 protein is the major C. elegans MTO. Thus, 
Y37A1B.5 was named SEMO-1 (SELENBP1 ortholog with MTO activity). It is a novel methanethiol oxidase and therefore a novel 
potential source of H2S and H2O2, two molecules known to affect lifespan in C. elegans.
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A Y37A1B.5/SEMO-1-deficient mutant strain showed an extended lifespan similar to the previously reported worms exposed 
to Y37A1B.5-specific RNAi (1). SEMO-1, therefore, is a factor apparently shortening C. elegans lifespan. Interestingly, lifespan 
extension following SEMO-1 depletion was abrogated in an AAK-deficient strain (NB245; deficient in both isoforms of the 
catalytic AAK subunit), and vice versa, SEMO-1 depletion through RNAi appeared to enhance AAK phosphorylation in wild-
type worms. As AAK activity is known to be related to C. elegans lifespan, we propose that the extended lifespan of SEMO-1-
depleted worms is caused by AAK activation. The mode of AAK activation following SEMO-1 depletion remains to be identified.

(1) Köhnlein K, Urban N, Guerrero-Gómez D, Steinbrenner H, Urbánek P, Priebs J, Koch P, Kaether C, Miranda-Vizuete A, Klotz 
LO. Redox Biol. 28:101323 (2020).

1132A Deciphering endogenous formaldehyde-induced cytotoxicity mechanisms in C. elegans

Matthias Rieckher1, Carla Umansky2, Agustín Morellato2, Laetitia Gräser1, Lisa Heidbüchel1, Eva Wiesner1, Ksenia Kolesnikova1, 
Lucas Pontel2, Björn Schumacher1 1) Exzellenzcluster Cellular Stress Responses in Aging-Associated Diseases (CECAD), 
Institute for Genome Stability in Ageing and Disease (IGSAD), University Hospital Cologne, Cologne, Germany; 2) Instituto de 
Investigación en Biomedicina de Buenos Aires (IBioBA), CONICET - Partner Institute of the Max Planck Society, Buenos Aires, 
Argentina.

Formaldehyde (FA) is an endogenous and environmental metabolite genotoxin that causes DNA and DNA-protein crosslinks. 
Endogenous FA has been identified as a major genotoxic and carcinogenic agent involved in the onset of the cancer-prone 
genetic disease Fanconi Anemia and in the development of a type of inherited bone marrow failure syndrome (IBMFS). Here, 
we employ C. elegans and human carcinoma cells to reveal that FA causes cellular damage by triggering oxidative stress, which 
is prevented by the alcohol dehydrogenase enzyme ADH5/GSNOR. We identify the ADH5 orthologue in C. elegans (adh-5; 
H24K24.3) and show that adh-5 mutants are hypersensitive to FA. Oxidative stress exacerbates FA sensitivity in ADH-5 deficient 
worms. Moreover, both worms and cells display ROS accumulation and the activation of oxidative stress responses, which is 
suppressed by supplementation with the GSH precursor N-acetylcysteine (NAC). Further, we demonstrate that endogenous 
GSH can protect cells lacking the Fanconi Anemia DNA repair pathway, or worms that are deficient in Nucleotide Excision 
Repair (NER), from endogenous or environmental FA. Hence, our findings establish a conserved mechanism that protects from 
FA cytotoxicity, which has broad implications for developing novel intervention strategies for Fanconi Anemia patients and 
against certain cancers.

1133B	 Interaction	of	BMP	and	Insulin	Signaling	in	C. elegans Lipid	Metabolism

Cathy Savage-Dunn1,2, James Clark1,2, Emma Ciccarelli1,2, Peter Kayastha1, Muhammad Hasan1 1) Queens College, CUNY; 2) The 
Graduate Center, CUNY.

A small number of peptide growth factor ligands are used repeatedly in development and homeostasis to drive programs of 
cell differentiation and function. Cells and tissues must integrate inputs from these diverse signals correctly, while failure to 
do so leads to pathology, reduced fitness, or death. We have demonstrated that DBL-1, a bone morphogenetic protein (BMP) 
ortholog, is required for normal lipid accumulation, in part by downregulation of insulin/IGF-1-like signaling (IIS). We have 
investigated the molecular mechanisms for this interaction. DBL1/BMP signaling represses expression of insulin-like peptide 
(ILP) INS-4, increases expression of anabolic fatty acid desaturases, and reduces expression of catabolic β-oxidation enzymes, 
thereby promoting storage of neutral lipids. Both loss- and gain-of-function of the DBL-1/BMP pathway leads to decreased fat 
accumulation. Although the mechanism for low fat accumulation caused by excess DBL-1 signaling is unknown, it differs from 
that of reduced DBL-1 signaling at the level of lipid droplet size. DBL-1/BMP signaling alters the sensitivity of IIS transcription 
factors to DAF-2/Insulin Receptor activity in opposite directions, increasing the sensitivity of DAF-16/FoxO, while reducing the 
sensitivity of SKN1/Nrf. Interestingly, DBL-1/BMP low-fat phenotype can be partially suppressed by overexpression of DAF16/
FoxO but not by SKN1/Nrf. Finally, we have shown that ins-4 mutants have a high-fat phenotype that is also dependent on DAF-
16/FoxO but not SKN-1/Nrf. The molecular interactions we identify provide new insight into mechanisms of signaling crosstalk 
and potential therapeutic targets for IIS-related pathologies such as diabetes and metabolic syndrome.

1134C Caenorhabditis elegans	Fluorescent	Mutants:	Tryptophan	Kynurenine	Pathway

Shahid Siddiqui1 1) University of Chicago.

Caenorhabditis elegans fluorescent mutants (flu-1- flu-4) show altered fluorescence of the lysosome like intestinal granules, 
when observed under UV light [Babu, 1974, Siddiqui, 1978; Siddiqui and von Ehrenstein, 1980; Siddiqui and Babu, 1980 a, b; 
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and Babu and Bhat, 1980]. Using biochemical techniques, it was shown that the flu-1 mutant alleles characterized by a bluish 
purple gut fluorescence possess reduced kynurenine hydroxylase enzyme activity [Siddiqui and Babu, 1980], and the flu-2 
mutant alleles characterized by a pale dull green fluorescence had a block in kyunreniase enzyme activity [Babu and Bhat, 
1980]. The C. elegans genomic sequence encodes these two enzymes in the proximity of flu-1 and flu-2 loci. R07B7.5 encodes 
kynurenine hydroxylase, and C15H9.7 encodes kynureninase, respectively [Altschul et al., 1990; Kanehisa, 2012].

Kynurenine pathway is the primary route for tryptophan catabolism in and the starting point for the synthesis of 
nicotinamide adenine dinucleotide (NAD) in mammals. Dysregulation or overactivation of this pathway can result in immune 
system activation and accumulation of potentially neurotoxic compounds, resulting in inflammation, depression, cancer, 
neurodegenerative and behavioral alterations, SARS-COV-2 resistance, and epigenetic modifications. Kynurenine pathway 
genes are also conserved in C. elegans [van der Goot and Nolan, 2013].

We are investigating genetic and epigenetic consequences of manipulating kyunrenine pathway in C. elegans to reveal key 
components of the catabolic pathway in C. elegans, to reveal molecules and mechanisms that are shared in human disease. 
For instance, we may use sequence optimized human ortholg cDNA in a flu-1 deletion knockout mutant that shows altered 
bluish purple intestinal fluorescence and reduced kynurenine hydroxylase activity. Human gene variants cDNA can be used to 
rescue and be examined for the restoration of intestinal fluorescence and the kynurenine hydroxylase enzyme activity, if the 
cDNA carrying human variant can restore the normal function in the nematode. Such approach may allow examining human 
lethal and sublethal variants using the C. elegans model, and could elucidate critical molecular mechanisms underlying human 
disease.

1135A Neuronal control of lipid metabolism by STR-2 G protein-coupled receptor promotes longevity in C. elegans

Varsha Singh1, Anubhuti Dixit1, Anjali Sandhu1, Souvik Modi2, Meghana Shashikanth1, Sandhya Koushika2, Jennifer Watts3 1) 
Indian Institute of Science; 2) Tata Institute of Fundamental Research; 3) WSU School of Molecular Biosciences.

The G protein-coupled receptor (GPCR) encoding family of genes constitutes more than 6% of genes in Caenorhabditis elegans 
genome. GPCRs control behavior, innate immunity, chemotaxis, and food search behavior. We find that C. elegans longevity is 
regulated by a chemosensory GPCR STR-2, expressed in AWC and ASI amphid sensory neurons. STR-2 function is required at 
temperatures of 20°C and higher on standard Escherichia coli OP50 diet. Under these conditions, this neuronal receptor also 
controls health span parameters and lipid droplet (LD) homeostasis in the intestine. We show that STR-2 regulates expression 
of delta-9 desaturases, fat-5, fat-6 and fat-7, and of diacylglycerol acyltransferase dgat-2. Rescue of the STR-2 function in either 
AWC and ASI, or ASI sensory neurons alone, restores expression of fat-5, dgat-2 and restores LD stores and longevity. Rescue of 
stored fat levels of GPCR mutant animals to wild-type levels, with low concentration of glucose, rescues its lifespan phenotype. 
In all, we show that neuronal STR-2 GPCR facilitates control of neutral lipid levels and longevity in C. elegans.

1136B	 Identification	of	mitochondrial	dysfunction	as	a	key	modifier	in	Myotonic	Dystrophy	Type	1

Joana Teixeira1, Anu-Mari Harju1, Alaa Othman2, Ove Eriksson3, Brendan Battersby1, Susana Garcia1 1) Institute of Biotechnology, 
University of Helsinki, Finland; 2) Institute of Molecular Systems Biology, ETH Zurich, Switzerland; 3) Department of 
Biochemistry and Developmental Biology, Faculty of Medicine, University of Helsinki, Finland.

Myotonic dystrophy type 1 (DM1) is a RNA repeat-based disorder caused by transcripts bearing expanded CUGs in the 3’UTR. 
Few modifiers of DM1 toxicity are known; to understand the mechanisms underlying RNA-repeat pathogenesis, I performed 
a genetic screen for DM1 toxicity using a C. elegans DM1 model. I identified the ubiquinone (CoQ) pathway as a suppressor of 
DM1 pathogenesis. Here we show that expression of RNAs with expanded repeats disrupt the CoQ biosynthetic pathway, and 
lead to mitochondrial dysfunction with changes in mitochondrial dynamics, morphology and respiration. Our data shows that 
mitochondrial dysfunction plays a key role in DM1 toxicity, resulting in loss of motility. Importantly, these toxic phenotypes can 
be rescued by CoQ supplementation, with reversal of both mitochondrial dysfunction and improvement in animal locomotion. 
Moreover, our data suggests that CoQ and mitochondrial dysregulation by toxic RNAs is dependent on the muscleblind-like 
splicing factor, MBL-1, homologue of mammalian MBNLs.

Together, our data identify the CoQ pathway and mitochondrial function as central contributors to DM1 pathogenesis and 
establish a link between MBL-1 dysfunction and disruption of these pathways in DM1 disorders. These studies further suggest 
a more critical role for mitochondrial dysfunction in RNA-based neuromuscular degenerative disorders.

1137C	 Influences	on	fat	content,	fat	density	and	lipid	droplets	in	C. elegans liquid culture
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Tra My Tran1, Aline Wagner1, Gianna Steinberg1, Ralph Menzel3, Michael Oelgeschläger1, Gilbert Schönfelder1,2, Silvia Vogl1 1) 
German Federal Institute for Risk Assessment; 2) Charité - Universitätsmedizin Berlin; 3) Humboldt-Universität zu Berlin.

C. elegans has become an emerging model system to investigate different toxicological endpoints. In particular, fundamental 
pathways regulating energy homeostasis are highly conserved between C. elegans and humans and thus, the worm provides 
an important model for the analysis of mechanisms leading to obesity. For example, the analysis of lipid homeostasis as well as 
fat accumulation in C. elegans can provide important insights into metabolic diseases and the activity of potential obesogenes. 
In addition, changes in lipid homeostasis by external factors are suspected to be transmitted to subsequent generations. Thus, 
lipid metabolism might also be a promising read-out in C. elegans to address inter- or transgenerational effects of xenobiotics.

In a first step, we studied the influence of different food regimes on worm development, fat content and changes on the level 
of lipid droplets (LD), the worm’s major form of fat storage, to generate “low body fat” or “high body fat” phenotypes. We 
exposed C. elegans to different OP50 concentrations in liquid culture for three days (L1 to adulthood) and measured worm 
sizes, triacylglyceride (TAG) contents, LD sizes and density as well as fatty acid (FA) patterns.

After three days, worms fed with higher OP50 concentrations showed an increase in body size, higher TAG levels and 
significant increases in LD size and volume per µm3 in the anterior part of the intestine. Moreover, GC-MS analysis revealed 
significant differences in FA pattern of adult worms and their eggs, when comparing the “fat” and “lean” phenotypes. Notably, 
cyclic FA and polyunsaturated fatty acids (PUFA) were affected in a diet-dependent manner. Interestingly, orlistat, an anti-
obesogenic drug, could also influence fat density and FA patterns in adult worms as well as eggs.

Currently, we are testing effects of (anti-)obesogenes on fat content and FA composition and if those are transmitted to 
subsequent generations to assess the applicability of these read-outs for the analysis of inter- or transgenerational (adverse) 
effects.

1138A	 Decline	of	ribosomal	proteins	levels	during	L1	arrest

Joel Tuomaala1, Jörn Dengjel2, Benjamin Towbin1 1) University of Bern, Switzerland; 2) University of Freiburg, Switzerland.

Starvation of C. elegans upon hatching causes developmental arrest. Arrested animals can survive for more than to 2 weeks 
in the absence of food and restart growth when nutrition improves. However, upon re-feeding animals resume growth with 
a delay that increases proportionally with the duration of starvation. Survival during starvation requires autophagy, and the 
starvation response is under tight control by metabolic signaling. For example, we found that mutants with constitutively 
active mTOR signaling die within 1 week of starvation. The goal of this project is to characterize the dynamics of proteome 
turnover during starvation and during recovery, and to ask if specific proteins are preferentially degraded during starvation to 
maintain survival.

We hypothesize that under extended periods of starvation proteins needed for growth and biosynthesis, such as ribosomes 
and mitochondria, are preferentially turned over, as compared to structural proteins that are essential for survival, such as 
collagens or histones. Resuming growth upon feeding would consequently require re-synthesis of the biosynthesis proteins, 
and thereby delay onset of growth in proportion to the duration of starvation.

To test this hypothesis, we established an assay for protein quantification based on HiBit technology. HiBit relies on a split 
luciferase and allows for detection of specific proteins at high accuracy and sensitivity in a microplate-based readout. Using 
this assay, we find that indeed ribosomal proteins declined continuously during L1 arrest. We will now test if this decline relies 
on autophagy, and if the turnover rate of ribosomes can explain how survival is affected in mutants with perturbed autophagy 
and growth signalling. Finally, we will use proteomics to assess how the proteome composition globally changes during L1 
arrest on a time scale of weeks.

1139B	 The	impact	of	perceived	and	internal	metabolic	states	on	behavior	and	hypoxic	responses	in	C. elegans

Anezka Vodickova1, Tyrone Nieves1, Andrew Wojtovich1 1) University of Rochester.

Caenorhabditis elegans surveil their environment and respond through behavioral changes. One factor that influences 
behavior is the metabolic state. The energy status can influence worm locomotion behavior to increase chances of finding or 
staying on a food source. Mitochondria are metabolic hubs of the cell and use oxygen to produce energy. How mitochondrial 
function alters behavior and hypoxic signaling is unclear. We designed the optogenetic tools mitochondria-ON (mtON) and 
mitochondria-OFF (mtOFF) to mimic or suppress mitochondrial function. Upon activation with light, these tools can control 
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the energy state in select tissue through the use of tissue-selective promoters. Given that energy-sensing is driven by neurons, 
and the intestine is responsible for nutrient utilization, light activation of these animals can serve as a model of perceived or 
internal metabolic state, respectively. We characterized our model and observed a decrease in total ATP levels in response 
to mtOFF activation in the intestine, with no effect of activation in neurons. The metabolic state can lead to signaling that 
influences hypoxic responses. Hence, we next examined the response of C. elegans to short-term hypoxic exposures. The 
regulation of mitochondrial function in C. elegans led to alterations in the periods of recovery from 1-hour hypoxia. Overall, 
we demonstrate that the tissue-specific reduction of mitochondrial function by mtOFF in the intestine affects whole body 
ATP production compared to the activation of neuronal mtOFF, where there were no changes in ATP levels between worms 
with activated and deactivated mtOFF. In conclusion, our optogenetic model allows us to study the effects of modulating 
mitochondrial function on behavior and metabolic responses.

1140C Modular metabolites that connect bacterial growth-phase-dependent lipogenesis with C. elegans’ peroxisomal 
β-oxidation	and	N-acyl ethanolamine metabolism

Siva Bandi1, Rocio Rivera Sanchez1, Sylvain Sutour2, Gaetan Glauser2, Stephan von Reuss1,2 1) Laboratory of Bioanalytical 
Chemistry, University of Neuchatel; 2) Neuchatel Platform of Analytical Chemistry, University of Neuchatel.

Secondary metabolism in nematodes includes the biosynthesis of complex modular structures via the combinatorial assembly 
of diverse building blocks derived from primary metabolic pathways.

Using a combination of comparative HPLC-ESI-HR-MSE analysis, enrichment by solid phase extraction, and preparative HPLC 
the dominating members of a novel class of modular metabolites were isolated from Caenorhabditis wallacei JU1904 and their 
β-glycosyl N-acyl ethanolamine phosphate structures carrying a diversity of homologous saturated, iso-branched, unsaturated, 
or cyclopropanated N-acyl moieties ranging from 9 to 15 carbons were identified by 1D and 2D NMR spectroscopy, along with 
HR-MS/MS and micro reactions.

This novel class of modular metabolites is widely distributed in Caenorhabditis spp. including the model organism C. 
elegans. In gonochoristic Caenorhabditis spp. the dominating β-sophorosyl derivatives are exclusively produced by males. 
The corresponding β-glucosyl derivatives are predominantly detected in females and are also abundant in hermaphroditic 
C. elegans, C. briggsae, and C. tropicalis. In C. wallacei the dominating male-derived β-sophorosyl N-acyl ethanolamine 
phosphate carrying a cis-5,6-methylenedodecanoyl (cyC13) moiety attracts females. Its biosynthesis depends on the 
nematode’s diet and subsides upon starvation. Using mixed isotope labelling with natural abundance and [U-13C]-E. coli the 
biosynthetic origin of the various building blocks was elucidated. Biosynthesis of the dominating components carrying cyC13 or 
C12:1 as N-acyl moiety depends on bacterial lipogenesis and thereby integrates bacterial food availability and developmental 
stage-dependent lipid cyclopropanation. Biosynthesis of the homologous series of N-acyl moieties further depends on chain 
shortening of dietary long chain fatty acids via β-oxidation by peroxisomal 3-ketoacyl-S-CoA thiolase daf-22 but is independent 
of mitochondrial 3-ketoacyl-S-CoA thiolase kat-1. In contrast, biosynthesis of de novo produced iso-fatty acid building blocks 
(such as iso-C11) depends on the iso-fatty acid elongase elo-5, as well as peroxisomal β-oxidation by daf-22 and proceeds via 
chain shortening of a long chain iso-fatty acid intermediate. The medium chain fatty acids are subsequently converted into the 
N-acyl ethanolamines, presumably via the N-acyl phosphatidylethanolamine (NAPE) pathway with glyceryl-phosphate N-acyl 
ethanolamines (GP-NAEs) as biosynthetic intermediates.

Characterization of the novel class of β-glycosyl N-acyl ethanolamine phosphates provides additional evidence for the 
structural diversity of nematode-derived modular metabolite and reveals a yet unidentified biosynthetic pathway that 
integrates bacterial and de novo lipogenesis along with C. elegans’ peroxisomal β-oxidation and N-acyl ethanolamine 
metabolism.

1141A Modular metabolite assembly in Caenorhabditis elegans depedns on carboxylesterases and formation of lysosome-
related organelles

Chester Wrobel1,2, Henry Le1, Sarah Cohen3, Jingfang Yu1,2, Heenam Park3, Maximilian Helf1, Brian Curtis1,2, Joseph Kruempel4, 
Pedro Rodrigues1,2, Patrick Hu5, Paul Sternberg3, Frank Schroeder1,2 1) Department of Chemistry and Chemical Biology, Cornell 
University, Ithaca, NY; 2) Boyce Thompson Institute, Ithaca, NY; 3) Division of Biology and Biological Engineering, California 
Institute of Technology, Pasadena, CA; 4) Department of Molecular and Integrative Physiology, University of Michigan Medical 
School, Ann Arbor MI; 5) Departments of Medicine and Cell and Developmental Biology, Vanderbilt University School of 
Medicine, Nashville, TN.



Abstracts

23rd International C. elegans Conference     |    465

Signaling molecules derived from attachment of diverse metabolic building blocks to ascarosides play a central role in the life 
history of C. elegans and other nematodes; however, many aspects of their biogenesis remain unclear. Using comparative 
metabolomics, we show that a pathway mediating formation of intestinal lysosome-related organelles (LROs) is required 
for biosynthesis of most modular ascarosides as well as previously undescribed modular glucosides. Similar to modular 
ascarosides, the modular glucosides are derived from highly selective assembly of moieties from nucleoside, amino acid, 
neurotransmitter, and lipid metabolism, suggesting that modular glucosides, like the ascarosides, may serve signaling 
functions. We further show that carboxylesterases that localize to intestinal organelles are required for the assembly of both 
modular ascarosides and glucosides via ester and amide linkages. Further exploration of LRO function and carboxylesterase 
homologs in C. elegans and other animals may reveal additional new compound families and signaling paradigms.

1142B	 Pediococcus acidilactici	CECT9879	reduces	fat	accumulation	in	C. elegans by affecting the insulin signaling pathway

Deyan Yavorov1,2, Fermín I. Milagro1,3,4, Josune Ayo2, María Oneca2, Paula Aranaz1,3 1) Center for Nutrition Research, University of 
Navarra, Pamplona, Spain; 2) Genbioma Aplicaciones SL. Polígono Industrial Noain-Esquiroz, Calle S, Nave 4, Esquíroz, Navarra, 
Spain; 3) Navarra Institute for Health Research (IdiSNA), Pamplona, Spain; 4) Centro de Investigación Biomédica en Red de la 
Fisiopatología de la Obesidad y Nutrición (CIBERObn), Instituto de Salud Carlos III, Madrid, Spain.

The increasing prevalence of metabolic syndrome-related diseases, such as obesity and type-2 diabetes, makes urgent to 
develop alternative therapies to prevent or reduce the progression of these pathologies. On the other hand, during the 
last years it has been demonstrated the important role that gut microbiota plays on human health, and the influence that 
alterations in this bacterial balance plays in the development of metabolic diseases. Thus, different bacterial strains have 
emerged as potential probiotics for the prevention of the complications characteristic of obesity, such as the excess of 
adiposity or the dysregulation of glycemia.

In this study, we have used Caenorhabditis elegans (C. elegans) as a model to examine the potential probiotic activities of the 
bacterium Pediococcus acidilactici (PA) CECT9879, together with the underlying mechanisms of action. Our work revealed 
that the treatment with PA reduced the fat accumulation of C. elegans in a 9% when grown in NGM medium, and a 16% in a 
glucose-loaded (10 mM) NGM medium, quantified by Nile Red staining, without affecting the development of the worm. The 
reduced fat content was also accompanied by an extension of the nematode median survival of two days in comparison with 
untreated control worms. Subsequent gene expression analyses demonstrated that the probiotic activities were mediated by 
modulation of the insulin/IGF-1 signaling (IIS) pathway through the overexpression of daf-16 and ins-6 mediators, but also by 
an increased expression of genes involved in the fatty acid peroxisomal β-oxidation. Taken together, our data suggest that PA 
CECT9879 could be considered a potential probiotic strain for the prevention of the metabolic syndrome-related disturbances, 
and highlight the use of C. elegans as an appropriate in vivo model for the study of the mechanisms underlying these diseases.

1143C	 A	multi-modal	biosensor	for	monitoring	proteostasis	in	stress	and	aging

Laura Bott1, Ambre Sala1, Renee Brielmann1, Richard Morimoto1 1) Northwestern University.

Stress and aging can compromise cellular proteostasis and lead to the loss of proteome integrity, a hallmark of many 
degenerative diseases. Efforts to maintain the functional capacity of the proteostasis network hold promise for prolonging 
organismal health and reducing the burden of disease, however, the underlying basis for the decline are at present unknown. 
This is in part due to a lack of available methods for observing the consequence of stressful stimuli on proteome integrity in 
real time. Here we report a new genetically-encoded biosensor that allows quantitative assessment of proteostasis network 
capacity in living Caenorhabditis elegans. It is based on a metastable version of dihydrofolate reductase and a conditional 
proteasome-targeting signal, thereby linking conformational state to protein levels, and fused to a fluorescent protein tag for 
visualization inside cells. The sensor reveals systemic remodeling of the proteostasis network and identifies distinct cellular 
states in stress, early aging, and C. elegans models of human disease. Our results indicate that this multi-modal biosensor is a 
convenient tool for in vivo investigations into proteostasis network regulation in health and disease states.

1144A	 Force	sensitive	upconverting	nanoparticles	as	a	direct,	noninvasive	assay	for	force	generation	by	muscles

Jason Casar1, Alice Lay1, Chris Siefe1, Claire McLellan1, Miriam B. Goodman2, Jennifer A. Dionne1,3 1) Department of Materials 
Science and Engineering, Stanford University; 2) Department of Molecular and Cellular Physiology, Stanford University; 3) 
Department of Radiology, Molecular Imaging Program, Stanford University.



Abstracts

23rd International C. elegans Conference     |    466

The digestive system relies heavily on muscles to breakdown, transport and expel material in order to provide the body the 
requisite nutrients to live. Additionally, activity of these muscles are key biomarkers of health status. Understanding the 
fundamental function of the digestive system and its dysfunction in aging and disease is hindered by a lack of suitable in vivo 
force sensors. Quantifying the forces generated in the alimentary lumen in vivo is currently not feasible through established 
mechanosensing platforms such as atomic force microscopy, traction force microscopy and Forster Resonant Energy 
Transfer (FRET)-based molecular strain sensors. To overcome that limitation, we are developing a microscale, biocompatible 
mechanosensing platform based on upconverting nanoparticles (UCNPs) that can rapidly and noninvasively readout 
micronewton scale forces within the intestinal and pharyngeal lumen of C. elegans.

We synthesize lanthanide-doped ceramic nanoparticles (SrLuF:Yb,Er) embedded in polystyrene microspheres for efficient 
delivery. When excited in the near-infrared, these mechanosensing UCNPs have an emission spectrum that depends on 
pressure [PMID: 29927609; PMID: 31592655] and applied force. The ratiometric emission (red/green) increases by 25% 
with applied forces of 2 micronewtons as measured using dual confocal microscopy and atomic force microscopy. These 
particles are bright enough to image even the most rapid luminal pressure cycle in the worm (pharyngeal pumping, 5 Hz). 
We demonstrate the efficacy of using UCNPs to map luminal forces associated with feeding and digestion in wild-type adults. 
These measurements provide a time-resolved and direct indication of coordinated muscle function. We apply mechanosensing 
UCNPs concurrently with electrophysiological measurement of pharyngeal activity (ScreenChip), enabling assessment of the 
relationship between electrical activity and muscle function. We describe how these tools may be further developed into a 
high throughput platform for muscle function during aging and in C. elegans disease models, as well as how our UCNPs can be 
adapted to perform analogous measurements in other animals.

1145B	 N-NOSE	is	an	innovative,	non-invasive	and	highly	sensitive	cancer	screening	method	based	on	the	chemotaxis	of	C. 
elegans

Eric di Luccio1, Takaaki Hirotsu1 1) Hirotsu Bio Science Inc..

A simple, affordable, non-invasive, and highly sensitive cancer detection method is the Holy Grail in health screening. 
Especially early diagnosis of cancer is critical to increase the likelihood of recovery.

N-NOSE (Nematode-NOSE) is a pioneering cancer screening method based on the chemotaxis of C. elegans which shows 
evasive behavior from the urine of healthy individuals while being attracted to the urine of cancer patients. N-NOSE has 
an average cancer-detection sensitivity of 86.3% in a clinical setting and detect the presence of cancer for 15 types at all 
stages: stomach, colorectal, lung, breast, uterine, liver, prostate, esophageal, ovarian, bile duct, gallbladder, bladder, kidney, 
pharyngeal, and pancreatic cancer. N-NOSE relies on a single drop of urine, is non-invasive and cheap, and is notably more 
sensitive than the blood tumor markers CEA, CA19-9 and CA15-3.

In this presentation, we detail the C. elegans olfaction and chemotaxis method behind N-NOSE. Next, we review and 
summarize our recently published clinical studies on N-NOSE performed in several hospitals in Japan and compare N-NOSE 
performance to other cancer screening methods.

Then, we briefly comment on the next generation of N-NOSE methods currently under development. Lastly, we outline our 
“World Consortium” R&D grant initiative to anyone in the world with the goal of contributing to the development of next 
generations of N-NOSE cancer-specific using nematodes.

N-NOSE by Hirotsu Bio Science has been launched commercially in 2020 in Japan and is quickly seeking to expand overseas.

1146C Applying the Q system in Caenorhabditis elegans:	observed	issues	and	challenges

Brecht Driesschaert1, Lucas Mergan1, Elisabeth Dens1, Liesbet Temmerman1 1) Animal Physiology and Neurobiology, Department 
of Biology, KU Leuven, Belgium.

Gaining control over spatiotemporal features of gene expression is useful to improve our understanding of biological 
regulation. A common approach is to (ir)reversibly switch genes on or off via conditional expression systems. One such genetic 
toolkit is the Q system, a binary conditional expression system that was originally developed for mammalian cells and D. 
melanogaster, but has quickly been adapted for use in C. elegans as well.

The system consists of three components: QUAS, QF and QS. Expression of a sequence of interest can be controlled by placing 
it downstream of an enhancer sequence (QUAS) that can be recognized by a transcriptional activator (QF). Advantageous over 
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the canonical Gal4UAS system, the Q system permits to temporally control gene expression in a temperature-independent 
manner through the addition of quinic acid, which (reversibly) sequesters the transcriptional suppressor QS.

Because of this substantial benefit, we turned to the Q system to build a reporter strain to visualize the endocytic capacity 
of the C. elegans coelomocytes. The objective is to gain reversible temporal control (on and off) over the expression of a 
fluorescent reporter, mNeonGreen, to generate temporally resolved mNeonGreen secretion by source cells, of which the 
subsequent degradation by the coelomocytes could then be observed.

However, while the Q system has successfully been used to spatially restrict gene expression, there is little support for its 
performance in terms of temporal control. In an ongoing effort to validate the Q system for the research purpose described 
above, we encountered several points of attention which we here wish to share with the community. Especially at the level 
of the QF/QS ratio, there appears to be but a narrow window of opportunity that avoids leaky expression on one hand, 
vs inefficient de-repression of transcription by quinic acid on the other. We hope these results may engage others using 
conditional expression systems in a discussion balancing practical challenges and opportunities of these tools.

1147A	 Rethinking	the	worm	pick:	Alternative	materials	and	sterilization	methods

Anthony Fouad1, Zihao Li1, Christopher Fang-Yen1 1) Department of Bioengineering, University of Pennsylvania, Philadelphia, PA.

The platinum worm pick, a fixture in C. elegans laboratories for decades, has two drawbacks: (1) the high cost of platinum, a 
significant problem in many educational settings, and (2) the reliance on an open flame for sterilization, which presents safety 
hazards.

To address the first drawback, we evaluated whether platinum could be replaced with an alternative metal. An ideal worm 
pick cools quickly after heating, withstands high temperature without degradation, can be flattened and shaped easily, and is 
inexpensive. With these criteria in mind, we compared 90% platinum, 10% iridium wire (PT9010) with 5 alternatives: stainless 
steel (SS), Nickel 200, two nickel chromium (Nichrome) alloys, and iron-chromium-aluminum (FeCrAl). To measure cooling rate 
we built a circuit to resistively heat wires (all 255 µm in diameter) to 800 ºC and measured the time it took them to cool to 25 
ºC. We found that PT9010 and FeCrAl cooled more rapidly (6-7 s) than the other metals tested (8-9 s). To assay heat resistance 
we conducted a bending test after 3000 heating cycles of duration 4 s at 800 ºC. All materials except SS showed good heat 
resistance, withstanding >50 bends after 3000 heating cycles. SS exhibited poor heat resistance, breaking spontaneously after 
~300 cycles. All materials could be easily flattened using standard tools. With regard to cost, all alternative materials were < 
0.20 USD/m, as compared to 140 USD/m for PT9010. These results show that all metal alloys tested except for SS represent 
reasonable, economical alternatives for worm picks. The most promising is FeCrAl which cools as rapidly as platinum, exhibits 
good heat resistance, and is available at a fraction of the cost.

Next, to explore an alternative to flame sterilization, we designed an electric worm pick consisting of a loop of PT9010 or 
FeCrAl wire attached to a handle containing a rechargeable battery and circuit board. Depressing a button causes current to 
flow through the loop, heating it to about 800 ºC within 2 s. A battery charge lasts for ~500 sterilizations. Worm researchers 
who tested the device reported that the wire loop could be used similar to a worm pick and that electric sterilization promoted 
faster work since no movements to a flame were necessary. Our device represents a convenient and safer alternative to flame-
sterilized worm picks. We are using a similar loop-based worm picking technique in our automated worm picking system (see 
abstract by Zihao Li et al).

1148B	 The	OpenWorm	Project:	progress	update,	available	resources	and	future	plans

Padraig Gleeson1,2, Bradly Alicea2,3, Matteo Cantarelli2, Vahid Ghayoomie2, Giovanni Idili2, Sergey Khayrulin2,4, Andrey Palyanov2,4, 
Mark Watts2, Stephen Larson2 1) Department of Neuroscience, Physiology and Pharmacology, University College London, UK; 2) 
OpenWorm Foundation, Delaware, USA; 3) Orthogonal Research and Education Laboratory, Champaign, IL, USA; 4) A.P. Ershov 
Institute of Informatics Systems, Siberian Branch of the Russian Academy of Sciences, Novosibirsk, Russian Federation.

The OpenWorm project (http://openworm.org) is a global, online collaboration of computational and experimental 
neuroscientists, software developers and interested volunteers with an ambitious long-term goal: creating a cell-by-cell 
computer model of C. elegans which reproduces the behaviour of the real animal in as much detail as possible. The project 
takes a unique Open Science approach to development, making all code, data and documentation publicly available at the 
time of production. This will provide a community resource which consolidates our anatomical and physiological knowledge of 
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the worm, and will allow investigators to examine the mechanistic underpinnings of how behaviour is generated by a complete 
nervous system.

The first concrete milestone for the project is an accurate simulation of locomotion including the motor system, with realistic 
electrophysiology of the muscle cells and connected neurons to reproduce the crawling gait. A prototype of this simulation 
has been released (https://github.com/openworm/OpenWorm), and the model is being validated by comparison with crawling 
behaviour from experimental recordings. Current work focuses on investigating the influence of gap junctions between 
adjacent muscles on synchronization of their activity, and incorporation of proprioceptive feedback from stretch sensitive 
motoneurons.

The public resources developed already by the project include: Sibernetic

: a simulation engine to model the environment and the 3D body of the worm, with the ability to simulate fluids of variable 
viscosities and contractible elastic matter with impermeable membranes; Geppetto

: a web based visualization and simulation engine which will help make the output of the project accessible through any 
browser; c302

: a framework for generating network models of C. elegans incorporating known connectomic data which can include model 
neurons of varying levels of biophysical detail; owmeta

: a framework for accessing and sharing anatomical and physiological data on C. elegans, facilitating their use in computational 
models. The DevoWorm

subproject focuses on embryogenesis and the study of comparative development between C. elegans and various vertebrate 
and invertebrate species.

These resources, which are being used for our own research as they are developed, are available for the wider community for 
simulation studies at multiple scales. Experiments can be trialled in-silico before planning in-vivo experiments. Additionally, 
having many experimentalists as users will encourage a feedback process, helping to improve the biological realism of the 
OpenWorm core model.

1149C	 Developing	a	high	content,	whole	organism	behavioral	screening	platform	for	specialized	metabolites	synthesized	
by plants

Sujay Guha1, Emily Fryer2, Lucero Rogel1, Ehsan Rezaei1, Theresa Logan-Garbisch1, Iris Mollhoff1, Adam Nekimken1, Angela Xu2, 
Sylvia Fechner1, Alakananda Das1, Jason Casar1, Hodan Farah1, Lauren O’Connell1, Shaul Druckmann1, Thomas Clandinin1, Seung 
Rhee2, Miriam Goodman1 1) Stanford University; 2) Carnegie Institution for Science.

Plants evolved complex strategies to influence animal behavior and humans have used plants for their medicinal properties 
for centuries. Both phenomena depend on specialized metabolites (SMs) synthesized by plants, many of which are potent 
chemical actuators of brain function. Prominent examples include nicotine, cannabinoids, and opiates. We are building on 
these evolutionary interactions to pair new SMs with their receptors in the nervous system based on a chemotaxis screen in C. 
elegans. In order to evaluate a large number of plant SMs, we developed a semi-automated, high-content screening pipeline. 
With the current version of the pipeline, we can test up to 96 compounds against wild-type (N2) animals with ~10 person-
hours of screening time. The pipeline is not limited to testing a single genotype, but can easily test four genotypes in parallel at 
present. We continue to iteratively improve the pipeline and believe that we can improve throughput by at least 10-fold with 
adjustments to our workflow. Additionally, we envision extending the workflow to handle tens-to-hundreds of worm strains 
in parallel. To curate the SMs that we test, we use chemi-informatic tools and draw on knowledge of biosynthetic pathways 
in plants. Thus far, approximately 10% of the screened compounds are hits that either attract or repel worms. A key next step 
for evaluating hits will be to determine if chemotaxis responses depend on the tax-4 or osm-9 ion channels known to mediate 
chemosensory transduction in C. elegans. Given that other attractants and repellents act by binding to GPCRs or to receptor 
guanylate cyclases, we anticipate that SMs will also bind to these classes of receptors. Having developed this screening 
pipeline, we are poised to pair SMs from plants with their receptors in the C. elegans nervous system. These compounds and 
their receptors may enhance understanding of the chemical codes that link plants to nematodes while also providing entry 
points for drug discovery or new tools for research.

1150A	 Immobilization	of	C.	elegans	by	thermoelectric	cooling	for	high-throughput	microscopy
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Erik Jaklitsch1, Yao Wang1, Noa Grooms1, Samuel Chung1 1) Northeastern University.

Microscopy, surgical techniques, and imaging in vivo are broadly utilized for model organisms. However, despite widespread 
usage, these strategies for multicellular organisms remain low-throughput and require significant manual involvement. Here, 
we report the implementation of a novel cooling stage to immobilize Caenorhabditis elegans on typical agar cultivation plates 
for these purposes. This device can effectively cool C. elegans to between 1-2 degrees Celsius for immobilization and maintain 
the temperature with minimal fluctuations. We demonstrate the ability to perform imaging and surgical techniques without 
classic anesthetic agents like sodium azide. This technique decreases animal processing time while maintaining organism 
viability and fecundity, using an intuitive device built with attainable materials. Our thermoelectric cooling stage, which is 
highly effective and built to combine with standard microscopy setups, can enable high-throughput microscopy and surgical 
techniques with decreased manual and chemical interventions.

1151B	 Optogenetic	manipulation	of	individual	or	whole	population	Caenorhabditis elegans worms with an under 
hundred-dollar	tool:	the	OptoArm

Mandy Koopman1, Leen Janssen1, Ellen Nollen1 1) European Research Institute for the Biology of Ageing-University Medical 
Center Groningen, Groningen, Netherlands.

Optogenetic tools have revolutionized the study of neuronal circuits in Caenorhabditis elegans. The expression of light-
sensitive ion channels or pumps under specific promotors allows researchers to modify the behavior of excitable cells. Several 
optogenetic systems have been developed to spatially and temporally photoactivate light-sensitive actuators in C. elegans. 
Nevertheless, their high costs and low flexibility have limited access to optogenetics for a broad public. Here, we developed 
an inexpensive, easy-to-build and highly adjustable optogenetics device for use with different microscopes and wormtrackers, 
called the OptoArm. The OptoArm allows for single-and multiple-worm illumination during imaging and is adaptable in terms 
of light intensity, lighting profiles and light-color. We demonstrate the system’s versatility by performing multi-parameter 
behavioral analysis upon cholinergic and GABAergic stimulation. Furthermore, we leveraged the OptoArm’s power in a 
population-based study to dissect the contributions of motor circuit cells to age-related motility decline. We discovered that 
the functional decline of cholinergic neurons corresponds with motor decline, while GABAergic neurons and muscle cells 
appear relatively age-resilient. This would suggest a rate-limiting, cell type-specific vulnerability to ageing, which may underlie 
neuronal circuit aging.

1152C	 Burrrowing	chip:	A	microfluidic	platform	to	visualize	and	quantitate	the	burrowing	behavior	of	C. elegans

Leila Lesanpezeshki1, Masoud Norouzi Darabad1, Taslim Anupom2, Ricardo Laranjeiro3, Monica Driscoll3, Jerzy Blawzdziewicz4, 
Siva A. Vanapalli1 1) Dept. of Chemical Engineering. Texas Tech University, Lubbock, TX; 2) Dept. of Electrical Engineering. Texas 
Tech University, Lubbock, TX; 3) Dept. of Molecular Biology and Biochemistry, Rutgers, The State University of New Jersey, 
Piscataway, NJ; 4) Dept. of Mechanical Engineering. Texas Tech University, Lubbock, TX.

Caenorhabditis elegans has been widely used to study the genetics of behavior and neuromuscular function. Most of the 
behavioral studies in C. elegans are limited to two-dimensional (2D) assessment of animal locomotion on agar plates (crawling) 
or in liquid (swimming), and it was not until recently that C. elegans studies began to focus on 3D motion. 3D locomotion 
where animals burrow through a matrix is known to be physiologically distinct from 2D crawling and swimming (Bilbao et 
al. 2018) and 3D movement evokes different gene expression responses (Hewitt et al. 2020). We have previously deployed a 
Pluronic hydrogel environment to assess the burrowing performance of muscle mutants. The stiffness of the gel can be tuned 
to challenge the animals to burrow through a higher mechanical resistance environment to increase the assay sensitivity 
(Lesanpezeshki et al. 2019). However, due to the assay geometry being in a well-plate, the full burrowing trajectory was not 
observable, and the animals could be only visualized at the top surface, precluding evaluation of the burrowing behavior 
throughout the gel layers.

To address the above issues, we have developed a microfluidic platform called a burrowing chip, that enables visualization 
and assessment of burrowing behavior in the same Pluronic hydrogel environment. The microfluidic format provides excellent 
control of the chemotactic gradient and animal/gel loading. The shallow depth of the channel enables use of consumer 
cameras for visualizing and recording burrowing behavior. We show that the device provides a 3D environment to assess the 
animal’s burrowing performance and the animal distribution along the channel during chemotaxis. Next, we identify two 
burrowing classes of behaviorally slow and fast movement, based on the time it takes animals to reach the attractant. Slow 
burrowers weakly maintain their direction toward the attractant. We have discovered pause intervals as a novel phenotype 
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for stimulated burrowing animals, as the burrowing animals exhibit long pauses. Finally, we show that the burrowing chip 
is capable of characterizing the muscle mutants based on their lower burrowing velocity and higher frequency of pauses 
compared to wild-type animals.

We suggest that the burrowing chip can be used to provide insights into the genetic basis of burrowing behavior and to assess 
the neuromuscular health in C. elegans, paving the road to identify therapeutic targets for age-related diseases and decline.

1153A	 Microfluidic-based	platform	for	automated	C. elegans culturing and phenotyping

Laurent Mouchiroud1, Elena Katsyuba1, David Liaskos1,2, Fabien Tâche1, Johan Auwerx2, Matteo Cornaglia1 1) Nagi Bioscience SA, 
Lausanne, Switzerland; 2) Ecole Polytechnique Fédérale de Lausanne, Lausanne, Switzerland.

Caenorhabditis elegans (C. elegans) has been known for almost six decades as a powerful exploratory organism in fundamental 
research, helping to address biological questions in the fields of aging, developmental and cell biology, neurobiology and 
genomics. Nowadays C. elegans is also recognized as a valuable alternative to rodent and cellular models in drug discovery 
and toxicology. A lot of progress has been done over the last decade regarding the techniques employed to study C. elegans, 
particularly thanks to the introduction of microfluidic approaches in the field. However, there is still lack of an “all-in-one” 
solution providing full automation and standardization of all the main aspects of C. elegans experimentation, including culture, 
chemical/genetic treatment, observation and data recording/analysis. Moreover, often would be key to follow the dynamics of 
biological processes (e.g. gene, protein expression, development, etc.) over time, which is particularly challenging and limited 
using traditional C. elegans methods.

At Nagi Bioscience we have developed a “Worm-on-Chip” technology that allows fully automated C. elegans experimentation. 
Our microfluidic-based platform consists of three main components, altogether offering a possibility for long-term worm 
culturing and phenotyping:

- microfluidic chips: allowing standardized worm culture and testing of up to 16 different biological conditions in parallel

- robotic device: servicing the chips (up to 4 chips in parallel), which ensures automated worm distribution and maintenance of 
the optimal conditions for nematode culturing, and executes image acquisition

- data analysis and interpretation software, based on machine learning: allowing automated processing of the images acquired 
during an experiment, feature extraction, data analysis and interpretation

With our all-in-one platform we are capable to monitor development, growth, fertility, reproduction, aging and fitness of the 
worms. Here we show that this technology offers an unprecedented range of parameters that can be adapted for different 
research goals. An integrated incubator guarantees a fine-tuned temperature control at any moment of the experiment, 
approving the use of transgenic strains, which require a particular temperature regime for their maintenance. The images can 
be acquired in bright-field or fluorescent modes, allowing the user to take advantage of the large collection of existing reporter 
strains. Different dietary conditions can be mimicked by varying bacteria concentration and the experimental protocol can be 
adapted for various exposure schemes (e.g. exposure to compounds from a specific developmental stage).

1154B	 The	auxin-inducible	degron	2	(AID2)	system	provides	sharp	degradation	control	with	low	ligand	concentrations	and	
works at all developmental stages of C. elegans

Takefumi Negishi1,4, Yuka Tanaka2, Ken-ichiro Hayashi2, Masato Kanemaki3,4 1) Multicellular Organization Laboratory, National 
Institute of Genetics; 2) Department of Biochemistry, Okayama University of Science; 3) Molecular Cell Engineering Laboratory, 
National Institute of Genetics; 4) Department of Genetics, School of Life Science, SOKENDAI (The Graduate University for 
Advanced Studies).

In cases where genetic mutants are not readily available, RNA interference has been used for many years for loss-of-function 
analyses. Recently, the genome-editing technology has made it possible to fuse a degron tag to endogenous proteins of 
interest, allowing us to induce their degradation for loss-of-function analyses . The auxin-inducible degron (AID) system is one 
of the major degron-based technologies that has been used in many research communities, including the C. elegans filed. The 
pair of a 44-amino acid degron tag (namely AID*) and the TIR1 E3 ligase subunit derived from Arabidopsis thaliana (AtTIR1) has 
been used in studies using C. elegans.



Abstracts

23rd International C. elegans Conference     |    471

While the AID system is getting popular, two major drawbacks have been reported: 1) leaky degradation of AID-fused proteins 
in the absence of auxin and 2) the requirement for a high concentration of auxin. Recently, we developed an improved version, 
namely AID2, that worked in yeast, mammalian cells, and mice. In the AID2 system, we employed a TIR1 mutant derived from 
rice (OsTIR1(F74G)) and a new ligand, 5-phenyl-indole-3-acetic acid (5-Ph-IAA).

In this study, we applied AID2 to C. elegans and compared it with the original AID system. To this end, we inserted a transgene 
encoding AtTIR1(F79G) into the genome. First, we found that strain expressing AtTIR1(F79G) showed no significant basal 
degradation. Then, we found 5-Ph-IAA for AID2 induced rapid target degradation with a concentration 1,300 times lower than 
IAA for AID. Moreover, we developed a modified 5-Ph-IAA that has better permeability. Using this new ligand, we showed 
that AID2 worked effectively in the embryos surrounded by the eggshell. Our results indicate that the AID2 system is a better 
option for loss-of-function analyses of C. elegans in the future.

1155C	 easyXpress:	an	R	package	for	processing	high-throughput,	image-based	C. elegans phenotype data

Joy Nyaanga1, Timothy Crombie1, Samuel Widmayer1, Erik Andersen1 1) Northwestern University.

Developments in high-throughput imaging technologies have improved C. elegans studies by increasing experimental 
efficiency as well as both data quantity and quality. Existing systems for automated data collection, such as the Molecular 
Devices ImageXpress platforms, generate high-resolution images of nematodes that can be analyzed further by software like 
CellProfiler to extract phenotype information. Although this software is efficient at automating the extraction of phenotype 
data, the sheer quantity of generated data can be unwieldy and difficult to parse. We developed easyXpress, a novel software 
package, to move the processing and review of C. elegans phenotype data into the R environment. The package provides a 
logical workflow for the reading, processing, and visualization of data generated from CellProfiler’s WormToolbox. Included 
are several powerful functions to customize the filtering of noise in data, specifically by identifying and removing objects 
that deviate in size and shape from expected nematode parameters. This flexibility in data filtering allows users to optimize 
their analysis pipeline to match their needs. In addition, easyXpress includes tools for generating compact yet detailed 
visualizations, allowing the user to visually observe and interactively compare summary statistics across wells and plates 
with ease. Researchers studying C. elegans will benefit from this streamlined and extensible R package, complementary to 
CellProfiler analysis software, that leverages the R environment to rapidly process and analyze large high-throughput imaging 
data sets.

1156A	 Testing	the	use	of	liposomes	for	drug	delivery	in	C. elegans

Aihan Zhang1, Kuei Ching Hsiung1, David Gems1 1) Institute of Healthy Ageing, and Department of Genetics, Evolution and 
Environment, University College London.

While C. elegans is an excellent model organism for studying the genetics of aging, for testing effects of drugs on aging it is 
problematic, for two reasons in particular. First, many compounds administered to C. elegans are not taken up (1). Second, 
increases in lifespan may reflect drug effects on the E. coli food source (2). Further issues are bioconversion of drugs by E. coli 
(3), and the high cost of some compounds. One possible solution to all these problems is the use of liposome-mediate drug 
delivery, which can increase uptake into the worm, as shown previously using the fluorescent dye uranine (4). This may reflect 
better carriage by the pharynx of particulate matter into the gut lumen and/or better passage from the lumen into intestinal 
cells. Liposomes should also reduce interactions between drug and E. coli, and enable delivery of drugs to worms using much 
smaller quantities than required when administering them via the agar.

With the ultimate aim of testing effects of anti-aging drugs on senescent pathology in C. elegans, we have been investigating 
the efficacy of liposome-mediated drug delivery, initially using fluorescent dyes. Our results thus far have confirmed that 
liposomes are an efficient means to deliver drugs into the intestinal lumen using very small quantities of compound. However, 
they appear not to improve passage across the apical intestinal membrane. We are currently testing effects on lifespan of 
liposome-mediated delivery of a range of putative anti-aging drugs, and will present the results at the meeting.

(1)Nat. Chem. Biol. 2010 6: 549. (2) Cell 2013 153: 228. (3) Cell 2017 169: 442. (4) Mech. Ageing Dev. 2009 130: 652.

1157B	 Simulated	Microgravity	Impairs	C. elegans Gut Immunity

Alfredo Jr. Alcantara1, Toko Hashizume2, Akira Higashibata3, Atsushi Higashitani4, Jin Il Lee1 1) Division of Biological Science and 
Technology, College of Science and Technology, Yonsei University, Wonju, South Korea; 2) Advanced Engineering Services, 
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Tsukuba, Japan; 3) Human Spaceflight Technology Directorate, Japan Aerospace Exploration Agency, Tsukuba, Japan; 4) 
Department of Environmental Life Sciences, Graduate School of Life Sciences, Tohoku University, Sendai, Japan.

Humanity had been fascinated with space exploration and habitation. However, weak gravity force in outer space, termed 
as microgravity, has been known to alter normal human biology and induce health risks, such as muscle atrophy and 
compromised immunity. The underlying processes on how gravity is sensed by the body and how it affects immunity are still 
unclear.

The nematode Caenorhabditis elegans, is a well-known model organism in the field of innate immunity and space research. 
Similar to humans, worm immune response signaling is regulating by MAPK and TGFβ pathways. Previous microgravity 
experiments in C. elegans have shown an increase in p38 MAPK pmk-1 expression in simulated microgravity (Li, Wang, & 
Wang, 2018) and decreased expression of TGFβ ligand dbl-1 in space (Harada et al., 2016).

In this study, we have utilized Enterobacter cloacae carrying tdTomato fluorescence reporter to observe gut colonization in C. 
elegans under simulated microgravity using a 3D clinostat. E. cloacae is a known commensal in C. elegans’ gut but is invasive in 
immunocompromised dbl-1 mutant worms (Berg et al., 2019).

Our preliminary results have shown that simulated microgravity can induce E. cloacae gut colonization in wild type C. elegans 
and aggravated colonization in pmk-1 mutants, while there is no difference observed in dbl-1 mutants which have robust 
colonization in both normal earth gravity and simulated microgravity, which demonstrates potential involvement of these 
pathways.

Our study aims to discover the underlying mechanism of gravity sensing and how it affects the immune signaling pathways. In 
addition, spaceflights are already scheduled to send C. elegans aboard the International Space Station (ISS) for actual space 
gravity experiments.

1158C	 Effects	of	a	new	bacterial	pathogen,	Bordetella atroposiae,	on	the	genetic	fitness	of	Oschieus tipulae

Munira Ali1, Tuan Tran1, Greg Burkeen1, Marie-Anne Felix2, Robert Luallen1 1) San Diego State University; 2) Institut de Biologie 
de l›Ecoli Normale Superieure.

Intracellular bacterial pathogens have long been known to cause infectious diseases within the human population. Obligate 
intracellular pathogens, like Rickettsia parkeri survive and reproduce solely within the host cell, whereas facultative pathogens, 
like Listeria monocytogenes, are able to exploit multiple host niches. To fully understand the microbial interactions taking 
place in the host epithelia, we sample for natural pathogens of wild rhabditid nematodes, like Caenorhabditis elegans and 
Oscheius tipulae. From ecological sampling in Finestere, France, we discovered a new facultative intracellular bacteria inside 
the intestinal cells of a wild isolate of O. tipulae. Characteristically, this bacterium, which we named Bordetella atroposiae, has 
a coccobacilli morphology and exhibits a unique filamentation mechanism for intracellular cell-to-cell spreading.

With the main purpose of understanding the effects of B. atroposiae on the genetic fitness of the cognate strain, we conducted 
lifespan and broodsize assays to determine any health and reproductive impacts of the bacterium. We found that B. atroposiae 
has a severe negative impact on the genetic fitness of the cognate O. tipulae (JU1501) strain. Animals placed on B. atroposiae 
lived on average for 3 days, compared to worms on OP50 which lived on average for 7 days. Broodsize assays to determine the 
number of progeny also showed that animals on B. atroposiae produced on average 2 progeny, compared to those grown on 
OP50 which produced on average 185 progeny. Aside from the cognate strain, we screened a small panel of wild isolates of 
O. tipulae and found a spectrum of resistance and susceptibility to B. atroposiae. Two strains that are naturally resistant to B. 
atroposiae were tested as above for fitness effects. We found that the lifespan of these resistant isolates, BA1009, and JU457, 
were increased compared to the susceptible strains.

Collectively, we discovered a new species of facultative intracellular pathogen, B. atroposiae, with high pathogenicity in the 
cognate and wild-type strains of O. tipulae. We have also found certain wild isolates of O. tipulae have natural resistance to B. 
atroposiae, indicating some level of coevolution occurring between this bacterium and O. tipulae. In the future, we will map 
the O. tipulae alleles leading to B. atroposiae resistance.

1159A	 Innate	Immunity	Promotes	Sleep	through	Epidermal	Antimicrobial	Peptides

Marina Sinner1, Florentin Masurat2, Jonathan Ewbank3, Nathalie Pujol3, Henrik Bringmann1 1) TU Dresden; 2) MPIBPC; 3) CIML.



Abstracts

23rd International C. elegans Conference     |    473

Wounding and infection trigger a protective innate immune response that includes the production of antimicrobial peptides 
in the affected tissue as well as increased sleep. Little is known, however, how peripheral wounds or innate immunity signal to 
the nervous system to increase sleep. We found that, during C. elegans larval molting, an epidermal tolloid/bone morphogenic 
protein (BMP)-1-like protein called NAS-38 promotes sleep. NAS-38 is negatively regulated by its thrombospondin domain and 
acts through its astacin protease domain to activate p38 mitogen-activated protein (MAP)/PMK-1 kinase and transforming 
growth factor β (TGF-β)-SMAD/SMA-3-dependent innate immune pathways in the epidermis that cause STAT/STA-2 and 
SLC6 (solute carrier)/SNF-12-dependent expression of antimicrobial peptide (AMP) genes. We show that more than a dozen 
epidermal AMPs act as somnogens, signaling across tissues to promote sleep through the sleep-active RIS neuron. In the adult, 
epidermal injury activates innate immunity and turns up AMP production to trigger sleep, a process that requires epidermal 
growth factor receptor (EGFR) signaling that is known to promote sleep following cellular stress. We show for one AMP, 
neuropeptide-like protein (NLP)-29, that it acts through the neuropeptide receptor NPR-12 in locomotion-controlling neurons 
that are presynaptic to RIS and that depolarize this neuron to induce sleep. Sleep in turn increases the chance of surviving 
injury. Thus, we found a novel mechanism by which peripheral wounds signal to the nervous system to increase protective 
sleep. Such a cross-tissue somnogen-signaling function of AMPs might also boost sleep in other animals, including humans.

1160B	 The	lipid	biosynthesis	master	regulator	sbp-1 is critical for Orsay virus infection in C. elegans

Luis Casorla-Perez1, David Wang1 1) Washington University in St. Louis.

Many viruses utilize host lipids during the viral life cycle. We used the novel C. elegans-Orsay virus experimental model to 
define the impact of virus infection on lipid abundance as well as the dependency of virus infection on host lipids. Lipid staining 
with Lipidtox in live animals demonstrated that by 24 hpi there was a reduction in lipid abundance of around 60 %. To analyze 
the dependence of Orsay virus on lipids, we genetically depleted sbp-1, a transcription factor involved in the synthesis of lipids. 
RNAi knockdown of sbp-1 reduced Orsay virus RNA levels by 200-fold. Likewise, mutant animals in this gene demonstrated 
a reduction of 1000-fold in the amount of viral RNA. sbp-1 has been reported to regulate the expression of several enzymes 
involved in the synthesis of lipids. Mutants in sbp-1 have reduced levels of oleic acid and increased accumulation of its 
precursor stearic acid. To analyze if we can recover the viral infection in sbp-1 mutant animals, we supplemented the growth 
media with oleic acid. Orsay viral RNA levels were rescued to levels comparable to those found in wild type worms; addition 
of stearic acid had no effect. Likewise, to investigate what stage of virus infection was affected, an in vivo replicon system was 
generated in the sbp-1mutant animals. Our findings suggest that an early step of virus infection subsequent to viral entry was 
inhibited. These data demonstrate the critical role of host lipids for virus infection in an in vivo model, providing a novel route 
to further dissect the interactions between lipids and viruses.

1161C	 Characterization	of	a	new	model	of	Wilson	disease	to	find	innovative	targets	and	pathways	to	attenuate	Cu	toxicity

Federico Catalano1,2, Ekaterina Ilicheva3,4, Iurii Orlov3, Pamela Santonicola2, Giuseppina Zampi2, Elena Polishchuk1, Ludmila 
Puchkova3, Elia di Schiavi2, Roman Polishchuk1 1) Telethon Institute of Genetics and Medicine (TIGEM) ; 2) Institute of 
Biosciences and Bioresources (IBBR), CNR, Naples, Italy; 3) ITMO University, St. Petersburg, Russia; 4) Department of Molecular 
Genetics, Institute of Experimental Medicine, St. Petersburg, Russia.

Copper is an essential nutrient that is required for many vitally important processes, such as respiration, connective tissue 
biogenesis and iron metabolism. However, excess of copper represents a serious danger, due to its ability to induce free 
radical-induced oxidative damage, as well as impairments of lipid metabolism and neuronal activity. Wilson disease (WD) 
represents an excellent system for Cu toxicity studies. WD is caused by mutations in ATP7B pump effluxing excess Cu from 
hepatocytes into the bile. Loss of ATP7B leads to toxic Cu overload in liver and then in brain, causing fatal hepatic and 
neurologic abnormalities.

Over the last years, C. elegans has emerged as an easy-to-use and highly responsive model of micronutrient metabolism. For 
this reason, we have generated and characterized a new C. elegans model of WD. CUA-1, the C. elegans ortholog of ATP7B, 
resides in lysosome-like organelles to sequester excess of copper and, therefore, represents a key component regulating 
copper supply and detoxification in order to maintain copper homeostasis.

Using Crispr-Cas9 technology a cua-1(knu781 [H828Q]) strain was generated, that carries a substitution in conserved histidine 
corresponding to the most common H1069Q variant of ATP7B causing WD in European and North American population. 
In order to understand the effect of H828Q mutation on C. elegans phenotype we employed several assays that allow life 
span, motility, egg laying, larval development and mitochondria damage to be evaluated. Moreover, we are studying the 
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colocalization of the mutant CUA-1 protein with markers of different organelles, such as lysosome, Golgi and ER, as well as with 
the copper sensor CF4.

Our studies established that in absence of copper, cua-1(knu781) does not show any significant phenotypic aberrations. 
However, mutant worms exhibited very poor resistance to copper compared to the control strain. This manifested in a strong 
decrease in number of eggs, a delay in the larval development, a shorter lifespan, impaired motility and mitochondrial 
damage. Taken together our finding suggest that cua-1(knu781) represents an excellent model for Cu toxicity studies in 
WD. We further plan to use this model for identification and validation of the new therapeutic targets for WD. Moreover, 
cua-1(knu781) will be used for evaluation of the FDA-approved drugs that emerged from a high throughput screening for 
compounds reducing Cu toxicity in WD.

1162A	 Evaluating	the	effects	of	individual	Orsay	virus	proteins	on	the	C. elegans Intracellular Pathogen Response

Barbara Chen1, Emily Cooper1, Jessica Sowa1 1) West Chester University of Pennsylvania, West Chester, PA.

To successfully withstand a pathogen attack, organisms must first recognize the presence of an invader and then mount an 
immune response. C. elegans lack adaptive immunity and have no known professional immune cells, meaning that they rely 
exclusively on epithelial innate immunity for pathogen defense. The goal of this project is to better understand the interactions 
between viruses and host innate immune signaling. The Orsay virus, a natural pathogen of C. elegans, is a positive single-
stranded RNA virus with an unusually small genome containing only four proteins (Félix et al., 2011). Orsay viral infection 
induces an innate immune response in C. elegans known as the Intracellular Pathogen Response (IPR) (Bakowski et al., 2014; 
Reddy et al., 2017, 2019). The IPR is a transcriptional innate immune response that provides defense against stress and 
intracellular pathogens (Reddy et al., 2017). The activity of the RNA-dependent RNA polymerase encoded by the Orsay virus 
RNA1 genome segment is known to trigger induction of the IPR through a mechanism dependent on the DRH-1 receptor, 
and expression of the RNA-dependent RNA polymerase alone is sufficient to turn on the IPR in the absence of infection 
(Sowa et al., 2020). However, the individual effects of the other three Orsay viral proteins on IPR induction have not yet been 
investigated. In this project, we will assess the effects of the Orsay viral capsid, delta, and capsid-delta fusion proteins on 
induction of the IPR. Thus far, molecular cloning has been used to construct plasmids for heat-shock-inducible overexpression 
of the capsid, delta, and capsid-delta fusion proteins. These constructs will be used to create transgenic lines overexpressing 
each of the three viral proteins. To visualize IPR activation levels in these strains, we will use the pals-5p::GFP IPR 
transcriptional reporter strain, in which the promoter for pals-5 (a gene which is part of the IPR) drives the expression of GFP 
when the IPR is triggered (Bakowski et al., 2014). By assessing the degree of IPR activation in the viral protein overexpression 
strains vs non-transgenic siblings, under different stress conditions we will determine whether the Orsay viral capsid, delta, or 
capsid-delta fusion proteins affect IPR signaling.

1163B	 Regulation	of	the	Intracellular	Pathogen	Response	by	purine	metabolism	in	C. elegans

Crystal Chhan1, Eillen Tecle1, Latisha Franklin2, Ryan Underwood1, Wendy Hanna-Rose2, Emily Troemel1 1) Division of Biological 
Sciences, University of California, San Diego, La Jolla, California, United States of America; 2) Department of Biochemistry and 
Molecular Biology, The Pennsylvania State University, University Park, Pennsylvania, United States of America.

The Intracellular Pathogen Response (IPR) is a host transcriptional response in C. elegans to two natural, yet distinct, 
intracellular pathogens: the microsporidian eukaryotic pathogen, N. parisii, and the positive-sense, single-stranded RNA virus, 
the Orsay virus. To better understand regulation of the IPR, our lab used a forward genetic screen to identify novel negative 
regulators of the IPR; and here, we found purine nucleoside phosphorylase (pnp-1). pnp-1 acts in the purine salvage pathway 
to convert the nucleoside inosine into the free base hypoxanthine, which suggests that perturbation of purine metabolism may 
activate the IPR.

Loss of pnp-1 results in the constitutive expression of IPR genes and confers resistance to N. parisii and the Orsay virus. 
pnp-1 mutants also have increased survival upon infection with N. parisii. These phenotypes are similar to the previously 
identified negative regulator of the IPR called pals-22. However, distinct from pals-22 mutants, pnp-1 mutants display 
increased resistance to the extracellular bacterial pathogen Pseudomonas aeruginosa. Interestingly, RNAseq analysis shows 
pnp-1 mutants have broad upregulation of IPR genes, but distinct from pals-22 mutants, they also have upregulation of genes 
induced upon bacterial infection and other immunity pathways, such as the p38 MAP kinase pathway.

To further understand the effects of purine metabolism on regulation of the IPR, we looked into other components of the 
purine salvage pathway. We used an RNAi screen and found that knock-down of only one other purine metabolism enzyme 
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gene in our screen, adenosine deaminase (adah-1), led to activation of the IPR. Interestingly, adah-1 acts just upstream of 
pnp-1 in the purine degradation pathway, converting the nucleoside adenosine into the nucleoside inosine. Full deletion of 
adah-1 results in sterility, and so we are using RNAi knockdown of adah-1 to investigate which genes are regulated by adah-
1 using RNAseq analysis. Here we expect to gain more insight to the genes regulated in common by adah-1 and pnp-1. We 
also will investigate how adah-1 regulates pathogen resistance to obtain a better picture of how purine metabolism regulates 
immunity.

1164C	 Determinants	of	Signaling	Specificity	for	DBL-1/BMP	in	the	Immune	Response	of	the	Nematode	Caenorhabditis 
elegans

Emma Ciccarelli1, 2, Raman Kaur1, Cathy Savage-Dunn1,2 1) Queens College, CUNY; 2) The Graduate Center, CUNY.

When exposed to infection, the nematode C. elegans mounts an innate immune response through secretion of antimicrobial 
peptides (AMPs). Different signaling pathways in the worm regulate release of these AMPs. Our research aims to determine 
the way in which the C. elegans BMP like pathway - regulated by the ligand DBL-1 - interacts with other signaling pathways 
in order to confer immunity. The DBL-1 pathway plays a significant role in development and we are interested in discovering 
how it is able to differentiate a response specific to immunity, separate from its other functions in the worm. Through survival 
analysis we have shown that when exposed to pathogenic bacteria, expression of the DBL-1 effector SMA-3 in either the 
hypodermis or pharynx is capable of improving survival compared to sma-3 mutants. These results suggest possible cross-talk 
between the pharynx and the intestinal site of infection, potentially through a non-canonical signaling pathway. Through the 
use of qRT-PCR we have found two immune-related genes with expression patterns that indicate regulation by DBL-1 signaling. 
We plan to use these data to further examine in which tissues DBL-1 signaling plays the largest role in the immune response 
of the worm and whether canonical or non-canonical DBL-1 activity is responsible for this function. We have also shown that 
mutation of three of the other C. elegans TGF- β ligands results in similarly impaired survival rates as our dbl-1 mutants. This 
includes the BMP like ligand TIG-2 as well as TGF-β ligands DAF-7 and UNC-129. We plan to observe the survival patterns of 
double mutants for dbl-1 and these other TGF-β ligands in order to determine whether these are independent effects or due 
to involvement in the same pathway.

1165A Commercial Citrus paradisi and Citrus reticulata essential	oils	from	Argentina	rescue Caenorhabditis elegans from 
Pseudomonas aeruginosa infection

Romina D’Almeida1, Nahir Sued2, Mario Arena3 1) Instituto Superior de Investigaciones Biológicas (INSIBIO- CONICET- UNT). Av. 
Kirchner 1400. San Miguel de Tucumán. Tucumán. Argentina.; 2) Facultad de Bioquímica, Química y Farmacia – UNT. Ayacucho 
471. San Miguel de Tucumán. Tucumán. Argentina.; 3) Instituto de Biotecnología Farmacéutica y Alimentaria (INBIOFAL 
-CONICET-UNT). Av. Kirchner 1900. San Miguel de Tucumán. Tucumán. Argentina..

Natural products with anti-quorum sensing (QS) properties are attractive therapeutic agents that could help fight antibiotic 
resistance. C. paradisi and C. reticulata’s Essential Oils (EOs) have been shown to interfere with Pseudomonas aeruginosa QS 
signaling in vitro (on acyl-homoserine lactones AHLs production and elastase activity) and biofilm formation leading to an 
attenuation of the microbial virulence.

EOs from Argentina-grown Citrus paradisi (grapefruit) and Citrus reticulata (mandarin) were obtained by cold-pressing 
and cold-pressing followed by steam distillation. These EOs are complex mixtures of mainly monoterpene (94-98%) and 
sesquiterpene hydrocarbons and their oxygenated derivatives, with limonene as their main component (88-89.8%).

We assessed C. paradisi and C. reticulata’s EOs in their ability to extend the survival of Caenorhabditis elegans infected with P. 
aeruginosa PA14 and PAO1 and their effect on bacterial growth and biofilm formation. Fast (phenazines-mediated), slow (QS-
mediated) and HCN-mediated killing mechanisms of C. elegans were studied. Also, a food choice assay was used to study the 
effect of EOs on AHLs by PA14 in vivo. Mandarin and grapefruit EOs’ toxicity was evaluated assessing C. elegans survival, brood 
size and body length.

Our results showed that mandarin and grapefruit EOs at 0.2 mg/mL were safe for the nematodes, significantly inhibited 
biofilm formation (up to 50%), and improved worm survival following infection in the three assays evaluated (40-74%) without 
affecting PA14 and PAO1 growth. The food choice assay revealed a clear preference for PA14 grown in the presence of citrus 
EOs. C. paradisi EOs were more effective in reducing the virulence of P. aeruginosa in comparison with C. reticulata EOs and 
limonene, their main component. In addition, we observed no difference between the in vivo activity of EOs of each citrus 
species obtained by the two methodologies described.
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In conclusion, targeting the QS system is gaining much attention as an infection control strategy. Therefore C. paradisi and C. 
reticulata EOs could be proposed as sources of anti-QS agents for controlling human P. aeruginosa infections.

1166B	 Exposure	to	human	microbiota	isolates	during	development	impacts	Caenorhabditis elegans susceptibility	to	
Pseudomonas aeruginosa infection

Mercedes DiBernardo1, Lori Burrows1,2, Michael Surette1,2,3, Lesley MacNeil1,2,3 1) McMaster University, Hamilton, Ontario; 2) 
Michael G. DeGroote Institute for Infectious Disease Research, Hamilton, Ontario; 3) Farncombe Family Digestive Health 
Research Institute, Hamilton, Ontario.

Commensal microorganisms that colonize host surfaces can modulate susceptibility to infection. This can occur through direct 
inhibition of pathogen growth via competitive exclusion, or by modulation of the host environment to prevent pathogen 
dissemination and infection-mediated damage. However, understanding the mechanisms underlying these interactions is 
challenging due to the complexity of the microbiome. Here, we investigate the influence of human respiratory tract microbiota 
isolates on C. elegans susceptibility to Pseudomonas aeruginosa infection. Identifying isolates that differentially regulate 
resistance to infection will provide insight into how particular strains isolated from the human microbiome may improve or 
worsen infection outcomes.

In order to identify microbiotal isolates that can protect C. elegans from P. aeruginosa infection, a screen of bacterial isolates 
derived from the human respiratory tract was carried out using a liquid-based infection assay. Animals were first exposed to 
lawns of individual microbiotal isolates during development, prior to infection with a pathogenic strain of P. aeruginosa, PA14. 
We find that pre-exposure to two non-pathogenic isolates of P. aeruginosa is able to increase survival during PA14 liquid killing, 
compared to animals pre-exposed to E. coli OP50. This protective phenotype can also be induced by other mildly pathogenic 
strains of P. aeruginosa, including a laboratory strain with genetically attenuated virulence, PAO1Δvfr. Current work focuses 
on identifying host pathways underlying this protective phenotype, as well as how previous exposure to other Gram-negative 
pathogens can regulate P. aeruginosa infection outcomes in C. elegans.

1167C Immunoglobulin light chain amyloidosis modelled in C. elegans

Margherita Romeo1,2, Maria Monica Barzago1, Monica Salio1, Alessandro Corbelli1, Oscar Fumagalli1, Silvia Maglioni2, Natascia 
Ventura2, Fabio Fiordaliso1, Mario Salmona1, Giampaolo Merlini3, Luisa Diomede1 1) Istituto di Ricerche Farmacologiche Mario 
Negri IRCCS; 2) Institute of Clinical Chemistry and Laboratory Diagnostic, Medical Faculty, Heinrich Heine University and the 
Leibniz Research Institute for Environmental Medicine (IUF), Düsseldorf, Germany; 3) Amyloidosis Research and Treatment 
Center, Fondazione IRCCS Policlinico San Matteo, and Dipartimento di Medicina Molecolare, Università di Pavia, Pavia, Italy.

Immunoglobulin light chains amyloidosis (AL) is caused by the systemic damage produced by amyloidogenic monoclonal 
immunoglobulin light chains (LCs), secreted by a bone marrow plasma cell clone and transported to target organs through 
blood. Cardiac involvement is the most frequent and is the main determinant of patients’ survival because it results in the 
onset of a rapidly progressive and fatal cardiomyopathy. Notably, independently from the organs involved, cardiotoxicity 
is the main cause of death in AL patients since 80% die from heart failure or fatal arrhythmias. As it stands today, AL is still 
a mysterious disease: the mechanisms underlying the ability of LCs to exert tissue-specific cardiac targeting and damage 
remain still undetermined. Both soluble pre-fibrillar and fibrillar LCs were reported to exert toxic effects on tissues. Chronic 
extracellular fibril deposition contributes to organ damage, altering the tissue architecture, while soluble pre-fibrillar LCs 
induces oxidative stress reducing cell viability through mitochondria damage. The absence of an animal model recapitulating 
the main biochemical and clinical characteristics of disease makes difficult the elucidation of the molecular mechanisms 
underlining the different organ tropism of LCs.

Taking advantage of the C. elegans’ “Ancestral Heart Theory” and based on the finding already obtained by our group on the 
ability of worm’s pharynx to specifically recognize cardiotoxic LCs as toxic, we developed and characterized the first animal 
model of AL. Through the use of mos1-mediated Single Copy Insertion, we generated a transgenic strain constitutively 
expressing in body wall muscle cells an amyloidogenic LC whose sequence was deduced from an AL patient with cardiac 
involvement (MNH). As control, a strain expressing a non-amyloidogenic LC whose sequence was deduced from a patient 
with multiple myeloma (MNM) was developed as well as a strain expressing the empty vector only (MNV). MNH and MNM 
expressed comparable LC levels. No locomotor impairment was present in all worm’ strains indicating that LC did not cause 
any cell-autonomous defect. The LCs produced by MNH and MNM worms were released, in a soluble form, in the extracellular 
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space but only the amyloidogenic LC induced in MNH a significant decrease of pharyngeal function accompanied by specific 
alterations of pharyngeal muscle ultrastructure such mitochondrial damage.

The development of these transgenic strains represents a significant advancement in the field of the AL amyloidosis for which 
so far, any attempt to produce an animal model of the disease had failed, and provides an unprecedented tool for investigating 
the physiological molecular basis of the disease and development of novel drugs.

1168A	 Quantifying	Pathogen	Load	of	Geographical	Isolates	of	Caenorhabditis elegans.

Nathan Do1, Patrick Landson1, Brian Ackley1 1) University of Kansas.

Organisms frequently encounter bacteria, some of which are pathogenic and threaten the survival of the organism. In their 
natural domain, Caenorhabditis elegans encounter various microbial pathogens that are capable of infecting their intestines. 
Such intestinal pathogens can infect the gastrointestinal tract of humans as well, prompting C. elegans as an excellent model 
to study host-pathogen relationships. Once pathogenic microbes have bypassed the epithelium, the organism relies on the 
innate immune system to detect and eliminate the pathogen. We were interested in determining whether natural isolates 
of C. elegans exhibited differences in susceptibility to microbial pathogen and whether these differences were correlated 
with the intestinal pathogen load in infected animals. To accomplish this, we obtained eight C. elegans isolates from diverse 
geographical areas and infected worms with the gram-negative pathogen P. aeruginosa before performing survival assays 
and measuring the intestinal pathogen load. Relative to N2, six of the eight isolates were more susceptible to P. aeruginosa 
infection, the exceptions being CB4856 and JU1171. The intestinal bacterial load was assessed in these six isolates to 
determine if susceptibility to P. aeruginosa was correlated with increased pathogen burden. We exposed C. elegans isolates to 
the non-pathogenic bacterium E. coli OP50 to establish a baseline measure of bacterial load. Relative to N2, the LKC34 isolate 
had a lower intestinal load of E. coli OP50, whereas there was no significant difference in bacterial load in the other isolates. 
Although all isolates possessed significantly greater amounts of P. aeruginosa compared to their E. coli OP50 bacterial loads, 
there was no significant difference in the amount of P. aeruginosa between natural isolates and the lab strain N2. However, 
the percent increase in intestinal bacterial load from the E. coli OP50 baseline was significantly higher in the LKC34 isolate 
following P. aeruginosa infection, suggesting that pathogen burden may be correlated with greater P. aeruginosa susceptibility 
for this isolate. Currently, we are examining the establishment and clearance of P. aeruginosa infection in C. elegans natural 
isolates using fluorescent bacterial strains. Ultimately, this study attempts to understand the implications of how intestinal 
pathogens infect and proliferate in C. elegans, which may provide additional knowledge regarding microbial infection of the 
human intestine.

1169B	 A	novel	pair	of	receptor	tyrosine	kinases	are	required	for	oomycete	pathogen	recognition	by	C. elegans and 
resistance to infection

Florence Drury1, Manish Grover1, Sarai Pacheco2, Alex Montoya2, Holger Kramer2, Enrique Martinez-Perez2,3, Michalis Barkoulas1 
1) Department of Life Sciences, Imperial College, London, United Kingdom ; 2) MRC London Institute of Medical Sciences, 
London, United Kingdom ; 3) Imperial College Faculty of Medicine, London, United Kingdom .

Over the past two decades, C. elegans has been used as a model to study innate immune responses to naturally infecting 
pathogens, such as viruses, bacteria, microsporidia and fungi. Studying natural C. elegans pathogens allows us to understand 
immune response pathways that have co-evolved alongside the pathogen, which may be pathogen-specific or more broadly 
conserved. We previously described a new natural oomycete infection of C. elegans by Myzocytiopsis humicola. Oomycetes 
are morphologically similar to fungi and cause disease in plants and animals, including humans. Phytophthora infestans is the 
most notorious oomycete, responsible for potato blight, which is thought to have resulted in the Irish Potato Famine. Animal 
oomycete infections are less well understood, leaving a niche that can be fulfilled by C. elegans as a tractable model host. We 
have found that C. elegans are able to detect an M. humicola extract and upregulate an immune response that appears to be 
unique to oomycete infection. Pathogen detection is likely to occur in sensory neurons, which in turn trigger a cross-tissue 
signalling cascade leading to upregulation of chitinase-like genes in the epidermis and structural changes in the cuticle that 
confer resistance to oomycete infection. Using a forward genetic approach, we have identified a pair of receptor tyrosine 
kinases expressed in the epidermis that are required for upregulation of chitinase-like genes. Loss of either of these RTKs 
leads to increased susceptibility to M. humicola infection, and overexpression of one results in constitutive activation of the 
downstream immune response pathway. Phosphoproteomic analysis upon extract treatment has identified RTK-dependent 
downstream phosphorylation events and highlighted genes that we are currently testing as to whether they play a role in 
mounting the immune response. By characterising the role and interactions of these RTKs, we can not only understand a novel 
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pathogen recognition response pathway in C. elegans, but also potentially assess its relevance for other animal oomycete 
infections that are largely understudied.

1170C C. elegans	expressing	human	amyloidogenic	proteins:	a	useful	model	for	studying	amyloidosis

Giulia Faravelli1, Sara Raimondi1, Loredana Marchese1, Frederick A Partridge2, Elia Di Schiavi3, Valentina Mondani1, Sara Di 
Russo1, Maria Chiara Mimmi1, Vittorio Bellotti1,4, David B Sattelle1, Sofia Giorgetti1 1) Department of Molecular Medicine, 
Institute of Biochemistry, University of Pavia, 27100, Pavia, Italy; 2) Centre for Respiratory Biology, UCL Respiratory, Division 
of Medicine, University College London, Gower Street, London, WC1E 6JF, United Kingdom; 3) Institute of Biosciences and 
Bioresources (IBBR), CNR, 80131, Naples, Italy; 4) Wolfson Drug Discovery Unit, Centre for Amyloidosis and Acute Phase 
Proteins, University College London, London, UK.

Systemic amyloidosis is a clinically heterogeneous type of protein misfolding diseases caused by the extracellular deposition of 
insoluble fibrillar aggregates that are known as amyloid.

The mechanisms for fibrils’ formation have been extensively investigated in vitro leading to a better understanding of the 
pathogenesis of the disease. However, the pathway of amyloid toxicity in vivo remains an unmet challenging issue and animal 
models may provide crucial clues on the identification of the protein species causing tissue toxicity.

Choosing and creating a good animal model could be challenging. In some cases, transgenic mouse models have been 
successfully generated for the study of certain types of systemic amyloidosis but in other cases, those models were not 
capable of reproducing the clinical manifestations of the disease. Thus, the simpler multicellular organism Caenorhabditis 
elegans (C. elegans) served as model allowing ease of study and offered the chance to investigate and modulate the toxicity 
of specific protein conformers in vivo. Indeed, we have recently established transgenic strains expressing human wild-type 
and mutated β2-microglobulin which are associated to two different types of amyloidosis. Using the INVertebrate Automated 
Phenotyping Platform (INVAPP) and an algorithm (Paragon), developed by Partridge and colleagues for high-throughput plate-
based screening, we were able to detect a pathological phenotype in our transgenic strains. The phenotypic defect is strictly 
correlated to the expression and accumulation of the monomeric and soluble oligomeric species of the protein. Worms treated 
with doxycycline, a generic inhibitor of amyloid, ameliorated their phenotype, even if it was not possible to see a complete 
rescue.

It’s almost certain that amyloid fibrils and prefibrillar oligomers directly induce the toxicity and the tissue damage in the 
patients through a mechanism which is still not completely clarified. However, a contribution to the toxicity could be also 
attributed to the presence of a hypoxic state as consequence of the amyloid accumulation.

Therefore, the nematode model could be useful also to evaluate the effect of oxygen deprivation, in enhancing the aggregation 
and toxicity of β2-microglobulin in vivo. In particular, the observation of metabolic profiles of C. elegans models expressing 
amyloidogenic proteins in different environmental conditions, could contribute to identify signature biomarkers of the amyloid 
pathology.

1171A	 Understanding	Adenylosuccinate	Lyase	Deficiency	locomotion	deficit	using	C. elegans as a model

Latisha Franklin1, Abdulkareem Alshaheeb1, Wendy Hanna-Rose1 1) Pennsylvania State University.

Adenylosuccinate Lyase Deficiency (ASLD) is a disorder at the intersection of genetic diseases, metabolic disorders, and 
nervous system diseases. ASLD is caused by decreased function of adenylosuccinate lyase (ADSL), which converts SAICAR 
to AICAR and S-AMP to AMP in purine metabolism. Symptoms range from mild, such as slower intellectual development to 
severe, such as neonatal fatality. Severe motor delay and low muscle tone are common symptoms of this disorder with SAICAR 
accumulation being suggested as a key player in muscle dysfunction.

I use C. elegans to model ASLD. adsl-1 loss of function mutant C. elegans are slower and uncoordinated when moving. I 
hypothesize abnormal crawling and swimming locomotion in adsl-1 deficient C. elegans has distinct pathogenesis due to usage 
of adsl-1 in neuronal and muscular tissues. We use knockout allele engineered tissues specific knockdowns and overexpressing 
animals to study the movement of normal and adsl-1 deficit animals. Using WormLab software we were then able to quantify 
speed, bending angle, and thrashing of these animals during crawling and swimming locomotion. Crawling data from whole-
body loss of adsl-1 results in an increased preference to commit tighter bending patterns and slower moving speed. Knockout 
of adsl-1 in neuronal tissue results in similar crawling patterns as whole-body loss of function animals which is not ameliorated 
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when adsl-1 is overexpressed in the muscle alone and adsl-1 is not expressed in the neuron. Swimming data from whole-body 
loss of adsl-1 results in loss of a bending pattern and decreased thrashing. Knockout of adsl-1 in muscular tissue results in 
altered control of bending angle while swimming, whereas neuronal knockout of adsl-1 with expression remaining in muscle 
is unimpacted. In addition to using mutant animals, we use RNAi of adsl-1 for metabolic studies. Liquid chromatography 
paired with mass spectrometry allows for the quantification and identification of metabolites within purine metabolism as 
well as other pathways of interest. Metabolic analysis shows adsl-1 RNAi animals have a distinct metabolic profile. SAICAR 
is increased, while S-AMP and other metabolites remain relatively unchanged. Further studies of muscle dysfunction 
amelioration and metabolic restoration using drug treatments are to be completed. In conclusion, our work suggests adsl-1 
has specific phenotypic outcomes depending on location of expression.

1172B	 Analysis	of	PALS-25 as	an	activator	of	the	Intracellular	Pathogen	Response	in	C. elegans

Spencer Gang1, Kirthi Reddy2, Manish Grover3, Michalis Barkoulas3, Emily Troemel1 1) Division of Biological Sciences, University 
of California, San Diego, La Jolla, CA; 2) Molecular Neurobiology Laboratory, Salk Institute for Biological Studies, La Jolla, CA; 3) 
Department of Life Sciences, Imperial College, London, United Kingdom.

Tight regulation of immune responses is important for overall fitness, but the mechanisms underlying many of these pathways 
are incompletely characterized. One example is the recently described “Intracellular Pathogen Response” (IPR) in C. elegans. 
Our lab has defined the IPR as a set of ~80 genes that are upregulated in response to several triggers including intracellular 
pathogen infection, proteasome inhibition and heat stress. The IPR is also genetically regulated by the species-specific 
antagonistic paralogs pals-22 and pals-25. pals-22 represses the IPR; loss-of-function mutations in pals-22 promote IPR gene 
expression, increase pathogen resistance and improve tolerance of proteotoxic stress. pals-25 acts downstream of pals-22 to 
activate the IPR; loss-of-function mutations in pals-25 suppress the phenotypes of pals-22 mutants.

Recently, we identified a gain-of-function mutation of pals-25 that truncates the C-terminus of PALS-25 by 13 amino acids, 
or ~5% of the total protein. Unlike previously characterized mutations of pals-25, this pals-25(gf) allele results in constitutive 
expression of IPR genes in both wild type and pals-22 mutant backgrounds. However, only a subset of IPR genes appear to be 
upregulated in pals-25(gf) mutants when compared to pals-22 mutants. pals-25(gf) animals are similar to pals-22 mutants 
in that they are resistant to infection by Nematocida parisii but are dissimilar in that they display wild type tolerance of heat 
stress. Together, these observations may allow for the identification of IPR-related genes that are specifically important for 
pathogen resistance phenotypes.

Previous co-IP/MS studies determined that PALS-22 and PALS-25 are physically associated. Here we show that FLAG-IP of 
PALS-22::GFP::3xFLAG identifies PALS-25 as a binding partner, but this interaction is no longer detected for the C-terminally 
truncated version of PALS-25 encoded by the pals-25(gf) allele. Yeast two-hybrid analysis of full-length PALS-25 also revealed 
PALS-22 as a binding partner, but the truncated version of PALS-25 did not identify PALS-22 as a binding partner. Together, our 
results suggest a model where PALS-22 physically represses the ability of PALS-25 to activate the IPR and the interaction of 
the two proteins requires the C-terminus of PALS-25. Ongoing studies will explore the mechanism of IPR activation by PALS-25 
after it is released from repression by PALS-22.

1173C	 Ubiquitin-related	modifying	enzymes	in	the	regulation	of	HLH-30	signaling	during	S. aureus infection

Juan A. Garcia-Sanchez1,2, Céline Loubatier1, Benjamin Harding2, Jérôme Belougne2, Laurent Boyer1, Jonathan J. Ewbank2, Orane 
Visvikis1 1) Université Côte d›Azur, INSERM, Centre Méditerranéen de Médecine Moléculaire (C3M), Nice, France.; 2) Université 
d’Aix-Marseille, INSERM, CNRS, Centre d›Immunologie de Marseille-Luminy (CIML), Marseille, France.

Ubiquitination and ubiquitination-like modifications are conserved post-translational modifications that influence virtually all 
physiological processes, including innate immunity. They are controlled by hundreds of ubiquitin (Ub) and Ub-like modifying 
enzymes that regulate their targets by modulating their stability, localization or activity. In recent years, the importance 
of these enzymes in C. elegans’ innate immunity has been revealed, with the identification of key Ub-related regulators of 
innate immune pathways, as well as Ub-related effectors in the host response (Garcia-Sanchez et al, 2021). Little is known, 
however, about the role of these processes in the immune response to the intestinal bacterium Staphylococcus aureus, 
which is coordinated by the transcription factor TFEB/HLH-30 (Visvikis et al, 2014; Najibi et al, 2016). Our research focuses on 
deciphering the importance of Ub-modifying enzymes in regulating this immune pathway, as well as their role as effectors in 
the host response.
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Firstly, we undertook an RNAi-based screen to identify new immune regulatory enzymes. We generated a fluorescent reporter 
strain which allowed us to screen the effect of 216 enzymes on the activity of HLH-30 during S. aureus infection. We identified 
22 genes whose downregulation reduced reporter fluorescence. To distinguish between specific and more general regulators, 
we performed a parallel screen using the model of epidermal infection by the fungus Drechmeria coniospora, which triggers an 
immune response mainly controlled by the p38 MAPK/PMK-1 pathway (Zugasti et al, 2014; 2016). We found 6 enzymes that 
are common to both screens; the remaining 16 enzymes are potentially specific regulators of the HLH-30-dependent immune 
response to S. aureus.

Secondly, to identify Ub-related immune effectors important for the response to S. aureus infection, we analyzed previously 
published RNA-seq data (Visvikis et al, 2014) and determined that 16 out 19 Ub-related enzymes induced during infection 
are controlled by HLH-30. Focusing on 3 conserved E3 Ub-ligases, we confirmed their HLH-30 dependent induction by qPCR. 
Interestingly, using survival assays, we could demonstrate their importance in C. elegans’ host defense against S. aureus 
infection suggesting they play a specific effector role in infection.

Altogether, these results demonstrate the importance of Ub-related enzymes in HLH-30 dependent host response to S. aureus 
infection and have revealed specific and general Ub-related mechanisms in the regulation of immune pathways.

1174A	 Defining	the	microbiota	host	defense	response	in	C. elegans

Xavier Gonzalez1, Khursheed A. Wani 1, Javier E. Irazoqui 1 1) University of Massachusetts Medical School.

The intestine is in constant contact with the external environment that predisposes it to harmful microorganisms. Therefore, 
there is an urgent need to understand the fundamental mechanisms that are used by a host to induce a defense response 
in intestinal epithelial cells. Given the inherent complexity of the mammalian intestine, it is challenging to parse out host-
pathogen interactions in a whole-animal model. The intestine of the nematode C. elegans shares extensive morphological and 
functional similarities with the mammalian intestine, making it a powerful whole-animal model to dissect interactions between 
intestinal epithelial cells and microbes in vivo. Research done over the last several years has identified conserved innate host 
defense pathways in C. elegans, including the p38 mitogen-activated protein kinase (MAPK), Wingless-Integration site mutant 
(Wnt), and transcription factor EB (TFEB), among others. What is not known is the extent to which these innate host defense 
pathways are critical for the survival of C. elegans in its natural habitat. To approach this question, we asked which of the host 
defense pathways are activated by the natural microbiota of C. elegans. We identified specific microbiota that are able to elicit 
Wnt and HLH-30/TFEB activation. In addition, we identified distinct expression of FMO-2, a flavin-containing monooxygenase 
that is required for host defense, by Gram-positive microbiota but not by Gram-negative microbiota. Future directions are to 
define the distinct effector function of innate immune pathways in the context of microbial communities of C. elegans.

1175B	 Nuclear	receptors	downstream	of	HLH-30/TFEB	modulate	host	defense	responses.

Debanjan Goswamy1, Javier Irazoqui1 1) University of Massachusetts Medical School.

Human pathogen Staphylococcus aureus colonizes 30% of the population and causes diverse infections. Recent studies 
identified a novel helix-loop-helix TF(HLH-30)/Transcription factor EB (TFEB) is activated upon S. aureus infection in 
Caenorhabditis elegans and murine macrophages respectively. HLH-30 activation leads to upregulation of antimicrobial 
peptides, lysozymes, together with autophagy genes in C. elegans. This host defense response is conserved in macrophages. 
Although the signaling cascade leading to TFEB activation has been characterized in both systems, very little is known about 
mediators downstream of TFEB. Interestingly, 70% of host defense genes regulated by HLH-30 do not possess the promoter 
sequence required for its binding, indicating a role for other downstream TFs and interactions. RNA-sequencing in WT vs 
TFEB KO macrophages and C. elegans revealed upregulation of several nuclear receptors (NR) upon S. aureus infection, in a 
TFEB dependent manner. We identified 17 nuclear hormone receptors (NHR) in C. elegans and 5 NRs in macrophages that are 
highly upregulated upon infection. NR are involved in regulating a multitude of biological processes including metabolism, 
development, and immune responses. Our studies found nhr-55, nhr-42 in C. elegans and NR1D1 in macrophages, are 
involved in regulating a host defense response. Animals lacking nhr-42 are more resistant to S. aureus and E. faecalis infection 
compared to WT animals. We found that nhr-42 functions in multiple tissues to confer this resistance. In contrast, animals 
lacking nhr-55 are hypersusceptible to infection compared to WT. Moreover, nhr-55 functions only in the intestine, the site of 
infection. Importantly, both nhr-42 and nhr-55 mutants had no defects in lifespan or fecundity compared to WT. 

We performed RNA-seq on uninfected and infected animals, comparing the transcriptomic profile of animals lacking NHRs 
to WT. We found genes involved in host defense and detoxification of xenobiotics downregulated in nhr-55 mutant animals, 
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compared to WT upon infection. Conversely, uninfected nhr-42 mutants had a higher expression of around 300 genes 
when compared to WT. GO analysis showed overrepresentation of innate immune genes. Several antimicrobials including 
antibacterial factor related peptides, c-type lectins, caenacins, and saposins were upregulated in nhr-42 mutants. Furthermore, 
nhr-42 mutants showed a lower bacterial burden after 24h of infection, compared to WT. Also, infected animals lacking nhr-42 
showed lower expression of lipid metabolism genes compared to infected WT animals. We performed lipid staining on infected 
and uninfected worms, and found nhr-42 mutants retain more lipids upon infection as compared to WT. We have found two 
novel NHRs, nhr-55 an activator and nhr-42 a repressor, functioning downstream of an evolutionarily conserved positive 
regulator of immunity in HLH-30.

1176C	 Neuronal	C-type	lectin	receptors	mediate	recognition	of	oomycete	pathogens	in	C. elegans

Manish Grover1, Kenneth Liu1, Michalis Barkoulas1 1) Imperial College London.

Innate immune responses rely on signaling events triggered by the detection of pathogen-associated molecular patterns 
or damage related host biomolecules by specific host receptors in specialized immune cells, such as macrophages and 
dendritic cells. While such cells are missing in C. elegans, there is some evidence of pathogen recognition, which points 
towards existence of detection strategies that are yet unknown. We have previously shown that C. elegans can respond to an 
innocuous extract made from oomycete infected animals by triggering a recognition response characterized by the induction 
of chitinase-like (chil) genes in the hypodermis. Through a forward genetic screen aimed at identifying suppressors of chil 
gene induction upon treatment with this extract, we recovered loss-of-function mutations in ceh-37, clec-27 and clec-35 genes 
which led to complete loss of oomycete recognition response in C. elegans and made animals more susceptible to infection by 
the oomycete Myzocytiopsis humicola. Using smFISH and fluorescent reporters, we found clec-27 and clec-35 to be expressed 
in neurons while RNA-seq analysis revealed changes in the expression of these genes in a ceh-37 mutant background. 
Furthermore, neuronal rescue of clec-27 function specifically in ceh-37 expressing neurons, and particularly in AWA, was 
sufficient to restore chil gene induction in clec-27 mutants upon exposure to oomycete extract. Interestingly, clec-27 and 
clec-35 are neighboring genes sharing a bidirectional promoter, an organization which indicates coregulation of the two genes 
and a possible requirement to produce the two proteins in stoichiometrically equal amounts. These observations suggest 
that CLEC-27 and CLEC-35 could be forming a heterodimeric receptor involved in oomycete recognition in AWA neurons. 
Additionally, when these mutants were exposed to the phylogenetically distinct oomycete Haptoglossa zoospora, both clec-
27 and clec-35 mutant animals showed chil gene induction, whereas ceh-37 mutants did not. This suggests that CLEC-27 and 
CLEC-35 are receptors specifically involved in the detection of M. humicola and a different receptor(s) in ceh-37 expressing 
neurons mediates detection of H. zoospora. Overall, our study provides evidence for neuronally expressed C-type lectins as 
pathogen recognition receptors in C. elegans which mediate detection of a newly identified class of natural pathogens of C. 
elegans in a pathogen-specific way.

1177A	 Investigating	organophosphate	intoxication	and	mitigation	using	Pharyngeal	Pumping:	a	novel	bio-assay	to	probe	
poisoning

Johanna Haszczyn1, Vincent O’Connor1, Lindy Holden-Dye1, Patricia Izquierido1, Chris Green2, John E Tattersall2, James N Kearn2 
1) Biological sciences, Institute for Life sciences, University of Southampton, Southampton, United Kingdom.; 2) Dstl, Defence 
Science and Technology Laboratory, Porton Down, Salisbury, Wiltshire, SP4 0JQ, United Kingdom..

Organophosphate poisoning remains an important issue associated with bioterrorism and global health exposure pertaining 
to their use in the agrochemical industry. Organophosphate poisoning results from inhibition of acetylcholinesterase 
at cholinergic synapses including the neuromuscular junction. The resulting effect is the accumulation of acetylcholine, 
overstimulation of acetylcholine receptors and powerful neurotoxic effects. Atropine acts as the primary symptomatic 
treatment while oximes mitigate poisoning by reactivating the OP-inhibited acetylcholinesterase. The incomplete efficacy of 
current oxime treatments promotes the need for continued development of better drugs or distinct approaches to mitigation.

Caenorhabditis elegans promises a route to quantify and investigate the intoxication at cholinergic neuromuscular junctions. 
This is because the integrity of cholinergic transmission that controls muscle contraction and relaxation is dependent on 
acetylcholinesterase function. In recent work we have shown that the dose-dependent inhibition of pharyngeal pumping 
observed in whole worms exposed to OPs is a direct correlate of the levels of intoxicated acetylcholinesterase activity 
(2021 Neurotoxicology 82:50-62). Moreover, we have shown that inhibition of pumping is susceptible to oxime mitigation. 
We have analysed genetic determinants of the OP dependent inhibition of pharyngeal pumping and made the surprising 
observation that it is largely driven by cholinergic determinants expressed at the body wall rather that the pharyngeal muscle. 
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A comparison of mutants that enable us to discriminate different classes of nicotinic acetylcholine receptor has highlighted 
sub-types of receptors that generate the receptor hyperactivity that defines the effects on pharyngeal pumping. Interestingly, 
modulation at the level of these receptors defines a behavioural plasticity that might provide novel routes to poisoning 
mitigation. Overall, this work highlights how C. elegans can be used to model OP therapeutics and highlight unexpected routes 
for inter tissue toxicity and routes to mitigation of intoxication.

1178B	 Identification	and	characterization	of	C. elegans genes that S. maltophilia targets to	evade	host	insulin-like	DAF-
2/16	pathway	defenses

Sara Hopkins1, Leah Radeke1, Michael Herman1 1) University of Nebraska-Lincoln.

The bacterivorous nematode Caenorhabditis elegans is an excellent model to study host innate immune responses to 
various bacterial pathogens, including the emerging nosocomial pathogen Stenotrophomonas maltophilia. Members of the 
Stenotrophomonas genus are components of the C. elegans natural habitat and native microbiome (Dirksen et al., 2016; 
Samuel et al., 2017). Thus, the study of this interaction has both medical and ecological relevance. We have previously shown 
that many of the C. elegans conserved innate immune pathways function to protect the nematode from S. maltophilia isolates 
(White et al., 2016). However, S. maltophilia strains JCMS and JV3 are virulent to normally pathogen-resistant daf-2 mutants. 
This suggests that pathogenic stains of S. maltophilia evade the pathogen resistance conferred by activation of the DAF-2/16 
pathway. In an effort to understand how pathogenic S. maltophilia JCMS and JV3 are able to bypass the nematode’s DAF-2/16 
pathway defenses, we used transcriptional profiling in wild-type and daf-2 mutants to identify candidate C. elegans innate 
immunity genes that may be targeted by S. maltophilia to defeat host defenses. To this end, we have identified 88 genes that 
are significantly differentially expressed in the absence of daf-2 function upon exposure to pathogenic S. maltophilia. We 
hypothesize that pathogenic S. maltophilia may block the function of expressed genes and candidate target genes will be 
contained within this subset. We also hypothesize that S. maltophilia may prevent the expression of genes and such candidate 
target genes will not be contained within this subset of differentially expressed genes. Regardless of the S. maltophilia 
mechanism of pathogenicity, we hypothesize that candidate target genes will be differentially expressed in response to 
other pathogens that are susceptible to DAF-2/16 pathway defenses and regulated by the DAF-16 transcription factor. These 
candidate gene criteria were used in conjunction with connectivity within a gene network model and mutant allele availability 
to select candidate target genes for functional analyses. We expect that candidate S. maltophilia target genes should be 
required for daf-2-mediated lifespan extension and are using RNA interference to test this prediction. Future characterization 
of these candidate target genes may help us elucidate the underlying mechanisms that enable pathogenic S. maltophilia to 
defeat the nematode’s innate immune responses.

1179C	 The	role	of	the	gut	microbiome	in	host	adaptation	to	environmental	xenobiotics

Dan Kim1, Michael Shapira1 1) University of California Berkeley, Berkeley, CA.

The use of C. elegans in microbiome research has opened new venues for addressing fundamental questions about host-
microbiome interactions. Among those are questions regarding the role of gut bacteria in host adaptation to a changing 
environment. Gut bacterial communities offer huge biochemical diversity that has been shown to alter concentrations, 
efficacy (of drugs), or toxicity of various xenobiotics. However, to what extent and how frequently do bacteria enable host 
adaptation, and what determines their acquisition from the environment is not well understood. Using C. elegans raised on 
the CeMBio synthetic community, we examined the ability of environmentally acquired gut bacteria to enable host adaptation 
to xenobiotics, comparing antibiotics exposure that affected bacteria alone, versus a similar exposure which was also toxic 
to the host. Antibiotic resistance among individual members of the bacterial community varied considerably, and relative 
resistance correlated well with their ability to protect worms from toxic effects, as well as with their relative abundance 
in the environment following antibiotic exposure, as determined with 16S rRNA next generation sequencing. However, 
similarly characterized community composition inside worms was not determined solely by environmental availability, and 
its configuration was further determined by host-associated factors and inter-bacterial interactions. Beyond the immediate 
benefit of toxin resistance gut bacteria appear to provide to the host, current work is underway to determine long-term 
consequences of altered gut microbiomes constrained by the exposure to xenobiotics.

1180A	 A	Survey	of	the	Kinome	Pharmacopeia	Reveals	Multiple	Scaffolds	and	Targets	for	the	Development	of	Novel	
Anthelmintics
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Jessica Knox1, Nicolas Joly2, Edmond M. Linossi3, Jose A. Carmona-Negron3, Natalia Jura3, Lionel Pintard2, William Zuercher4, 
Peter J. Roy1 1) The Donnelly Centre for Cellular and Biomolecular Research, University of Toronto, Toronto, ON; 2) Institut 
Jacques Monod, French National Center for Scientific Research - University of Paris, Paris, France; 3) Cardiovascular Research 
Institute, University of California San Francisco, San Francisco, CA; 4) UNC Eshelman School of Pharmacy, University of North 
Carolina at Chapel Hill, NC.

Over one billion people are currently infected with a parasitic nematode. Symptoms can include anemia, malnutrition, 
developmental delay, and in severe cases, death. Resistance is emerging to the anthelmintics currently used to treat nematode 
infection, prompting the need to develop new anthelmintic drugs. Towards this end, we identified a set of kinases that may 
be targeted in a nematode-selective manner. We first screened 2040 inhibitors of vertebrate kinases for those that impair the 
model nematode Caenorhabditis elegans. By determining whether the terminal phenotype induced by each kinase inhibitor 
matched that of the predicted target mutant in C. elegans, we identified 17 druggable nematode kinase targets. Of these, 
we found that nematode EGFR, MEK1, and PLK1 kinase orthologs have diverged from vertebrates in key residues within their 
drug-binding pocket. For each of these targets, we identified small molecule scaffolds that may be further modified to develop 
nematode-selective inhibitors. Nematode EGFR, MEK1, and PLK1 therefore represent important targets for the development of 
new anthelmintic medicines.

1181B	 Transcriptomic	Profiling	of	Caenorhabditis elegans	Wild	Isolates	Reveals	Gene	Expression	Differences	in	Response	
to Microbial Infection

Patrick Lansdon1, Maci Carlson1, Brian Ackley1 1) University of Kansas, Lawrence, KS.

Infection from microbial pathogens is a constant threat to organismal survival. In its natural environment the microbivorous 
nematode, Caenorhabditis elegans, frequently encounters pathogenic bacteria. Although C. elegans possess physical barriers 
and exhibit behavioral responses to decrease the likelihood of infection, they must also recognize and respond to pathogens 
that have bypassed these defenses. This response is modulated through the innate immune system, a defense mechanism 
comprised of evolutionarily ancient components that are highly conserved across phyla. Yet, C. elegans do not exhibit obvious 
conservation of microbial defense pathways found in arthropods and mammals. Rather, pathogen detection occurs via many 
different systems that converge upon a core set of physiological responses as well as a set of pathogen-specific responses. 
Geographical isolation has enabled natural isolates of C. elegans to adapt to different microbial ecologies, making them an 
excellent model to examine the evolutionary basis of innate immunity. We assessed survival of two C. elegans isolates, N2 
and CB4856, infected with pathogenic bacteria (Enterococcus faecalis, Providencia rettgeri, Pseudomonas aeruginosa, or 
Staphylococcus aureus) and found isolate-specific responses to the gram-positive pathogen, E. faecalis. To identify molecular 
changes that may be responsible for the intraspecific difference in immunity, we performed RNA sequencing of whole 
animals following 24 hours of exposure to E. faecalis. In N2 and CB4856 animals, 2384 and 1776 genes were differentially 
expressed, respectively. A minority of genes, 410 in total, were differentially expressed in the same direction in both 
genotypes, suggesting that E. faecalis infection has elicited dissimilar transcriptomic responses in N2 and CB4856 isolates. 
Geneset enrichment analysis of DEGs unique to N2 or CB4856 or common to both genotypes identified a handful of biological 
processes, most of which are involved in stress response, metabolism, or the extracellular matrix. Currently we are identifying 
transcription factor binding sites present in genes that are part of an enriched GO term category with the aim of identifying 
trans-acting regulatory elements that may be involved in the transcriptomic responses of N2 and CB4856 to E. faecalis. 
Ultimately, our study seeks to shed light on the evolutionary origins of innate immunity as well as reveal uncharacterized 
aspects of mammalian defenses against infection.

1182C	 The	role	of	the	bZIP	transcription	factor	ZIP-1	in	the	Intracellular	Pathogen	Response	of	C. elegans

Vladimir Lazetic1, Fengting Wu1, Lianne Cohen1, Kirthi Reddy1, Emily Troemel1 1) University of California, San Diego.

How does the nematode Caenorhabditis elegans respond to natural pathogen infections with non-professional immune cells? 
To answer this question, we are studying the Intracellular Pathogen Response (IPR) – a host transcriptional response induced 
by infection with molecularly diverse natural pathogens – the Orsay virus and fungal-related microsporidia Nematocida 
parisii. In addition to intracellular pathogens, the IPR can be activated upon exposure to heat stress and following proteasome 
inhibition. The IPR is genetically regulated by two antagonistic paralogs of unknown function, PALS-22 and PALS-25, as well 
as by PNP-1, a protein involved in regulation of purine metabolism. Loss-of-function mutations in pals-22 and pnp-1 cause 
constitutive IPR activation with increased intracellular pathogen resistance, indicating that the IPR confers a protective 
response.
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The IPR involves transcriptional activation of about 80 genes, some of which are predicted to encode ubiquitin ligase 
components. One of the most highly induced IPR genes is pals-5, which serves as a robust readout for the IPR activation. Using 
pals-5 transcriptional and translational GFP reporters, we identified the predicted bZIP transcription factor ZIP-1 as a positive 
regulator of the IPR in two reverse genetic screens. We found that ZIP-1::GFP is expressed in intestinal and epidermal nuclei 
following IPR activation. Our qRT-PCR and smFISH studies demonstrated that ZIP-1 controls pals-5 mRNA expression early 
after proteasome blockade. At later time points, however, pals-5 transcription does not require ZIP-1. Interestingly, our data 
suggest that the majority of translated pals-5 mRNA belongs to the early, ZIP-1 dependent fraction. We also performed RNA-
seq analysis, which revealed that ZIP-1 is required for mRNA expression of multiple IPR genes. Based on these results, we have 
identified three distinct types of IPR genes: 1) completely ZIP-1 dependent, 2) early ZIP-1 dependent and 3) ZIP-1 independent. 
Importantly, we found that ZIP-1 is required for the increased resistance to Orsay virus and microsporidia infections in pnp-1(-) 
mutants, suggesting that ZIP-1-dependent genes play an important role in innate immunity.

1183A	 Oxidative	stress	is	important	for	triggering	avoidance	of	pathogenic	Pseudomonas aeruginosa

San Luc1, Jennifer Powell1 1) Gettysburg College.

Epithelial cells of most animals are constantly exposed to a large range of microbes; many are benign, but some have the 
potential to be pathogenic. Thus, epithelia must have recognition mechanisms that distinguish between commensal and 
pathogenic microbes. Rather than detecting the presence of bacteria, epithelial immune systems are thought to monitor 
for signs of damage or distress that might indicate an infection. These are known as patterns of pathogenesis, which, when 
detected, activate host immune defenses. We asked whether oxidative stress might serve as a pattern of pathogenesis to 
trigger immune defenses in C. elegans infected with the bacteria Pseudomonas aeruginosa. In this host-pathogen model, 
one measure of the immune response is the ability of worms to avoid pathogenic bacteria. Our preliminary data suggest that 
oxidative stress caused by a Ce-Duox/BLI-3- mediated Reactive Oxygen Species burst during infection with P. aeruginosa is 
necessary for normal pathogen avoidance behavior. The G-Protein Coupled Receptor fshr-1 has also been previously shown 
to be necessary for pathogen avoidance; however, fshr-1 may mediate a pathway parallel to oxidative stress. In addition, 
we found that mock infecting worms with oxidizing agents in the absence of infection is not sufficient to trigger avoidance 
behavior. Together, we suggest that oxidative stress is one of several important factors in pathogen recognition and avoidance 
behavior against P. aeruginosa.

1184B	 Looking	for	a	possible	treatment	for	type	III	galactosemia

Patricia A. Lucas-Rodríguez1, Ana Mª Brokate-Llanos1, Andrés Garzón 1, Manuel J. Muñoz 1 1) Universidad Pablo de Olavide - 
Centro Andaluz de Biología del Desarrollo; Sevilla.

Galactose metabolism is universally conserved in all living organisms, including Caenorhabditis elegans and humans. Galactose 
is metabolized by three conserved enzymes that constitute the Leloir pathway. GALE participates in the third step of the 
galactose metabolism pathway, catalyzing the interconversion of UDP-galactose (UDP-gal) and UDP-glucose (UDP-glu) and in 
some species, including C.elegans and humans, the interconversion of UDP-N-acetylgalactosamine (UDP-galNAc) and UDP-
N-acetylglucosamine (UDP-gluNAc). All of these UDP-sugars are required for the glycosylation of proteins and lipids. Type III 
galactosemia is a rare disorder caused by mutations in GALE, homologue to the C. elegans gale-1 gen. The symptoms are due 
to the accumulation of intermediary galactose metabolites and the reduction of UDP-galNAc, because differently to the others, 
this sugar is only synthesized by GALE. Therefore, patients with type III galactosemia are recommended to follow a galactose-
restrictive diet and take UDP-galNAc to avoid UDP-galNAc deficiency. This treatment is not able to improve the psychomotor 
retardation of these patients; it only slightly improves some of the symptoms. Our team has isolated a Caenorhabditis elegans 
mutant in the GALE homologue gene (gale-1(pv18)) which can be used as a model for type III galactosemia. Like humans, this 
mutant has an increase of UDP-gal and reduction of UDP-galNAc under regular diet. They are also sensitive to galactose rich 
diet and exhibit multiple developmental defects. We have found that the phenotype of the mutant and expression of gale-
1 gene can be modified by diet. We also observed that treatment with some sugars improves the phenotype of the type III 
galactose model. The result observed, if conserved in humans, could be of interest to improve the quality of life of patients 
with galactosemia type III.

1185C	 DBL-1/TGF-β	signaling	pathway	regulates	pathogen-specific	innate	immune	responses	in	C. elegans

Bhoomi Madhu1, Tina Gumienny1 1) Texas Woman›s University, Denton, TX.
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Innate immunity in animals is orchestrated by multiple cell signaling pathways, including the TGF-β superfamily pathway. While 
the role of TGF-β signaling in innate immunity has been clearly identified, the requirement for this pathway in generating 
specific, robust responses to different bacterial challenges has not been characterized. Here, we address the role of DBL-1/
TGF-β in regulating signature host defense responses to a wide range of bacteria in C. elegans. This work reveals a role of DBL-
1 in animal survival, organismal behaviors, and molecular responses in different environments. Additionally, we identify a novel 
role for SMA-4/Smad that suggests both DBL-1/TGF-β-dependent and -independent functions in host avoidance responses. 
RNA-seq analyses and immunity reporter studies indicate DBL-1/TGF-β differentially regulates target gene expression upon 
exposure to different bacteria. Furthermore, the DBL-1/TGF-β pathway is itself differentially affected by the bacteria exposure. 
Collectively, these findings demonstrate bacteria-specific host immune responses regulated by the DBL-1/TGF-β signaling 
pathway.

1186A	 The	kynurenine	pathway	is	a	major	modulator	of	E. faecalis infection in C. elegans

Jack Martin1, Povilas Norvaisas2, Alejandra Zarate Potes1, Ruhi Rezwana1, Alex Hardgrave1, Catherine Au1, Nadin Fathallah1, Jayde 
Whittingham-Dowd1, Monika Kosztelnik3, Kalina Cetnar3, David Gems3, Jackie Parry1, Mick Urbaniak1, Filipe Cabreiro2, Alexandre 
Benedetto1 1) Division of Biomedical and Life Sciences, FHM, Lancaster University, Lancaster, UK; 2) MRC London Institute of 
Medical Sciences, Imperial College London, London, UK ; 3) Department of Genetics, Evolution and Environment, Institute of 
Healthy Ageing, University College London, London, UK.

Key words

Kynurenine pathway, E. faecalis, gut infection, microbiota, lysosome-related organelles autofluorescence.

Abstract

The kynurenine pathway (KP), main catabolic route for the essential amino-acid tryptophan, is well-known for its 
immunomodulatory role in mammals. While investigating death fluorescence in C. elegans, anthranilic acid (AA)-loaded 
lysosome-related organelles (LROs) were previously found responsible for the blue auto-fluorescence seen in the worm 
gut (Coburn et al. PLOS Biol. 2013). Given the bacteriostatic potential of AA and other kynurenine pathway compounds, we 
hypothesised that LROs and the KP play a key role in C. elegans gut microbial control. To test this idea, we exposed C. elegans 
to a worm-pathogenic strain of E. faecalis (OG1RF) and observed changes in gut morphology and autofluorescence dynamics 
upon infection. Transcriptomics and targeted metabolomics analyses further showed that KP activity is modulated upon E. 
faecalis infection. Using a combination of KP mutants from the Nollen lab (Van Der Goot et al. PNAS 2012), we observed that 
inhibition of various KP enzymes differentially affect C. elegans resistance to E. faecalis infection. E. faecalis growth on KP 
mutant worm extracts confirmed that resistant mutants produce bacteriostatic compounds, which we measured by HPLC. This 
was verified by the delayed or reduced gut colonisation of OG1RF-GFP (gifted by D. Garsin), and the ability for some mutants 
to thrive on OG1RF loans. We are currently investigating a broader role for the KP in C. elegans gut microbiota control, notably 
using newly generated CeMBio fluorescent strains.

1187B	 Dramatic	and	reversible	developmental	slowing	of	C. elegans by a bacterial pathogen

Zeynep Mirza1, A.J. Marian Walhout1, Victor Ambros1 1) University of Massachusetts Medical School.

Caenorhabditis elegans is widely used for studying host-pathogen interactions. In addition to its easy maintenance on a 
wide variety of bacteria and genetic tractability, it is susceptible to important human pathogens and it has conserved innate 
immunity pathways. C. elegans is also an excellent tool to study development. While the C. elegans larval development is fast 
and robust under controlled laboratory conditions, its development is also plastic. The developmental rate and the trajectory 
are adjusted in response to environmental cues such as nutrients and pathogen stress. We took advantage of these qualities of 
C. elegans to explore the effects of pathogen stress on a developing host.

By screening 35 Pseudomonas aeruginosa strains, we found that C. elegans exhibit three developmental phenotypes: normal, 
slow and very slow. Among these strains, the P. aeruginosa strain CF18 (CF18) causes the most extreme developmental 
slowing. CF18 fed larvae are only able to reach L2 stage in three days. Yet, this developmental slowing is reversible; larvae can 
recover and resume its development when transferred to non-pathogenic bacteria.
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We found that CF18 causes high reactive oxygen species (ROS) and mitochondrial damage in L1 larvae exposed to CF18 for just 
four hours. However, the protective mitochondrial unfolded protein response is not activated in CF18 fed larvae. Consistent 
with these observations, antioxidants or iron supplementation rescues high ROS, mitochondrial damage, and developmental 
rate. We further characterized the larval response to CF18 by RNA-sequencing and found that mitophagy, detoxification and 
immune response genes are upregulated in CF18 fed larvae.

Unexpectedly, genetic deletion of the biosynthesis of phenazines - well-known mitochondrial toxins - does not alleviate 
mitochondrial damage or rescue growth rate, suggesting non-phenazine bacterial effectors are responsible for the observed 
phenotypes. To determine the bacterial effectors causing developmental slowing, we generated a transposon insertion 
library in the CF18 background and screened for bacterial mutants that support normal development. We identified 42 
bacterial genes, including the expected quorum sensing and two-component system genes, that allow larvae to overcome 
developmental slowing when inactivated. We also conducted RNA sequencing in wild-type CF18 and a CF18 gacA mutant to 
characterize toxic bacterial gene expression in CF18.

1188C	 Isolating	a	non-culturable,	microbiome	bacterium	that	adheres	to	the	intestinal	lumen	of	Caenorhabditis 
nematodes

Emily Morgan1, Jonah Faye Longares1, Marie-Anne Félix2, Robert Luallen 1 1) San Diego State University, San Diego, California ; 
2) Institut de Biologie de l’École Normale Supérieure, Paris, France.

From sampling of wild nematodes, we have found that they are naturally associated with a diverse array of microbes such 
as bacteria, viruses, fungi, and microsporidia. In Bangalore, India, a wild C. briggsae strain (LUAb1) was discovered with 
adhering bacteria that colonized within the intestinal lumen, causing the morphology of the worm to change and potentially 
affect its health and growth. Phenotypically, this microbe appears to attach perpendicular to epithelial cells in the intestinal 
lumen, giving it a bristle-like appearance. This microbe may be pathogenic, as colonized animals appear to grow slower and 
have severely reduced intestinal cell sizes. Similar phenotypes were seen when LUAb1 was transferred to C. elegans N2 
via co-culture with the wild cognate C. briggsae strain. Given that the NGM plates containing these nematodes are visibly 
contaminated, it is not possible to associate pathogenic phenotypes with LUAb1. Therefore, to determine if LUAb1 is causing 
pathogenic phenotypes in C. elegans, we aimed to eliminate any associated microbes to focus on the interactions between 
LUAb1 and the host.

We have created a protocol that reduces the presence of microbes that cause visible contamination on the plates of the 
worms and enrich for our non-culturable LUAb1. This protocol involved a series of antibiotic and SDS washes of dauer animals 
to preserve live bacteria in the lumen while eliminating external contamination. After this decontaminating procedure, plates 
containing LUAb1 colonized animals showed no visible contamination, and comparative FISH found no other bacteria in the 
lumen except for LUAb1. However, to identify any potential contaminating bacteria in the lumen, we will use 16S amplicon 
sequencing to compare LUAb1 colonized and uncolonized C. elegans. This procedure involves PCR amplification of bacterial 
variable regions of the 16S sequence using nested PCR and universal bacterial probes.

Altogether, we have discovered and identified a new species of Enterobacteriaceae bacteria that can bind to the apical side 
of intestinal epithelia cells in C. briggsae and C. elegans. Our objective is to conduct whole genome analysis to inform our 
attempts to grow LUAb1 in vitro and to discover host and bacterial factors necessary for bacterial binding to the intestinal cells 
of the lumen. In fact, an intestinal GFP C. elegans strain allows for indirect visualization of bacteria colonization which can be 
used in a forward genetic screen.

1189A	 Identification	of	genes	which	regulate	SMN-1	levels	to	identify	putative	treatment	for	Spinal	Muscular	Atrophy

Manuel Munoz1, Ana Brokate-Llanos1, Andres Garzon1, Antonio Perez-Pulido1 1) University Pablo de Olavide/CABD/JA.

Spinal muscular atrophy (SMA) is a progressive neuromuscular disease characterized by loss of motor neurons and atrophy 
of skeletal muscles. SMA is caused by recessive mutation of the SMN1 gene, involved in the assembly of small nuclear 
ribonucleoproteins (snRNPs). A second SMN gene, SMN2, is 5 nucleotides different from SMN1, however is able to produce 
10% of functional mRNA like SMN1. The promoter sequences of both genes are identical (Boda et al., 2004), so it is expected 
they could share the same mechanisms that regulate their expression or protein levels. Then, a therapeutic option may be 
to search for regulatory elements that increase SMN2 expression both transcriptionally and at the protein level. The SMN 
complex is highly conserved, even in invertebrate organisms (Lanfranco et al., 2017). We have generated a strain in C. elegans 
containing smn-1 fused to mCherry and have inactivated by RNAi 10 genes which have been identified with the bioinformatic 
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program ASACO, as underexpressed which in turn correlates to increased SMN levels. One gene shows increased expression of 
smn-1::mCherry in neurons and we are testing drugs inhibiting this gene as a potential treatment for SMA.

1190B	 High-Throughput	Drug	Screen	Reveals	Novel	Inhibitors	of	Microsporidia	Infection	in	C. elegans

Brandon Murareanu1, Jessica Knox1, Peter Roy1, Aaron Reinke1 1) Department of Molecular Genetics, University of Toronto, 
Toronto, ON, Canada.

Microsporidia are a large and diverse group of fungal-related spore-forming obligate intracellular parasites known to infect 
hosts in most major animal phyla. Despite the emerging threat that microsporidia have become, few reliable treatment 
options exist. To address this, we developed a high-throughput drug screening protocol using C. elegans and the microsporidia 
species Nematocida parisii in order to identify novel chemical inhibitors of microsporidia infection. Using this protocol, we 
screened through the Spectrum Collection of 2,560 FDA-approved compounds and natural products. We developed a semi-
automated method for quantifying progeny number in liquid culture, confirming 11 candidate microsporidia inhibitors. We 
show that 6 of these compounds, including the known serine protease inhibitor ZPCK, are likely able to prevent microsporidia 
infection by inhibiting spore firing. We also show that 1 compound, Dexrazoxane, along with the known microsporidia inhibitor 
Fumagilin, are able to slow infection progression. Given the established role of Dexrazoxane as an iron chelator, it may act by 
depriving microsporidia of its essential iron resource, consequently putting the brakes on replication within the host. Together, 
our results demonstrate the effectiveness of C. elegans as a model host for drug discovery against intracellular pathogens, and 
provide a scalable high-throughput system for the identification and characterization of additional microsporidia inhibitors in 
the future.

1191C	 Toxicological	Evaluation	of	AZT	derivates-with	organic	chalcogens	in	C.elegans	as	SARs-CoV-2	therapy	candidates

Gabriel Pedroso Viçozzi1,2, Flávia Suelen de Oliveira Pereira2, João Batista Teixeira da Rocha1, Rafael Santos da Silva1, Oscar 
Endrigo Dorneles Rodrigues1, Daiana S. Ávila1,2 1) Universidade Federal de Santa Maria (UFSM); 2) Universidade Federal do 
Pampa ( UNIPAMPA).

The pandemic caused by the new coronavirus (SARS-CoV-2) started in 2019 in China being the cause of many deaths around 
the world. In this perspective the development of effective drugs capable of inhibiting the virus replication or the cytokine 
storm to reduce deaths caused by the coronavirus is essential. One strategy is the drug repurposing. For example, Zidovudine 
(AZT) has been used against the HIV-virus and has been also investigated against Sars-CoV-2. In addition, modifications in AZT 
structure, such as the insertion of organic chalcogens like Selenium, Tellurium or Sulfur to improve its activity are promising. 
That because ebselen, a selenium derivate molecule, has demonstrated the capacity to strongly inhibit the virus protein 
Mpro. Therefore, the insertion of chalcogens can be a great strategy. C.elegans is a great model to evaluate the safety of 
these molecules due to advantages such as: Low cost of maintenance, mutant strains, short life circle and genetic homology 
with mammals. Then, the objective of this work was the safety assessment of six AZT- derivative molecules containing 
chalcogens. N2 wildtype worms were exposed at L1 stage for 30 min to six AZT-derivative molecules in a concentration 
range of 1,10,50,100 and 500µM (in DMSO 2.5%). Toxicological endpoints were assessed 48h after the end of exposure. We 
observed that none of the molecules caused toxicity at any concentration in any toxicological parameter tested (survival rate, 
body length and brood size). Then with these promising results the next step of the study is to evaluate the modulation of the 
redox system capacity of these molecules, considering that the formation of ROS in patients with SARS-CoV-2 is dangerous 
and avoiding oxidative stress may be beneficial for recovering patients. Also, parallel studies with these molecules are made 
in silico to evaluate the antiviral effect of them, by the evaluation of the interaction with important proteins in the virus like 
Mpro.

1192A	 Acid	sphingomyelinase	mutants	show	increased	resistance	to	infections	with	Staphylococcus aureus and an 
accumulation of electron dense multilamellar bodies

Veronika Perschin1, Gholamreza Fazeli1, Marcel Rühling2, Martin Fraunholz2, Christian Stigloher1 1) Imaging Core Facility, 
University of Würzburg; 2) Chair of Microbiology, University of Würzburg.

Staphylococcus aureus exerts its pathogenicity partly by the secreted pore-forming α-toxin. The formation of pores in the 
plasma membrane of the host cell leads to lysosome exocytosis and thus the trafficking of the lysosomal-resident acid 
sphingomyelinase (ASM) to the plasma membrane. ASM catalyzes the conversion of sphingomyelin on the outer membrane 
layer to ceramide, which induces rearrangement of lipid microdomains and the internalization of the damaged membrane in 
small endocytic vesicles. Whether α-toxin or the whole pathogen is engulfed during this process can vary among the infection 
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models and it is not clear whether this effort to repair the membrane is contributing to the cell toxicity of S. aureus in vivo. 
Caenorhabditis elegans encodes three ASM: ASM-1, ASM-2 and ASM-3 that are all homologues of the human ASM. Here, we 
use deletion alleles of the three asm genes to investigate the role of sphingomyelinases and their product ceramide during S. 
aureus infection in the model host C. elegans.

We infected control worms as well as single or double asm mutants with S. aureus and compared their survival rate using 
Kaplan Maier plots. After 72 hours of feeding on S. aureus, the survival rate of the control strain was 0%. In contrast, survival 
of the asm mutants ranged between 40% to 60%, implying that ASM activity or their product ceramide is required for the 
pathogenicity. Searching for the cellular basis of the observed resistance of the asm mutants, we prepared non infected 
young adult hermaphrodites for Transmission Electron Microscopy by high pressure freezing and freeze substitution. Looking 
for altered cell or organelle morphology, we observed highly electron dense membranous organelles that resemble the 
multilamellar bodies described in various tissues in human Niemann Pick Disease, a sphingolipid-storage disease. While such 
organelles were rarely observed in N2 controls, various cell types in asm mutants contained these structures with asm-1/asm-
3 double mutants showing the highest count. Based on the high electron density, we predict that this phenotype is caused by 
accumulation of osmophilic unsaturated lipids, including sphingomyelin, that are inefficiently metabolized.

Our findings show that the host ASM is required for full S. aureus virulence. Since the increase in multilamellar organelles in 
the asm mutants is also described in human Niemann Pick Disease, molecular mechanisms of ASM function may be conserved 
in nematodes and mammals. In the next steps we aim to reveal the mechanisms of increased survival of the asm mutants after 
S. aureus infection.

1193B	 C. elegans natural microbiota-mediated protection against pathogens

Lena Peters1, Inga Hamerich1, Kohar Kissoyan1, Moritz Drechsler2, Helge Bode2, Katja Dierking1 1) Department of Evolutionary 
Ecology and Genetics, Zoological Institute, Christian-Albrechts-University of Kiel, Germany; 2) Institut für Molekulare 
Biowissenschaften, Goethe University Frankfurt, Germany.

It has become increasingly clear how important gut bacteria are for the protection of the host against invading pathogens. 
The underlying mechanisms of microbiota-mediated protection, however, are largely unknown. In recent years C. elegans 
has been established as a model system to study host-microbiota interactions and microbiota-mediated protective effects 
against pathogens. Our work focuses on two Pseudomonas natural microbiota isolates, Pseudomonas lurida (MYb11) and 
Pseudomonas fluorescens (MYb115), which have previously been shown to protect C. elegans from infections with Bacillus 
thuringiensis (MYBt18247) and Pseudomonas aeruginosa (PA14). We are currently characterizing the influence of these 
microbiota isolates on the lifespan, reproduction, and most importantly, immune defense and aim to understand on how 
exactly microbiota-mediated protection is induced on both the microbiota and the host side. On the microbiota side, we have 
identified a biosynthetic gene cluster encoding a type I polyketide synthase (PKS), the resulting natural product induces the 
protective effect of MYb115 when worms are infected with Bt247. On the host side, we are currently using a reporter gene 
approach to identify genes and defense pathways involved in the worm response to infection. We will discuss our most recent 
results at the conference.

1194C Sensory Neurons Regulate Innate Immune Responses in Caenorhabditis elegans

Siddharth R Venkatesh1, Anjali Gupta1,2, Varsha Singh1 1) Department of Molecular Reproduction, Development and Genetics, 
Indian Institute of Science, Bangalore, India; 2) Center for Biosystems Science and Engineering, Indian Institute of Science, 
Bangalore, India.

Caenorhabditis elegans, a bacterivorous forager, often encounters pathogenic microbes in its habitat. Upon encountering 
pathogens, the nematode either avoids them to minimise chances of infection, or induces an immune response to combat 
infection. Despite being equipped with only an innate immune system, recent studies have shown that the worm can induce 
selective responses against specific pathogens. To mount such responses, the worm has to recognise and differentiate among 
these pathogens. We hypothesised that the recognition of pathogens, induction of an immune response and its subsequent 
regulation is likely performed by the sensory neurons, since they are the primary site of sensory perception in the worm. We 
created stable genetic neuronal ablation lines of the amphid sensory neurons and tested for their roles during infections with 
Pseudomonas aeruginosa and Enterococcus faecalis. 9 out of the 11 neuron pairs tested showed involvement in regulating 
immune responses against these pathogens. We found 6 of these pairs to either have a P. aeruginosa or an E. faecalis specific 
function, while the remaining 3 pairs were involved in mounting an immune response against both pathogens. Only one 
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of these 3 pairs showed a very strong involvement in mounting an effective immune response; we found this neuron to 
negatively regulate innate immunity in C. elegans. This neuron also suppresses immune responses against Salmonella enterica, 
Staphylococcus aureus and Cryptococcus neoformans, and might thus have a broader role in immune-homeostasis. RNASeq 
analysis of worms lacking this neuron showed an upregulation of several immune-related genes even at the basal level, along 
with a set of infection-inducible genes. In particular, we found a number of bZIP family transcription factors to be upregulated 
in these worms upon infection. Knockdown of three of the bZIP family transcription factors neutralised the enhanced resitance 
displayed by these neuron ablated worms against all tested pathogens. In conclusion, our study illustrates the roles of a 
chemosensory neuron that negatively regulates immune responses by downregulating bZIP family transcription factors, to 
maintain immune-homeostasis. With increasing evidences suggesting roles for the nervous system in immune regulation in 
humans and other higher vertebrates, the findings of our study could help us better understand neuroimmune regulation in 
higher animals.

1195A Network analysis reveal novel genes involved in the P. aeruginosa PA14 pathogen response during C. elegans 
infection.

Ayush Ranawade1, Erel Levine1 1) Northeastern University.

The study of host–pathogen interactions (HPI) is essential to understanding bacterial infection and adaptation within the host 
system. Recently, network biology through applications of mathematical and graph theory methods has offered insights into 
complex biological systems such as HPI. It has the capability to integrate biological omics data (e.g., transcriptome, proteome, 
and metabolome) and biological interactome data (e.g., gene-gene relations, protein-protein interactions) and to reveal 
informative patterns within these systems.

In our preliminary experiments, we found that P. aeruginosa PA14 exhibits distinctive host-genotype-specific colonization and 
infection trajectories. To determine what strategies P. aeruginosa PA14 employs to infect different C. elegans hosts, we took 
a systems biology approach, which enables unbiased analysis of transcriptomic changes in pathogen during the infection. 
Here, we used P. aeruginosa PA14 exome-sequencing to compare bacterial gene expression changes in three hosts of different 
immunocompetence (immunocompromised [pmk-1(km25)], immunoresistant [hsp-12.6(gk156)], and control [N2]) to that 
grown on SK growth media. Our analysis recapitulated several genes previously identified using a forward genetics screen to 
be differentially regulated during the infection. Additionally, we found several novel genes differentially expressed (DE) in a 
host-genotype dependent and independent manner.

Following, instead of focusing on investigating the role of the individual DE gene, we mapped the DE genes to a custom-built 
P. aeruginosa PA14 gene network and identified 26 genetic modules of pathogen’s response to the host during the infection. 
While 22 modules were enriched for three host-specific genotypic categories, four modules showed genotype specific 
enrichment. Next, we applied network principles (e.g., high centrality measures (betweenness, closeness, etc.)) to this module 
system to discover putative genes that are critical to pathogenesis. Subsequently, we performed host survival analysis on 
mutants of these genes and founds that they play distinct roles (enhanced or suppressed) during pathogenesis in different 
hosts. Furthermore, using dual host-specific RNA-Seq, we identified the host genetic response to mutants of these genes.

Our study provides a paradigm for a new discovery route of network biology to understand hidden functions of pathogenic 
genes and generate novel hypotheses, or to characterize the effects of specific perturbations across an entire genetic network. 
This previously unknown, emerging comprehensive map of pathogenic response and regulatory function during P. aeruginosa 
PA14 infection in C. elegans offers a powerful resource for systems biologists studying host-pathogen interactions.

1196B	 Modeling	Rare	Genetic	Diseases	in	C. elegans:	Neuromuscular	Junction	Involvement	in	Multiple	Mitochondrial	
Dysfunctions	Syndrome	1

Pippa Rogers1, Peter Kropp1, Andy Golden1 1) National Institutes of Health.

A disease is defined as rare if there are fewer than 200,000 affected people in the United States. There are approximately 
7,000 rare human diseases, the majority of which are thought to be genetic. Model organisms give hope for improved ability to 
diagnose, understand, and treat these diseases. The nematode Caenorhabditis elegans has about 20,000 protein-coding genes, 
an estimated 40% of which have human homologs. C. elegans as a research tool has many benefits, including being a complex, 
multicellular system and having a short lifecycle. This, along with the power of more accessible CRISPR-Cas9 editing strategies, 
allow researchers to make pathogenic mutation lines, as well as full length deletions of disease-causing genes, and more easily 
observe phenotypic outcomes.
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Multiple Mitochondrial Dysfunctions Syndrome (MMDS) is a class of six autosomal recessive diseases caused by mutations 
in various nuclear-encoded mitochondrial genes, but with similar disease outcomes. Multiple Mitochondrial Dysfunctions 
Syndrome 1 (MMDS1), one of these syndromes, is caused by pathogenic mutations in NFU1. NFU1 is an iron-sulfur cluster 
transfer protein that primarily delivers 4Fe-4S clusters to target apoproteins. The C. elegans nfu-1 gene produces the protein 
NFU-1, which is orthologous to human NFU1, so five CRISPR/Cas9 alleles were made with pathogenic mutations, as well 
as a full-length deletion of nfu-1. Presently, the phenotypes of the mutant animals are being characterized in order to 
better understand the function of the protein and identify the mechanisms and molecular pathways by which the protein is 
regulated. It was previously shown that three of the MMDS1 patient alleles made in C. elegans (G148R, G166C, and C168F) 
showed reduced thrashing when placed in liquid. This leads to the question: was the reduced thrashing caused by a problem 
with neurons, muscles, or both? To determine whether neuronal and/or muscle cells have impaired function, a series of drug 
assays were used to pinpoint neuromuscular junction issues. It is now hypothesized that mutations in the disease-causing gene 
of MMDS1 affect the availability and/or binding of neurotransmitters. These results create strong ties between the known 
genetic mutations and disease symptoms.

1197C A C. elegans	Motor-Centric	Screening	Pipeline	Yields	Novel	and	Selective	Nematicidal	Scaffolds

Peter Roy1,2,3, Sean Harrington2,3, Jessica Knox1,3, Andrew Burns1,3, Jacob Pyche2,3, Ken-Loon Choo4, Yong-Hyun Kim4, Yan Jiang1,3, 
Megan Kitner5, Cecile Haeberli6, Aaron Au3,7, Jonathan Volpatti8, Maximillano Guiliani3,7, Jamie Snider1,3, Bruna Palmeira9, 
Elizabeth Redman9, Aditya Vaidya10,11, Vicotria Wong9, John Gilleard9, Igor Stagljar1,3,12,13, Sean Cutler10,11, James Dowling1,8, 
Christopher Yip3,7, Jennifer Keiser6, Inga Zasada5, Mark Lautens4 1) Dept of Molecular Genetics, University of Toronto, Toronto, 
ON, Canada; 2) Dept of Pharmacology and Toxicology, University of Toronto, Toronto, ON, Canada; 3) The Donnelly Centre for 
Cellular and Biomolecular Research, University of Toronto, Toronto, ON, Canada; 4) Dept of Chemistry, University of Toronto, 
Toronto, ON, Canada; 5) USDA-ARS Horticultural Crops Research Laboratory, Corvallis, OR, USA; 6) Dept of Epidemiology 
and Public Health, Swiss-Tropical and Public Health Institute, Basel, Switzerland; 7) Institute of Biomaterials and Biomedical 
Engineering, University of Toronto, Toronto, ON, Canada; 8) Division of Neurology and Program in Genetics and Genome 
Biology, The Hospital for Sick Children, Toronto, ON, Canada; 9) Dept of Comparative Biology and Experimental Medicine, Host-
Parasite Interactions (HPI) Program, Faculty of Veterinary Medicine, University of Calgary, Calgary, AB, Canada; 10) Institute 
for Integrative Genome Biology, University of California, Riverside, Riverside, CA, USA; 11) Department of Botany and Plant 
Sciences, University of California, Riverside, Riverside, CA, USA; 12) Dept of Biochemistry, University of Toronto, Toronto, ON, 
Canada; 13) Mediterranean Institute for Life Sciences, Split, Croatia.

Nematode parasites of humans, livestock and crops pose a significant burden to human health and welfare. Alarmingly, our 
arsenal of effective nematocidal compounds is being depleted. Parasitic nematodes of animals have rapidly evolved resistance 
to anthelmintic drugs, and traditional nematicides used for crop protection have been restricted or banned because of poor 
phylum-selectivity. Here, we present our C. elegans-based discovery pipeline focused on lethal molecules that also induce 
motor defects. This pipeline yielded multiple new and selective nematicidal small molecule scaffolds (i.e., structurally-related 
families of molecules). We show that one of these scaffolds, tentatively called the APPs, stimulates neurotransmitter release 
and immobilizes larvae of multiple nematode parasites of plants and mammals in vitro. At similar concentrations, APP-1 
does little to model flies, fish, plants or human cells. Forward genetic screens of 100,000s of mutant genomes failed to yield 
resistant animals that resist the lethal effects of APP-1, suggesting that resistance to the APPs in the field may not be easily 
generated. Hence, the APPs represent a novel, selective and potentially useful addition to our nematocidal armament.

1198A	 Disruption	of	mitochondrial	calcium	homeostasis	by	loss	of	presenilin	promotes	mTORC1	signaling	to	drive	
neurodegeneration

Kerry Ryan1, Zahra Ashkavand1, Shaarika Sarasija1, Jocelyn Laboy1, Rohan Samarakoon1, Kenneth Norman1 1) Albany Medical 
College, Albany, NY.

Metabolic dysfunction and protein aggregation are associated with neurodegenerative disorders such as Alzheimer’s disease 
(AD). However, the mechanisms underlying these abnormalities remain poorly understood. Mutations in the presenilin 
encoding genes are the primary cause of early onset familial AD, but their role in the disease is unclear. The presenilins 
are primarily known to function as the catalytic component of the γ-secretase complex, which is involved in the cleavage 
of the amyloid precursor protein (APP) to produce amyloid beta (Aβ) peptides, whose aggregation into Aβ plaques is 
considered the hallmark of AD. However, many studies have demonstrated a γ-secretase independent role for presenilins 
in calcium homeostasis that is critical for neuronal health. Previously, we showed that loss of the Caenorhabditis elegans 
presenilin ortholog SEL-12 elevates mitochondrial calcium signaling, which increases mitochondrial metabolism to drive 
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neurodegeneration and loss of protein homeostasis. Here, we demonstrate that this elevated mitochondrial calcium and 
concomitant mitochondrial hyperactivity promotes activation of the mechanistic Target of Rapamycin Complex 1 (mTORC1) 
pathway. We utilize several models of protein homeostasis to show mTORC1 hyperactivity contributes to protein homeostasis 
defects. Reducing mTORC1 activity improves neurodegenerative phenotypes associated with loss of SEL-12/presenilin function. 
We also show mTORC1 plays a cell-autonomous role in neurodegeneration and that rescue of neuronal mTORC1 signaling is 
sufficient to abrogate improvements to neuronal function caused by global mTORC1 inhibition. Consistent with high mTORC1 
activity, we find that SEL-12/presenilin loss reduces autophagy, and this reduction is prevented by limiting mitochondrial 
calcium uptake. Furthermore, the improvements to protein homeostasis and neuronal function in sel-12 mutants due to 
mTORC1 inhibition require the induction of autophagy. Collectively, these results indicate that mTORC1 hyperactivation 
exacerbates the defects in protein homeostasis, autophagy, and neuronal function in sel-12 mutants and suggest a potential 
therapeutic target for treating AD.

1199B	 Innate	immune	responses	of	Caenorhabditis elegans to the emerging pathogen Elizabethkingia anophelis

Emilio Ramirez-Fajardo1, Wesam Albayati1, Sarah Grossen1, Skylar List1, Matthew Siderhurst1, Kristopher Schmidt1 1) Eastern 
Mennonite University.

Elizabethkingia anophelis (Ea) is an emerging pathogen that causes sepsis, meningitis, and death in people with comorbidities. 
While usually innocuous, a recent community outbreak resulted in at least 20 deaths and 66 laboratory confirmed cases. The 
outbreak stemmed from the rapid formation of a novel and more virulent Ea sublineage created by a conjugative element 
that disrupted the muty DNA repair gene. The virulence associated factors, pathogenic mechanisms, and ecology of Ea are 
not known. C. elegans is a well-established model for the characterization of pathogen-host interactions. When we exposed 
mixed stage wild-type C. elegans to Ea (Ag1 strain), the animals exhibited decreased movement, slowed development, early 
larval death, and an overall decreased fecundity compared to animals exposed to E. coli OP50 (Ec). We also made the striking 
observation that worms exposed to Ea actively avoided Ea lawns. To understand the aversive response, we conducted two-
choice assays between Ea and Ec in experiments using L1 and L4 animals. L1s not previously exposed to a food source initially 
chose Ea over Ec (-0.75 CI, Choice Index [CI] of -1.0 represents Ea selection) but actively selected Ec over time (+0.41 CI at 
96hrs). L4 animals first reared on Ec chose Ec over Ea in two-choice assays (+0.49 CI). Importantly, we found that staged adults 
placed on Ea bacteria without another bacterial food source adopted a lawn avoidance phenotype, suggesting that they are 
repulsed from Ea even in the absence of Ec. These avoidance responses depend on an intact odorant detection system because 
lim-4(ky403) and tax-2(p671); tax-4(p678) mutant animals failed to avoid Ea lawns. We used solid-phase microextraction 
(SPME) gas chromatography mass spectrometry (GC-MS) to identify volatile odorant differences between Ea and Ec and 
observed a marked increase in the amount of indole in Ec compared to Ea. Indole is an attractive compound recently shown 
to modulate predator-prey interactions between C. elegans and bacteria. To examine the pathogenic mechanisms of Ea in 
C. elegans, we exposed N2, sek-1 (km4), tol-1(nr2033), dbl-1(nk3) and daf-2(e1370) animals to Ea and Ec. Wild-type animals 
displayed several pathological changes when grown on Ea and died faster than their Ec exposed counterparts. Decreased 
lifespan and increased pathologies were found in sek-1 while daf-2 animals appeared immune to Ea. The tol-1 and dbl-1 alleles 
did not influence Ea pathogenicity. To complement these immunity assays we also examined the antimicrobial activity of dod-
24, irg-1 and T24B8.5 in C. elegans exposed to Ea using transcriptional reporter GFP strains. We observed decreases in the 
expression of T24B8.5 and increased but more variable changes in irg-1. Taken together these experiments suggest that Ea is 
pathogenic to C. elegans, opening new opportunities to investigate pathogen and host factors influencing Ea related disease.

1200C	 Investigation	of	the	relationship	between	manganese	exposure	and	the	development	of	Huntington’s	like-disease	in	
Caenorhabditis elegans

Ana Soares1, Aline Castro1, Sue Elle Girón1, Willian Salgueiro2, Daiana Ávila1 1) Universidade Federal do Pampa; 2) Cluster of 
Excellence for Aging Research - University of Cologne.

Metals may influence the development of neurogenerative diseases. Particularly, Manganese (Mn) increases the risk of 
developing Parkinson’s Disease after occupational exposure. However, the role of this metal in other neurodegenerative 
diseases such as Huntington’s disease (HD) is still unclear. HD is characterized by the impairment of the cognitive functions 
due to the accumulation of polyglutamine (PoliQ). Several changes in response to metal exposure have been reported using 
the Caenorhabditis elegans nematode, an experimental model of simple maintenance, easy genetic manipulation and feasible 
for in vivo toxicity analysis. Remarkably, there are many transgenic strains available that express the human poliQ in different 
tissues, allowing the study of factors that exert influence in this disease. Therefore, the aim of this study was to evaluate the 
effects of acute Mn exposure on HD development through the C. elegans model. Strains N2 (wild type), AM101 [F25B3.3p :: 
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Q40 :: YFP] and AM141 rmIs133 [unc-54p :: Q40 :: YFP] were submitted to acute treatment (30 minutes) with MnCl2 (2.5mM- 
100mM). 48 hours after the end of the treatment, survival rate and polyQ aggregates in the muscles and neurons of the worms 
were analyzed. ferroportin (fpt) expression following a sub-lethal concentration exposure (25mM) was assessed by polymerase 
chain reaction-PCR. Mn (25mM) was able to reduce the longevity of muscle polyQ expressing animals (AM141) and curiously 
reduced the formation of protein aggregates. The formation of polyQ aggregates in neurons (AM101) was not significantly 
altered with the treatment, neither their longevity. In these mutants, there was an increase of fpt expression after Mn 
exposure, indicating an increase in divalent metal export from the cells. In conclusion, animals expressing polyQ unexpectedly 
showed higher resistance to Mn. In addition, Mn did not increase polyQ aggregation in both strains, demonstrating low metal 
toxicity in this model. This effect may have been caused by increased cell expression of ferroportin, a Mn exporter, in these HD 
strains but not in wildtype, blocking Mn accumulation in cells and preventing Mn toxic effect in polyQ aggregation.

1201A	 T14E8.4	limits	bacterial	colonization	but	assists	microsporidia	invasion	in C. elegans

Hala Tamim El Jarkass1, Aaron Reinke1 1) University of Toronto.

Animals have evolved extensive immune pathways to combat the myriad of pathogenic microbes they encounter. Conversely, 
pathogens have evolved many mechanisms to exploit their hosts. To understand how Nematocida parisii, a natural 
microsporidian pathogen of C. elegans, infects its host, we performed a forward genetic screen to identify mutant animals 
that had a Fitness Advantage with Nematocida (fawn). All three fawn isolates produce progeny at high levels, are less infected 
than wild-type animals, and contain mutations in T14E8.4. This signal peptide containing gene is expressed in the pharynx 
and intestine. Expression of T14E8.4 in the intestine of T14E8.4 animals restores N. parisii infectivity, which is dependant 
upon secretion. Resistance to N. parisii infection in T14E8.4 mutants is developmentally restricted to the L1 stage and results 
in decreased parasite invasion. N. parisii spores in T14E8.4 animals display improper orientation in the intestinal lumen, 
indicating spores are firing incorrectly. Interestingly, T14E8.4 expression is upregulated by both N. parisii and Pseudomonas 
aeruginosa infection. T14E8.4 mutants display both increased susceptibility and colonization from P. aeruginosa and over 
expression of T14E8.4 reduces P. aeruginosa colonization. Competitive fitness assays show that T14E8.4 mutants are favoured 
in the presence of N. parisii but disadvantaged on P. aeruginosa. Furthermore, C. elegans wild isolates don’t possess predicted 
loss of function mutations in T14E8.4. Together, this work demonstrates how microsporidia exploits an antibacterial immune 
protein to facilitate host invasion. The opposing fates of T14E8.4 mutants on different pathogens highlights a central role in 
infection and immunity.

1202B	 An	intracellular	bacterial	pathogen	of	Oscheius tipulae uses filamentation as a novel mechanism for cell-to-cell 
spreading

Tuan Tran1, Munira Ali1, Davin Lee1, Marie-Anne Felix2, Robert Luallen1 1) San Diego State University; 2) Institut de Biologie de 
l›Ecole Normale Superieure.

Intracellular bacteria are highly adapted to use resources inside host cells for their growth and replication. To maximize 
this utilization, some bacteria have evolved specialized mechanisms to spread from the initial infected cells to uninfected 
neighbors. To date, the known mechanisms of cell-to-cell spreading fall within one of the three main paradigms: exit-reentry, 
hijacking of host actin for protrusion to adjacent cells, and cell fusion. We have discovered a new Bordetella bacterial species 
infecting intestinal cells of an Oscheius tipulae isolate that appears to use a unique mechanism for cell-to-cell spreading. Upon 
invasion, the bacteria convert from a coccobacillus to a filamentous morphology that appear to invade multiple neighboring 
cells, a phenotype that prompted us to name it Bordetella atroposiae after the Greek Fate Atropos who cuts the thread of life.

To elucidate the role of filamentation during infection, we isolated a mutant bacterial isolate deficient in filamentation. This 
mutant showed a similar growth rate compared to wild type in vitro, but significant reduction in anterior-posterior spreading in 
vivo. Strikingly, infection by the mutant was restricted to an average of 1-2 intestinal cells (measured by infection to an average 
of 2 consecutive DAPI stained intestinal nuclei), while the wild-type bacterial filaments spread to 4-6 host cells (an average of 
6 DAPI stained nuclei). This data suggests that filamentation is required for cell-to-cell spreading. Sequencing of the mutant 
revealed a missense mutation in a member of a putative glucose-sensing pathway which inhibits bacterial cytokinesis under 
rich conditions to increase cell size. Complementation restores in vivo filamentation and spreading capacity of the mutant 
at a level comparable to that of the wild type. Additionally, knockout of another downstream member in the same pathway 
phenocopied the mutated gene, suggesting the involvement of this glucose-sensing pathway in B. atroposiae filamentation. 
Altogether, we have discovered the first intracellular bacterial pathogen of the nematodes O. tipulae that appears to employ 
filamentation as a spreading mechanism. We propose that B. atroposiae evolved a novel mechanism for cell-to-cell spreading 
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by coopting a highly conserved glucose-sensing pathway that regulates bacterial cell size in order to trigger filamentation 
inside host cells.

1203C	 Toxicological	evaluation	of	curcumin	nanocapsules	in	Caenorhabditis elegans

Paula Trevisan1, Danielle Araújo Agarrayua1, Daiana Silva de Ávila1, Rafael Porto Ineu2 1) Universidade Federal do Pampa, 
UNIPAMPA, Câmpus Uruguaiana, BR; 2) Universidade Tecnológica Federal do Paraná, UTFPR, Câmpus Campo Mourão, PR.

Curcumin is the main bioactive polyphenolic compound present in the turmeric rhizomes and has become the target of 
studies in several areas of knowledge due to the variety of its biological properties that it presents, as an antioxidant, anti-
inflammatory and neuroprotective activity. Its low bioavailability, insolubility in water and its instability limit its application, 
hindering its action and absorption. Various techniques can be used to improve the dissolution and bioavailability of 
bioactives. Curcumin nanoencapsulation has been used to increase its bioavailability, being an excellent tool for controlled 
release and vectoring for tissues of interest. However, little is known about its safety. Recently, there is an increasing number 
of studies on nanotoxicology in Caenorhabditis elegans. C. elegans is an animal model with potential advantages for studies 
of nutraceutical activity such as relatively short life, easy maintenance, low cost, litter size and several mutant strains. In 
this context, our objective was to evaluate the interaction effects of curcumin nanoparticles encapsulated by the poly capr 
- caprolactone polymer (PCL) in C. elegans in order to obtain information about the potential for toxicity. The worms in the 
first larval stage (L1), were obtained by a process of synchronization. After 14 hours of the synchronization process, the newly 
hatched larvae were treated with different concentrations (10 μM, 30 μM and 100 μM) of nanoparticles containing curcumin, 
empty nanoparticles and free curcumin, for 30 minutes, in liquid medium. Soon after, all this medium containing the treatment 
was placed in Petri dishes containing NGM and E. coli for 48 h. After 48 h (chronic exposure), the worms were analyzed. 
For survival tests, they were counted and compared with the control group in order to draw a survival curve. Reproduction 
was assessed by the size of the litter. To determine the size of the animals, photos were taken with the aid of a microscope 
with a camera attached. All experiments were done in duplicate and repeated at least 3 times. Data were expressed as 
mean ± standard error, and were statistically analyzed using one-way ANOVA and Tukey’s post-hoc. It can be seen that both 
nanoparticles with curcumin, white nanoparticles and free curcumin did not cause a significant difference in the survival rate 
of the worms compared to the control. In determining the size of the litter and the size of the worms, it was observed that 
only the free curcumin significantly decreased these parameters in the concentration of 30 μM in relation to the control. The 
formulation of PCL nanoparticles carrying curcumin can be considered safe, and these results indicate that C. elegans can be a 
good alternative in vivo for nanotoxicology studies providing accurate and fast results.

1204A Impairment of C. elegans ribosome integrity by Pseudomonas aeruginosa

Alejandro Vasquez-Rifo1, Victor Ambros1 1) University of Massachusetts Medical School.

Translation is an essential cellular process that is commonly targeted for inhibition in antagonistic organismal interactions. 
Pathogenic bacteria hamper translation in their eukaryotic hosts to fend off the host immune response and promote host 
damage. To dysregulate translation, bacteria produce virulence factors that elicit deleterious modifications to the host 
ribosome or translation factors.

Pseudomonas aeruginosa inhibits translation in many hosts. For insects and mammalian hosts, a main virulence effector is 
the exotoxin A protein, which ADP-rybosilates the translation elongation factor 2. However, for the infection of Caenorhabditis 
elegans by P. aeruginosa, the precise pathways and mechanism(s) of translational inhibition are not well understood. We 
found that upon exposure to P. aeruginosa PA14, C. elegans undergoes a rapid loss of intact ribosomes accompanied by 
the accumulation of ribosomes cleaved at helix 69 (H69) of the 26S ribosomal RNA (rRNA), a key part of ribosome decoding 
center. H69 cleavage is elicited by certain virulent P. aeruginosa isolates in a quorum sensing (QS)-dependent manner and 
independently of exotoxin A-mediated translational repression. Among P. aeruginosa strains, the bacteria’s capacity to induce 
H69 cleavage strongly correlates with the presence of R-bodies, a multi-protein bacterial virulence effector that promotes 
H69 cleavage. Consistent with H69 cleavage resulting from an extracellular bacterial virulence factor that is transferred to the 
worm’s tissues, the H69 cleavage is predominantly localized in the worm›s intestinal cells, increases with time of exposure of 
live bacteria to the intestinal lumen, and requires the activity of the worm’s endocytic uptake machinery.

Genetic and genomic analysis suggests that H69 cleavage leads to the activation of the worm’s zip-2-mediated defense 
response pathway, consistent with translational inhibition. Indeed, H69 cleavage is antagonized by the zip-2 pathway, as well as 
by the worm’s two other major host defense pathways defined by pmk-1 and fshr-1. Taken together, our observations suggest 
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that P. aeruginosa deploys a novel virulence mechanism to cleave the host’s large ribosomal subunit RNA at H69, and induce 
ribosome degradation, thereby impairing host translation and hence blocking antibacterial responses.

1205B	 C. elegans offers	a	unique	window	into	the	early	pathophysiology	of	Duchenne	muscular	dystrophy

Kiley Hughes1, Monica Tamrazi1, Jessica Adams1, Brittany Rivera1, Andres Vidal-Gadea1 1) Illinois State University.

Duchenne muscular dystrophy is an x-linked disorder that claims the lives of one in every 3,500 males. The disease is caused 
by mutations that result in the absence of the dystrophin protein from the membrane of muscle cells where it plays important 
structural and signaling roles. Without dystrophin, muscle-generated forces are unable to safely exit the cell. This results in 
cellular injuries, most consequentially to the plasma membrane. Individuals become wheelchair bound between seven to 
twelve years of age, and typically die in their late teens to twenties. While there is some variability in the rate and the severity 
of the degeneration, patients suffer a plethora of debilitating symptoms associated with progressive muscle degeneration and 
loss.

There is no cure for Duchenne muscular dystrophy. Lack of progress and understanding of this disorder is largely the result of 
animal models failing to recapitulate both the genetic and phenotypic severity observed in humans. However, understanding 
the molecular events that link loss of dystrophin to muscle death remains of paramount importance. This knowledge will help 
us identify targets amenable to intervention and offer hope to more than one million individuals suffering this disease across 
the world.

Our lab uses dystrophic nematodes to generate insights into the pathophysiology of Duchenne muscular dystrophy, and 
to identify novel therapeutic avenues. By harnessing the natural burrowing behavior of C. elegans we demonstrated that 
dystrophic worms recapitulate key aspects of the disease to a greater extent than those observed in most research models 
currently used. We report a study of the embryonic development of dystrophic animals. Here we show that sarcoplasmic 
calcium dysregulation associated with dystrophic muscles starts early during development. Furthermore, a suppressor screen, 
and a comparison of dystrophic strains displaying different severity, both point to muscle calmodulin as a potential therapeutic 
target. Dystrophic worms provide a unique opportunity for studying the mechanism by which dystrophic cells degenerate, 
and to identify intervention avenues. To validate findings obtained using our dystrophic animals we are presently developing a 
human muscle culture system.

1206C	 The	neuropeptide	receptor	NMUR-1	regulates	the	specificity	of	C. elegans innate immunity against pathogen 
infection

Phillip Wibisono1, Shawndra Wibisono1, Jan Watteyne2, Chia-Hui Chen1, Durai Sellegounder1, Isabel Beets2,3, Yiyong Liu1,4, Jingru 
Sun1 1) Department of Biomedical Sciences, Elson S. Floyd College of Medicine, Washington State University, Spokane, WA, 
USA; 2) Department of Biology, KU Leuven, Belgium; 3) Department of Microbial and Molecular Systems, KU Leuven, Belgium; 
4) Genomics Core, Washington State University, Spokane, WA, USA.

Increasing evidence indicates that the innate immune system can generate high levels of specificity. However, the underlying 
molecular basis for such specificity is not well understood. Like other invertebrates, Caenorhabditis elegans does not have 
the adaptive immune system and only has innate immunity, and yet it can differentiate different pathogen attacks and 
launch proportionate innate immune responses. We found that functional loss of NMUR-1, a neuronal GPCR homologous 
to the mammalian receptors for the neuropeptide neuromedin U, had diverse effects on C. elegans survival against various 
bacterial pathogens. Further investigation revealed that NMUR-1 modulates C. elegans transcription activity by regulating the 
expression of transcription factors, which, in turn, controls the expression of distinct immune genes in response to different 
pathogens. Our study uncovered a molecular basis for the specificity of C. elegans innate immunity and could provide 
mechanistic insights into understanding the specificity of vertebrate innate immunity.

1207A	 Multi-species	nematode	screening	uncovers	a	new	broad-spectrum	class	of	anthelmintic	compounds	targeting	
mitochondrial lipid metabolism

Hala Zahreddine Fahs1, Fathima Refai1, Suma Gopinadhan1, Stephan Kremb1, Xin Xie1, Yanthe Pearson1, Glenn Butterfoss1, 
Patricia Cipriani2, Robert White1, Anthony Page3, Fabio Piano1, Kristin C. Gunsalus1,2 1) NYU Abu Dhabi; 2) NYU New York; 3) 
University of Glasgow.
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Parasitic worms infect more than 1.5 billion people and cause significant losses in livestock and crops. New anthelmintic drugs 
are urgently needed, as resistance to the existing drugs is emerging. We built a high-throughput (HTP) and high-content robotic 
screening platform to identify bioactive small molecules and their molecular targets, focusing on novel disease therapeutics 
and broad spectrum anthelmintics. The platform is capable of screening compound collections and genetic libraries in model 
organisms and mammalian cells in a fully integrated manner. To find novel anthelmintics we screened a ~2300 compound 
library containing most of the FDA-approved approved drugs, plus natural products and bioactive compounds for broad 
spectrum toxic effects on two distantly related free living nematodes C. elegans and P. pacificus as model animals while having 
low toxicity on human cell lines. The screen confirmed the effects of most known anthelmintics on these nematode models. 
Additionally, among a set of new compounds, we found six natural lipid molecules that exhibit broad-spectrum anthelmintic 
activity. These novel compounds kill C. elegans and P. pacificus when applied at various developmental stages, including 
the dauer and embryonic stages, in a dose-dependent manner. Importantly, these compounds cause mortality in all three 
veterinary parasite species we tested: the hookworm Haemonchus contortus (ruminants), Teladorsagia circumcincta (sheep 
and goat) and Heligmosomoides polygyrus (rodents). Further characterization of their mode of action using C. elegans revealed 
defects associated with mitochondrial function and lipid metabolism. The lethality phenotype in C. elegans is partially rescued 
by knocking down the enzymes acs-2, cpt-4, dif-1 and cpt-2, which facilitates mitochondrial lipid transfer, while drug inhibitors 
of CPT1 and CPT2 enhance the phenotype, suggesting that these compounds perturb specifically fatty acid oxidation in 
nematodes. These compounds constitute a new class of broad-spectrum anthelmintics targeting lipid metabolism.

1208B	 Solving	host-microbe	interactions	and	gut	dysbiosis

Alejandra Zarate Potes1, Irtiqa Ali1, Jack Martin1, Alexandre Benedetto1 1) Lancaster University.

Gut host-microbe interactions critically impact C. elegans health and ageing. Multiple pathways and interactions have already 
been characterised in probiotic and dysbiotic contexts. However, we are still to unravel the complex host-microbe core or 
pathogen-specific genetic networks that orchestrate these interactions. We recently observed that the kynurenine pathway, 
main catabolic route for tryptophan, is majorly involved in regulating host-microbe interactions in worms, while insulin/IGF1 
signalling (IIS) is a major upstream determinant of C. elegans gut biology and reproduction, immunity and longevity trade-
offs. To solve part of this picture, we are now performing microbial and host transcriptomics, proteomics, and Tryptophan 
metabolite measurements in daf-2(e1370) and wild-type worms exposed to E. faecalis or P. aeruginosa for up to 12h, 
combined with host genome-wide RNAi infection screens relying on Label-Free Survival Assays (Benedetto et al. Aging 2019). 
In this poster we present the result of our bioinformatic investigations, main experimental pipelines and project strategy.

1209C	 Safaty	evaluation	of	nanoparticles	prepared	with	differents	polymers	in	Caenorhabditis elegans

Danielle Araujo Agarrayua de Souza1, Felipe Carvalho1, Sandra Elisa Haas1, Daiana Ávila 1 1) Universidade Federal do Pampa.

Nano-sized drug delivery systems have been the subject of intense research in recent years because polymeric materials 
allow the absorption and release of active substances in a controlled manner. The use of polymeric nanoparticles as a 
drug carrier has emerged as an alternative. Despite the benefits, the safety of nanoparticulate systems is an aspect to be 
understood, particularly in in vivo systems. Caenorhabditis elegans is a very useful alternative model for nanotoxicology and 
has been recently applied in this field. The aim of this study was to evaluate toxicological endpoints in worms exposed to 
nanomaterials prepared with different polymers: polyethylene glycol (PEG), chitosan (CH), eudragit (EU) and polysorbate 80 
(P80) in C. elegans. First larval staged worms were obtained by a synchronization process and treated with nanomaterials 
at concentrations of 0.015, 0.225 and 0.45 mg/mL for 30 minutes in liquid medium (acute exposure). Soon after, they were 
washed to remove the treatments and transferred to Petri dishes containing NGM and E. coli OP50 for 48 h. Survival rate, 
brood size and worms length were determined. Data were expressed as mean ± standard error, and statistical analysis 
were done by one-way ANOVA followed by Tukey post-hoc test. We observed that the EU nanoparticles did not cause any 
significant change in toxicological endpoints when compared to control. On the other hand, exposure to CH, PEG and P80 
nanoparticles decreased worms survival, reduced their progeny and significantly altered worms size. This work demonstrates 
the toxicological differences between polymers and a potential for EU to be used in new formulations for future drug vectoring 
and targeting systems.

1210A	 Using	genetic	code	expansion	to	develop	a	photo-activatable	FLP	recombinase.

Kieran Baxter1, Lloyd Davis1, Ailish Tyanan1, Sebastian Greiss1 1) Centre for Discovery Brain Sciences, University of Edinburgh, 
UK.
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Sequence-specific DNA recombinases such as FLP and Cre are powerful and widely used tools for controlling gene expression. 
However, their application is currently limited by the availability of specific promoters to target their expression to cells of 
interest. Our lab has recently developed a photo-activatable version of Cre which allows for spatiotemporal control of gene 
expression with single-cell precision.

Here we present a method for generating a photo-activatable version of FLP recombinase using genetic code expansion. The 
photo-activatable FLP can be used as an alternative to, or in combination with, the previously developed photo-activatable Cre, 
further expanding the set of tools for controlling gene expression in C. elegans.

Genetic code expansion refers to a method of incorporating non-canonical amino acids into proteins in vivo in a site-specific 
manner. We use photocaged amino acids, which contain a ‘caging’ group attached to the side-chain of an otherwise canonical 
amino acid. This caging group can render the protein containing the photocaged amino acid inactive by blocking its active 
site. The caging group can be rapidly removed by illumination with 365 nm light, which restores the canonical amino acid and 
allows for the photo-activation of the protein.

We have generated photo-caged variants of FLP by replacing either a catalytic lysine or a catalytic tyrosine in the active site 
with their photo-caged counterparts. We demonstrate that we can use the photo-caged FLP in several tissues, including 
neurons and body wall muscle cells. We can uncage and activate the FLP recombinase to drive gene expression either globally, 
by illuminating the entire animal, or in individual cells by using a 365 nm laser. Our system thus provides a valuable tool for the 
spatiotemporal control of gene expression in C. elegans, and can be used to study functions of cells, or combinations of cells, 
which otherwise could not be genetically targeted by other methods.

1211B	 Thimerosal	toxicity	in	the	reproductive	system	in	C. elegans

Matheus Bianchini1,2, Flávia Pereira1,2,3, Eugênia Kuhn1,2,3, Daiana Ávila1,2,3, Robson Puntel1 1) UNIVERSIDADE FEDERAL DO PAMPA 
- UNIPAMPA - CAMPUS URUGUAIANA, BRAZIL; 2) PROGRAMA DE PÓS GRADUAÇÃO EM BIOQUIMICA - UNIPAMPA - CAMPUS 
URUGUAIANA, BRAZIL; 3) GRUPO DE PESQUISA EM BIOQUIMICA E TOXICOLOGIA EM Caenorhabditis elegans- UNIPAMPA, 
BRAZIL.

Mercury (Hg) is a heavy metal with no biological function, it can be found worldwide, and is presented in organic and inorganic 
forms. Among the Hg organic compounds is Thimerosal (THIM), which is a vaccine preservative that is used in Brazil. One of 
the targets of this organomercurial is the dopaminergic system, however it is necessary to know which other systems could 
be affected by this compound. The objective of the study was to evaluate the toxicity of THIM on the reproductive system of 
Caenorhabditis elegans. For this study we have used MD 701 [lim-7p::ced-1::GFP + lin-15(+)] transgenic, which were exposed 
to THIM from the L4 stage for 24H (vehicle, 10, 25, 50 and 75µM). The worms were maintained in NGM (Nematode Growth 
Medium) plates with UV-inactivated Escherichia coli OP50. After exposure the survival, brood size, egg laying – levamisole 
induced, egg production and number of germline apoptotic cells were assessed. Our results demonstrate that THIM does not 
increase mortality rate in C. elegans, at the concentrations tested. However, THIM exposure caused a decrease in brood size 
and egg laying at all concentrations. We have found an increase in the number of apoptotic cells and in the egg production 
at the highest concentrations. Therefore, our results suggest that THIM exposure causes reprotoxicity, since there was 
an impairment on brood size and increase of germline cells apoptosis. In addition, the reduction in egg laying induced by 
levamisole and the increase in the number of eggs inside the worms indicate a neuromuscular damage. Resulted increased of 
eggs inside of worms. However, further studies are needed to understand the mechanism by which THIM exerts its toxicity on 
C. elegans reproductive system.

1212C Developing Steinernema hermaphroditum as a model system to study symbiosis

Mengyi Cao1, Hillel Schwartz1, Chieh-Hsiang Tan1, Paul Sternberg1 1) California Institute of Technology.

Entomopathogenic nematodes (EPNs, which include Steinernema and Heterorhabditis) seek out insect hosts that they infect 
and rapidly kill with the assistance of their mutualistic symbiotic bacteria (Xenorhabdus and Photorhabdus), with which 
they exist in species-specific partnerships. The development of genetic tools in Xenorhabdus and Photorhabdus bacteria 
have proved these symbiotic systems to be highly valuable for the study of both mutualism and parasitism. However, hopes 
that EPNs could be genetic models have been frustrated for decades by inconsistent in vitro growths, variable success in 
cryopreservation, and low mating efficiency in the laboratory. We obtained a recently described Indian strain of Steinernema 
hermaphroditum (Bhat et al., 2019) and optimized its in vitro growth with a generation time of three days on a thin layer of its 
native symbiotic bacteria Xenorhabdus griffiniae on transparent growth media (NGM). We developed a simple and efficient 
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cryopreservation method by freezing mixed juvenile stages of nematodes. Previously, S. hermaphroditum was described 
as first generation hermaphroditic and second generation gonochoristic (male-female) when isolated from its insect hosts. 
We discovered that at least when growing in vitro, this species produced exclusively self-reproducing hermaphrodites for 
consecutive generations, except for rare spontaneous males. We performed EMS mutagenesis screens in S. hermaphroditum 
which generated multiple mutant lines with visible phenotypes. Mating of recessive mutant hermaphrodites with wild-
type males produced wild-type hermaphrodite F1 cross-progeny that produced mutant and wild-type F2 self-progeny with 
Mendelian ratios, consistent with self-fertilization. We also acquired X-linked recessive mutants that showed sex determination 
is chromosomal. We report S. hermaphroditum-India as the first case of a true consistently hermaphroditic species of EPN 
known to date, and find it to be highly tractable in the laboratory. We will present our ongoing progress in developing this 
species into a genetic model for symbiosis research.

1213A	 Local	compression	mechanosensing	by	DVA	proprioceptors	curbs	body	bends	during	locomotion

Ravi Das1, Li-Chun Lin1, Frederic Català-Castro1, Neus Sanfeliu-Cerdán1, Montserrat Porta-de-la-Riva1, Aleksandra Pidde1, Michael 
Krieg1 1) ICFO - The Institute of Photonic Sciences.

Coordinated cell shape changes is the basis for a myriad of dynamic processes in animals, from limb movement to locomotion, 
but also for visceral morphodynamics such as lung expansion. These processes are supervised by specialized, proprioceptive 
mechanosensors, which are capable to accurately transduce mechanical information from organ deformation into biochemical 
signals. However, we still have little knowledge about the physiologically relevant mechanical stresses and deformations that 
lead to the activation of mechanosensitive neurons during proprioception or visceral mechanosensation.

The stereotypical locomotion phenotype of C elegans can help us elucidate several mechanotransduction pathways coming 
into play for proprioception. We used a conditional knock-out strategy and found that unc-70 β-spectrin has cell-specific 
roles in the DVA neuron in limiting body bending amplitudes during locomotion. By means of calcium imaging, microfluidic 
manipulation and genetically encoded tension sensors we found that the spectrin cytoskeleton is able to bear compressive 
stresses that are transduced by the trp-4 ion channel of the TRPN/NOMPC family. In conjunction with optical tweezer based 
force spectroscopy assays of cultured DVA neurons, we found that the potassium leak channel twk-16 is responsible for 
inhibiting depolarization during axonal stretch, which adjusts the proprioceptive mechanism of DVA within compression. 
Finally, we formulate our observations within a neuromechanical framework that shows that compartmentalized, compressive 
mechanosensitivity triggers local muscle contraction that is critical for animal locomotion.

1214B	 Identification	of	Novel	Uric	Acid	Gluconucleosides	in	C. elegans regulated by insulin signaling

Brian Curtis1, Lee Joon Kim2, Chester Wrobel1, Henry Le1, Rubin Smith1, Jessica Burch2, Alexander Artyukhin1,4, Patrick Hu3, 
Hosea Nelson2, Frank Schroeder1 1) Cornell University, Ithaca, NY; 2) University of California, Los Angeles, Los Angeles, CA; 3) 
Vanderbilt University Medical Center, Nashville, TN; 4) College of Environmental Science and Forestry, State University of New 
York, Syracuse, NY.

Few nucleoside-derived natural products have been identified from animals, despite the ubiquity of nucleosides in living 
organisms. Our recent metabolomic analyses of C. elegans revealed a variety of novel nucleoside derivatives, some of which 
incorporate additional moieties, for example ascarosides. Using a combination of chemical synthesis and the emerging 
electron microscopy technique microcrystal electron diffraction (MicroED) we elucidated the structures of two unusual uric 
acid nucleosides named uglas#1 and uglas#11, which are based on attachment of the purine base to glucose instead of ribose 
as in canonical nucleosides. These noncanonical gluconucleosides integrate the ascaroside pheromone ascr#1 as a building 
block.

Via comparative metabolomics we showed that an enzyme from the carboxylesterase (CEST) family, CEST-1.1, is specifically 
required for the production of uglas#1 and its phosphorylated derivative, uglas#11, but not for the biosynthesis of structural 
isomers or other related gluconucleosides. Biosynthesis of the phosphorylated uglas#11 is starkly upregulated in long-lived 
daf-2 (e1368) mutants, suggesting a possible intersection of nucleoside metabolism and insulin signaling. The highly specific 
biosynthesis of uglas#1 and uglas#11 and their regulation by insulin signaling suggests that gluconucleosides may represent a 
novel class of signaling molecules.

1215C	 Fe3O4@Ag	nanoparticles	synthesized	by	biogenic	route	cause	reprotoxicity	in Caenorhabditis elegans
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Aline de Castro da Silva1, Joana Pieretti2, Amedea Seabra2, Alisson Rodrigues1, Daiana Ávila1 1) Universidade Federal do Pampa; 
2) Universidade Federal do ABC.

Metal nanoparticles (NPs) are the most studied nanomaterials today. From a biomedical point of view, hybrid metallic NPs 
are very promising when compared to monofunctional NPs, as they combine characteristics and functions that alone cannot 
be achieved, such as Fe3O4@Ag-NPs (magnetite NPs). In addition, green synthesis has been pursued in order to reduce 
environmental impacts due to solvents used in the reactions. However, little is known about Fe3O4@Ag synthesized in a 
biogenic manner using the extract of Camelia sinensis (green tea), requiring reliable and reproducible studies that certify 
the biosafety of these nanomaterials and guarantee the safety for users and for the environment. A promising model for 
nanotoxicological analysis is Caenorhabditis elegans, as it is invertebrate, transparent, has a short life cycle and is easy to 
manipulate and genetically manipulate. In this sense, the present work aimed to evaluate the toxicity of Fe3O4@Ag-NPs 
synthesized in a biogenic way in C. elegans. N2 (wild type), CL2166 [(pAF15) gst-4p :: GFP :: NLS] and TJ356 [daf-16p :: daf-
16a / b :: GFP + rol-6 (su1006)] were used. The animals were submitted to treatment at the first larval stage (L1) in an acute 
manner (30 minutes) at concentrations of 1, 5, 10, 50 and 100 μg / mL. The survival rate, progeny size, egg laying, number 
of eggs inside the worm, translocation of the DAF-16 transcription factor and glutathione-S-transferase (GST-4) expression 
were analyzed. We observed that the acute exposure to Fe3O4@Ag-NPs decreased the survival rate of C. elegans, in addition 
to decreasing reproductive parameters such as progeny size and egg laying. In addition, the treated worms showed greater 
translocation of DAF-16 from the cytoplasm to the cell nucleus, indicating possible activation of antioxidant enzymes in 
response to damage. An increase in GST-4 expression was also observed, which suggests a detoxification mechanism against 
xenobiotics. This study indicates that Fe3O4@Ag-NPs induces reprotoxicity in C. elegans and that there is a modulation of 
the transcription factor DAF-16 with its translocation into the cell nucleus and the consequent activation of detoxification 
processes, as observed in this study, with increased expression of the target enzyme GST-4.

1216A	 Uncovering	microbiome-mitochondrion	interactions	in	the	worm-bug	model

Nathan Dennis1, Mireya Vasquez-Prada1, Daniel Scanlon1, Antonis Karamelegos1, Laura Freeman1, Marina Ezcurra1 1) University 
of Kent School of Biosciences, Stacey Building, University of Kent, Canterbury, Kent, CT2 7NJ.

Microbiomes can have a big impact on the general health and wellbeing of their hosts. Both metagenomic-sequencing 
and experimental studies have shown that the microbiome can alter host immune function, cognitive function, and the 
pathogenesis of neurodegenerative diseases.

The mitochondria, cousins of the free-living bacteria which populate the microbiome, may be crucial for mediating these 
effects by interacting with bacterial products. Investigating such microbe-mitochondria interactions is a relatively new area 
of study, but already researchers have shown that mitochondrial components are capable of binding bacterial siderophores 
to facilitate iron uptake, perceiving bacterial quorum-sensing signals, and interacting with many other bacterial products. 
Furthermore, C. elegans electron transport chain mutants display constitutive activation of p38-mediated innate immunity, 
highlighting the role of mitochondrial dynamics in immune signalling.

Our lab has established a model system to study host-microbe interactions using C. elegans in conjunction with an 
experimental microbiome consisting of 11 bacterial strains derived from the microbiota of wild C. elegans isolates. Members of 
the microbiome differ in their propensity to colonise the C. elegans gut, resulting in the formation of a gut microbiome which 
diverges in composition from that of the bacterial lawn. Using the open-source program GapSeq, we have generated genome-
scale metabolic models using genomic assemblies of all our bacterial strains. By examining these models and subsequently 
performing flux-balance analysis, we have demonstrated that our experimental microbiome is metabolically diverse and 
potentially able to provide its host with many beneficial compounds, including thiamine, butyrate, nicotinamide, and GABA. 
We have also demonstrated that worms grown on our experimental microbiome display a disordered, globular mitochondrial 
network. Moreover, worms grown on our experimental microbiome show reductions in mtDNA copy number as early as L3-L4, 
while whole-body ATP levels are elevated in early adulthood. Together, these results illustrate the metabolic capacity of our 
experimental microbiome, and demonstrate that it can induce significant changes in host mitochondrial dynamics.

1217B	 Insecticide	resistance	and	toxicity	mechanisms	in	malaria	vectors	and	C. elegans

Persefoni Fragkiadaki1, Mary Kefi1,2, Kostas Kounakis1,2, Iason Charamis1,2, Eirini Lionaki1, Vasileia Balabanidou1, John Vontas1,3, 
Nektarios Tavernarakis1,4 1) Institute of Molecular Biology and Biotechnology, Foundation for Research and Technology-Hellas; 
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2) Department of Biology, University of Crete; 3) Department of Crop Science, Agricultural University of Athens; 4) School of 
Medicine, University of Crete.

Malaria continues to claim more than 400.000 lives every year, and represents one of the biggest health issues for humanity 
worldwide. Deltamethrin (DM) is one of the most potent insecticides used to eradicate malaria and belongs to type II 
pyrethroids. DM targets voltage-gated sodium channels (VGSCs) expressed in neuronal cells of target species. However, the 
off-target effects of chronic exposure to DM are poorly characterized. We use C. elegans as a non-target species, and the 
malaria vector Anopheles gambie, to identify molecular pathways that mediate insecticide toxicity and/or resistance to DM. 
Proteomic analysis of resistant mosquitoes compared to susceptible counterparts shows increased levels of OXPHOS and 
proteasomal proteins, and decreased levels of aminoacyl-tRNA biosynthesis and ribosomal proteins, suggesting reduction 
in protein translation. The proteomic profile of DM resistant mosquitoes resembles the profile of low insulin/IGF1 signaling 
(IIS) C. elegans mutants and indicates that resistant mosquitoes could experience low IIS. We tested the effects of DM on 
nematodes treated throughout their post-embryonic development. DM treated worms can develop to adulthood and produce 
viable progeny. We found that DM does not induce sod-3 expression in wt animals, rather it attenuates sod-3 induction in 
daf-2 mutants and starved wt animals. In addition, DM significantly induces ER stress and antioxidant response in a dose 
dependent manner, while it alters the exploratory behavior of wild type worms in the presence of food. Our findings implicate 
IIS in deltamethrin-induced toxicity, in non-target species and in the development of mosquito resistance mechanisms. We are 
currently investigating whether modulation of IIS could serve as a putative toxicity and resistance management strategy.

1218C	 C. elegans as a model for studying Cannabis sativa extracts

Victoria Giorgi1, Rosina Castro2, Santiago Fernández2, Agustina Vila3, Mariana Pazos3, Carlos García2, Inés Carrera1 1) Laboratorio 
de Experimentación Animal, Departamento de Ciencias Farmacéuticas, Área Farmacología, Facultad de Química, Universidad 
de la República, Uruguay.; 2) Laboratorio de Farmacognosia y Productos Naturales, Departamento de Química Orgánica, 
Facultad de Química, Universidad de la República, Uruguay.; 3) Laboratorio de Síntesis Orgánica, Departamento de Química 
Orgánica, Facultad de Química, Universidad de la República, Uruguay..

The Cannabis genus includes a variety of plants that are a valuable source of secondary bioactive metabolites, including 
flavonoids, terpenes, and cannabinoids. These metabolites are responsible for a wide variety of biological activities such as 
anti-inflammatory, anti-oxidant, psychotropic and others. The long term objective of this project is to develop C. elegans as a 
model for studying the bioactive potential of different extract types from cannabis plants.

Previous studies showed that aqueous extracts from Cannabis sativa leaves exhibit nematicidal activity on plant parasitic 
nematodes, and suggested that phytocannabinoids present in the extract are responsible for this effect. However, little 
is known about the nematicidal activity from extracts of other parts of cannabis plants, including female flowers where 
phytocannabinoids accumulate in highest amounts.

C.elegans has proven to be an excellent model for the discovery of new anthelmintic drugs and its mechanism of action. In 
this sense extracts from flowers of two Cannabis plant varieties which differ in its ratio of tetrahydrocannabinolic acid (THCA)/ 
cannabidiolic acid (CBDA) content were prepared and its activity on C. elegans motility assessed. The phytocannabinoids 
profile of the extracts was studied and the main phytocannabinoids were identified and quantified by HPLC-DAD.

Automated motility assays were conducted with N2 worms at 10 µM and 100 µM in the main cannabinoid (CBDA or THCA). 
Failure to see a motility effect in this background prompted us to use mutants with a compromised cuticle. C.elegans has a 
robust cuticle that functions as a physical barrier against chemicals which may represents a problem for compounds testing, 
such as acidic phytocannabinoids. In this sense, motility assays were performed using mutants in the bus-8 gene, which 
encodes a predicted glycosyltransferase required for cuticle integrity. Cannabis flower extracts caused severe reduction in 
motility in bus-8 mutants at 50 µM and 100 µM in the main cannabinoid. We are currently analyzing purified compounds to 
dissect the complex effect of these extracts and using mutant analysis to understand its mechanism of action.

1219A	 Synergistic	Neuroprotective	Effects	of	Mix	Extract	from	Biosearch	Life	Product	Against	AD-hallmarks	and	Cognitive	
Decline in Caenorhabditis elegans	and	SAMP8	Mice	Model

Christian Griñán Ferré1, Aina Bellver-Sanchis1, Mónica Olivares-Martín2, Oscar Bañuelos-Hortigüela2, Mercè Pallàs1 1) 
Pharmacology Section, Department of Pharmacology, Toxicology and Therapeutic Chemistry. Faculty of Pharmacy and Food 
Sciences. Institute of Neuroscience, University of Barcelona (NeuroUB), Barcelona, Spain.; 2) R&D Department. Biosearch S.A., 
Granada, Spain..
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Neurodegenerative diseases such as Alzheimer’s disease (AD) are well recognized as major public health problems in the aged 
population. Recognized events in AD include cognitive impairment, oxidative stress (OS), Aß plaques accumulation in brain 
tissue. The current drugs to treat AD no cure or reduce the progression of the disease. Thus, the study of different extracts can 
provide a wealth of bioactive compounds and their combination, which can exert a new strategy for several neurodegenerative 
diseases, including AD. Among the natural extracts, Ginkgo biloba is one of the most investigated herbal remedies for cognitive 
disorders and AD. Moreover, docosahexaenoic acid (DHA), and Pinitol and Ursolic acid (UA) are associated to a prophylactic 
role in certain age-related diseases with particular emphasis on some of the effects of certain degenerative diseases. This 
study aimed to investigate the synergistic neuroprotective effects of mixed extract composed by different concentrations 
of DHA (150 µM), Ginkgo (120 µM) Pinitol (105 µM), and UA (35 µM) from Biosearch Life product, including OS tolerance, 
Thioflavin-S staining Aß plaques, and lifespan in several transgenic Caenorhabditis elegans (C. elegans) as well as cognitive 
performance in C. elegans and senescence-accelerated prone mice 8 (SAMP8) model. Firstly, we found a significantly higher 
survival percentage in C. elegans treated with Mix extract group in comparison with the single extract treated groups (DHA 150 
µM group, Ginkgo 120 µM group, Pinitol 105 µM group, UA 35 µM group), reaching the Vitamin C group. Likewise, we found 
a significantly increased the lifespan in C. elegans Mix extract-treated group compared to the other groups, suggesting the 
synergistic effects. Remarkably, we determined a significant reduction in Aß plaques accumulation in C. elegans strain CL2006 
Mix extract group compared to other groups, including all treated groups, confirming the synergistic effect again. Finally, we 
demonstrated better cognitive performance in the Mix extract group in both AD models (neuronal Aß C. elegans strain CL2355 
and SAMP8 mice model), confirming the molecular result and demonstrating the synergist effects of this Mix extract. Taken 
together, our results demonstrated the potential therapeutic strategy for AD of this new Mix extract product from Biosearch 
Life.

1220B	 Investigating	the	metabolic	impact	of	inhibiting	bacterial	folate	synthesis:	A	novel	method	to	measure	amino	acids	
in agar beneath the bacterial lawn.

James Groombridge1, Rachael Dack1, David Weinkove1 1) Durham Univesity.

The microbiome has a strong impact on host health but the molecular mechanisms of this relationship are hard to elucidate in 
the complex human gut microbiome. C. elegans provides a simplified model for investigating the gut microbiota-host system 
whereby the growth media (diet), worm (host) and bacteria (microbiota) are specifically and easily manipulated to control 
variables. Our group has shown that inhibiting E. coli folate synthesis increases worm lifespan independently of worm folate 
status with no adverse effects on bacterial growth or host health. We have shown that inhibiting bacterial folate synthesis 
removes a factor or activity from the bacteria that accelerates ageing but the identify and mechanism of that factor are 
unknown. One possibility is that bacterial metabolism is altered and/or there is a change in molecules secreted from the 
bacteria. In our lab we have replaced peptone in our agar media with defined amino acids to provide a more controllable 
nutrient environment. To develop a method to monitor molecular changes in the agar, our aim was to measure the difference 
in amino acid concentration in the agar after growth of the bacteria. To the best of our knowledge there has not been a 
protocol developed to metabolites from solid agar inhabited by a bacterial lawn. Here we present a simple but robust and 
easily reproducible method for amino acid extraction and HPLC-MS analysis that could be applied to a larger study of the 
bacterial exo-metabolome from a solid agar source. With the exception of Lys, Arg and His we could recover and measure 
amino acids within an RSD threshold of <5%. We will use this method to understand how inhibiting bacterial folate synthesis 
alters bacterial metabolism in the context of a solid bacterial lawn, to inform our studies on how this intervention slows 
ageing.

1221C Honey bee (Apis mellifera)	venom	toxicity	in	breast	cancer	cells	and	the	nematode	Caenorhabditis elegans

Priscila Gubert1, 2, Yáskara Veruska Ribeiro Barros3, Amanda Onduras de Andrade1, Larissa Pereira Dantas da Silva1, Lucas Aleixo 
Leal1, Iverson Conrado Bezerra1, Iago Dillion Lima Cavalcanti4, Mariane Cajuba de Britto Lira Nogueira4, 5, Kristiana Cerqueira 
Mousinho6, Angelo Roberto Antoniolli7 1) Department of Biochemistry, Laboratory of Immunopathology Keizo Asami, LIKA, 
Federal University of Pernambuco, Recife, Brazil; 2) Postgraduate Program in Pure and Applied Chemistry, Federal University 
of Western of Bahia, Bahia, Brazil.; 3) Health Sciences Post-Graduate Program, Federal University of Sergipe / Alagoas State 
University of Health Sciences, Maceio, Brazil; 4) Postgraduate Program in Biological Science, Federal University of Pernambuco, 
Pernambuco, Recife, Brazil; 5) Academic Center of Vitoria, Federal University of Pernambuco, Pernambuco, Brazil; 6) CESMAC 
University Center, Maceio, Alagoas, Brazil; 7) Department of Physiology, Federal University of Sergipe, Sao Cristovao, Sergipe, 
Brazil.
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Bee venom, also known as apitoxin, is produced by honey bees (Apis mellifera) and comprises a complex mixture of substances 
with reported therapeutics and pharmacological properties. However, this natural product can cause severe allergic reactions, 
and further toxicological studies on animal models are necessary to ensure safe use. Bee venom obtained from Apis mellifera 
and collected in Northeast Brazil was used to investigate its effects in normal and breast cancer cells and the nematode 
Caenorhabditis elegans. In the present study, we employed the acute exposure assay system of C. elegans to evaluate bee 
venom›s toxicity in vivo. Synchronized L4 larval stage worms (N2-Bristol) were exposed for three hours in M9 buffer to bee 
venom. Behavioral parameters, including reproduction, survival, DAF-16 transcription factor location (zIs356 [daf-16p::daf-16a/
b::GFP + rol-6(su1006)]), and superoxide dismutase-3 (SOD-3; muIs84 [(pAD76) sod-3p::GFP + rol-6(su1006)]) expression, were 
analyzed. Bee venom cytotoxic impacts on MDA-MB-231 and J774 A.1 cells were evaluated by the MTT assay until 72 hours of 
exposure. Acute exposure to bee venom resulted in a decrease in C. elegans survival, feeding behavior (p<0.0001), movement 
(p<0.0001) while induced an increase in the gaps between the cycles of defecation (p<0.001). Bee venom has also decreased 
nematode reproduction by reducing both egg-production (p<0.0001) and egg-laying (p<0.05). This toxin enhanced DAF-16 
translocation from the cytoplasm to the nucleus, which did not affect the SOD-3 expression. Bee venom significantly inhibited 
the proliferation of MDA-MB-231 cells and caused a cytotoxic effect on macrophages. Our results show that exposure to bee 
venom produced significant toxic effects on the cells and animal model studied. C. elegans can provide information about 
the molecular and cellular mechanisms of bee venom toxicity and serve as a model organism to study the toxic effects of this 
natural product on human health.

1222A	 Deciphering	the	molecular	mechanisms	underlying	the	anthelmintic	effect	of	essential	oils	evaluated	in	
Caenorhabditis elegans

Guillermina Hernando1,2, Ornella Turani1,2, Cecilia Bouzat1,2 1) Instituto de Investigaciones Bioquímicas de Bahía Blanca, CCT-
Bahía Blanca CONICET, 8000 Bahía Blanca, Argentina.; 2) Departamento de Biología, Bioquímica y Farmacia, Universidad 
Nacional del Sur (UNS), 8000 Bahía Blanca, Argentina..

Helminths consist of a diverse group of parasitic worms including nematodes, which cause diseases of major socio-economic 
importance globally. Control of infections in both human and veterinary medicine currently relies mainly on chemotherapy, 
but acquisition of resistance is an increasing problem, so there is an urgent need for discovery of novel drugs. As parasitic 
nematodes are not ideal laboratory animals, C. elegans has demonstrated to be a model system for the discovery of new 
anthelmintics and for characterizing their mechanisms of action and resistance. Essential oils (EOs) are natural products 
produced by aromatic plants. We here perform paralysis assays of wild-type and mutant C. elegans strain to identify EOs with 
potential anthelmintic activities, reveal the active components, their target sites and mechanisms of action. We found that 
EOs belonging to different orders produced rapid paralysis of C. elegans showing EC50 values between 0.02-2 % of EOs. All 
EOs tested also inhibited egg hatching, a property related to anthelmintic ability. Thus, EOs mediate both rapid and long-term 
anthelmintic effects. Terpenoids are terpenes with added oxygen molecules, thymol and carvacrol are the most common and 
well-known terpenoids present in EOs. Phenylpropenes, such as eugenol and trans-cinnamaldehyde (TC), are named as such 
because they contain a six-carbon aromatic phenol group and a three-carbon propene tail from cinnamic acid. We determined 
that TC, produces both paralysis and egg-hatching inhibition. By testing mutant worms, we identified the muscle L-AChR and 
GABA receptors as EOs and TC targets. Thus, by modulating two receptors with key roles in worm motility, these EOs emerge 
as novel sources of anthelmintic compounds. To unequivocally confirm that these receptors are targets of TC and to describe 
the mechanism by which they affect these receptors, we performed whole-cell and single-channel recordings from L1 C. 
elegans muscle cells. Electrophysiological recordings revealed that thymol, eugenol and carvacrol are not capable of eliciting 
macroscopic currents but they significantly reduce ACh- and GABA-elicited responses. At the single-channel level, we found 
that the activity of L-AChRs is significantly reduced in the presence of different terpenoids or phenylpropenes, without changes 
in channel properties. The results are compatible with the action of these drugs as allosteric inhibitors. Current studies are 
being carried out to determine if TC shows a similar action and to determine structure-activity relationships of the active 
compounds. It is hoped that this work can update the recent progress on natural nematicide discoveries and provide new 
ideas for the design and mechanism of action studies of anthelmintics. In addition, our study increases our knowledge related 
to the molecular function and pharmacology of the two main receptors involved in C. elegans locomotion.

1223B	 Worm	Developmental	Dynamics	Database	2	–	an	open	database	with	visualization	for	biological	dynamics	of	large-
scale RNAi experiments on C. elegans embryos

Hiroya Itoga1, Koji Kyoda1, Shuichi Onami1 1) RIKEN Center for Biosystems Dynamics Research, Kobe, Japan.
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Collections of images and quantitative, numerical information about morphological dynamics support understanding the 
molecular mechanisms of development.

Recently we conducted RNAi experiments targeting all 351 essential embryonic genes reported in the previous genome-wide 
RNAi screening for C. elegans. We recorded three-dimensional time-lapse, i.e., 4D differential interference contrast (DIC) 
microscopy images of developing embryos at 66 consecutive focal planes spaced at 0.5 um for 2 hours at 20 seconds intervals. 
We obtained a collection that includes 33 sets of quantitative data, such as 3D coordinate values of nuclear regions and their 
dynamics from 1 to 8-cell stage, for wild-type embryos and 1,142 sets of quantitative data for RNAi embryos corresponding to 
263 essential embryonic genes. We detected over 26,000 phenotypic alterations for 421 phenotypic characters, such as cell 
division timing and division axis orientation from the collection (Kyoda et al., bioRxiv 2020).

To make the collection openly available, we have developed Worm Developmental Dynamics Database 2 (WDDD2; https://
wddd.riken.jp/), as the successor of Worm Developmental Dynamics Database (WDDD; http://so.qbic.riken.jp/wddd/), with 
a completely new implementation using modern web frameworks such as Django and Three.js. WDDD consists of images 
and quantitative data of 50 sets of wild-type embryos and 136 sets of RNAi embryos corresponding to 72 of the 97 essential 
embryonic genes on chromosome III, with sparser time intervals, but WDDD2 needs to handle ten times more or over.

The database shows nuclear division dynamics information interactively as a combination of 4D DIC images and 4D 
visualization of quantitative data. The system displays the region of the nuclei and the center of gravity of them as wireframes 
in 3D space, and the user can select to view the data at a specific time or all time points simultaneously. The related cell 
images are displayed next to the wireframe. The image and wireframe’s viewpoint can be manipulated synchronized but freely 
by pointing device movements to compare them to each other.

The 4D DIC images in the original microscopy manufacturer’s format are openly available by download from the database. The 
quantitative data are also openly downloadable in the unified format for biological dynamics, BDML/BD5 (Kyoda et al., 2015; 
2020). We plan to develop Web APIs in the future to use images, quantitative data, and phenotypic characters for analysis 
without download.

1224C	 UPS	modulation	and	autophagy.

Sweta Jha1, Carina Holmberg1 1) Medicum, Department of Biochemistry and Developmental Biology,University of Helsinki.

The ubiquitin-proteasome system (UPS) and the autophagy-lysosomal pathway (ALP) are the two main eukaryotic intracellular 
proteolytic systems involved in maintaining proteostasis. Autophagy is responsible for degrading defective cellular organelles 
and long-lived proteins in the cytosol and is involved in cell growth, survival, development and death. UPS mostly degrades 
soluble and short-lived proteins in the nucleus and cytosol and affects various cellular processes. These two proteolytic 
systems are essential components of the cellular protein quality control system. Several studies have reported an interplay 
between the UPS and ALP, however it still remains largely unknown how these systems communicate in a multicellular 
organism. We have recently shown that downregulation of autophagy genes elicits tissue-specific effects on UPS function 
in C. elegans1. Here, we address how genetic or pharmacological modulation of the proteasome and the proteasome-
associated DUBs affects autophagy. We use transgenic C. elegans expressing the autophagy reporters GFP::LGG-12 or 
mCherry::GFP::LGG-13 and analyze the accumulation of LGG-1 puncta and autophagic flux. Our preliminary data show that 
downregulation of the proteasome-associated DUBs ubh-4, usp-14 and rpn-11 as well as some proteasomal subunits affect the 
number of puncta positive for autophagosomes in hypodermal seam cells, intestinal cells as well as in pharynx. To nvestigate 
a conserved function of the UPS on autophagy in human cells, we are utilizing a HeLa cell line expressing the fluorescence 
probe GFP::LC3::RFP::LC3∆G4. A better understanding of the multilayered crosstalk between UPS and ALP in vivo may facilitate 
development of therapeutic options for various disorders linked to dysfunction in proteostasis.

References
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1225A	 Histone	demethylase	AMX-1	provides	sensitivity	to	interstrand	crosslink	DNA	damage

Xiaojuan Zhang1, Sisi Tian1, Xiaojing Ren1, Sara Beese-Sims2, Nara Shin2, Monica Colaiácovo2, Hyun-Min Kim1 1) Tianjin University; 
2) Department of Genetics, Harvard Medical School.

Histone methylation is dynamically regulated to shape the epigenome and adjust central nuclear processes. Here, we 
investigated the histone demethylase LSD2 homolog AMX-1 in C. elegans and uncovered a potential link between H3K4me2 
modulation and DNA interstrand crosslink (ICL) repair. AMX-1 is an uncharacterized histone demethylase and mainly localizes 
to embryos, the mitotic gut and sheath cells. AMX-1 expression compensates for the lack of the histone H3K4 demethylase 
SPR-5 and the mutants show increased H3K4me2 levels in the germline, indicating that AMX-1 and SPR-5 regulate H3K4me2 
demethylation. amx-1 mutant activates the CHK-1 kinase acting downstream of ATR and leads to the accumulation of RAD-
51 foci and increased DNA damage-dependent apoptosis in the germline. AMX-1 is required for the proper expression 
of mismatch repair component MutL/MLH-1 and sensitivity against ICLs. Interestingly, the formation of ICLs lead to 
ubiquitination-dependent subcellular relocalization of AMX-1. Taken together, our data suggest that AMX-1 functions in ICL 
repair in the germline.

1226B	 Using	C. elegans in	prognosis,	diagnosis,	and	drug	screens	for	splicing-related	retinitis	pigmentosa

Dmytro Kukhtar1, Nuria Goya 1, Julián Cerón1 1) Institut d’Investigació Biomèdica de Bellvitge (IDIBELL), Hospitalet de Llobregat, 
Spain.

Retinitis pigmentosa (RP) is a rare, heterogenic, and hereditary disease that produces gradual loss of the visual field and can 
cause blindness. Mutations causing the disease are still unknown in about 50% of the cases. By CRISPR, we mimicked a few 
RP mutations in splicing-related genes such as PRPF8/prp-8 and SRNPN200/snpr-200 (Kukhtar et al, 2020). One of the alleles 
displaying a strong phenotype was used in a small-scale drug screen to identify small molecules capable of alleviating the 
phenotype. Unexpectedly, we found an FDA-approved drug having a detrimental effect on some of the mutant strains.

Since RP onset and progression are highly variable due to environmental or genetic modifiers, C. elegans could help RP 
prognosis by identifying such modifiers. We performed an RNAi screen on RP mutants with no overt phenotypes and found 
synthetic interactions with other splicing-related genes. Thus, secondary mutations in these genetic interactors could act as 
modifiers of the course of the disease.

We are taking steps towards establishing C. elegans as an RP diagnosis model by evaluating the functional impact of potential 
RP mutations, or variants of unknown significance (VUS), in worms. For that purpose, we are setting a panel of features 
associated with splicing-related RP mutations, including a genetic interaction with a CRISPR-edited Slow Polymerase II mutant 
(ama-1(cer135[R743H])), mortal germline, or aberrant splicing events at specific transcripts. We are also humanizing the 
sequence encoding the splicing factors prp-3 in the endogenous locus to investigate if such humanization is beneficial for 
functional studies of VUS.

Therefore, our RP research line in RP demonstrates the value of C. elegans for investigating rare diseases and for providing 
valuable information in the search of drugs, diagnosis, and prognosis.

1227C A lysosomally-localized protease inhibitor is necessary for C. elegans molting

Max Levenson1, James Ragle 1, Jordan Ward1 1) University of California, Santa Cruz.

How do gene regulatory networks in the nucleus promote remodeling of the extracellular matrix (ECM)? We are addressing 
this question through studying the nuclear hormone receptor transcription factor NHR-23. NHR-23 directly regulates a set 
of collagens, ECM components, signaling factors, proteases and protease inhibitors which are necessary for molting. MLT-
11 is a large protein with 9 Kunitz protease inhibitor domains and is regulated by NHR-23, potentially through a number of 
NHR-23 binding sites in its promoter region as detected by ChIP-seq. Reduction of mlt-11 levels through RNA interference 
(RNAi) causes animals to become trapped in cuticles during ecdysis and the formation of large vacuoles. MLT-11 is required 
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for integrity of the cuticle barrier, as mlt-11(RNAi) animals are sensitive to hypo-osmotic stress and cannot exclude Hoechst 
33258 dye. We generated an mScarlet::3xMYC knock-in that labels all mlt-11 isoforms. Unlike previously described proteases 
and protease inhibitors, MLT-11::mScarlet was not localized to the extracellular matrix. Rather, MLT-11::mScarlet localized to 
punctate and tubular structures under the surface of the hypodermal plasma membrane. Using markers of different endocytic 
compartments, we found MLT-11::mScarlet co-localizes with lysosomes, late endosomes/multivesicular bodies, and recycling 
endosomes. Inactivation of the GTPase rab-5, which regulates early endosomes, lead to an accumulation of MLT-11::mScarlet 
outside the hypodermis, under the old cuticle. This data suggests that MLT-11 is secreted and then endocytosed in order to 
reach the lysosome. Together, our work provides mechanistic insight into how NHR-23 promotes C. elegans ECM remodeling 
and the emerging role of lysosomes in this process.

Funding: This work was supported by the National Institutes of Health (NIH) grants R00 GM107345 and R01 GM138701.

1228A	 Lutein	rescues	a	nlg-1-mediated	synaptic	defect	in	a	C. elegans mitochondrial complex I deficiency model

Silvia Maglioni1, Alfonso Schiavi 1, Marlen Melcher 2, Vanessa Brinkmann 1, Zhongrui Luo3, Anna Laromaine 3, Nuno Raimundo 
4, Joel N Meyer 5, Felix Distelmaier2, Natascia Ventura1,6 1) IUF - Leibniz Research Institute for Environmental Medicine, 
Duesseldorf, Germany; 2) Department of General Pediatrics, Neonatology and Pediatric Cardiology, University Children›s 
Hospital, Heinrich-Heine-University of Duesseldorf, Germany; 3) Institut de Ciència de Materials de Barcelona, ICMAB-CSIC. 
Bellaterra, Barcelona, Spain.; 4) Department of Cellular and Molecular Physiology, Penn State College of Medicine, PA, United 
State ; 5) Nicholas School of the Environment, Duke University, Durham, NC, United States; 6) Institute for Clinical Chemistry 
and Laboratory Diagnostic, Medical Faculty of the Heinrich Heine University, Duesseldorf, Germany.

Complex I deficiency represents the most frequent pathogenetic cause of human mitochondria-associated diseases (HMAD). 
Therapeutic options for these devastating, life-threating disorders, which in most cases present with neurodevelopmental 
defects, do not exist, in part due to the scarcity of appropriate model systems to study them. Caenorhabditis elegans is 
a powerful, genetically tractable model organism widely used to investigate neuronal development and degenerative 
pathologies. Here, we generated new C. elegans models for HMAD and we focused on two complex I disease models 
associated with Leigh Syndrome, nuo-5/NDUFS1- and lpd-5/NDUFS4-depleted animals, which nicely recapitulated biochemical, 
cellular and neurodevelopmental defects of the human diseases. The two models were exploited for a suppressor screening 
that identified lutein, among a library of natural compounds, for its ability to rescue the developmental arrest and neuronal 
deficits observed upon nuo-5 and lpd-5 depletion. We specifically found that lutein exerts its beneficial activity by rescuing 
a neuroligin-mediated synaptic defect we disclosed for the first time upon nuo-5 depletion, thus pointing to possible novel 
therapeutic targets for the human disease.

1229B	 Evaluación	del	efecto	del	extracto	etanólico	de	Witheringia coccoloboides sobre agregados de α- sinucleína en la 
cepa	NL5901	de	Caenorhabditis elegans

Alejandra Mantilla Galindo1,2, Ruth Mélida Sánchez Mora1, Johanna Lizeth González Devia3, Karen Lorena Hidalgo Pulido1 1) 
Universidad Colegio Mayor de Cundinamarca; 2) Universidad Colegio Mayor de Nuestra Señora del Rosario; 3) Universidad 
Santo Tomás .

Neurodegenerative diseases (ND) are a public health problem, cause permanent disability and a high cost in health systems. 
People affected with Parkinson disease have protein deposits of α-synuclein (α-syn) in brain cells. The use of biological 
models such as Caenorhabditis elegans (C. elegans) can answer questions that arise day by day for the development of new 
therapeutic targets for ND. The transgenic strain NL5901 of C. elegans is characterized to have α-syn aggregates labeled with 
yellow fluorescent protein (YFP), which allows to evaluate compounds effect on the physiological characteristics and / or the 
reduction of protein aggregates α-syn in this model. On the other hand, Witheringia coccoloboides (W. coccoloboides) has 
been described as a promising plant in the palliative treatment of ND and therefore of interest in ethnopharmacology due 
to its possible neuroprotective action. Therefore, the main objective of this study was to evaluate the effect of the ethanolic 
extract of leaves of W. coccoloboides on the physiological characteristics and protein aggregates of α-syn in the mutant strain 
NL5901 of C. elegans. The results of the present work show that the ethanolic extract of leaves of W. coccoloboides has a 
reducing effect of protein aggregates α-syn, improving the physiological characteristics of reproduction and motility, as well as, 
decreasing the levels of Reactive Oxygen Species (ROS) in strain NL5901 of C. elegans. Therefore, it is possible to suggest that 
the ethanolic extract of leaves of W. coccoloboides has a protective effect on strain NL5901 of C. elegans, probably attributed 
to the presence of sterols and / or terpenes, flavonoids and alkaloids, which in turn, it is generate a recovery of muscular 
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activity in the egg lay and locomotion, probably all linked, to synergistic interaction of the phytocompounds present in the 
ethanolic extract of leaves of W. Coccoloboides.

Keywords: Witheringia coccoloboides, α-synuclein, Parkinson disease, Caenorhabditis elegans

1230C Dichlorvos exposure aggravates behavioral toxicity in high glucose fed C. elegans

Sarita Mishra1, Rakhi Agarwal1 1) School of Forensic Science, National Forensic Sciences University.

Glucose is one of the most abundant monosaccharide and an essential carbohydrate for our daily routine life. It has been 
also reported as one of the major causative agents of obesity that ultimately causes diabetes and cardiovascular diseases. 
Several studies have shown that high glucose intake results in reduced lifespan, increased oxidative stress, reduced fecundity, 
accelerated ageing in exposed C. elegans and high glucose fed worms are more vulnerable for having behavioral alteration 
and neurodegeneration. Thus, in the present study we aimed to investigate the effects of dichlorvos (DDVP) exposure (10, 
20, 40µM) on behavior of C. elegans, fed on high glucose diet. In our study, we have measured the behavioral responses in 
terms of pharyngeal pumping (feeding), locomotion behavior including head thrashing, speed and body bending behavior. We 
examined that worms exposed to high glucose diet from embryonic to late larval development, showed enhanced toxicity to 
DDVP in terms of behavioral alterations. Our studies strongly advocate the use of C. elegans as an alternate model to study 
the glucose-insecticide interactive neurotoxicity as all the parameters can be easily studied in the worm and study can be 
well extrapolated to those expected in higher model organism. Collectively, our studies suggested that high intake of glucose 
aggravates DDVP toxicity and provides an experimental paradigm to explore the possible relationship between insecticide 
exposures associated behavioral alterations in humans under hyperglycemic conditions.

1231A Genotoxicity and C. elegans	–	using	the	worm	for	DNA	damage	and	DNA	repair/	damage	response	research	

Merle M. Nicolai1, Vanessa Brinkmann2, Ann-Kathrin Weishaupt1, Gerhard Fritz2, Tanja Schwerdtle3,4, Julia Bornhorst1,4 1) 
University of Wuppertal, Faculty of Mathematics and Natural Sciences, Food Chemistry, Wuppertal, Germany; 2) Heinrich 
Heine University Duesseldorf, Medical Faculty, Institute of Toxicology, Düsseldorf, Germany; 3) University of Potsdam, Institute 
of Nutritional Science, Department of Food Chemistry, Potsdam, Germany; 4) TraceAge – DFG Research Unit FOR 2558, Berlin-
Potsdam-Jena, Germany .

Most DNA repair pathways that are known through studies of bacteria, yeast, mammals, and human cell lines, are also highly 
conserved in C. elegans, which makes the worm an experimental model greatly suited for research on processes required 
in genomic stability and mutational change. Even though it is known that most major repair pathways are conserved in the 
nematode, the potential of this model organism in genotoxicity is still not used to its full potential. By adapting various assays 
from cell culture or rodent experiments, we are able to provide a test strategy for this research field according to the 3R 
(replace, reduce, and refine experiments in vertebrates) concept.

Due to the widely recognized difficulty in quantifying oxidative stress and DNA damage markers, multiple endpoints were 
investigated in the nematode. A major cause of (oxidative) DNA damage is oxidative stress via excessive reactive oxygen 
species. We determined various oxidative stress markers including glutathione levels, oxidised cardiolipins, and the 
intracellular reactive oxygen species themselves in nematodes and found time- and dose-dependent increases of these 
markers after treatment with established in vitro positive controls. Moreover, we were able to quantify 8-oxodG increase, 
which is the most common oxidative damage on a DNA base, using an ELISA system or immunofluorescence staining in the 
worms. To assess the cellular DNA damage response, we quantified poly(ADP-ribosyl)ation via LC-MS/MS. The amount of DNA 
strand breaks within a sample can be determined utilizing the alkaline unwinding assay, which is an established genotoxicity 
test in in vitro and in vivo models. Additional to the detection of DNA damage and DNA damage response, gene expression 
studies can point out the relevant DNA repair pathways and using transgenic DNA repair mutants may identify sensitivity 
towards specific compounds. Using this assembly of assays it is possible to analyse the genotoxic potential of a compound – 
from cause to consequence.

Classical genotoxicity testing still relies mainly on expensive and time-consuming animal experiments or less transferrable 
cell culture systems. Utilizing the many known advantages of C. elegans, we were able to assemble a complete model for 
genotoxicity testing from oxidative stress endpoints, to activation of the DNA damage response and DNA repair to measuring 
the DNA damage itself. Thus creating a modern, 3R-conform approach for genotoxicity testing.

1232B	 Biophysical	models	of	C.elegans	neurons:	the	case	of	AWCON and RMD neurons.
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Martina Nicoletti1,2, Alessandro Loppini1,2, Letizia Chiodo2, Viola Folli1, Giancarlo Ruocco1, Simonetta Filippi2 1) Italian Institute of 
Technology; 2) Campus Bio-Medico University of Rome.

Caenorhabditis elegans nervous system constitutes an ideal framework for computational neuroscience studies. Its nervous 
system has been fully reconstructed in neuron numbers and connections. However, the mechanisms at the basis of neuronal 
signals generation in single neurons are still largely unexplored due to experimental difficulties related to the small size of 
the neurons. In this context, biophysical models of single neurons could help elucidate the single-neuron dynamics and guide 
future experiments. In this work, we present biophysical models of the ionic currents found in the nematode neurons and 
muscles, based on the application of the Hodgkin-Huxley model to the C. elegans case. The models of single ionic currents 
are combined to describe the dynamics of the AWCON sensory neurons and RMD motor neurons [1]. Our models properly 
replicate experimental voltage-clamp recordings on AWCON neurons and current-clamp recordings on RMD neurons. The role of 
single ionic currents in the whole-neuron dynamics is investigated by analyzing the conductance and the responses of in silico 
knockout neurons. These analyses highlighted the importance of T-type calcium currents and leakage currents in the peculiar 
bistable behavior observed in RMD neurons. Moreover, our analysis highlighted different dynamical regimes in C. elegans 
neurons, including bistable and sustained oscillatory regimes. Furthermore, we study the chemosensory responses of AWCON 
neurons in a wide range of odor concentrations and exposure times by coupling our model of the electrical responses [1] with 
the model of chemosensory responses developed by Usuyama et al. [2,3]. In conclusion, our work constitutes the basis for 
extensive biophysical modeling of the C. elegans nervous system from the single-cell up to network scale.

[1] M. Nicoletti et al. PloS One 2019, 14(7): e0218738.

[2] M. Usuyama et al. PloS One 2012, 7(8): e42907.

[3] M. Nicoletti, et al. “AWC C. elegans neuron: A biological sensor model.” 2020 IEEE International Workshop on Metrology 
for Industry 4.0 & IoT, Roma, Italy, 2020, pp. 329-333, doi:0.1109/MetroInd4.0IoT48571.2020.9138174

1233C	 Engineering	photo-inducible	GFP-binding	nanobodies	for	in vivo applications using genetic-code expansion and 
computational alanine scanning

Jack O’Shea1, Angeliki Goutout1, Cyrus Sethna1, Chris Wood2, Sebastian Greiss1 1) Centre for Discovery Brian Sciences, University 
of Edinburgh; 2) Institute of Quantitative Biology, University of Edinburgh.

Nanobodies are fragments of camelid heavy chain only antibodies that have high antigen specificity and are easily expressed 
in vivo. They are increasingly used as in vivo tools to specifically target proteins of interest and control protein function. The 
ability to control nanobody/antigen binding using light would add precise spatiotemporal control over nanobody based tools.

Here, we present a general method for engineering photo-activatable nanobodies using genetic code expansion and 
computational alanine scanning. The photo-activatable nanobodies can be optically controlled using 365 nm light, which 
makes them compatible with other optogenetic tools and imaging approaches using visible wavelengths.

We used genetic code expansion to introduce a photocaged amino acid to the nanobody’s antigen binding domain. Genetic 
code expansion allows the site specific incorporation of non-canonical amino acids (such as photocaged amino acids) into 
proteins, and has been established in several model systems, including C. elegans. Photocaged amino acids are a type of non-
canonical amino acid with sterically interfering aromatic groups that can be removed by illumination with 365nm light.

The introduction of a photo-caged amino acid to an anti-GFP nanobody has been shown to reduce nanobody/GFP binding in 
vitro. However, we found that this was not sufficient to abolish in vivo binding. To design photocaged anti-GFP nanobodies that 
display no binding to GFP before illumination with 365nm light, we used computational alanine scanning (CAS). CAS utilizes 3D 
structures of binding complexes to predict the change in binding strength that results from mutating each residue to alanine. 
We introduced such alanine mutations, predicted to reduce GFP binding, into nanobodies that contain photocaged amino 
acids, and validated their binding properties experimentally.

Using this approach, we created photo-inducible variants of two anti-GFP nanobodies. The improved variants display no 
GFP binding in the caged form, and binding is restored after illumination with 365nm light. We apply our photo-inducible 
nanobodies to photocontrol subcellular protein localisation in vivo in C. elegans.

1234A	 Reprotoxicity	induced	by	Acute	exposure	to	Aqueous	Root	Extract	of	Peruvian	Maca	(Lepidium meyenii)	in	
Caenorhabditis elegans



Abstracts

23rd International C. elegans Conference     |    507

LUIZ EDUARDO PILISSÃO1, Cristiane Freitas Rodrigues1, Douglas Porto2, Gabriela Rossi Brabo2, Cristiane Casagrande Denardin1, 
Daiana Silva Ávila1, Robson Luiz Puntel1, Clésio Soldatelli Paim2, Andressa Tassinari da Silva2 1) Programa de Pôs graduação em 
Bioquímica - Universidade Federal do Pampa; 2) Programa de Pôs graduação em Ciências Farmacêuticas - Universidade Federal 
do Pampa.

Ethnopharmacological relevance: Maca (Lepidium meyenii) has been used in folk medicine to treat fertility disturbances. 
However, there are few scientific evidences validating this use or assuring extract safety. Aim of the study: Hence, in this study 
we tested the reproduction safety of this extract in Caenorhabditis elegans. Materials and Methods: Root maca powder, 
obtained from local commerce, was used to prepare the aqueous extract. Worms were acutely exposed to maca extracts 
(40, 120, 240 and 330 μg/μl), based on human consumption of 1g capsules of the same powder. 48h after treatments, assays 
were conducted. Results: Maca extract caused a significant decrease in total number of eggs and in the number of eggs per 
worm from. These effects were associated to increased lipid peroxidation, reduced triacylglycerol levels and also vitellogenin-2 
expression, besides increase in the number of apoptotic germline cells. We have detected and quantified alkaloids in this 
maca extract, which presence could be related to this toxicity. Conclusions: Collectively, our data suggest that maca extract 
exposure causes reproductive toxicity to worms which could be, at least in part, associated to both an increase in apoptosis of 
germline cells and also to a decrease in vitellogenin expression, needed for egg yolk production, and consequently, successful 
reproduction.

1235B	 Mutability	of	mononucleotide	repeats	explains	the	discrepancy	between	lab-accumulated	mutations	and	the	
natural allele frequency spectrum of C. elegans

Moein Rajaei1, Ayush Shekhar Saxena1, Lindsay M. Johnson1, Michael C. Snyder1, Timothy A. Crombie1,2, Robyn E. Tanny2, 
Erik C. Andersen2, Joanna Joyner-Matos3, Charles F. Baer1,4 1) Department of Biology, University of Florida, Gainesville, FL 
US; 2) Department of Molecular Biosciences, Northwestern University, Evanston, IL USA; 3) Department of Biology, Eastern 
Washington University, Cheney, WA USA; 4) University of Florida Genetics Institute, Gainesville, FL USA.

Mutation is the fuel of evolution, and is of fundamental importance in evolutionary biology. A usual and efficient way to 
estimate the properties of spontaneous mutation divorced from the influence of natural selection is by means of mutation 
accumulation (MA) experiments, in which the efficacy of selection is minimized. However, MA experiments potentially come 
with their own biases. Previous studies have consistently shown a discrepancy between the mutation spectrum observed in 
MA lines and the site frequency spectrum (SFS) of wild isolates. By applying MA experiments and whole genome sequencing 
to three strains of C. elegans, (N2, PB306, and an N2-derived strain carrying a defective allele at the mev-1 gene), we 
investigated the property of spontaneous mutations in different part of the genome. We find that the mutational properties 
of mononucleotide repeats differ in both rate and spectrum from non-mononucleotide sequences, both for base-substitutions 
and insertion/deletion (indel) mutations. Comparison of the MA spectrum to that of segregating “private” alleles (which have 
presumably arisen recently as new mutations) reveals that the spectra at non-mononucleotides are similar between MA lines 
and wild isolates, whereas the mononucleotide spectra are very different, both for base-substitutions and indels. In addition, 
we compared the mutational properties of highly divergent regions of the C. elegans genome to those of weakly diverged 
regions. Our preliminary analysis suggests that the mutation rate is slightly higher in divergent regions, but the difference in 
mutation rate is not nearly large enough to explain the difference in nucleotide diversity.

1236C	 The	Mitochondria-targeted	hydrogen	sulfide	delivery	improves	health	and	mitochondrial	function	in	a	C.	elegans	
primary mitochondrial disease model

Luke Slade1, Roberta Torregrossa1, 3, Timothy Etheridge2, Matthew Whiteman1, 3 1) Medical Sciences, College of Medicine and 
Health, University of Exeter, EX12LU, UK; 2) Sport and Health Sciences, College of Life and Environmental Sciences, University 
of Exeter, EX1 2LU, UK; 3) Biosciences, College of Life and Environmental Sciences, University of Exeter, EX4 4QD, UK.

Introduction:	

Primary 

mitochondrial diseases (PMD) are genetically inherited disorders culminating in poor health and premature death. C. elegans 
possess vast orthologous genes associated with PMD, allowing high throughput analysis of the functional consequences 
of mutant genes. The endogenous gaseous mediator hydrogen sulfide (H2S) is an evolutionary conserved mitochondrial 
electron source and post-translational regulator across species. Since H2S augments cellular bioenergetics in conditions where 
mitochondrial dysfunction is a consequence of disease, we investigated whether mitochondria-targeted H2S using novel 
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compounds we have developed (mtH2S) could restore cellular bioenergetics where mitochondrial dysfunction is a direct cause 
of the disease state (e.g. PMD).

Methods:	

We characterised life/healthspan of 

40 C. elegans homologues of human PMD mutations to identify PMD genes associated with poor health using a high-
throughput microfluidic device. PMD strains displaying reduced life and/or health were assessed for improved health/longevity 
in the presence of our novel mtH2S molecules. Strains showing mtH2S -induced improvements were further assessed for ATP 
production, mitochondrial ΔΨm, oxygen consumption and total sulfide.

Results:	

Seven PMD mutants were characterised with 5 showing reduced survival/locomotion. Of these, 2 strains displayed significant 
improvement with mtH2SD (100nM). Animals with widespread electron transport chain deficiency (gfm-1 and mrsp-16) were 
not responsive to mtH2S. abtm-1 mutants showed no improvement in life/healthspan despite significant preservation of 
mitochondrial ΔΨm on day 2 of adulthood. However, in a complex I mutant (nuo-4; a Leigh syndrome orthologue), mtH2SD 
significantly reversed the decline in ATP levels, preserved mitochondrial ΔΨm and increased survival/movement. Furthermore, 
mtH2S compounds significantly increased global sulfide levels in a complex IV mutant (sco-1), preserving mitochondrial ΔΨm 
and delaying severe movement decline (untreated sco-1: 32% of population active vs 68% in mtH2S sco-1 at day 6).

Conclusion:	

Our data shows for the first time that mtH2S are potent molecules in PMD, effective in the nM range, and present a novel 
approach to at least delay mitochondrial perturbations in a variety of PMD disorders. Complete characterisation of all known 
PMD orthologues will significantly contribute to the precise disease mechanisms of PMD and potential therapeutics.

1237A CeSnAP:	Machine-learning	based	snapshot	analysis	platform	toward	high-throughput	Caenorhabditis	elegans	
behavioral	screen	of	Parkinson’s	disease

Salman Sohrabi1, Danielle Mor1, Rachel Kaletsky1, William Keyes1, Coleen Murphy1 1) Princeton University.

Parkinson’s disease (PD) is a movement disorder and the mechanisms that induce neurodegeneration in PD are still poorly 
understood. We recently found that RNAi-mediated knockdown of neuronal branched-chain amino acid transferase 1 (BCAT-
1) in nematode C. elegans cause age-dependent spasm-like ‘curling’ phenotype mirroring PD clinical symptoms. Manual 
quantification of curling is labor-intensive making large-scale drug and genetic screens challenging. Here, we report the 
development of a machine learning-based automated workflow for C. elegans image analysis, and its application to the 
discovery of potential compounds that may be repurposed as late-in-life interventions for PD. This high-throughput workflow 
is 40X faster than the manual assay and constitutes a major advance in the efficiency and precision with which Parkinson’s-
like curling behavior in C. elegans can be quantified. In a screen of 50 FDA-approved drugs, we have identified four drugs 
(enasidenib, ethosuximide, metformin, and nitisinone) that reduced curling to <50% of vehicle-treated levels. These findings 
point to the utility of our high-throughput platform for screening for modifiers of the disease phenotypes, including but not 
limited to chemicals or genetic manipulations that may ameliorate or worsen motor function in the worms.

1238B	 Quantitative	cell	shape	analysis	in	the	C. elegans embryo

Wim Thiels1, Bart Smeets1, Maxim Cuvelier1, Francesca Caroti1, Rob Jelier1 1) KU Leuven.

Cell shapes in developing embryos hold crucial information on the processes that give rise to cellular self-organization, such as 
cellular contacts, adhesion and transmission of forces. However, automatically extracting cell shapes from microscopy images 
remains challenging. Many existing segmentation packages are often optimal only for a specific imaging protocol, are difficult 
to parameterize for data with different characteristics, or require additional information such as nuclei markers.

We have developed a novel segmentation pipeline for accurate 3D cell segmentation. We use the method for segmenting C. 
elegans embryos with fluorescently labeled membranes imaged with confocal microscopy. Initially, a tracking algorithm takes a 
region clustering approach, allowing for an adaptive segmentation threshold that varies across space, while still permitting fast 
processing. After identifying the cells and their rough shapes, a Discrete Element Method mechanical simulation evolves 3D 
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cell meshes constrained by a biophysical model of cell shapes to achieve a precise and physically sound segmentation. The cell 
shape model captures adhesion and cortical tension forces that act on a biological cell and pixels from the microscopy image 
serve as an additional attractive force.

We apply the reconstructed cell shapes to characterize and quantitatively compare cellular morphologies during early 
development, which can yield important clues with respect to the underlying processes. For example, we search for systematic 
morphology differences between cell types reflecting differential cellular activities as well as the effect of cell polarisation 
and asymmetric divisions. The morphological characterization can also help to identify novel and specific phenotypes during 
perturbation experiments such as gene knock downs. For example, by applying our method for embryos treated with dsh-2/
mig-5 RNAi we showed that sphericity of the E-cell is signifficantly lower compared to wild-type, reflecting lower cortical 
tension following the loss of asymmetry in F-actin distribution between E and MS in these mutants. Volumetric asymmetry is 
however maintained, and increases 12% to an E/MS ratio of 0.78. Besides phenotyping cell geometry, our method opens up 
ways to link shape with cellular mechanics, such as cortical tensions, adhesion and active motions that can eventually facilitate 
mechanical modelling of embryogenic events.

1239C	 Combining	engineering	with	machine	learning	to	automatically	and	reliably	measure	the	C. elegans brood size.

Matthieu Valet1, Patrick Narbonne1 1) Université du Québec à Trois-Rivières.

Brood size evaluations are routinely used in C. elegans to characterize new alleles, the number of which has exploded following 
the implementation of efficient CRISPR/Cas9 technology. Manual brood size measurements (number of eggs laid, hatched 
larvae, adult progeny) are labour intensive, error-prone, and may also be disruptive for animals. Indeed, the experimenter 
must take individuals outside of the incubator for the long and tedious microscopic analysis of their progeny, during which 
larvae move constantly and L1 are especially hard to visualize. This creates variability between independent assessments. 
Manipulations also inevitably cause thermal1,2, mechanical3 as well as photooxidative4 stresses to the sample. Even though such 
classical evaluations of brood size are somewhat imprecise, that method has been used for the past few decades because no 
alternative has yet been proposed. Here, we present a novel machine learning-based method that fully automates C. elegans 
brood size measurements. All that the experimenter will have to do is to pick 1 animal per plate into a 24-well plate, place 
it in the incubator, and wait that the numbers come out. Although still in development, this project has passed the proof-of-
concept stage. We are thus confident that it will be able to acquire, and subsequently analyze, images of entire 15.6mm wells 
up to once every minute. Our system will allow to measure embryonic lethality, as well as larval lethality at each larval stage. 
Variations in the environmental parameters will be minimal since the device fits on an incubator shelf, while light exposure, 
temperature, pressure and vibrations will be recorded. Beyond these basic features, we are working on expanding our device 
to record other parameters. For example, the neural network used in machine learning could be trained to recognize notable 
phenotypes (e.g. Dpy, Unc, Rol) which could be useful for segregation analyses. We also aim to couple this system to an 
additional high-magnification microscopic lense, in order to characterize features (e.g. length, width, turns, and velocity) of 
the parent during the first days of brooding. As such, we may be able to define adult features that would be predictive of an 
animal’s brood size. Using both macroscopic and microscopic lenses along with a controllable moving platform, we expect to 
characterize brood size and features of hundreds of strains, with replicas easily exceeding a sample size of 50. We estimate 
that the cost to build the entire system will be under 500 USD.

1240A	 Identification	of	novel	ivermectin	resistance	and	hypersensitivity	associated	genes	in	a	primary	C. elegans mutant 
screen

Natalie Wilson1, Elexis Price1, Barbara Reaves1, Adrian Wolstenholme1 1) Department of Infectious Diseases, University of 
Georgia, Athens, GA.

In 2016, nearly 800 million tablets of ivermectin were distributed to countries for use in elimination programs for human 
filarial diseases. Despite its widespread use, the mode of action of ivermectin against filarial nematodes is not well 
understood, and its in vivo potency cannot be replicated in vitro. To better understand how ivermectin affects filarial worms, 
our lab previously performed a transcriptomics study to identify differently expressed genes (DEG) in Brugia malayi adults 
and microfilariae after treatment of infected gerbils. Forty-four of these DEG had C. elegans orthologs available as mutant 
strains through the C. elegans Genetics Center. We have assayed these mutant strains for differential sensitivity to ivermectin 
by measuring three phenotypes affected by ivermectin: egg production, development, and motility. We have identified 
several resistant and hypersensitive strains of C. elegans as well as differences between responses to the three assays. 
Mutations conferring resistance included those in che-12 (e1812), a gene involved in chemotaxis, cilium assembly, and 
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hyperosmotic response; and inx-14 (ag17), which is predicted to have gap junction hemi-channel activity and is expressed 
in the muscular, nervous, and reproductive systems. The che-12 mutants are additionally resistant to ivermectin’s effect on 
pharyngeal pumping, while inx-14 mutants are not different from control. Overall, twenty-three genes, with eleven strong 
candidate genes, have been identified as altering ivermectin sensitivity in at least one assay, supporting the validity of the 
overall approach. These may give insight into how ivermectin acts against filarial parasites as well as potential mechanisms 
of resistance. These results are currently being used as the basis of an RNAi screen in B. malayi to identify the effect of these 
candidate genes on ivermectin sensitivity in filarial parasites.

1241B	 Signals	from	the	germline	act	systemically	to	regulate	cytosolic	protein	oxidation	in	somatic	cells	in	C. elegans

Yuyan Xu1, Javier Apfeld1 1) Northeastern University, Boston, MA.

The reversible formation of disulfide bonds between cysteine residues is an important post-translational modification that 
modulates the activity of hundreds of cytosolic proteins involved in a wide variety of cellular processes. Little is known 
about the intercellular signaling pathways that can sway the oxidation of these proteins in a concerted manner. The primary 
determinant of cysteine oxidation across the proteome is the glutathione redox potential (EGSH). The mechanisms that 
regulate this potential in vivo remained largely unexplored until the development of the EGSH -specific, reduction–oxidation-
sensitive Green Fluorescent Protein (roGFP) family of genetically-encoded biosensors. These GFP-derived biosensors include 
two cysteines that form a (reversible) intramolecular disulfide bond upon oxidation, resulting in spectral changes that can 
be quantified via fluorescence-ratio microscopy. Using these biosensors, we determined the extent to which the germline 
regulates protein oxidation in different somatic tissues C. elegans. We found that ablation of the germline lowers cytosolic 
protein oxidation in multiple tissues, including the intestine, pharyngeal muscles, and vulval muscles. Within the pharynx, 
germline ablation affects both the overall level of cytosolic protein oxidation and the spatial pattern of protein oxidation 
within the tissue. The effects of germline ablation on pharyngeal muscle protein oxidation are mediated in part by the partially 
redundant action of the DAF-16/FOXO and SKN-1/NRF transcription factors. We have begun identifying the specific germline 
cell types that modulate protein oxidation in different tissues. Our finding suggest that the germline sends signals that act 
systemically to promote protein oxidation in somatic cells in C. elegans.

1245C	 MitoSegNet:	Easy-to-use	Deep	Learning	Segmentation	for	Analysing	Mitochondrial	Morphology

Christian Fischer1, Laura Besora-Casals1, Simon Haeussler1, Stéphane Rolland2, Kritarth Singh3, Michael Duchen3, Carsten Marr4, 
Barbara Conradt3 1) Fakultät für Biologie, Ludwig-Maximilians-Universität München; 2) IBS Center for Genomic Integrity, 
Ulsan ; 3) Department of Cell and Developmental Biology, Division of Biosciences, University College London; 4) Institute of 
Computational Biology, Helmholtz Zentrum München – German Research Center for Environmental Health.

While the analysis of mitochondrial morphology has emerged as an important tool in the study of mitochondrial function, 
efficient quantification of mitochondrial microscopy images presents a difficult task and bottleneck for statistically robust 
conclusions. Here, we present the Mitochondrial Segmentation Network (MitoSegNet), a pretrained deep learning 
segmentation model that enables researchers to easily exploit the power of deep learning for the quantification of 
mitochondrial morphology (Fischer, Besora-Casals et al. 2020). The MitoSegNet was generated by training a modified fully 
convolutional neural network with fluorescent microscopy, maximum-intensity projection images, depicting mitochondria 
in body wall muscle cells of adult C. elegans worms. We tested the performance of MitoSegNet against three feature-based 
segmentation algorithms and the machine-learning segmentation tool Ilastik. MitoSegNet outperformed all other methods 
in both pixelwise and morphological segmentation accuracy. We successfully applied MitoSegNet to unseen fluorescence 
microscopy images of mitoGFP expressing mitochondria in wild-type and catp-6ATP13A2 mutant C. elegans adults. Additionally, 
MitoSegNet was capable of accurately segmenting mitochondria in HeLa cells treated with fragmentation inducing reagents. 
We provide MitoSegNet for all operating systems as an easy-to-use graphical user interface tool that combines segmentation 
with morphological analysis.
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