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1 Larry Sandler Award Lecture - How proteolytic degradation, actomyosin contractility, and cell polarity converge to
regulate Hippo signaling and tissue growth Sherzod A Tokamov Plant and Microbial Biology, The University of Chicago

The Hippo pathway is an evolutionarily conserved regulator of tissue growth. At the core of the pathway, a kinase cascade
represses the activity of a transcriptional effector, an oncoprotein called Yorkie. Inactivation of the Hippo pathway results in
the translocation of Yorkie into the nucleus, where it promotes a pro-growth genetic program. Multiple upstream inputs are
known to synergistically activate the kinase cascade from the apical cortex of polarized epithelial cells. However, how these
components are organized and the mechanisms by which they are regulated remains poorly understood.

My thesis work explores how Hippo signaling is controlled, focusing on the regulation and organization of a key upstream
Hippo pathway organizer, a multivalent scaffold protein called Kibra. Unlike other Hippo pathway regulators, which localize
mainly at the junctional cortex of epithelial cells, Kibra’s subcellular localization is distinctly partitioned into junctional and
medial domains of the apical cortex. Previous work has shown that medial localization potentiates Kibra-mediated Hippo
pathway activation, but the mechanisms that control Kibra activity and subcellular organization remain unknown.

In this dissertation, | present evidence that proteolytic degradation, actomyosin cytoskeleton, and apical polarity network
converge to control Kibra-mediated Hippo signaling. First, | demonstrate that ubiquitin-mediated degradation is a major
mechanism that regulates Kibra abundance. Specifically, upon assembly of the Hippo complex, Kibra is ubiquitinated via the
SCFmb E3 ubiquitin ligase machinery and is subsequently degraded. Next, | show that ubiquitin-mediated Kibra turnover is
modulated by actomyosin-generated cortical tension. Mechanistically, increased tension results in tighter cortical association
of the Ser/Thr kinase Par-1, and Par-1 promotes Kibra degradation. Finally, | identify the mechanism by which Kirba is
partitioned into junctional and medial pools at the apical cortex. | show that the apical polarity network, in part via aPKC,
tethers Kibra at the junctional cortex to silence Kibra-mediated Hippo signaling, whereas medial actomyosin flows untether
Kibra from the junctional cortex and promote its medial accumulation, thereby increasing Kibra-mediated Hippo signaling.
Together, these findings provide crucial insights into the regulation of the Hippo pathway and reveal functional relationships
between upstream Hippo signaling, actomyosin dynamics, and apical polarity network in tissue growth control. More broadly,
this work provides a paradigm for understanding how mechanical forces and epithelial cell architecture organize and regulate
intracellular signaling events.

2 Defective Hoxb8 Microglia are Causative for both Chronic Anxiety and OCSD-like Behavior in Mice Mario
Capecchi Human Genetics, Univ Utah Sch Med

We have shown there are two cell lineages in mice that give rise to microglia with distinct ontogenies; Hoxb8 microglia and
non-Hoxb8 microglia. Disruption of Hoxb8 or ablation of the Hoxb8 cell lineage gives rise to both chronic anxiety and OCSD-like
behavior (trichotillomania, compulsive pathological overgrooming, leading to lesions at the sites of overgrooming). There is a
strong sex bias for both behavioral pathologies, with females showing much more aggressive disease. By cell transplantation
of purified, cell sorted Hoxb8 microglia progenitors derived from Wt or Hoxb8 mutant mice we were able to demonstrate
causation of defective Hoxb8 microglia for both behavioral pathologies. Recently we have demonstrated that optogenetic
activation of Hoxb8 microglia in specific regions of the brain induces higher levels of anxiety, grooming or both. Further, these
experiments have demonstrated that Hoxb8 microglia function to reduce anxiety and grooming (function as brakes) whereas
non-Hoxb8 microglia function to increase these behaviors (function as an accelerator). This provides a biological reason for
mice having two populations of microglia. We have further extended this work to define the molecular mechanisms used by
microglia to communicate with specific neuronal circuits to modulate anxiety and grooming in mice.

3 Doublesex modifies wing circuits in the evolution of courtship song types in Drosophila Dajia Ye, Justin Walsh, lan
Junker, Yun Ding Department of Biology, University of Pennsylvania

Animals exhibit extraordinary behavioral diversity. However, it is unclear how species variation in complex motor behaviors
are encoded by evolutionary changes in genes and neurons. To fill in this knowledge gap, we took advantage of the
diversification of Drosophila courtship songs as a model system to explore the molecular and neural mechanisms underlying
species variation in behavior. Males of Drosophila species sing species-specific and context-dependent courtship songs by
wing vibration. In many Drosophila species including D. melanogaster, males sing two major types of songs, sine song and
pulse song. In contrast, Drosophila yakuba has lost the ability to sing sine song. Here we investigated the lineage-specific

loss of sine song in D. yakuba by comparing its neural circuit with D. melanogaster. We found that the loss of sine song is
accompanied by a partial loss of TN1 neurons — a group of male-specific wing patterning neurons. Anatomical and single-cell
transcriptomic comparisons of TN1 neurons between species support a loss of the TN1A neuronal subtype, which is essential
for sine song generation in D. melanogaster. Consistent with this cell-type specific loss, optogenetic activation of TN1 neurons
in D. yakuba triggered the characteristic unilateral wing extension but not sine song. To explore the genetic underpinning
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of TN1 neuron divergence, we leveraged the involvement of the sex determination gene doublesex (dsx) in TN1 neuronal
development in D. melanogaster males to test if the function of dsx evolved to cause the partial loss of TN1 neurons in D.
yakuba. Whereas dsx expression had no effect on the number of TN1 neurons in D. melanogaster, we found that in D. yakuba,
loss of dsx led to more TN1 neurons compared to control males. Surprisingly, blocking apoptosis of dsx neurons also resulted
in a gain of TN1 neurons to the same extent as dsx null males, which indicates that dsx evolved to promote TN1 apoptosis

in D. yakuba. Together, our work revealed a causal role of cellular changes in motor patterning circuits during the evolution

of complex behaviors, and the evolutionary lability of sex determination genes in reconfiguring sexually dimorphic circuits
through programed cell death.

4 Rock (dove) ‘n’ roll: the genetic basis of rolling in the domestic pigeon (Columba livia) Atoosa M Samani, Tori M Earl,
Emily T Maclary, Michael D Shapiro University of Utah

Hereditary rolling in the domestic pigeon (Columba livia) is an unusual behavior characterized by backward somersaults when
attempting to fly. Rolling is progressive: it does not present itself until a few weeks after fledging and becomes more severe
with age. Roller pigeons walk, eat, and breed normally, suggesting that rolling is a specific context-dependent behavior and
not a generalized physiological disorder. Rolling is recessive and highly heritable — Charles Darwin described it as “...one of
the most remarkable inherited habits or instincts ever recorded” — yet the molecular genetic basis of this behavior remains
unknown. Therefore, rolling offers a unique opportunity to discover the molecular basis of a complex yet genetically tractable
behavior. In a laboratory intercross between rolling and non-rolling pigeon breeds, we identified several quantitative trait loci
(QTL) associated with rolling behavior, with one major QTL explaining 56% of the phenotypic variance. Comparisons between
the re-sequenced genomes of 25 roller and 125 non-roller pigeons confirmed the polygenic control of this behavior, and our
complementary QTL mapping and GWAS approaches yielded overlapping results. We also compared the transcriptomes of
different brain regions of roller and non-roller pigeons and found that the cerebellum has the highest number of differentially
expressed genes. Pathway analysis suggests that translation is inhibited, and synaptogenesis is activated in the hindbrain of
rollers, similar to neurodegenerative diseases. Dissection of the candidate loci at the gene level will deepen our understanding
of the molecular basis of involuntary and task-specific movement disorders and other progressive vertebrate behaviors.

5 IGEG-1 is an EGFR ligand that links cellular stress with sleep in C. elegans Cheryl Van Buskirk?, Andrew Hill?, Bryan
Robinson?, Paul Sternberg? 'Biology, California State University Northridge, *California Institute of Technology, 3California State
University Northridge

Across animals, prolonged wakefulness is associated with indicators of cell stress in both neuronal and non-neuronal

tissues, indicating that a core function of sleep is to promote global cellular homeostasis. Further, in both invertebrates

and vertebrates, increased sleep is observed in response to conditions that cause cell damage, DNA damage, or disruption

of protein homeostasis. The mechanisms by which cellular stress promotes sleep, and by which sleep in turn restores
homeostasis, are poorly understood. The nematode C. elegans provides a compelling system for addressing these questions,
as exposure to damaging conditions triggers sleep rapidly, independent of circadian cues. This stress-induced sleep (SIS) can be
modulated by mutations that impact cellular repair processes, and appears to aid recovery from noxious exposure. Neurons
that mediate SIS have been identified and shown to depend on EGFR/LET-23 signaling for their sleep-promoting function.
However, the putative EGF signal and the mechanism by which it transduces diverse cellular stressors are unknown. We have
recently identified IGEG-1, a previously unrecognized C. elegans EGFR ligand that is critically required for SIS. We present
evidence that the extracellular EGF domain of IGEG-1 undergoes stress-responsive shedding by the ADAM17/TACE homolog
ADM-4. We find that inducible overexpression of IGEG-1 potently induces sleep that depends on ADM-4 and LET-23, and that
the requirement for ADM-4 can be bypassed using a constitutively-secreted form of IGEG-1. We have employed the cGAL-

UAS system to identify the site of IGEG-1 release during SIS and we find that the site of sheddase activity depends on the
tissue specificity of the damaging agent. Our data support a model in which IGEG-1/EGF is released from damaged tissues to
promote sleep by activating EGF receptors in sleep-promoting neurons. Our study identifies a molecular mechanism linking the
accrual of cellular stress in diverse tissues with organismal sleep drive, with potential bearing on our understanding of sleep in
humans.

6 Evolutionary genetics of aggression of the Siamese fighting fish Pei-Yin Shih, Hiroki Tomida, Alec Palmiotti, Claire P
Everett, Marcos Valenzuela Cuevas, Sarah Aktari, Andrés Bendesky Columbia University

Aggression is a fundamental social behavior that animals use for gaining and defending resources, territories, and mates.
Genetic variation is known to contribute to individual differences in aggression, but the specific genes involved are still largely
unknown. To identify these genes and how their variation mechanistically shapes aggressive behavior, we are leveraging

the unique traits of the Siamese fighting fish, Betta splendens (betta). Highly aggressive fighting betta have been generated
through more than 700 generations (~400 years) of artificial breeding. Their aggressive behaviors are easily triggered by visual
stimuli, and their intense fighting continues until retreat or death. To characterize their behaviors, we used highly controlled
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and reproducible visual stimuli, including custom fish animations and 3D-printed fish models, and found that fighting betta
show more aggressive displays as well as physical biting attacks compared to their unselected wild counterpart. To identify
genetic variants under selection in fighting betta, we used population genetic approaches and identified a strong genetic
signal of selection in fighting fish peaking at the neuroligin1 (nlgn1) gene. nlgn1 mediates the formation and maintenance of
synapses and its human homologs have been implicated in the etiology of autism spectrum disorder, which often includes
high aggression. There were no coding differences in nlgn1 between fighting and wild fish, but fighting fish express 2—4x-
less nlgn1 mRNA during larval development than wild fish. We are now performing genetic manipulations to confirm the
involvement of nlgn1 and further characterizing its mechanism of action. Notably, we have developed multiple genetic tools
in betta fish, including CRISPR/Cas9-mediated knockout, CRISPR/Cas9-mediated knock-in and Tol2-mediated transgenic
methods. This study is providing insights into molecular, genetic, and neuronal mechanisms of aggressive behavior, questions
of fundamental importance in the study of the evolution and biology of animal behavior.

7 Cellular and molecular basis of an aversive pathway regulating drinking in flies Anindya Ganguly?, Craig
Montell? *Neuroscience Research Institute, University of California, Santa Barbara, 2Neuroscience Research Institute; Molecular,
Cellular and Developmental Biology, University of California, Santa Barbara

Drinking or consumption of water plays a pivotal role in regulating the osmolality of bodily fluids, thus contributing significantly
to the maintenance of osmotic balance in the body. In fruit flies, detection of water by their taste system precedes initiation

of drinking bouts. Previous studies have identified that ppk28 an amiloride-sensitive channel functions as the water receptor

in specific sub-class of gustatory sensory neurons dedicated to water perception. Knocking out ppk28 or artificially silencing
these neurons substantially reduces drinking time in flies. We report an additional pathway that perceives water as having a
negative valence, influencing the duration of drinking and thereby contributing to the regulation of water intake. We observed
that OtopLA, a proton channel previously been shown to function as a broad-range pH sensor in flies, can also function
towards the detection of water. However, contrary to what was previously observed with ppk28, drinking time was prolonged
by 4-5 times in flies where OtopLA was knocked out. By conducting cell-type specific genetic rescue experiments in various
subsets of taste neurons, we demonstrated that OtopLA function is required in a subset of aversive taste neurons previously
recognized for their sensitivity to high salt concentrations. Silencing these neurons significantly extended drinking duration,
phenocopying OtopLA mutant flies. We propose a model in which the relative frequencies of action potentials between two
subsets of neurons, one detecting water as a positive stimulus and the other perceiving it as a negative one, jointly regulate
drinking behavior in flies. Specifically, a higher frequency of action potentials in ppk28 water taste neurons signals the initiation
of drinking, while the OtopLA water neurons convey signals to terminate drinking episodes. As the function of otopetrins as
proton channels is remarkably conserved, this study lays a solid foundation for investigating drinking regulation in various
other animal species.

8 Caregiving Drives Changes in Male Behavior, Neural Physiology, and Gene Expression in California Mice Maria
E Colt!, Erica Glasper?, Heidi Fisher® 'Biology, University of Maryland, The Ohio State University College of Medicine, 3The
Jackson Laboratory

Parental care is critical to offspring survival in mammals but can also lead to measurable changes in parents. In the biparental
California mouse, Peromyscus californicus, fathers actively groom, huddle, retrieve, and build a nest for their offspring.
Previous research has shown that these fathers experience increased memory, decreased anxiety, hippocampal neurogenesis,
and increased density of dendritic spines, which improves contact between neurons. However, the trigger, reproduction or
caregiving behavior, and molecular pathways that regulate these behavioral and neurophysiologic changes, remain unclear.
Here we first compared caregiving behaviors in fathers who have cared for their pups and pup-sensitized non-fathers who
have cared for unrelated pups and found that pup-sensitized non-fathers were slower to approach pups but eventually spent
more time grooming pups, whereas fathers spent more time nest-building. We also compared recognition memory and
anxiety-like behaviors, as well as hippocampal dendritic spine density in fathers, non-fathers with no caregiving experience,
pup-sensitized non-fathers, and virgins that were paired with another male and had no caregiving experience. We found that
experienced fathers exhibited increased recognition memory and decreased anxiety-like behavior compared to virgins and
non-fathers, and that fathers show the greatest dendritic spine density. Finally, we compared hippocampal gene expression in
fathers, non-fathers, and pup-sensitized non-fathers and performed network and pathway analyses to identify suites of RNA
expression patterns associated with caregiving experience. We found that fathers exhibit an upregulation of genes associated
with neuron generation, differentiation, and development, but that pup-sensitized non-fathers also exhibit many of these
same gene expression changes. Lastly, we found that caregiving experience is associated with specific biological pathways and
newly identified expression modules. Our results suggest that caregiving behavior induces important behavioral, structural,
and molecular changes in the brains of males even if the offspring are not their own.

9 Transgenic worms for interrogating signal propagations in Caenorhabditis elegans using GUR-3+PRDX-2 as neuro-
actuator Anuj Sharma?, Francesco Randi!, Sandeep Kumar?, Sophie Dvali!, Andrew Leifer® ‘Department of Physics, Princeton
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University, 2Princeton Neuroscience Institute, Princeton University, 3Department of Physics and Princeton Neuroscience
Institute, Princeton University

The Caenorhabditis elegans nervous system has the most mature and comprehensively mapped connectome, or wiring
diagram of chemical and electrical synapses of any animal (White, Southgate et al. 1986, Cook, Jarrell et al. 2019, Witvliet,
Mulcahy et al. 2021). Although the connectome has been an invaluable resource, it does lack some information about the
strength and sign (excitatory vs inhibitory) of neural connections or their temporal properties and cannot capture extrasynaptic
signaling of mono-amines and neuropeptides (Bentley, Branicky et al. 2016, Ripoll-Sanchez, Watteyne et al. 2022). Instead
functional recordings of neural signaling in living animals, including nematodes (Guo, Hart et al. 2009), can in principle capture
these other properties of the nervous system by activating individual neurons and measuring neural activity in response, what
we call signal propagation. We sought to achieve signal propagation recordings at whole brain scale. So, we created a suite of
transgenic lines to optically measure direct signal propagation between neuron pairs, at brain scale and cellular resolution in
the nervous system of the nematode C. elegans. Using these strains, we have found that peptidergic signaling also contributes
to neural dynamics in the animal’s head (Randi, Sharma et al. 2023).

To achieve this, we generated transgenic animals that express the calcium indicator GCaMP6s in nucleus of each neuron

and a purple-light-sensitive actuator, the gustatory receptor homolog system GUR-3+PRDX-2 a peroxiredoxin, in each

neuron (Bhatla and Horvitz 2015). This combination of indicator and activator allows for 2-photon targeted optogenetic
stimulation of GUR-3 while simultaneous 1-photon calcium imaging of GCaMP6s with minimal optical cross-talk. To achieve
high expression levels for avoiding neuro-actuator related toxicity, we used the QF-GR drug-inducible system to turn on gene
expression only in adulthood (Monsalve, Yamamoto et al. 2019). These optogenetic tools were expressed in a NeuroPAL
background to allow each neuron to be uniquely identified (Yemini, Lin et al. 2021). We named it TWISP, a Transgenic Worm
for Interrogating Signal Propagation, because it enables optical measurements of evoked calcium activity at brain scale and
cellular resolution in the nervous system of C. elegans (Randi, Sharma et al. 2023, Sharma, Randi et al. 2023).

In addition, new lines with unc-13 (s69) & unc-13 (e51) as well as unc-9 (fc16);unc-7(e5) mutant back grounds by out crossing
and inx-1(wtf511) & inx-7 (wtf514) by CRISPR Cas9 KO are created for further investigations into neurotransmitter and gap-
junction mediated signaling. These transgenic worms will be a resource for large scale investigations of functional connectivity
in the brain.

10 Understanding and exploiting murine tolerance of haploinsufficiency in human disease research Kyle Drover?,
Amrit Puarr?, Neil Horner?, Zoe Thomas?, Kristen Barratt?, Henrik Westerberg?, Ruth Arkell* 'The John Curtin School of Medical
Research, The Australian National University, 2Medical Research Council Harwell Institute

In many murine models of human dominant diseases, the analogous phenotype shows recessive inheritance, a feature
known as murine tolerance of haploinsufficiency. In fact, analysis of mouse phenotype databases revealed that, of 1346
human autosomal dominant diseases with a corresponding mouse model, 715 (~53%) of the mouse models exhibit

murine tolerance of haploinsufficiency such that the disease phenotype is inherited in a recessive manner. We have
investigated this phenomenon using the kumba (Ku) mouse model of ZIC2-associated holoprosencephaly (HPE). In humans
this devastating congenital defect, in which the brain fails to split into the left and right hemispheres, is overwhelmingly
associated with heterozygous deleterious mutations, with most solved cases associated with loss-of-function mutations in
the ZIC2 or SHH gene. Several mouse alleles of Zic2 exist and all lead to HPE only when the mutation is homozygous. We
hypothesised that a combination of differences in the way in which human and mouse populations are studied could account
for the altered inheritance pattern. By studying larger populations on a range of genetic backgrounds and using advanced
phenotyping tools like those used in humans we found the Zic2®“ model exhibits a dominant, incompletely penetrant HPE
phenotype on a certain genetic background. This closely mirrors the mode of HPE inheritance in humans and demonstrates
that murine tolerance of haploinsufficiency may be an artefact of the way disease models are typically analysed. Furthermore,
by using automated analysis of 3D images of embryos heterozygous for the Zic2“ mutation, we identified a HPE signature,
facilitating Al-based diagnosis of HPE. We are now combining Al diagnosis with knowledge of HPE permissive and restrictive
genomes to identify genes that enhance or suppress the Zic2-associated HPE phenotype. Rather than murine tolerance of
haploinsufficiency being a drawback of mouse models, it can be exploited to identify alleles of small effect that contribute to
clinical heterogeneity, the source of which is difficult to find using human studies alone.

11 Zebrafish pre-clinical models link oxidative stress with intervertebral ECM defects and identify elevated spine
stiffness as a prognostic biomarker and possible therapeutic target for adolescent idiopathic scoliosis Josh Gopaul?, Patrick
Pumputis?3, Ran Xu??, Jenica Van Gennip?3, Nikan Fakhari#, Jerome Baranger?, Olivier Villemain®#, Brian Ciruna?3 Translational
Medicine Program, The Hospital for Sick Children, 2Developmental & Stem Cell Biology Program, The Hospital for Sick

Children, 3Department of Molecular Genetics, University of Toronto, *Department of Medical Biophysics, University of Toronto
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Adolescent idiopathic scoliosis (AlS) is a pediatric disorder characterized by rotational spinal deformity, which develops in the
absence of obvious congenital or physiological defects. 4% of children will develop AlS, and 1 in 10 patients (predominantly
female) will experience severe curve progression. Patient exome/genome sequencing and mouse functional studies have
associated genetic variants in musculoskeletal collagen and cartilaginous extracellular matrix (ECM) defects with a fraction

of AIS cases. However, GWAS meta-analyses estimate that >95% of total genetic variance underlying AlS remains to be
discovered. To date, the biology of AIS remains poorly understood, there are no prognostic biomarkers, and treatment options
are limited to restrictive bracing and corrective surgery.

Using zebrafish models of AlS, we have discovered that oxidative stress and pro-inflammatory signals in the spinal cord, which
develop because of cerebrospinal fluid homeostasis defects, are necessary and sufficient to drive spine curvature. Indeed,
antioxidant and immunomodulating drugs can efficiently block scoliosis onset and severe curve progression in fish models.
Although this provides proof-of-principle that AlS might be managed therapeutically, uncertainties regarding downstream
mechanism and their link to human disease pose a barrier to clinical translation.

Here, we demonstrate that oxidative stress in fish AIS models induces an unfolded protein response that is associated with
collagenous ECM defects within developing intervertebral spine segments. Using shear wave elastography (SWE), we show that
zebrafish scoliotic spines are consequently stiffer than healthy controls - a property also reported for intervertebral discs in
human AIS patients. Remarkably, zebrafish are significantly stiffer prior to scoliosis onset and increasing axial stiffness positively
correlates with curve severity, suggesting a causal role for elevated stiffness in AlS. Finally, we demonstrate that antioxidant
drugs known to suppress scoliosis may ultimately function by reducing spine stiffness to normal levels, providing a possible
mechanistic link between oxidative stress and connective tissue/intervertebral defects identified in both fish and human

AlS studies. As SWE is non-invasive and widely applied in the clinic, tissue stiffness may translate into a valuable prognostic
biomarker and therapeutic target for AlS.

12 Interneuron migration is controlled by Dyrkla dosage via deregulations of actomyosin dynamics during
corticogenesis, insights for the Dyrk1a haploinsufficiency syndrome pathogenesis Yann Herault, Maria Victoria
HINCKELMANN, Aline Dubos, Victorine Artot, Gabrielle Rudolf, Thu Lan Nguyen, Peggy Tilly, Valerie Nalesso, Maria del Mar
Muniz Moreno, Marie-Christine Birling, Juliette Godin, Veronique Brault Institute of Genetics and Molecular and Cellular
Biology (IGBMC)

Interneuron development is a crucial step during cortical morphogenesis of the brain. DYRK1A is a dual-specificity tyrosine
phosphorylation-regulated kinase whose dosage is crucial for the development and the functioning of the brain. When
present in only one copy in the mental retardation autosomal dominant 7, DYRK1A induces a syndromic form of intellectual
disability, with autism spectrum disorder and epilepsy as common comorbidities. Mutations on DYRK1A are the underlying
genetic cause of the disease, leading to cortical excitatory/inhibitory imbalance. However, how this imbalance is established
remains elusive. Here, using mouse models and live imaging, we show that Dyrkla specifically regulates the development of
the cortical GABAergic system. Unlike projection excitatory neurons, we demonstrate that interneuron tangential migration
relies on Dyrkla dosage and kinase activity through a mechanism involving actomyosin cytoskeleton remodeling. Interestingly,
we further demonstrate that mice with heterozygous inactivation of Dyrkl1a in interneurons show behavioural defects and
epileptic activity, recapitulating phenotypes observed in human patients. Altogether, these data highlight the critical role

of Dyrkla in the development of the GABAergic system and the pathophysiology of DYRK1A-haploinsufficiency syndrome.

13 A C. elegans Model of Fanconi Anemia Neurological Syndrome (FANS) Jessica E Leighton?, Belinda Barbagallo?, Niall G
Howlett! !Cell and Molecular Biology, University of Rhode Island, 2Biology and Biomedical Sciences, Salve Regina University

Fanconi Anemia (FA) is a rare genetic disease characterized by increased risk for bone marrow failure and cancer. FA is
caused by mutation in one of 23 genes. The FA proteins function together in the FA pathway to repair damaged DNA and to
maintain genome stability. In recent years, the prevalence of central nervous system (CNS) abnormalities among FA patients
has been increasing. These CNS defects include cerebellar hypoplasia, hydrocephalus, cerebellar lesions with inflammation,
developmental delay, and early onset cognitive decline. This constellation of neurological symptoms is referred to as Fanconi
Anemia Neurological Syndrome (FANS). The molecular origins of FANS are unknown.

Recent omics data from our laboratory suggests that the FANCD2 protein plays an important role in nervous system
development and maintenance. ChIP-seq analysis has revealed that the FANCD2 protein binds to several transcriptionally
active large neuronal genes under conditions of replication stress, including genes that function in neuronal differentiation,
migration, and cell-cell adhesion. Many of these genes are linked to neuropsychiatric and neurodevelopmental disorders
including schizophrenia, autism, and intellectual disability.

To study the role of the FA pathway in nervous system development and maintenance, we have turned to the model
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nematode Caenorhabditis elegans; C. elegans has an exceptionally well-characterized nervous system with exactly 302
neurons and nervous system connectivity has been anatomically mapped at high resolution. Quantitative behavioral analysis
of deletion strains of the C. elegans FANCDZ2 ortholog, fcd-2, has uncovered significant changes in speed, bending angle, and
moving wavelength compared to wild-type animals, suggesting a defect in motor neuron circuitry. Using the aldicarb assay to
analyze the function of cholinergic (ACh) neurons, we have determined that fcd-2 mutant animals paralyze at slower rates than
wild-type animals under conditions of replication stress, suggesting a defect in the ACh motor neuron circuitry. We have also
generated fcd-2 mutant animals expressing GFP-labeled ACh and dopaminergic (DA) neurons and have uncovered significant
differences in numbers of both ACh and DA neurons in fcd-2 animals compared to wild-type animals. Taken together, our
results strongly support an important role for the FCD-2 protein and the FA pathway in nervous system development and
function, possibly providing key insight into the molecular origins of FANS.

14 Mechanisms of photoreceptor stabilization upon chronic vitamin A-deprivation Deepshe Dewett?, Khanh Lam-
Kamath?, Joe Bunker?, Fareeha Syeda3, Mukesh Kumar?®, Andrej Shevchenko®, Maryam Labaf®, Kourosh Zarringhalam?, Jens
Rister?® !Biology, UMASS Boston, 2Umass Boston, 3UMass Boston, *CST, *Max Plank Institute

Vitamin A (vitA) is crucial for the synthesis of the light-sensing pigments and normal photoreceptor morphology. Chronic vitA
deficiency results in photoreceptor death and blindness. In Drosophila melanogaster, chronic vitA deprivation impairs visual
pigment synthesis and damages photoreceptor morphology without inducing photoreceptor death. We hypothesized that an
unknown mechanism stabilizes these vitA-deficient photoreceptors. To elucidate this stabilizing mechanism and identify novel
factors responding to vitA deficiency, we employed transcriptomics, GeLC-MS/MS mass spectrometry (global proteomics), and
MS-Western (targeted absolute protein quantification) in vitA-deficient and vitA-sufficient retinas.

Notably, we identified the transmembrane protein Mps (‘Major photoreceptor stabilizer’) as the most upregulated

protein (~140-fold) and the second-most upregulated transcript (~25-fold) in response to chronic vitA deficiency.
Immunohistochemistry revealed the localization of Mps in the damaged light-sensing compartments of the photoreceptors
(rhabdomeres). Mps stabilized the damaged membranes, since vitA-deficient mps null mutants displayed completely unraveled
rhabdomere membranes with abnormal invaginations.

To elucidate the molecular mechanism by which Mps stabilizes damaged photoreceptors, we performed a yeast-two-hybrid
screen and identified the major photoreceptor scaffolding protein InaD (Inactivation no afterpotential D) as an interaction
partner of Mps. In addition, we found that Mps interacts with InaD in a vitA-independent manner during pupal development
of the rhabdomeres.

In summary, we identified the transmembrane protein Mps as a novel protein that responds to chronic vitA deficiency
and stabilizes the light-sensing compartments by interacting with the major scaffolding protein InaD. These findings offer
mechanistic insights into the ocular response to environmental stresses and may inspire novel therapeutic approaches for
treating eye diseases.

15 Transcriptomic landscape of DEAF1 mutations in zebrafish models of Autism Spectrum Disorder Mary E.S. Capps?,
Anna J Moyer?, Claire Conklin?, Verdion Martina?, Emma Torija3, Summer B Thyme! *UMass Chan Medical School, 2University of
Alabama at Birmingham, 3University of Alabama

Hundreds of human mutations have been linked to Autism Spectrum Disorder (ASD), but the impacts of these mutations

on vertebrate neural development are unclear. The Thyme lab has generated more than 20 zebrafish lines with mutations

in orthologs of human genes that increase risk for ASD. In humans with ASD, DEAF1 is more likely to contain missense than
protein-truncating variation compared to other ASD-associated genes. Thus, we generated a loss-of-function mutation and two
patient-specific point mutations in zebrafish deaf1. We examined brain activity and morphology with phospho-Erk mapping
methods and conducted a multi-day larval behavioral study examining sleep and responses to sensory stimulation. All three
mutants have a reduced volume in their midbrain, with the loss-of-function displaying a more severe reduction than the two
point mutations. Only the line with the C207Y mutation had altered behavior, with movement at night and response to dark
flashes being affected. To define how these mutations affect the earliest stages of neurodevelopment, we conducted bulk RNA-
seq on 2 days post-fertilization (dpf) larval zebrafish heads. To identify direct targets of deafl, we focused on a subset of DEGs
with DEAF1 binding motifs or ChIP-Seq peaks in their promoters. Notably, several genes, including khk, cdkn1bb, creb1b, nfyal,
and atxn7l1, showed dysregulation across mutants and have DEAF1 ChIP-Seq peaks in human K562 cells. An association

of DEAF1 with NF-Y, a trimeric transcription factor, was also observed, with NF-Y binding motifs enriched in the promoters

of deafl-regulated genes. Our analysis revealed that the point and loss-of-function mutations in deaf1 resulted in both shared
and distinct transcriptomic changes. In particular, the C207Y mutants exhibited DEGs related to eye development, which could
play a role in their altered visual behaviors. Functional analysis of the transcriptome in 6 dpf loss-of-function mutants revealed

H#TAGC24 | 7



downregulation of genes expressed in specific brain regions, including the thalamus, hypothalamus, and telencephalon. These

transcriptomic changes could reflect altered development of neurons in these areas, corroborating our microscopy-based brain
structure analysis. This study advances our understanding of how mutations in deaf1 impact early neurodevelopment and sets

the stage for future therapeutic development by defining druggable downstream target proteins or pathways in DEAF1-related
syndromes.

16 MARRVEL and ModelMatcher: publicly available web services that facilitate collaborative research on rare
diseases Shinya Yamamoto'?, Seon-Young Kim?3, Michael F Wangler??, Hugo J Bellen?3, Zhandong Liu?? 'Department of
Molecular and Human Genetics, Baylor College of Medicine, *Texas Children’s Hospital, 3Baylor College of Medicine

Diagnosis and therapeutic research of rare diseases require integration of diverse data sets as well as close collaborations
between clinicians and scientists. To identify disease-causing genes and variants, clinicians must collect information from
various databases such as previously identified disease-gene relationships, population genomic datasets and multiple

variant pathogenicity prediction algorithms in addition to the patients’ phenotype and genotype information. In addition,

if an individual is suspected to have a novel genetic disorder, collecting information associated with the candidate human
gene and its orthologs in model organisms, such as mouse, fruit fly, and yeast, becomes essential. For therapeutic research,

it is critical to effectively identify collaborative scientists who have expertise in specific genes, biological pathways,

or experimental paradigms. However, this information is scattered throughout the internet and is difficult to access
comprehensively. Moreover, some valuable information, such as unpublished scientific data regarding poorly characterized
genes, is not accessible. To overcome these barriers, we have been developing a suite of bioinformatic tools that are publicly
accessible. MARRVEL (Model organism Aggregated Resources for Rare Variant ExpLoration, https://marrvel.org/), was
designed to integrate many human genomic and genetic databases with various model organism databases to facilitate rare
disease diagnosis. ModelMatcher (https://www.modelmatcher.net/), is a matchmaking service that was designed to facilitate
collaborations between basic scientists with expertise and/or interest in specific genes with clinicians, patients, caregivers, and
other stakeholders.

17 Genome-wide association studies of nephrolithiasis and water transport of renal tubule in Drosophila
melanogaster Keqin Li, Shireen Davies, Julian Dow School of Molecular Biosciences, University of Glasgow

Nephrolithiasis, or kidney stones, affects around 10% of adults worldwide. Both genetics and unique environmental factors
contribute to the risk of kidney stones. Despite considerable research effort, the lack of understanding about the mechanisms
by which stones are formed and of experimentally tractable models hinders the prevention and treatment of nephrolithiasis.
The Drosophila renal tubule is genetically and functionally comparable to human kidney, making it a suitable translational
model of human nephrolithiasis. To identify novel genes involved in the formation of kidney stones, the amount of stone
concretion was measured in the renal tubules of ~190 Drosophila melanogaster Genetic Reference Panel lines fed on a
lithogenic diet. In addition, the capacity of the dissected tubules to secrete fluid was quantified, as insufficient urine volume
is thought to be a risk factor for kidney stones. Significant differences were observed both in the percentage of lumens with
stone inclusions, which varied between 0 to 21%, and in fluid secretion rates, showing a up to 6.2-fold difference between
lines. Using about 2 million common single nucleotide polymorphisms, genome-wide association analyses for the percentage
of stone area and fluid secretion were performed. These analyses revealed considerable genetic variation, although no
correlation was found between these quantitative traits. A membrane transporter, CG3380, with a high expression level

in renal tubules was identified by preliminary association analysis of nephrolithiasis, and its knockdown reduced the
formation of kidney stones induced by sodium oxalate. Gene Ontology analysis suggested that genes involved in microvilli
are important for fluid transport. Fasciclin3 (Fas3), a cell adhesion molecule identified by association analysis, is required for
the integrity of renal tubules. The Drosophila renal tubules are comprised mainly of principal cells and secondary intercalated
stellate cells. In principal cells, loss of Fas3 resulted in impaired cellular junctions and inflated abdomens, a marker of renal
insufficiency. This dysfunction of tubule cellular junctions resulted in increased kidney stone formation and reduced lifespan.
In addition, Fas3 inhibition in stellate cells affected their number and morphology with reduced fluid secretion of tubules.
Together, our study provides the first genome-wide association of renal function in animal models and identifies candidate loci
as therapeutic targets.

18 Piwi regulates the usage of alternative transcription start sites in the Drosophila ovary via interaction with the FACT
complex component Ssrp Jiaying Chen?, Na Liu?, Haifan Lin? 'Genetics, Yale University, >Cell Biology, Yale University

Alternative transcription initiation, which refers to the transcription of a gene from different transcription start sites (TSSs), is

prevalent in mammalian systems and has important biological functions such as regulating the structure of resulting mRNA and
proteins. Although transcriptional regulation has been extensively studied, the mechanism that selects one TSS over others in a
gene is still poorly understood. Using the cap-analysis gene expression sequencing (CAGE-seq) method, we identified 87 genes
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with altered TSS usage (ATU genes) in Piwi-deficient Drosophila ovaries. Piwi differentially regulated TSS usage of ATU genes in
germ cells and somatic cells in ovaries as well as in cultured ovarian somatic cells (OSCs). ChIP-seq and CUT&RUN experiments
revealed that Pol Il initiation and elongation at TSSs of ATU genes were affected in germline-piwi-knockdown ovaries and piwi-
knockdown OSCs. Furthermore, we identified several novel Piwi interactors by Piwi-co-immunoprecipitation of the nuclear
fraction of fly ovaries followed by mass spectrometry. Among them, Ssrp is a core component of the FACT complex that acts to
reorganize nucleosomes. Temporally controlled knockdown of Ssrp affected TSS usage of ATU genes whereas overexpression
of Ssrp partially rescued the dysregulated TSS usage of ATU genes in piwi mutant ovaries. Based on these findings, we propose
that Piwi interacts with Ssrp to regulate TSS usage in Drosophila ovaries by affecting Pol Il initiation and elongation.

19 Transcriptional adaptation and genetic compensation, from C. elegans to mammals Didier Stainier, Christopher M
Dooley, Lara Falcucci, Kuan-Lun Hsu, Gabrielius Jakutis, Brian Juvik, Vahan Serobyan, Jordan M Welker, Lihan Xie, Jie Liang,
Cansu Cirzi, Nana Fukuda, Y. Charlie Song, Hamzeh Haj-Hammadeh, Mikhail Sharkov, Greta Ebnicher, Pankaj Kumar Department
of Developmental Genetics, Max Planck Institute for Heart and Lung Research

Each human genome has been reported to contain approximately 100 loss-of-function variants, with roughly 20 genes
completely inactivated. Some of these completely inactivated genes are essential genes, and yet they are present in a
homozygous state in apparently healthy individuals. This totally unexpected lack of phenotype has also been observed in
commonly studied model organisms from yeast to mammals. Various hypotheses have been proposed to explain these findings
including Genetic Compensation (GC). GC manifests itself as altered gene/protein expression, or function, which leads to a
wild-type-like phenotype in homozygous mutant or heterozygous individuals who would be predicted to exhibit clear defects.
Traditionally, GC has been thought to involve protein feedback loops such that if one component of a regulatory pathway is
deficient, a compensatory rewiring within a network or the activation of a functionally redundant gene occurs. However, not
every major regulatory network has evolved to incorporate such complex features. Another mechanism of GC is the newly
identified process of Transcriptional Adaptation (TA): some deleterious mutations, but not all, trigger the transcriptional
modulation of so-called adapting genes. Depending on the nature of these adapting genes, GC can occur. Notably, unlike other
mechanisms underlying genetic robustness, TA is not triggered by the loss of protein function.

We discovered TA while trying to understand the phenotypic differences between knockout (mutant) and knockdown
(morphant) zebrafish embryos. Further studies identified additional examples of TA in zebrafish as well as examples in C.
elegans and in mammalian cell lines. By generating and analyzing several mutant alleles for these genes, including non-
transcribing alleles, we found that the mutant mRNA is required to trigger TA. Based on these and other data, we hypothesize
that all mutations that cause mutant mRNA degradation can trigger TA. The current model is that mutant mRNA degradation
fragments translocate back to the nucleus where they modulate gene expression. Key questions about TA include the identity
of the adapting genes and the mechanisms underlying their transcriptional modulation. This presentation will go over our
published and unpublished data on TA in several model systems including zebrafish, C. elegans, Neurospora, and mammalian
cells in culture.

20 Relative enhancer-promoter positioning tunes the kinetics of enhancer-mediated transcriptional activity Emilia
A Leyes Porello, Bomyi Lim, Robert T Trudeau, Emma Dreispiel Juan Chemical and Biomolecular Engineering, University of
Pennsylvania

In multicellular eukaryotes, the linear distance between enhancers and promoters ranges from tens to hundreds of kilobases.
While the long-range interactions have been studied with bulk genomics assays and some fixed and live imaging approaches,
short and intermediate range interactions — particularly the dynamic nature of their contact and resulting transcriptional
behaviors — have not been thoroughly characterized . In this study, we probe the regulatory mechanisms underlying enhancer-
promoter (E-P) interactions and resulting transcriptional activity at intermediate length scales using early Drosophila embryos.
We implemented reporter constructs which systematically modulate various parameters of relative E-P positioning and
enhancer strength at distances ranging from 0 kb to 12.6 kb. We also employed the MS2/MCP live-imaging system which
enables single cell, real-time quantification of transcriptional activity at the target locus. We find that increasing E-P distances
delays the activation of post-mitotic transcription and results in decreased mRNA production per nucleus as distance increases.
Strikingly — and in stark contrast to canonical understanding — we also find that placing the enhancer downstream of the
promoter and reporter elements drives significantly less transcription with mRNA production falling below the trend set by
increasing E-P distance . The downstream positioning of the enhancer does not differentially affect transcriptional activation
kinetics with these constructs still fitting the trend of delayed activation with increasing E-P distance. Additionally, quantifying
the time spent in the active state (per nucleus) after initial activation, we find that the enhancer downstream subset yielded
distinctly diminished activity levels compared to the enhancer upstream subset. These results suggest that increasing E-P
distance increases the search space for the elements to find each other thus delaying initiation of transcription; however, once
transcription is active and the E-P interaction is established, the linear distance does not seem to affect stability of the active
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transcriptional state. Conversely, enhancer positioning relative to the promoter does not influence initiation of transcriptional
activity but significantly affects the stability of the active state. These findings suggest there exist additional layers to enhancer-
mediated transcriptional regulation that depend on the genomic context within which these elements operate.

21 Non-additive genetic components contribute significantly to population-wide gene expression variation Andreas
Tsouris?, Gauthier Brach?, Joseph Schacherer?, Jing Hou? *University of Strasbourg/CNRS, 2Université de Strasbourg/CNRS

Gene expression variation, an essential step between genomic variation and phenotypic landscape, is collectively controlled
by local (cis) and distant (trans) regulatory changes. Nevertheless, how these regulatory elements differentially influence the
heritability of expression traits remains unclear. Here, we bridge this gap by analyzing the transcriptomes of a large diallel
panel consisting of 323 unique hybrids originated from genetically divergent yeast isolates. We estimated the broad- and
narrow-sense heritability across 5,087 transcript abundance traits and showed that non-additive components account for 36%
of the phenotypic variance on average. By comparing allelic expression ratios in the hybrid and the corresponding parental
pair, we identified regulatory changes in 25% of all cases, with a majority acting in trans. We further showed that trans-
regulation could underlie coordinated expression variation across highly connected genes, resulting in significantly higher non-
additive variance and most likely in some of the missing heritability of gene expression traits.

22 Chromatin regulatory networks underlying coordinated synaptic gene expression James Kentro?, Gunjan Singh?,
Tuan Pham?, Justin Currie?, Erica Larschan?, Kate O’Connor-Giles* *Molecular Biology, Cell Biology, and Biochemistry, Brown
University, 2Center for Computational Molecular Biology, Brown University, 3Brown University, “Neuroscience, Brown University

During nervous system development, neurons construct intricate circuits that transmit information by passing signals through
synaptic connections. These synaptic connections are formed by hundreds of genes encoding proteins for scaffolding, cell
adhesion, ion transport, neurotransmitter synthesis and release, signal reception, and more. We have found that hundreds

of Drosophila synaptic genes share a developmental temporal pattern of expression, with peaks during periods of peak
synaptogenesis, that is consistent with coordinated regulation. However, no mechanism for coordinating their expression is
known. Using motif discovery, analysis of chromatin binding data, and regulatory network predictions from time-series single-
cell transcriptomic and chromatin accessibility datasets, we have identified a candidate gene regulatory network involving
several TFs known to interact with chromatin remodelers that may temporally coordinate expression of synaptic genes through
opposing influences of repression and activation. In the nervous system, we observe a correlation between the timing of initial
synaptic gene transcription and substantial increases in chromatin accessibility at synaptic gene promoters that supports a
mechanism of coordination through control of the chromatin environment. We hypothesize that Deafl, linked to intellectual
disability and seizures in humans, interacts with pioneer factor Clamp to negatively regulate synaptic gene expression during
periods of low transcription. Consistently, upon loss of either TF, we find an upregulation of synaptic gene transcription.
Strikingly, this corresponds to increased glutamatergic synapse formation at neuromuscular junctions. Together, these data
support a repressive role for both TFs at synaptic genes during normal development. We are also performing ATAC-seq in

the absence of these factors to determine their impact on chromatin accessibility at synaptic gene promoters and potential
enhancer sites. We predict that this gene regulatory network coordinates expression of pan-neuronal and subtype-specific
synaptic genes upstream of the terminal selectors that establish neuronal identity by controlling chromatin accessibility to
coordinate the development of shared traits with the acquisition of distinct neuronal fates.

23 Interallelic gene regulation promotes robustness and evolvability Noa O Borst?, Timothy Fuqua?, Fabian Ruperti?,
Justin Crocker! (EMBL, 2University of Zurich (UZH)

Enhancers drive complex spatiotemporal patterns of gene expression during development, and their evolution is an important
driver of morphological and phenotypic diversification. Recently, we found that random point mutations in the E3N enhancer
of shavenbaby in D. melanogaster resulted in changes in the level, timing, or location of its activity, suggesting that the
enhancer is densely encoded with regulatory information. To explore how such dense encoding of regulatory information
might constrain the evolution of this enhancer, we systematically explored all the possible evolutionary paths between the
modern-day E3N enhancers of D. melanogaster and simulans. Consistent with our previous results, we observed extensive
higher-order epistatic interactions between genetic variants across these evolutionary trajectories, with many paths reducing
transcriptional outputs. Strikingly, interchromosomal interactions between heterozygous enhancer alleles resulted in
synergistic or antagonistic effects on gene expression, a phenomenon commonly recognized as dominance. Furthermore, we
found evidence that these transvection-like interactions are reinforced through transcriptional hubs. Beyond the previously
established role of transcriptional hubs in developmental robustness, we propose that these regulatory interactions
concurrently promote evolutionary robustness and enable the exploration of novel phenotypes. Consequently, interallelic
interactions may provide an additional layer for natural selection to act on in regulatory evolution.

24 The role of post-transcriptional gene regulation in adaptation to stress Pieter Spealman?, Carolina de Santana?, Titir
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De!, David Gresham® *New York University, 2Laboratério de Microbiologia Ambiental e Saude Publica, Universidade Estadual de
Feira de Santana

The importance of divergence in gene expression has been a central concern of evolutionary biology for nearly 50 years. While
the majority of research has focused on changes in transcription, recent research suggests that post-transcriptional regulation
may play a vital role in adaptive gene expression.

Using a combination of RNA-seq, ribosome profiling, and mass-spectrometry we identify divergence in abundance across three
levels of gene expression between 4 strains of experimentally evolved yeast (Saccharomyces cerevisiae) and their ancestor
(derived from FY4). Strains were evolved using long-term evolution experiments for 150 and 250 generations in glutamine-
limited media conditions; all evolved strains have increased fitness and genomic amplifications that include the GAP1 locus, a
general amino-acid permease.

By normalizing each level of expression by the abundances observed at the previous level (ie. RNA/DNA, RPF/RNA, MS/RPF)
we identify specific levels of regulation. We find a mean of 1116 genes per strain have significantly different RNA/DNA ratios, a
mean of 389 RPF/RNA ratios, and a mean of 153 MS/RPF ratios. We find that a substantial number of genes (mean 25%) with
significantly different RNA/DNA ratios are significantly buffered at later levels of expression. We find a mean of 32% of genes
are significantly different only at the post-transcriptional level.

We find that translationally regulated genes frequently (mean 27%) have upstream open reading frames (UORFs) and that
these are also frequently (mean 35%) enriched in SSD1 binding sites. SSD1 is a known stress-responsive RNA binding protein
that has been shown to localize to 5’ UTRs and alter translation. An analysis of post-translational buffering finds that few
buffered genes are part of protein complexes (mean 8.8%), suggesting that post-translational buffering mechanisms may not
rely on stoichiometric imbalances.

Taken together, these results point to extensive changes in gene expression that accrue over the course of adaptation to
glutamine-limitation and genomic amplification. They highlight the role of post-transcriptional buffering of transcriptional
divergence as well as divergence in expression derived from post-transcriptional mechanisms. They also point towards a novel
mechanism of UORF mediated translational regulation driven by stress-responsive RNA binding protein, SSD1.

25 Social regulation of intergenerational signaling via a defined chemosensory pathway Jadiel Wasson?, Susan
Mango? *New York University, 2University of Basel

Classically, inheritance was believed to be restricted to the passage of information from parent to progeny in the form of
genetically encoded material. It has become appreciated that other types of information, including that which informs about
the environment, can be passed between generations. However, the mechanisms behind how this information can be both
passed on and interpreted by the embryo remain unknown. Recently, we have identified a previously unknown pathway for
intergenerational communication that links neuronal responses to maternal provisioning in C. elegans. Here, a chemosensory
signaling pathway responsive to social cues initiated in the mother alters the pool of maternally provided factors that
modulates gene silencing in progeny. This intergenerational signal transmission depends on specific chemosensory neurons
and neuronal FMRFamide (Phe-Met-Arg-Phe)—like peptides including FLP-21. Parental FLP-21 signaling dampens oxidative
stress resistance and promotes the deposition of mRNAs for translational components in progeny, which, in turn, reduces gene
silencing. Furthermore, overexpression of FLP-21 has the opposing effect on gene silencing in progeny suggesting that the
levels of FLP-21 signaling in mothers influences embryonic stress phenotypes. We are currently investigating different aspects
of this maternal signaling pathway including the neurocircuitry, key molecular components, and tissue-specific requirements
to identify the relay from environmental social cues to modulation of embryonic gene silencing. To this end, we have identified
key receptors that are required for this relay from parental environment to progeny response. Taken together, we hypothesize
that loss of social cues in the parental environment represents an adverse environment that stimulates stress responses across
generations. This work demonstrates how alterations to chemosensory signaling pathways can have long range consequences
via changes in not only what mothers provide to their young, but also how resulting progeny modulate their gene expression
changes in response to a challenge. Ultimately, this work will lead to a clearer understanding of the mechanisms involved in
cross-generational signaling between mother and progeny.

26 Repeated, rapid origins of incompatibility in the Mimulus guttatus species complex: the role of shared variation in
repeated speciation Jenn Coughlan Ecology & Evolutionary Biology, Yale University

How new species originate and persist in nature is a fundamental question in evolutionary biology. Although genetic
incompatibilities underlying hybrid sterility and inviability can play a central role in speciation, much remains unknown
about the evolutionary forces ultimately responsible for incompatibility alleles. Much classical theory highlights the role
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of intra-genomic conflict in the origin of intrinsic crossing barriers, yet we are only beginning to empirically test these
hypotheses. Here, | combine a series of range-wide crossing surveys, quantitative genetics, and population genomics to
dissect the repeated origin of hybrid seed inviability in a group of closely related, rapidly speciating wildflowers; the Mimulus
guttatus species complex. | find multiple, phenotypically cryptic lineages within this group that are strongly reproductively
isolated by hybrid seed inviability, suggesting that this barrier has evolved rapidly and repeatedly. By combining hybrid
phenotypes with genetic mapping, | test whether intra-genomic conflict between maternal and paternal interests in resource
partitioning to offspring can explain patterns of rapid and repeated evolution of hybrid seed inviability. | find that patterns

of hybrid seed inviability strongly support a role of parental conflict in driving speciation, and subsequent meta-analyses
suggest that parental conflict may play an important role in angiosperm diversity more broadly. Intriguing, while hybrid seed
inviability between M. guttatus and several cryptic lineages appears to have evolved repeatedly, crosses between lineages with
putatively independent origins of this barrier are viable, suggesting that the alleles underlying these two incidences of hybrid
seed inviability are in some way complementary. Using a classical complementation test, | then ask whether the alleles causing
independent origins of hybrid seed inviability are shared. In total, | find the rapid and repeated evolution of hybrid seed
inviability in this group suggests that parental conflict may play an important and generative force in speciation. Moreover,
complex patterns of incompatibility point to a complex genetic origin; potentially involving a combination of hybridization,
ancestral polymorphisms and/or de novo mutation in the repeated origin of reproductive isolation.

27 A programmed Mendelian violation maintains heterozygosity in a parthenogenetic ant Kip D Lacy, Daniel J.C.
Kronauer Laboratory of Social Evolution and Behavior, The Rockefeller University

Parthenogenesis arises sporadically across the animal phylogeny, evolving via mutations that perturb sex and meiosis.

The underlying mechanisms are rarely understood, but might provide insights into how meiosis works and how asexuality
evolves. Here, we investigate parthenogenesis in the clonal raider ant, Ooceraea biroi, which produces diploid offspring via
the fusion of two haploid products from a single meiosis. This process should cause rapid genotypic degeneration due to loss
of heterozygosity, which results if crossover recombination is followed by random (Mendelian) segregation of chromosomes.
However, by comparing whole genomes of mothers and daughters, we show that loss of heterozygosity is exceedingly rare,
raising the possibility that crossovers are rare or absent from O. biroi meiosis. Using a combination of cytology and whole
genome sequencing, we show that crossovers occur regularly, but loss of heterozygosity is avoided because crossover products
are faithfully co-inherited. This results from a programmed violation of Mendel’s law of segregation, such that crossover
products co-segregate rather than segregate randomly. This discovery highlights an extreme example of cellular “memory” of
crossovers, which could be a common yet cryptic feature of chromosomal segregation.

28 Adaptive piRNA pathway tuning tames sex- and lineage-specific selfish genes Peiwei Chen?, Katherine C Pan?, Eunice
H Park?, Grace YC Lee?, Alexei Aravin! 'California Institute of Technology, 2University of California, Irvine

Selfish genetic elements subvert fair Mendelian inheritance for their own benefit at the expense of the host, causing
intragenomic conflicts that must be resolved to protect host reproduction. Although selfish genes differ between sexes and
across lineages, how sex- and lineage-specific selfish genes are tamed remains mostly unknown. Here, using the silencing

of Stellate—a recently evolved, selfish gene family only active in Drosophila melanogaster male germline—as a readout, we
conducted an in vivo RNAI screen and discovered a novel geno