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1 Trade-off between Plasticity and Velocity in Mycelial Growth Norio Takeshita' 1) University of Tsukuba.

Tip-growing fungal cells maintain cell polarity at the apical regions and elongate by de novosynthesis of the cell wall. Cell polarity and
tip growth rate affect mycelial morphology. However, it remains unclear how both features act cooperatively to determine cell shape.
Here, we investigated this relationship by analyzing hyphal tip growth of filamentous fungi growing inside extremely narrow 1 pum-width
channels of microfluidic devices. Since the channels are much narrower than the diameter of hyphae, any hypha growing through the
channel must adapt its morphology. Live-cell imaging analyses revealed that hyphae of some species continued growing through the
channels, whereas hyphae of other species often ceased growing when passing through the channels, or had lost apical polarity after
emerging from the other end of the channel. Fluorescence live-cell imaging analyses of the Spitzenkdrper, a collection of secretory
vesicles and polarity-related proteins at the hyphal tip, in Neurospora crassa indicates that hyphal tip growth requires a very delicate
balance of ordered exocytosis to maintain polarity in spatially confined environments. We analyzed the mycelial growth of seven fungal
species from different lineages, including phytopathogenic fungi. This comparative approach revealed that the growth defects induced
by the channels were not correlated with their taxonomic classification or with the width of hyphae, but, rather, correlated with the
hyphal elongation rate. This report indicates a trade-off between morphological plasticity and velocity in mycelial growth and serves to
help understand fungal invasive growth into substrates or plant/animal cells, with direct impact on fungal biotechnology, ecology, and
pathogenicity.

2 The exocytic RAB11 pathway Miguel Penalva' 1) CSIC Centro de Investigaciones Biologicas.

RAB11 is crucial for the hyphal mode of growth. It governs the transition from Golgi to post-Golgi identity at the TGN, promoting the
biogenesis of secretory vesicles (SVs) that will reach the apical plasma membrane by way of the Spitzenkdrper (SPK). RAB11 gradually
builds up on TGN cisternae until its levels are high enough to promote the budding of SVs, which engage molecular motors to be trans-
ported both to the SPK and to nascent septae. SVs are charged with dynein. myosin-5 (alias MyoE) and kinesin-1 (alias KinA). coop-
erate in a relay run-like mechanism to mediate the acropetal transport of SVs, whereas the role of dynein (alias NudA) and associates
is not yet understood, although the fact that it moves vesicles departing from the SPK with basipetal trajectories appears as strongly
supportive of Salomon Bartinicki-Garcia’s model of the SPK as a vesicle supply center. RAB11 accumulation at the TGN is determined
by the previous and also gradual recruitment to the TGN of TRAPPII, the somewhat mysterious 1 MDa complex that mediates nucleo-
tide exchange on the GTPase. As any other RAB, RAB11 exerts its roles by recruiting to membranes specific sets of proteins (denoted
effectors) that are otherwise cytosolic, because they lack the means to be recruited to membranes by themselves. One of our aims is
characterizing the whole set of effectors subordinated to RAB11. One such effector, BapH, connects the SPK with autophagy. Another
is myosin-5 itself, which binds the GTPase loaded on SVs through its cargo-binding, globular C-terminal tail domain. This molecular
research was inspired by seminal classical genetics work on hyphal morphology carried out by Steve Harris, John Hamer and Susan
Kaminskyj at the end of the 20th century, ending in the identification of hypA as Trs120, the key component of TRAPPII.

3 A little key will open a large door: unexpected pleiotropic roles of fungal surface-active proteins in fungal cells Irina
Druzhinina' 1) Nanjing Agricultural University.

The rapid modulation of the body surface hydrophobicity is essential for the fungal lifestyle because absorptive nutrition requires a
hydrophilic surface, while nonmotile aerial spores need to be hydrophobic. The hydrophobicity of the spore or hyphal cell wall influenc-
es their biotic and abiotic interactions, such as adhesion to substrates and also symbiotic partnerships. One billion years of evolution of
filamentous fungi has resulted in molecular adaptations to the physicochemical challenges associated with their lifestyle. For example,
filamentous fungi are able to secrete the unique amphiphilic and superior surface-active small secreted cysteine-rich proteins (saSS-
CPs) — hydrophobins (HFBs), cerato-platanins (CPs), and the others — that self-assemble at hydrophobic/hydrophilic interfaces and
thus modulate surface properties.

Using the saSSCP-enriched mold Trichoderma (Hypocreales, Ascomycota) and the HFB-free yeast Pichia pastoris (Saccharomy-
cetales, Ascomycota), we studied functions, ultrastructure, and the cellular localization of HFBs and CPs. Our results demonstrated
that the rapid release of HFBs by aerial hyphae shortly prior to conidiation is associated with their massive intracellular accumulation in
vacuoles and/or lipid-enriched organelles. The tonoplast-like HFB-enriched vacuolar structures contribute to the maintenance of turgor
pressure in aerial hyphae, supporting the erection of sporogenic structures (e.g., conidiophores) and providing intracellular force to
squeeze out other HFB-enriched vesicles from the periplasm through the cell wall of aerial hyphae. This secretory mechanism results
in the formation of an extracellular HFB-enriched matrix, which is required for the even spore coating by HFBs through a mechanism
that involves microscopic water droplets. Furthermore, HFB4 in T. guizhouense controls spore dormancy and contributes to the water
sensing mechanism required to detect optimal germination conditions. However, in T. harzianum, the functional loading of HFB4 is

not apparent compared to that in T. guizhouense, but hfb4 evolves under strong positive selection. The deletion of the hfb4 gene in T.
harzianum and T. guizhouense, respectively, increased the fitness scores of the first species and reduced it for the second one. Inter-
estingly, the secretion of CPs that is associated with submerged growth surprisingly resembles HFBs (an intracellular retention step)
indicating the possibility for a dedicated unconventional secretory pathway for saSSCPs in fungal hyphae.

Thus, saSSCPs essentially contribute to the control of fungal development and reproduction because they are involved in dispersal,
stress resistance, and other fithess-related traits. In this talk, | will show that saSSCPs have a range of pleiotropic functions not only
outside of fungal bodies but also inside hyphae and spores.

4 Role of the fission yeast NDR kinase Orb6 in the response to environmental stress Fulvia Verde' 1) University of Miami
Miller School of Medicine.

The conserved NDR kinase plays a key role in the control of cell morphology and cell proliferation in organisms ranging from yeast and
filamentous fungi to human cells. We have previously discovered that fission yeast NDR kinase Orb6 spatially regulates the activity
of Cdc42 GTPase, a key morphology control factor, to promote cell shape emergence. Orb6 also inhibits the degradation of specific
mRNAs, thereby promoting polarized cell growth. We find that Orb6 kinase activity is downregulated by a variety of stimuli, such as
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nutritional deprivation or osmotic stress, suggesting that the Orb6 kinase pathway mediates cellular responses to environmental stress.

Using genomic-scale and proteomic approaches we have identified novel targets of Orb6 kinase, and discovered a role for Orb6 kinase
in promoting cell adaptation and chronological lifespan. We propose that an important role of NDR kinase in eukaryotic cells is to enable
alternative physiological states, from active cell growth to cell quiescence, to promote cell resilience in the face of stress.

5 Temperature adaptation of biological phase separation Amy Gladfelter', Benjamin Stormo’, lan Seim', Ammon
Posey?, Fred Dietrich?, Rohit Pappu® 1) UNC Chapel Hill; 2) Duke University; 3) Washington University at St. Louis.

Free-living microbes, plants and cold-blooded organisms survive in the face of temperature fluctuations that arise across many time
scales. Climate change is increasing the amplitude and frequency of temperature variations in the natural world and biological phase
separation may be a key mechanism of adaptation of the biosphere to climate change. The focus of this presentation will be on our re-
cent work to identify how protein and RNA sequence encodes temperature sensitivity and how material properties of biomolecular con-
densates are maintained across temperatures fluctuations. For these studies, we focus on a model phase separation protein, Whi3, in
the syncytial ascomycete fungus, Ashbya gossypii. This protein binds to and regulates specific RNAs important for cell cycle control and
cell polarity. We have found natural sequence variation within the core protein/RNA components are sufficient to induce highly tunable
temperature sensitivity for condensation. Sequence elements controlling protein-protein, protein-RNA and RNA-RNA interactions

all contribute to modulating higher-order assembly and function in different temperature regimes. These studies indicate that small
changes in protein and RNA sequences can promote organism adaptation to different climates providing potential mechanisms for
adaptation of the biosphere to climate change.

6 Immune recognition of fungi: deciphering the writing on the wall Neil Gow' 1) University of Exeter .

The cell wall of a fungus is an exoskeleton composed of unique molecules that are unique to fungal cells and which are used by the
immune system to induce antifungal responses. Immune surveillance and defence against potential fungal pathogens is based on the
recognition of this suite of molecules in the fungal cell wall that are recognised by pattern recognition receptors of the innate immune
system. Differences in the cell wall composition of different fungi and or the same fungus organisms growing in different morpholo-
gies and in differing environments generates a moving target for immune recognition. We have used a variety of microscopic, forward
and reverse genetic and immunological tools to generate a new spatially accurate model of the cell wall and to explore how dynamic
changes in the wall influence immune surveillance. We show that immune relevant epitopes can be diffuse or clustered, superficial or
buried in the cell wall and they changed during batch culture and between yeast, hypha and other cellular morphologies. We have ask
screened libraries of mutants with immune pattern recognition receptors (PRRs) to define the sub set of fungal genes that assemble
and regulate immune epitopes. This is revealing novel processes that are important for the assembly of the PRR-ome. These experi-
ments demonstrate that the fungal cell surface is ordered, complex and dynamically changing, making immune recognition a challeng-
ing process requiring the concerted action of multiple receptors operating singly and in combination. My presentation will focus on this
work that demonstrates that describes recent advances that have generated a scaler model of the cell wall and show it behaves as an
ordered and dynamically changing organelle that makes immune recognition a challenging process. Immune recognition requires the
concerted action of multiple receptors operating singly and in combination.

7 Unmasking chitin in C. neoformans: Panic or protection? Rajendra Upadhya', Woei, C Lam’, Jennifer, K Lodge' 1)
Department of Molecular Microbiology, Washington University School of Meidicne, St. Louis.

Chitosan is an important component of the cell wall of Cryptococcus neoformans. It is essential for maintaining the integrity of the cell
wall during in vitro growth and under a variety of environmental stress conditions. Most importantly, it is required for fungal virulence.
Three distinct isoforms of chitin deacetylase (CDA) have been identified as being responsible for chitin «masking» via deacetylation

to chitosan. The choice of a specific deacetylase for virulence in mammalian infection depends on the species of Cryptococcus; in C.
neoformans, Cdal is the major deacetylase, whereas in C. gattii, Cda3 plays an important role in the conversion of chitin to chitosan
during infection. Furthermore, the involvement of specific deacetylases is dependent on the environment in which cryptococcal cells
grow. While all three CDAs are dispensable during in vitro growth, coordinated activity of both Cda1 and Cdaz2 is required for fungal
virulence in C. neoformans, whereas in C. gattii, Cda3 alone is sufficient for causing virulence. We show that the culture medium has a
significant effect on chitosan biosynthesis. When compared to yeast extract, peptone and dextrose (YPD) grown cells, yeast grown in
unbuffered yeast nitrogen base (YNB-U) medium had a 90% reduction in chitosan. As we discovered, C. neoformans also alters the pH
of the medium during growth. When grown in unbuffered YPD, it raises the pH to alkalinity, but when grown in YNB-U, it lowers the pH
to acidity. When YNB-U grown cells were compared to YPD or YNB, pH 7, the decrease in chitosan was associated with a significant
increase in pathogen-associated molecular patterns (PAMPs) on the cell surface. When tested in a murine infection model, the altered
cell wall architecture resulted in a significant reduction in virulence. Furthermore, when heat-killed cells were used for infection, KN99
grown in YNB-U caused an abnormal hyper-inflammatory response in the lungs, resulting in the death of the animals. Heat-killed KN99
cells grown in YNB, pH 7, on the other hand, caused little to no inflammatory response in the host lung, but when used as a vaccine,
they conferred a robust protective response against a subsequent challenge infection with the virulent KN99 cells. These findings
highlight the importance of chitin and its chitosan derivative in shaping the organization of the C. neoformans cell wall, impacting fungal
virulence and pathogenicity.

8 Candida albicans and IL-17A stimulate cytokine production by oral epithelial cells via different mechanisms Jian-
feng LIN', Quynh Trang', Hong Liu', Sarah Gaffen? Scott Filler'® 1) The Lundquist Institute, Torrance, CA; 2) University of Pittsburgh,
Pittsburgh, PA; 3) University of California- Los Angeles, Los Angeles, CA.

IL-17 signaling components (IL-17A, IL-17RA, IL-17RC, ACT1, etc.) are critical for the host defense against oropharyngeal candidiasis
(OPC). Both IL-17A and Candida albicans stimulate oral epithelial cells to secrete pro-inflammatory cytokines. We investigated how
these two different stimuli induced this pro-inflammatory response. Using indirect immunofluorescence, we found that the IL17RA and
IL17RC co-localize with the epidermal growth factor receptor (EGFR) around the C. albicans hyphae on the OKF6/Tert-2 oral epithelial
cell line. Although IL-17A and C. albicans cells both stimulated epithelial cells to secrete pro-inflammatory cytokines such as IL-8 and
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GM-CSF, they do so through distinct mechanisms. Inhibition of EGFR with either gefitinib or an anti-EGFR antibody reduced IL-8
production in response to both C. albicans and IL-17A. However, knockdown of /L-17RA or ACT1 with siRNA or knockout via CRISPR
abolished IL-8 production induced by IL-17A, but not C. albicans. RNA-seq analysis revealed that IL17A and C. albicans induce the
expression of distinct sets of genes. Strikingly, only C. albicans infection caused significant upregulation of genes encoding transcription
factors encoding such as ¢c-FOS, c-JUN, NF-IL6, NFkB1, and NFkB2, which in-turn resulted in massive up-regulation of pro-inflam-
matory cytokine gene mRNAs including IL-6, IL-8, CSF2, and CSF3. Although IL-17A induced low levels of pro-inflammatory cytokine
transcripts relative to C. albicans, both stimuli induced similar levels of cytokine proteins. Intriguingly, transcripts of the mRNA binding
proteins TTP and BRF1 were significantly upregulated in response to C. albicans, but not IL-17A. Knockdown of BRF1, dramatically
increased C. albicans-induced IL-8 production without changing the IL-8 transcript levels. By contrast, BRF1 knockdown did not af-
fect IL-8 transcript or IL-8 protein levels in response to IL-17A. Single-molecule fluorescent in-situ hybridization (sm-FISH) analysis in
oral epithelial cells infected with C. albicans demonstrated that /L-8 mMRNA does not associate with BRF1, indicating a yet unknown role
of BRF1 in C. albicans-induced production of IL-8. Thus, C. albicans stimulates proinflammatory cytokine production in oral epithelial
cells by inducing a strong transcriptional response that is modulated by BRF1 whereas IL-17A induces a weaker transcriptional re-
sponse that is not affected by BRF1.

9 The ephrin tyrosine kinase receptor, EphA2, serves as a gateway for Cryptococcus neoformans into the central
nervous system. Suvidha Menon', Amelia Bennett', Dylan Lanser, Kiem Vu', Angie Gelli' 1) University of California, Department of
Pharmacology, SOM, Davis.

Systemic fungal disease can be life-threatening for individuals with a compromised immune system. Among the most devasting

are fungal brain infections caused primarily by Cryptococcus neoformans (Cn). Following inhalation of its spores from the environ-
ment, Cn enters the lung where it can cause a pneumonia-like illness and subsequently disseminate to the brain. Several studies

have demonstrated that Cn can move freely in the bloodstream (or co-opt monocytes), lodge within the lumen of capillaries and cross
the blood-brain barrier (BBB). We initially examined the transcriptome of brain microvascular endothelial cells exposed to Cnin an in
vitro model of the human BBB. Upon mapping the transcriptome to known canonical signaling, we identified the EPH-EphrinA1 (EphA2)
tyrosine kinase signaling pathway and demonstrated that the EphA2 receptor mediated the migration of Cn across the BBB in a CD44-
dependent manner. Silencing the EphA2 transcript or inhibiting EphA2 activity with an antibody or an inhibitor prevented Cn from cross-
ing the BBB, whereas activation of EphA2 with the ephrinA1 ligand or an agonist (doxasozin) enhanced crossing of Cn. The EphA2
receptor was phosphorylated during Cn infection, but phosphorylation was prevented by dasatinib, consistent with less cryptococci
crossing the BBB when treated with dasatinib. Localization studies of Cn and EphA2 in human brain endothelial cells, live-cell record-
ing of HEK293T cells expressing EphA2, and protection assays demonstrated a clear association between Cn and EphA2, consistent
with a role for EphA2 in internalizing Cn. Animal studies involving EphA2-/- knockout mice have demonstrated that the lack of EphA2 is
protective consistent with our in vitro data. Our working model proposes that Cn associates with CD44 on the luminal side of the BBB
and induces EphA2 phosphorylation via a CD44-mediated transactivation of EphA2. Once activated, EphA2 may promote signaling
that reorganizes the actin cytoskeleton and internalizes Cn via endocytosis/macropinocytosis. We are currently identifying the EphA2
interactome by proximity-dependent labeling and investigating EphA2’s role in regulating vesicular traffic of Cn across the BBB through
the use of BBB spheroids and EphA2-/- knockout mice. These studies may identify novel drug targets to prevent fungal brain infections,
and assist with better informed design strategies for technologies geared toward crossing the BBB and delivering cargo to the brain.

10 A ricin-like toxin derives tissue necrosis during invasive mucormycosis Ashraf Ibrahim'? 1) The Lundquist Institute at
Harbor-UCLA Medical Center, Torrance, CA; 2) David Geffen School of Medicine, Los Angeles, CA.

Mucormycosis, caused by Mucorales fungi, is the third most common invasive fungal infection in patients with hematological malignan-
cies and organ transplants. Known to have high morbidity and mortality, mucormycoses are characterized by the propensity of fungi to
angioinvasion and causing tissue necrosis. Our studies showed that CotH cell surface proteins are required for pathogenesis of mucor-
mycosis by facilitating invasion to nasal and alveolar epithelial cells and vascular endothelial cells. Our more recent studies identified

a hyphae-specific protein toxin that is also critical to driving host cell death and tissue necrosis. Specifically, purified or recombinantly
expressed toxin cause host cell death and moribundity in mice. Furthermore, attenuating the expression of the toxin in Rhizopus (the
most common cause of mucormycosis) results in reduced fungal virulence in vitro and in vivo. Importantly, antibodies targeting the toxin
nullify its ability to cause host cell damage and protect mice from mucormycosis. The toxin has structural and functional features of
ricin-like toxins including conserved ricin B chain, putative functional domains for ribosomal inhibition activity, vascular permeability and
N-glycosylase activity. Consequently, we named this toxin “Mucoricin”. In addition to its clinical importance and the potential of devising
therapeutic strategies against this toxin, the discovery of Mucoricin demonstrates that ricin-like toxins can be produced by organisms
beyond the plant and bacterial kingdoms.

1 Roles of Candida albicans chromosome instability in the host Huijuan Yan', Suzanne Noble' 1) University of California,
San Francisco.

Candida albicans is a fungal pathobiont that colonizes the gastrointestinal tract of most healthy humans. It is also the most

common cause of fungal infectious disease. Recently, our lab discovered that C. albicans maintains two histone-based

systems (H2A.1 and H2A.2) that promote chromosome instability under in vitro conditions. | hypothesize that C. albi-

cans noncanonical H2A.1 improves fungal fitness in at least one host niche. Consistent with this hypothesis, | found that WT C.
albicans, which expresses two copies of noncanonical H2A.1 and two copies of canonical H2A.2, is more virulent in a mouse blood-
stream infection model than an isogenic all-H2A.2 strain that exhibits more accurate chromosome segregation under in vitro conditions.
In line with this, the all-H2A.2 strain is also outcompeted by the WT strain in infected kidneys. However, WT and the all-H2A.2 strains
exhibit similar fitness in a mouse model of gut colonization, suggesting that moderate chromosome instability promotes virulence

but not commensalism in C. albicans. In parallel with this work, | propose to test the hypothesis that H2A. 17 promotes virulence in the
bloodstream model by facilitating the acquisition of adaptive aneuploidies in kidneys, the major target organ in this infection model.
Monotypic infections will be performed with WT or the all-H2A.2 strain, and C. Albicans recovered from dissociated kidneys will be eval-

#Fungal22 | 3



uated using single-cell RNA-seq to identify aneuploidies. This study will reveal a role for chromosome instability in fungal adaptation to
the host and will identify specific genetic changes that correlate with fitness.

12 Roles for microglia in Cryptococcus meningoencephalitis Jacquelyn Nielson', J Muse Davis' 1) University of lowa.

Cryptococcal infection begins in the lungs, but yeast cells subsequently obtain access to the bloodstream, from which they can reach
the central nervous system (CNS). The resulting meningoencephalitis is the most common disease presentation and is very difficult

to treat. How this environmental fungus crosses the blood-brain barrier (BBB) and takes up residence in the brain remains a key
question in human fungal pathogenesis. We and others have developed the zebrafish larva as a model host for cryptococcosis and
demonstrated that hematogenous central nervous infection is replicated therein and rendered accessible to in vivo imaging. Here we
have examined a large number of infected larvae to understand BBB crossing and the events immediately before and after. We have
directly observed systemic macrophages carrying yeast into the brain, but we also find evidence for a novel mechanism in which
microglia, the resident phagocytes of the CNS, obtain free yeast from within the vasculature, pulling them across the BBB. Yeast cells
are also capable of crossing without the involvement of phagocytes, but this mechanism is not often seen. Regardless of how crossing
takes place, we find that in the hours afterwards microglia are the predominant cell type containing Cryptococcus in the parenchyma.
Depletion of microglia has complex impacts on BBB crossing and pathogenesis. These findings demonstrate previously underappreci-
ated roles for microglia during cryptococcal pathogenesis.

13 Leveraging machine learning essentiality predictions and chemogenomic interactions to identify antifungal tar-

gets Ci Fu', Xiang Zhang?, Amanda O. Veri', Kali R. lyer', Emma Lash', Alice Xue', Huijuan Yan?, Cassandra Wong*, Zhen-Yuan

Lin*, Bendamin VanderSluis?, Jing Hou'®, Yoko Yashiroda®, Anne-Claude Gingras'#, Charles Boone'®¢, Teresa R. O’Meara’, Matthew
J.O’Meara®, Suzanne Noble?, Nicole Robbins’, Chad L. Myers?, Leah E. Cowen' 1) Department of Molecular Genetics, University of
Toronto, Toronto, ON, Canada; 2) Department of Computer Science and Engineering, University of Minnesota, Minneapolis, MN; 3)
Department of Microbiology and Immunology, UCSF School of Medicine, San Francisco, CA; 4) Lunenfeld-Tanenbaum Research
Institute, Sinai Health System, Toronto, ON, Canada; 5) Donnelly Center, University of Toronto, Toronto, ON, Canada; 6) RIKEN Center
for Sustainable Resource Science, Wako, Saitama, Japan; 7) Department of Microbiology and Immunology, University of Michigan
Medical School, Ann Arbor, MI; 8) Department of Computational Medicine and Bioinformatics, University of Michigan, Ann Arbor, Ml .

Fungal pathogens pose a global threat to human health, with Candida albicans among the leading killers. Systematic analysis of es-
sential genes provides a powerful strategy to discover potential antifungal targets. Here, we build a machine learning model to generate
genomewide gene essentiality predictions for C. albicans and expand the largest functional genomics resource in this pathogen (the
GRACE collection) by 866 genes. Using this model and chemogenomic analyses, we define the function of three uncharacterized
essential genes with roles in kinetochore function, mitochondrial integrity, and translation, and identify the glutaminyl-tRNA synthetase
GIn4 as the target of N-pyrimidinyl-B-thiophenylacrylamide (NP-BTA), an antifungal compound.

14 Alternative Transcription start sites in Cryptococcus Tuong Vi Dang Thi'2, Corinne Maufrais'?, Jessie Colin'23, Guilhem
Janbon'? 1) Institut Pasteur; 2) Unversité de Paris; 3) Ecole Pratique des Hautes Etudes, PSL University.

Pathogenic Cryptococcus species are responsible for nearly 200 00 death in the word every year. In recent years, we used different
RNA sequencing strategies (RNA-Seq, TSS-Seq, 3UTR-Seq) to annotate the genome of three Cryptococcus species reference

strains thus, characterizing the structure of a typical coding gene in these intron-rich yeasts. Thus, TSS-Seg-based coding gene 5’end
annotation revealed the impact of the transcript leader sequence and length on both gene expression and proteome diversity (Wallace
et al, NAR 2020). This analysis also revealed the existence of thousands additional transcription start site (TSS) clusters within the
coding genes. We here performed additional bioinformatics analysis to characterize the structure of different types of TSS clusters

in Cryptococcus. Our analysis also showed that several hundred genes bear at least two TSS clusters and the usage of these alterna-
tive TSS is largely controlled by growth conditions, thus regulating gene expression and protein diversity. We also identified a transcrip-
tion factor regulating alternative TSS usage in Cryptococcus. lts function in regulating transcriptome structure, Cryptococcus biology
and virulence will be discussed.

15 Endosomal mRNA transport Michael Feldbrugge' 1) Heinrich-Heine University.

Spatiotemporal expression is mostly achieved by transport and translation of mRNAs at defined subcellular sites. An emerging mech-
anism mediating mRNA trafficking is microtubule-dependent co-transport of mMRNAs on shuttling endosomes. Although progress has
been made in identifying various components of the endosomal mRNA transport machinery, a mechanistic understanding of how
these RNA-binding proteins are connected to endosomes is still lacking. Here, | will present a structure function approach on the key
RNA-binding protein Rrm4 linking mRNAs to endosomes during hyphal growth of Ustilago maydis.

16 The ribonucleoprotein complex components JSN-1 and GUL-1 are involved in asexual development in Neurospora
crassa Anne Yenewodage', Inbal Herold', Oded Yarden' 1) The Hebrew University of Jerusalem .

RNA-binding proteins (RBPs) are critical for the spatial localization, translational regulation and overall fate of mMRNAs. In N. crassa,
the RBP GUL-1 has been shown to bind over 2000 mRNA species, many of which encode genes involved in cell wall integrity. gul-1 is
an extragenic suppressor of the colonial, hyperbranched, cot-1(ts) mutant. Despite the role played by GUL-1, only minor morphologi-
cal changes are observed when gul-1 is inactivated, suggesting that additional proteins may have overlapping functions with GUL-1.
To identify other potential components of the GUL-1 ribonucleoprotein complex (RNP), we used a protein co-immunoprecipitation
approach. Four of the over 100 proteins identified harbored hallmarks of RBPs. Inactivation of a gene encoding one of them, JSN-

1, resulted in partial suppression of cot-1 (ts). The epistatic nature of cot-1 suppression by gul-1 and jsn-1 support the possibility

of a functional overlap between the two RBPs. Furthermore, both RBPs were found to affect MAK-1 phosphorylation under stress
conditions. The increased JSN-1::GFP association with nuclei under stress conditions, as previously observed with GUL-1::GFP, also
supports their common presence and possible roles within an RNP. GUL-1 and JSN-1 have additional roles in fungal development.
While strains in which either of the two genes had been deleted exhibited normal vegetative reproduction, the Ajsn-1;Agul-1 strain was
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impaired in aerial hyphae formation and subsequent conidiation. We concluded that GUL-1 and JSN-1 are components of the same
RNP, have partial overlapping functions within the COT-1 pathway and are jointly involved in asexual development.

17 An RNA-binding protein that evolved a change in function to control fungal growth: the surprising history, structure,
and function of Ssd1 Edward W. J. Wallace', Rosemary A, Bayne', Elizabeth R. Ballou?, Uma Jayachandran', Aleksandra Kaspro-
wicz', Stefan Bresson', David Tollervey’, Atlanta G. Cook' 1) The University of Edinburgh; 2) The University of Exeter.

Regulatory pathways evolve to enable organisms to adapt to their environment. In ascomycete fungi, homologous Ssd1/Sts5/gul-1
RNA-binding proteins regulate translation and affect cell growth, cytokinesis, and fungal pathogenicity. The domain structure of Ssd1
resembles that of proteins with a different function: the RNase [I/Dis3 family of 3’-5’ exoribonucleases, which play essential roles in
RNA degradation. Ssd1 itself has no nuclease activity, making it a “pseudonuclease”. However, the evolutionary origins of Ssd1-like
pseudonucleases are unknown: what sequence of evolutionary and structural events led to their novel function, and when did these
events occur?

Here, we show how Ssd1-like pseudonucleases are descended from active enzymes in the Dis3L2 subfamily. During fungal evolution,
active site mutations in Dis3L2 homologs have arisen at least four times, in some cases following gene duplication. Our new crystal
structure of Ssd1 shows that the ancestral RNA-binding “funnel” leading to the active site is blocked by loop insertions, implying emer-
gence of a novel RNA-binding site. In contrast, N-terminal cold-shock domains and regulatory features are conserved across diverse
dikarya and mucoromycota. We map the RNA-binding sites of Ssd1 by UV crosslinking and high-throughput sequencing. Our finding
that Ssd1 binds near start codons at 5’ ends of mMRNA emphasises a different mode of RNA binding from the 3’ terminal interaction
reported for Dis3L2. We map the novel RNA-binding site to the cold-shock domains of Ssd1 by showing that mutations to a conserved
surface reduce RNA binding in vitro and cause cell wall stress sensitivity in vivo.

We also show that in the basidiomycete pathogenic yeast Cryptococcus neoformans, the single Ssd1/Dis3L2 homolog is required for
cell separation from polyploid “titan” growth stages. This phenotype is consistent with those of inactive fungal pseudonucleases, yet the
protein retains an active site sequence signature. We propose that a nuclease-independent function for Dis3L2 arose in an ancestral
hyphae-forming fungus, involving RNA-binding on the surface of the cold shock domains. Our work more generally indicates the power
of fungal genetics for studying the evolution of proteins and their regulatory functions.

18 Extracellular vesicle-mediated cross-kingdom transport of plant mRNAs into fungal cells to suppress pathoge-
nicity Hailing Jin', Shumei Wang', Baoye He', Huaitong Wu', Obed Ramirez Sanchez?, Cei Goodger?, Paul Birch® 1) University of
California, Riverside, CA, USA; 2) National Laboratory of Genomics for Biodiversity (Langbio), Cinvestav, Irapuato, 36821 Guanajuato,
Mexico.; 3) University of Dundee at James Hutton Institute, Invergowrie, Dundee DD2 5DA, United Kingdom.

Cross-kingdom small RNA trafficking plays a pivotal role in regulating gene expression in the interacting organisms during host and
microbe interaction. However, whether messenger RNAs (mRNAs) are also transferred between hosts and microbes is unknown.

Here, we discover that host plant Arabidopsis deliver a panel of mMRNAs using extracellular vesicles (EVs) into fungal pathogen Botrytis
cinerea. A fluorescent RNA aptamer reporter system allowed us to visualize the transferred host mRNAs in EVs and in fungal cells.

By using Translating Ribosome Affinity Purification (TRAP) profiling in fungal cells isolated from the infected tissue, we observe the
delivered host MRNAs associated with active fungal ribosomes, suggesting that they are likely to be translated in the fungal cells.
Indeed, proteins of host mobile mRNAs were detected in B. cinerea. Arabidopsis knockout mutants of genes encoding these transferred
mRNAs were more susceptible to B. cinerea infection. Ectopic expression of these mobile host genes in B. cinerea attenuates fungal
pathogenicity whereas expression of mutated non-translatable versions of these genes failed to reduce infection, which further supports
that these mobile host RNAs are translated to prevent disease. Thus, plants have evolved a novel and intricate means using mobile
mRNAs, besides mobile small RNAs, to suppress fungal infection.

19 Exclusively RNAi-based antimicrobial drug resistance is inherited after meiosis in the mucormycosis pathogen Mu-
cor circinelloides Carlos Pérez-Arques', Maria Isabel Navarro-Mendoza', Joseph Heitman' 1) Department of Molecular Genetics and
Microbiology, Duke University School of Medicine, Durham, NC, USA.

Heritable, epigenetic modifications that alter gene expression are a widespread phenomenon in eukaryotic organisms. These are
known as epimutations and may arise from RNAi, DNA methylation, and/or heterochromatin modifications, often resulting in gene
silencing. Recently, epimutations were identified as a novel mechanism conferring antimicrobial drug resistance, one of the gravest
threats to public health. Epimutations were discovered for the first time in two species of the early-diverging fungus Mucor and result

in small RNA (sRNA) silencing of the gene fkbA encoding the FK506 target FKBP12. This silencing results in transient, unstable drug
resistance that reverts after several mitotic growth cycles in the absence of FK506. We have discovered that epimutations conferring
drug resistance in Mucor species are exclusively RNAi-based and post-transcriptional, as demonstrated by the absence of cytosine
DNA methylation (5mC) or histone H3 lysine 9 (H3K9) di- or trimethylation but the presence of RNA polymerase |l and complementary
antisense sRNAs directed against epimutationally-silenced loci.

Mucor epimutations are sufficiently stable to be trans-generationally inherited following sexual reproduction and meiosis, despite
lacking heterochromatin marks frequently associated with epigenetic inheritance. We have identified new, RNAi-based epimutants

in the pathogenic Mucor circinelloides phylogenetic species 15 (PS15) that is able to undergo a complete sexual cycle including the
production of viable meiotic progeny after zygospore germination. Epimutations were found to be inherited stochastically in the progeny
of the fkbA-epimutant and an opposite mating-type wildtype parent, in contrast to the mendelian ratio (1:1) observed in the progeny
from an fkbA- mutant and wildtype cross. Similar to the FK506-resistant epimutant parental isolate, the epimutant progeny are resistant
to FK506 and harbor antisense sRNAs targeting fkbA, and following passage in the absence of drug both FK506-resistance and sRNAs
targeting fkbA of the epimutant progeny were lost. Our findings demonstrate that epimutations are broadly present across the Mu-

cor species complex and act exclusively through post-transcriptional gene silencing to control gene expression. Although epimutations
are stable through both mitosis and meiosis, their detection may pose a challenge to typical culture methods employed in clinical
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diagnostics given that these involve growth in the absence of drug selective pressure. Understanding how epimutations arise and the
mechanisms via which they confer resistance may enable their detection in clinical settings and provide solutions to combating the
challenge of antimicrobial drug resistance.

20 How important is cross-kingdom RNA interference in nature? Arne Weiberg', Florian Dunker', Antoine Porquier?, Con-
stance Tisserant' 1) Ludwig-Maximilians University - LMU.

RNA communication across kingdoms has emerged as a new frontier in host-pathogen infection research. In a pioneering work,
the fungal plant pathogen Botrytis cinerea was found to send small RNAs into its host plants to establish infection. These fungal
small RNAs hijack the plant's own RNA silencing machinery to suppress important plant immunity genes. That is why this virulence
mechanism was termed cross-kingdom RNA interference (ckRNAi). Once this fascinating phenomenon was discovered in a fungal
pathogen infection, an obvious question arose: how important in ckRNAi in nature?

To address this question, our lab is exploring ckRNAi in two different plant pathogen species, Botrytis cinerea and Hyaloperonospo-
ra arabidopsidis; these two species belong to the kingdoms of fungi and oomycetes, respectively. We have now found evidence that
both species use ckRNAI to infect their host plants. Further on, we uncovered high natural diversity in small RNAs produced by six B.
cinerea field strains isolated from different geographical and host origins. Hereby, we revealed a class of gypsy-type retrotransposon-
associated small RNAs significantly contributed to virulence of this fungal pathogen. Based on our observations, we conclude that
ckRNAI is a widespread and important phenomenon in nature.

21 Identification of a stage-specific co-factor required for A-to-l mRNA editing during sexual reproduction in fun-

gi Chanjing Feng', Kaiyun Xin', Zhuyun Bian?, Jingwen Zou', Yanfei Du', Jin-Rong Xu?, Huiquan Liu' 1) State Key Laboratory of Crop
Stress Biology for Arid Areas, College of Plant Protection, Northwest A&F University, Yangling, Shaanxi, China; 2) Department of Botany
and Plant Pathology, Purdue University, West Lafayette, Indiana, United States of America.

Adenosine-to-inosine (A-to-1) editing of mRNAs catalyzed by double-stranded RNA-specific adenosine deaminase (ADAR) en-

zymes is an important post-transcriptional modification in animals. In the filamentous ascomycete Fusarium graminearum that lacks
ADARs but has genome-wide A-to-1 editing, two genes orthologous to yeast TAD2 and TAD3 encoding two subunits of tRNA-specific
adenosine-34 deaminase, respectively, have been implicated in catalyzing A-to-l mRNA editing specifically during sexual reproduction.
RNA immunoprecipitation sequencing analysis revealed that edited RNAs were more likely to be bound by FgTad2 during sexual
reproduction. By characterizing 34 genes expressed specifically during sexual reproduction, we found one of them is essential for
A-to-I mRNA editing in F. graminearum (named AME1 for activator of mRNA editing). AMET1 is highly conserved in Sordariomycetes but
not present in other fungi. It encodes a protein with a domain of unknown function (DUF). Deletion of AME1 had no effects on growth,
conidiation, and pathogenesis but resulted in the abolishment of A-to-I mRNA editing during sexual reproduction. Perithecia formed by
the Aame1 mutant had no asci/ascospores and no detectable RNA editing events. Interestingly, when the AME1 gene was expressed
with a constitutive promoter, approximately two-thousands of mRNA editing sites were detected in vegetative hyphae. The physical
interaction between Ame1 and FgTad2/FgTad3 and their functional relationship during A-to-I mMRNA are being characterized and will be
presented. In addition, we identified a gene encoding an RNA-binding protein that represses mRNA editing during sexual reproduction.
Taken together, our results showed that Ame1 functions as a stage-specific co-factor of FgTad2 and FgTad3 for A-to-l mMRNA editing in
fungi during sexual reproduction.

22 Endohyphal bacteria modulate tissue colonization, saprotrophy, and thermotolerance by endophytic fungi in vi-
tro and under field conditions A. Elizabeth Arnold', Rachel Gallery', David Baltrus' 1) The University of Arizona.

Endohyphal bacteria (EHB) are increasingly recognized for modulating the phenotypes of plant-symbiotic fungi under diverse con-
ditions, but the scope and context-dependency of such phenotypic modulation is not well understood. We examined the influence of
facultative EHB on plant tissue infection and leaf biomass degradation by three fungal species isolated as foliar endophytes with sap-
rotrophic life phases. In vitro assays demonstrated that EHB increased cellulase and ligninase activity relative to fungi without bacterial
symbionts. EHB enhanced fungal growth on media with only cellulose or indulin as nutrient sources, and increased thermotolerance
under nutrient-poor conditions consistent with those on the phylloplane. Strains with EHB consistently grew more rapidly on dried leaf
tissue than strains without EHB, and fungal growth was consistent with mass loss from plant tissue over time. Biolog characteriza-
tion revealed that EHB altered the breadth and efficiency of use of diverse carbon substrates, often in a partnership-specific manner.
Together, these findings were mirrored by field experiments confirming that (1) EHB can shape the capacity of endophytes to colonize
living plant tissue, and (2) mass loss, enzyme activity, and tissue degradation observed in vitro scale readily to natural environments.
Contextualized by preliminary investigations of genomic and metatranscriptomic data, these experiments highlight how EHB modulate
ecological modes of plant-associated fungi, with potential implications for evolutionary dynamics across two domains of life.

23 How do plants deploy smRNAs to engage with beneficial microorganisms while fighting pathogens? Maitree Prad-
han', lan Thomas Baldwin?, Shree Prakash Pandey?, Natalia Requena' 1) Molecular Phytopathology, Karlsruhe Institute of Technology
- KIT, Karlsruhe, Germany; 2) Department of Molecular Ecology, Max Planck Institute for Chemical Ecology, Jena, Germany.

Plants constantly encounter fungi that are pathogenic as well as beneficial in nature. The host plants must mount discriminant and
specific responses towards foes and friends. These interactions involve a sophisticated molecular mechanism of signalling and a large-
scale regulation of gene expression. Small RNAs (smRNAs), including the microRNAs (miRNAs) offer such an essential layer of regu-
lators of organismic processes that direct the symbiotic and pathogenic outcomes. We have investigated how these non-coding players
of gene-expression regulation are deployed for modulation of signal transduction and response towards invading fungi, and in the
process help the hosts to use them as communication tools to discriminate friends and foes. Further, we describe a split-root system in
tomato that is appropriate for studying host components of mobile signals across kingdoms of interacting partners, and to discover such
communication as well as regulatory tools by host and microbes.

24 Mycangial colonization in the laurel wilt (Raffealea lauricola)-Ambrosia beetle symbiosis Ross Joseph', Kamaldeep
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Bansal', Nemat Keyhani' 1) University of Florida.

Ambrosia symbioses are reciprocally obligate mutualisms between a group of specialized wood-boring weevils (Curculionidae: Sco-
lytinae and Platypodinae) and their associated fungal symbionts. Beetles rely on fungal symbionts as their sole food source and the
fungi rely on their beetle hosts for dispersal and cultivar maintenance. These beetles are unique among fungus-farming insects in their
development of specialized fungal transport organs called mycangia, which promote the growth of their fungal partners and dispersal to
new environments, allowing for vertical symbiont transmission across beetle generations. Mycangia vary in size, shape, complexity, and
location, and the more complex of these organs house glandular cells and display morphological plasticity upon symbiont recognition,
suggesting that sustained chemical crosstalk occurs between microbe and host. Despite the critical role that mycangia play in these
sustained, high-fidelity, interactions, very little is known regarding the factors contributing to the establishment and maintenance of
mycangial symbioses. Here, we report a model preoral mycangia colonization system between the laurel wilt pathogen, Raffaelea
lauricola, and its symbiotic beetle vectors in the Xyleborus group. Aposymbiotic beetles were reared in the presence of specific reporter
strains of R. lauricola, and mycangia were colonized through beetle feeding. Aspects of mycangial colonization including rate, dynam-
ics, fungal morphology, and physical interactions between the beetle host and the fungal microbe were subsequently examined by
electron microscopy, cryosectioning and fluorescence microscopy, and counting of colony forming units. Specific hypotheses regarding
mycangial symbiosis were tested to address questions concerning the stability of colonization over time, the dynamics of mycangial
change, and competition between different fungal species during mycangial colonization. Our data provides new insights into the nature
of ambrosia symbioses that are important in light of recent ambrosia fungi emerging as devastating agriculture and forest pathogens.
These data also establish a framework for genetically probing insect-fungal symbioses, ubiquitous but understudied natural systems.

25 Testing the role of the transcription factor TvSom1 in adhesion of Trichoderma virens germlings Ariella Alperovitch-
Lavy', Tri-Thuc Bui??, Harting Rebekka?, Braus Gerhard?, Benjamin Horwitz' 1) Technion - IIT, Haifa, Israel; 2) Institute of Microbiology
and Genetics, University of Géttingen, Germany; 3) College of Agriculture and Forestry, Thai Nguyen University , Vietnam.

Trichoderma-root interactions prime the plant immune response, attenuating disease upon later challenge with a pathogen. Relative-
ly little is known about the molecular details of this opportunistic fungal-plant symbiosis. Attachment of hyphae or germlings to the

root, however, is likely to be a critical early step. Like other microorganisms, Trichoderma may adhere to the plant host with adhesive
molecules found on the hyphal surface. In the soilborne pathogen Verticillium dahliae, three transcription factors controlling the network
underlying adhesion have been isolated by a yeast expression strategy [1]. TvSom1 is a candidate T. virens ortholog of one of these,
Som1. The 2668 bp predicted coding region of TvSom1 in the T. virens database (Joint Genome Institute [2]) is interrupted by 4 introns
and encodes a 795 amino acid protein. Alignment of TvSom1 with V. dahliae Som1 gives 63.9% identity and 82.4% similarity. The
sequences of the LisH domain, nuclear localization signal (NLS) in the N-terminal half of the protein, and SSDP domain are well-con-
served in the alignment, while the SnAPC domain is less so with disconnected regions of identity, and the NLS in the C-terminal region
differs at 3 residues. TvSom1 is expressed in germinating conidia. In the most abundant transcript, the first two introns are spliced.
Transcripts in which either the first or the second intron is spliced were detected at the order of 1%, and we are testing whether their
expression is developmentally regulated. Adhesion-related genes can eventually be targeted for both understanding of, and agricultur-
ally-relevant manipulation of, the Trichoderma-root interaction. New insights can be obtained into biocontrol of fungal pathogens in the
soil, and the trade-off between fungal-fungal and fungal-root interactions in the rhizosphere. This balance is agriculturally relevant.

[1] Bui T-T, Braus-Stromeyer SA, Tran VT, Leonard M, Hoéfer A, Abelmann A, Bakti F, Valerius O, Schliter R, Stanley CE, Ambrosio A
and Braus GH (2018) Verticillium dahliae transcription factors Som1 and Vta3 control microsclerotia formation and sequential steps of
plant root penetration and colonisation to induce disease. New Phytol. 221(4):2138-2159.

[2] Grigoriev IV, Nikitin R, Haridas S, Kuo A, Ohm R, COtillar R, Riley R, Salamov A, Zhao X, Korzeniewski F, Smirnova T, Nordberg H,
Dubchak I, Shabalov I. (2014) MycoCosm portal: gearing up for 1000 fungal genomes. Nucleic Acids Res. 42(1):D699-704.

26 The combined activity of two secreted fungal enzymes is implicated in fungal accommodation in the roots and
triggers cell death in different host species Nick Dunken', Patrizia Zecuara', Pia Saake', Alga Zuccaro'? 1) University of Cologne,
Germany; 2) Cluster of Excellence on Plant Sciences (CEPLAS), Cologne, Germany.

Intracellular colonization of plant roots by the beneficial fungal endophyte Serendipita indica (syn. Piriformospora indica) follows a
biphasic strategy. After an early biotrophic phase the interaction switches to a host cell death phase restricted to the root epidermis and
cortex layer. This host cell death is required for fungal accommodation and the establishment of a long-lasting beneficial interaction in
barley and Arabidopsis thaliana. However, how this cell death is activated and regulated is largely unknown. Here we show that two fun-
gal enzymes, the ecto-5’-nucleotidase SIESNT and the nuclease SINucA act synergistically in the apoplast at the onset of cell death to
produce deoxyadenosine (dAdo), a potent cell death inducer in animal systems. Uptake of extracellular dAdo, but not of the structurally
related adenosine (Ado), activates a previously undescribed cell death mechanism in A. thaliana as well as in the liverwort Marchantia
polymorpha, suggesting that a conserved cell death response to dAdo exists across plant lineages. Mutation of the root-expressed A.
thaliana equilibrative nucleoside transporter ENT3 confers resistance to extracellular dAdo-induced cell death and leads to decreased
fungal-mediated cell death during root colonization. Additionally, in an attempt to identify downstream components mediating dAdo cell
death, we performed a mutant screening of 6800 Arabidopsis T-DNA insertion lines. A gene encoding a nucleotide-binding leucine-rich
repeat protein (NLR) was identified and proven to be implicated in dAdo-mediated cell death. Taken together our data show that the
combined activity of two secreted fungal enzymes leads to the production of a metabolite, which is sufficient to trigger regulated cell
death in different host species.

27 Deciphering the potential niche of novel black yeast fungal isolates in a biological soil crust based on genomes,
phenotyping, and melanin regulation Erin Carr', Quin Barton', Sarah Grambo?, Mitchell Sullivan', Cecile Renfro', Alan Kuo?, Jasmyn
Pangilinan®, Anna Lipzen3, Keykhosrow Keymanesh?, Emily Savage?®, Kerrie Barry?, Igor Grigoriev®4, Wayne Riekhof', Steven Har-

ris? 1) University of Nebraska - Lincoln, Lincoln, NE; 2) lowa State University, Ames, lowa; 3) US Department of Energy Joint Genome
Institute Lawrence Berkley National Laboratory, Berkley California; 4) Department of Plant and Microbial Biology, University of California
Berkeley, Berkeley, California .
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Black yeasts are polyextremotolerant fungi that contain high amounts of melanin in their cell wall and maintain a primarily yeast form.
These fungi grow in xeric, nutrient deplete environments which implies that they require highly flexible metabolisms and the ability to
form lichen-like mutualisms with nearby algae and bacteria. However, the exact ecological niche and interactions between these fungi
and their surrounding community is not well understood. We have isolated and described two novel black yeast fungi of the genus Exo-
phiala: JF 03-3F “Goopy” E. viscosium and JF 03-4F “Slimy” E. limosus, which are from dryland biological soil crusts. A combination of
whole genome sequencing and various phenotyping experiments have been performed on these isolates to determine their fundamen-
tal niches within the biological soil crust consortium. Our results reveal that these Exophiala spp. are capable of utilizing a wide variety
of carbon and nitrogen sources potentially from symbiotic microbes, they can withstand many abiotic stresses, and can potentially
provide UV resistance to the crust community in the form of secreted melanin. Besides the identification of two novel species within the
genus Exophiala, our study also provides new insight into the production and regulation of melanin in extremotolerant fungi.

28 Establishment of functional symbioses between Epichloé endophytes and the modern cereals rye (Secale cereale)
and hexaploid wheat (Triticum aestivum). Wayne Simpson', Hisashi Tsujimoto?, S Kato?, David Hume', Wade Mace', Joanne Drum-
mond?, Phil Rolston®, Richard Johnson' 1) AgResearch Limited, Grasslands Research Centre, Palmerston North, New Zealand.; 2) Arid
Land Research Center, Tottori University, Tottori, Japan.; 3) Foundation for Arable Research, Templeton, New Zealand.

Asexual Epichloé endophytes have been used successfully in pastoral systems to enhance the agronomic performance of important
temperate grasses such as perennial ryegrass (Lolium perenne) and tall fescue (Festuca arundinacea) via improved tolerance to biotic
and abiotic stresses.

Modern cereals such as wheat ( Triticum aestivum) and rye (Secale cereale) within tribe Hordeae (Triticeae) do not naturally host Epi-
chloé, but some wild relatives (e.g., Elymus spp.) have been shown to be infected with Epichloé bromicola. Inoculation of E. bromico-

la into both rye and wheat has shown that successful symbiosis depends on the genetics of both the host and the endophyte strain
deployed. Endophyte compatibility in rye has been improved through recurrent selection of desirable phenotypes, which is possible

due to its outcrossing nature and broad population based genetic variation. However, wheat is a selfing species and populations are
genetically narrow, making recurrent selection for improved phenotype impractical. Until recently the phenotypes of Epichloé — wheat
associations have been compromised, including host death and stunting. We have overcome this barrier by utilising experimental wheat
lines containing alien chromosome additions or substitutions from wild species and have identified symbioses whereby infected wheat
plants are phenotypically comparable to uninfected controls. These plants completed their full lifecycle including the transmission of Epi-
chloé into the next generation of grain.

Assessment of Epichloé infected rye has demonstrated increased resistance to both insect pests and fungal diseases with field trials
yielding between 39% to 95% more grain than the endophyte-free lines. Whilst research in wheat has not yet progressed to field trials,
glasshouse experiments have shown that Epichloé infected wheat is more resistant to a number of insect pests including aphids.

29 Genetic determinants of endophytism in the Arabidopsis root mycobiome Fantin Mesny', Shingo Miyauchi'2, Thorsten
Thiergart', Brigitte Pickel’, Lea Atanasova®*, Magnus Karlsson®, Bruno Huttel®, Kerrie Barry’, Sajeet Haridas’, Elodie Drula®®, Bernard
Henrissat'®, Annegret Kohler?, Igor Grigoriev”", Francis Martin?'2, Stéphane Hacquard''® 1) Max Planck Institute for Plant Breeding
Research - Cologne, Germany; 2) UMR Interactions Arbres/Microorganismes, Centre INRAE Grand Est-Nancy - Champenoux,
France; 3) Institute of Chemical, Environmental and Biological Engineering, Vienna University of Technology - Vienna, Austria; 4)
Institute of Food Technology, University of Natural Resources and Life Sciences - Vienna, Austria; 5) Forest Mycology and Plant
Pathology, Swedish University of Agricultural Sciences - Uppsala, Sweden; 6) Max Planck Genome Centre - Cologne, Germany; 7)
U.S. Department of Energy Joint Genome Institute, Lawrence Berkeley National Laboratory - Berkeley, CA, USA; 8) INRAE, USC1408
Architecture et Fonction des Macromolécules Biologiques - Marseille, France; 9) Architecture et Fonction des Macromolécules
Biologiques (CNRS, Aix-Marseille Univ.) - Marseille, France; 10) Department of Biological Sciences, King Abdulaziz University -
Jeddah, Saudi Arabia; 11) Department of Plant and Microbial Biology, University of California Berkeley - Berkeley, CA, USA; 12) Beijing
Advanced Innovation Centre for Tree Breeding by Molecular Design (BAIC-TBMD), Institute of Microbiology, Beijing Forestry University
- Beijing, China; 13) Cluster of Excellence on Plant Sciences (CEPLAS), Max Planck Institute for Plant Breeding Research - Cologne,
Germany.

The roots of Arabidopsis thaliana host diverse fungal communities that affect plant health and disease states. We sequenced the
genomes of 41 fungal isolates representative of the A. thaliana root mycobiota for comparative analysis with 79 other plant-associated
fungi. Our analyses indicated that root mycobiota members evolved from ancestors with diverse lifestyles and retained large repertoires
of plant cell wall-degrading enzymes (PCWDEs) and effector-like small secreted proteins. We identified a set of 84 gene families
associated with endophytism, including genes encoding PCWDEs acting on xylan (family GH10) and cellulose (family AA9). Transcripts
encoding these enzymes were also part of a conserved transcriptional program activated by phylogenetically-distant mycobiota
members upon host contact. Recolonization experiments with individual fungi indicated that strains with detrimental effects in mono-
association with the host colonized roots more aggressively than those with beneficial activities, and dominated in natural root samples.
Furthermore, we showed that the pectin-degrading enzyme family PL1_7 linked aggressiveness of endophytic colonization to plant
health.

30 Candida biofilms: importance, regulation, and evolution Clarissa Nobile' 1) University of California, Merced.

An infection is often treated as if it is composed of a single microbial species in isolation, yet in reality, infections are immensely com-
plex ecosystems composed of many interacting microbes. Research in the Nobile lab is directed towards understanding the molecular
and mechanistic bases of biofilm microbial communities. We are most interested in investigating how transcriptional networks underlie
the regulation of gene expression during the development of biofilms. Much of this work is carried out in the Candida clade species,
consisting of some of the most prevalent fungal pathogens of humans. Questions we are currently pursuing include: How are Candi-
da biofilms regulated? How are they built? How are their unique and specialized properties maintained? How have they evolved?
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31 Targeting the fungal cell wall Carol Munro' 1) University of Aberdeen.

The fungal cell wall is a dynamic polysaccharide-rich organelle which maintains cellular integrity. The polysaccharides, chitin and
-1,3-glucan, give the wall its mechanical strength and an outer fibrillar layer of highly glycosylated mannoproteins include important
virulence factors such as adhesins. Embedded in the wall are carbohydrate active enzymes that act upon cell wall polysaccharides and
generate cross links. Fungi can alter the composition, structure and properties of their outer coats in response to different internal and
external stimuli such as changes in environmental conditions.

Many fungal cell wall components are fungal specific and attractive targets for the generation of novel therapeutics and diagnostics to
combat life-threatening invasivefungal infections. Antifungal drug resistance is an ever present threat to the treatment of patients with
fungal infections and there is a clear clinical need for a larger reportoire of classes of antifungal agents, currently limited to 3 major
classes.

We have compared the cell wall structure, composition and proteomes of drug sensitive and drug resistant clinical isolates of Candi-
da species. In addition we have examined the genetic variation in genes with cell wall associated functions in a diverse set of clinical
isolates. Our aims are to gain a better understanding of cell surface variation and the role of the cell wall in host interactions, drug toler-
ance and resistance mechanisms to identify potential antifungal targets and drug resistance biomarkers.

Our analyses have highlighted changes in cell wall composition such as elevated chitin levels and the increased expression of cell
surface proteins in response to antifungal drug treatment and in drug resistant isolates. We have examined the influence of antifun-
gal-induced cell wall remodelling on host interactions and developed monoclonal antibodies that target specific cell surface epitopes as
a new generation of biologics-based antifungals and potential theranostics.

32 Multi-omics Profiling Reveals New Pathways Regulating Hyphal Morphogenesis in Candida albicans Kyung-

hun Min', Thomas Jannace', Haoyu Si', Krishna Veeramah?, John Haley®*#, James Konopka' 1) Department of Microbiology and
Immunology, Renaissance School of Medicine, Stony Brook University (SUNY), Stony Brook, NY; 2) Department of Ecology and
Evolution, Stony Brook University (SUNY), Stony Brook, NY; 3) Department of Pathology, Renaissance School of Medicine, Stony
Brook University (SUNY), Stony Brook, NY; 4) Biological Mass Spectrometry Shared Resource, Renaissance School of Medicine, Stony
Brook University (SUNY), Stony Brook, NY.

Fungi grow in a wide range of different morphologies that provide distinct advantages for survival and virulence. The human fun-

gal pathogen Candida albicans switches between budding and filamentous hyphal morphologies in the host. Long hyphal filaments
promote invasion into tissues, biofilm formation, and escape from macrophages. Adenylyl cyclase (Cyr1) has long been thought

to be the master regulator of hyphal growth, through activation of cAMP signaling. However, it is difficult to define the roles of the
cAMP pathway because cyr1A/A mutants grow very poorly and expresses abnormally low levels of genes needed for hyphal growth.
Surprisingly, we discovered that faster growing cyr1A/A pseudorevertant (PR) mutants form hyphae in the absence of Cyr1 and cAMP.
Genome analysis of multiple PR mutants revealed that their improved growth was due to loss of one copy of BCY1, the negative reg-
ulatory subunit of protein kinase A. Furthermore, hyphal morphogenesis was improved in some of PR mutants by multigenic haploin-
sufficiency resulting from loss of large regions of the left arm of chromosome 2, including global transcriptional regulators. Interestingly,
the mutant cells were also able to induce hyphal associated genes in the absence of CAMP that are needed for virulence. This indicates
that basal protein kinase A activity is required for hyphal induction, but further stimulation of PKA is not needed. Integrating information
from different omics approaches identified cCAMP-independent mechanisms that promote hyphal growth. Phosphoproteomic analysis
indicated that the Cdc28 cyclin-dependent kinase and the casein kinase Yck2 play key roles in promoting polarized growth. In addition,
integrating transcriptomic and proteomic data reveals that hyphal induction increased protein translation rate of the key transcription
factors that are important for hyphal growth.

33 Nanoscale imaging of dynamic cell wall formation in fission yeast Pascal Odermatt" 23, Amilcar Perez'#, Kerwyn
Huang?, Fred Chang' 1) UCSF, San Francisco, CA, USA; 2) Stanford U., Stanford, CA, USA; 3) EPFL, Lausanne, Switzerland; 4) Johns
Hopkins, Baltimore, MD, USA.

The cell wall is a critical structural element responsible for cell shape and mechanical properties. Many walled cells-- including fungi,
bacteria, and plants— derive their shape by tip growth, in which new cell wall is assembled at the cell tip. Similarities in the shapes of

tip growing cells across kingdoms and over several magnitudes in size suggest that these organisms utilize common physical mecha-
nisms. Here, we used atomic force microscopy to visualize for the first time the dynamic behaviors of individual glucan fibers of the cell
wall during tip growth in the fission yeast Schizosaccharomyces pombe. We embedded cells in a porous matrix to stand the cell on end,
which allowed us to probe the growing tip through an entire cell cycle (hours) at minute time resolution with < 10-nm spatial resolution.
Analyses reveal a mesh-like structure composed of filaments (likely to be glucan bundles) that reorganize continuously at the grow-

ing cell tip. Our findings provide evidence for insertion at discrete sites, followed by directed movement, with apparent stretching and
remodeling of these fibers as they progress outwards towards the lateral walls. We further used single molecule imaging to track the
behavior of the major cell wall synthase Bgs4. Single molecules of halo-tagged Bgs4 exhibited processive movements at sites of cell
wall synthesis. These movements were not dependent on actin but were inhibited by caspofungin, an inhibitor of Bgs4 activity, suggest-
ing that movement of the synthase is powered by glucan assembly. Together, these findings represent promising new avenues to probe
dynamic mechanisms of cell wall assembly at the nanoscale.

34 A myosin light chain, linking fungal morphology and filament extension, is critical for Candida albicans growth
robustness Charles Puerner'2, Antonio Serrrano’, Rohan Wakade'®, Martine Bassilana', Robert Arkowitz' 1) University Cote d>Azur/
CNRS/INSERM, Nice, France; 2) Present address: Dept. Microbiology & Immunology, Geisel School of Medicine, Dartmouth, Hanover,
NH, USA; 3) Present address: Dept. Pediatrics, Carver College of Medicine, University of lowa, lowa City, lowa, USA.

Apical growth is critical in a range of fungal pathogens for invasion into animal and plant tissues. In a number of elongated cells, such
as fungal hyphae, a vesicle cluster referred to as a Spitzenkdrper is observed at the growing apex [1], including in the human fungal
pathogen Candida albicans. This structure is thought to function as a vesicle supply center and a central prediction of the vesicle supply
center model is that the filament diameter is proportional to the extension rate [2-4]. Analyses of the Spitzenkdrper function has been
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challenging, as a majority of components identified thus far are essential for growth. Here, we probe the function of the Spitzenkérper in
the human fungal pathogen C. albicans, using genetics and synthetic physical interactions. We show that the C. albicans Spitzenkorper
is comprised principally of secretory vesicles. Mutant strains lacking the Spitzenkdrper component myosin light chain 1 (Mic1) or having
a synthetic physical interaction between Mic1 and either another Spitzenkérper component, the Rab GTPase Sec4, or prenylated GFP,
are viable and still exhibit a Spitzenkdrper during filamentous growth. Strikingly, all three of these mutants formed filaments, yet are
defective in growth regulation, exhibiting a range of growth rates and sizes, indicating that Mic1 negatively regulates the activity of the
myosin V, Myo2. Our quantitative analyses reveal a strong correlation between filament diameter and extension rate, consistent with the
vesicle supply center model for fungal tip growth, and suggest that the Spitzenkdrper is important for growth robustness.
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35 Structural base of the cell wall diversity of Candida glabrata Lars-Oliver Essen', Hans-Ulrich Mdsch?, Piet de Groot® 1)
Department of Chemistry, Philipps University, Marburg, Germany; 2) Department of Biology, Philipps University, Marburg, Germany; 3)
Regional Center for Biomedical Research, Castilla-La Mancha Science & Technology Park, University of Castilla—La Mancha, Albacete,
Spain.

Candida glabrata is a commensal of human mucosal tissues, but acts increasingly as an opportunistic pathogenic yeast by being the
second most frequent cause of candidiasis after Candida albicans. In contrast to the latter C. glabrata lacks hyphal development as
virulence factor. Instead C. glabrata exerts a high tolerance to antifungals and contains two batteries of cell wall adhesins, the Epa
family and the Awp1 family, whose members are mostly encoded at subtelomeric regions. This diversity is crucial for its success as
pathogen and resembles the antigenic variation mechanisms of Trypanosoma and Plasmodia.

Our analysis of putative adhesins from homology clusters Ill, V and VI showed that their A-domains adopt a parallel right-handed B-helix
domain that is linked to a C-terminal a-crystallin domain. The A-regions of Awp1, Awp3b and Awp14 show structural similarity to pectate
lyases but binding to neither carbohydrates nor Ca2* was observed. Accordingly, phenotypic analysis of awp1A, awp3A, awp1,3A and
awp14A mutants did not confirm a role as adhesins. In contrast, deletion mutants of the cluster V adhesin Awp2 in the hyperadhesive
clinical isolate PEU382 demonstrated its importance for adhesion to polystyrene or glass, biofilm formation, cell aggregation and other
cell surface-related phenotypes. C. glabrata CBS138 hence relies not only on 27 adhesins with PA14-like domains (Epa, Pwp), but also
on 42 Awp1-related adhesins with B-helix/a-crystallin domain architecture for modifying the surface characteristics of its cell wall.

Reithofer, V., Fernandez-Pereira, J., Alvarado, M., de Groot, P., Essen, L.-O. (2021). PloS Pathogens 17: €1009980.
Fernandez-Pereira, J., Alvarado, , Gbmez-Molero, E., Dekker, H.L., Blazquez-Mufioz, M.T., Eraso, E., Bader, O., de Groot, P.
(2021). Front Cell Infect Microbiol 11: 790465.

Hoffmann, D., Diderrich, R., Reithofer, V., Friederichs, S., Kock, M., Essen, L.-O., Mdsch, H.-U. (2020). JBC 295: 12512-12524.
Diderrich, R., Kock, M., Maestre-Reyna, M., Keller, P., Steuber, H., Rupp, S., Essen, L.-O., Mésch, H. U. (2015). JBC 290: 19597-
19613.

36 Study of the physiological role of amyloid structures in the pathogenic yeast Candida albicans. Thierry Mourer', Sophie
Bachellier-Bassi', Christophe d’Enfert' 1) Institut Pasteur, Université de Paris, INRA USC2019, Fungal Biology and Pathogenicity Unit,
F-75015 Paris, France..

The human commensal fungus Candida albicans can, under some conditions, cross the digestive mucosa, disseminate into the
bloodstream, and cause invasive candidiasis. C. albicans can also form structured communities, namely biofilms, attached on epithelia
or indwelling medical devices. This yeast is a huge burden for healthcare systems worsened by the fact that C. albicans biofilms are
strongly resistant to classical antifungal drugs and can also evade the immune system. Because of these issues, curing patients

with invasive candidiasis remains challenging. A better understanding of biofilm formation at the molecular level could lead to new
therapeutic strategies. Glycosylphosphatidylinositol anchored proteins (GAPs) are heavily glycosylated proteins associated to the cell
wall. Over the past decade, many GAPs of C. albicans have been shown to contribute to biofilm establishment, although their precise
molecular functions need to be elucidated. Overexpression of some genes encoding GAPs have been shown to affect biofilm formation.
Among them, overexpression of PGA59 increases adhesion forces to the substrate and between cells, and results in an increase of
biofilm dry weight. Recently, our laboratory has uncovered that Pga59 displays amyloid properties. We have produced recombinant
His-tagged Pga59 using Escherichia coli as a host, and using electron microscopy and Thioflavin T staining (a specific dye of amyloid
fibers), we demonstrated that in vitro recombinant Pga59 was able to adopt an architecture reminiscent of beta amyloid fibers. We then
investigated if Pga59 is a part of cell surface amyloid fibers in C. albicans and whether parietal amyloids impact cellular adhesion and
biofilm formation. In vivo Thioflavin T staining allowed us to visualize amyloid structures in the cell wall of C. albicans. Interestingly, we
showed that a mutant impairing Pga59 amyloid assembly impacts biofilm formation in a continuous-flow microfermentor system. More-
over, our results strongly suggest that amyloid properties of Pga59 are required to mediated cell-cell interactions. Altogether, informa-
tion gathered on amyloid fibers formation in response to adhesion and on their functions could lead to the discovery of an unsuspected
mechanism to regulate biofilm formation in C. albicans.

37 Defining the septin interactome and its role in appressorium-mediated plant infection by the rice blast fungus Mag-
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naporthe oryzae Iris Eisermann', Andrew J. Foster', Paul Derbyshire’, Frank L.H. Menke', Nicholas J. Talbot ' 1) The Sainsbury
Laboratory, Norwich, UK.

Rice blast disease is initiated by formation of a specialized infection cell by the blast fungus, called the appressorium. The appresso-
rium generates turgor of up to 8 MPa, enabling the fungus to develop a rigid penetration peg to breach the rice cuticle. Magnaporthe
oryzae possesses six septin GTPases, which play major roles during plant infection. The four core septins Sep3, Sep4, Sep5 and Sep6
collectively form a hetero-oligomeric ring at the appressorium pore, which is essential for plant infection. Two non-core septins, Sep7
and Sep8, belonging to the class 5 group of septins, which includes AspE from Aspergillus nidulans, also form a range of membrane
and cytoskeleton-associated structures. To reveal the role of each septin during appressorium-mediated plant-infection we have carried
out high throughput yeast two hybrid assays, coupled with in vivo immunoprecipitation mass spectrometry (IP-MS) experiments, and
phosphoproteomics, to define the septin interactome. We have identified a wide range of interaction partners of each septin during
appressorium development, including polarity determinants, cytoskeletal components and a range of regulatory proteins. We observed
that Sep7 interacts with Sep3, Sep4, Sep5 and Sep6 specifically during early appressorium formation, 4h after conidial germination,
forming a plasma membrane-associated complex. Sep8, which contains a transmembrane helix, also interacts with each septin and
may link septins to the plasma membrane. We present a model for how septins organise the appressorium pore and deploy polarity
determinants to facilitate cuticle rupture and invasive fungal growth.

38 Stable parasexuality — a novel fungal reproductive strategy uncovered by population genomics Cene Gostincar', Nina
Gunde-Cimerman' 1) University of Ljubljana, Biotechnical Faculty, Ljubljana, Slovenia.

Population genomic studies suggest that the extremotolerant black yeasts Hortaea werneckii and Aureobasidium melanogenum employ
a previously unrecognized reproductive strategy that we call «stable parasexuality’. The fusion of cells normally followed by return to
the original ploidy through meiosis or, in the case of parasexuality, random loss of genetic material, in these two species appears to
result in highly heterozygous diploid hybrids that are stable over long periods of time and distributed over large geographic areas.

The age of genomics has helped to disprove the once widely held assumption that a large proportion of fungi are exclusively clon-

al. However, the clonality of some species has also been confirmed with the precise tools available today. These include H. wer-

neckii and A. melanogenum, two yeasts from the group Dothideomycetes. Their clonality was confirmed by whole-genome sequencing
and analysis of 115 wild isolates. No decay of linkage disequilibrium was observed between pairs of polymorphic loci, even at large
genomic distances, and a high degree of concordance was observed between phylogenies of different genomic regions. The discovery
that about two-thirds of the isolates of H. werneckii and A. melanogenum are diploid and the rest are haploid was therefore unexpected.
Heterozygosity of diploid strains was high in both species, with some genome distances between hybridizing haploid genome pairs
exceeding the threshold that typically separates different fungal species. The origin of the diploid strains collected worldwide could be
traced to only a handful of hybridization events.

The mechanism of these apparently rare hybridization events, which are not followed by meiosis or haploidization, remains unknown,
as does their possible role in the extremotolerant phenotypes of both investigated species. It is also unclear how widespread this “stable
parasexuality” is. We sequenced whole genomes of over 200 wild isolates belonging to six fungal species from extreme environments.
Three of them were strictly clonal and stable parasexuality was found in two. While this sample is too small to draw any conclusions, the
fact that the phenomenon can only be identified through targeted comparative analyzes and is easy to miss even after whole genome
sequencing raises the possibility that it may be more widespread than is currently known.

39 A cystic fibrosis patient lung environment allowed for coexistence of multiple Exophiala dermatitidis clades over
time Tania Kurbessoian', Daniel Murante?, Alex Crocker?, Jason Stajich', Deborah Hogan? 1) University of California, Riverside,
Riverside, CA; 2) Geisel School of Medicine, Dartmouth, Hanover, NH.

It is vital to understand how microbes persist in the lungs of individuals with cystic fibrosis (CF) and cause inflammatory responses and
irreversible lung damage. While most respiratory infections that occur in CF are dominated by bacteria, some are dominated by fungi
such as the slow-growing black yeast Exophiala dermatitidis. Here, we report that isolates of E. dermatitidis cultured from two samples,
collected two years apart, from a single subject. One isolate was sequenced using long-read Nanopore technology to assemble an
in-population reference for comparative single nucleotide polymorphism (SNP) and insertion-deletion (INDEL) variant analysis. We then
used population genomics and phylogenomics to compare 23 strains to the in-population reference and type strain E. dermatitidis NIH/
UT8656. Three E. dermatitidis clades were detected, each with varying mutation rates. Additionally, all strains are MAT 1-1, which was
consistent with the absence of evidence for mating or recombination between isolates. Phylogenetic analysis grouped sets of strains
into clades that contained isolates from both early and late timepoints indicating there are multiple persistent lineages had adapted to
the host lung environment. Functional assessment of variants unique to each clade identified alleles in genes that encode transporters,
cytochrome P450 oxidoreductases, iron acquisition and DNA repair processes. The persistent population heterogeneity identified in
lung-derived strains is an important factor to consider in treatment and indicates for further investigation, and the analysis of changes
in fungal pathogens over time in chronic infections may provide important insights into the physiology of black yeasts and other slow-
growing fungi in vivo.

40 Surviving in the brine: a multi-omics approach for understanding the physiology of the halophile fungus Aspergillus
sydowii Ramon Alberto Batista Garcia' 1) Universidad Autbnoma del Estado de Morelos (RFC UAE671122G49).

Halophilic Aspergillus sydowii is a model organism for the study of molecular adaptations of filamentous fungi to hypersaline conditions.
An omics approach (transcriptomics and metabolomics) was used to compare the growth of A. sydowii at optimal salinity (1 M NaCl)

to saturated concentration (5.13 M NaCl). Analyzing the mRNA profile at saturated NaCl showed 1,842 genes significantly differentially
expressed, of which 704 were overexpressed. As revealed by GO analysis, the enriched biological process reflected extensive
physiological adaptation to high salt concentrations, mainly on metabolism and signal transduction. Processes identified previously in
other halophilic fungi as crucial for adaptations to hypersaline conditions, were restructuring of the cell wall, synthesis of compatible
solutes and phosphorylation of the signal transduction system. Major changes at the transcriptional level included the high-osmolarity
glycerol (HOG) signal transduction pathway, ion transporters and cell wall ultrastructure, and morphology. Interestingly, genes encoding
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chitin synthesis were repressed, exposing the important role on cell growth and increased energy requirements at saturated NaCl of
B-1,3 glucans, Ca?*transporters and gene products related to polarized growth, morphogenesis and the cell cycle. This study is the first
attempt to clarify the role of INcRNAs in response to stress caused by high NaCl concentrations. The metabolomic profiling described
the adaptation of a halophilic fungus to saturated NaCl conditions by changing the consumption of media nutrients, including a met-
abolic switch towards non-lipid sources and differences in the production of secondary metabolites. We also applied high resolution
solid-state NMR to characterize the fungal cell wall, redefining our understanding of the molecular architecture and dynamics of this
organelle at hypersaline conditions. The cell wall modification clearly showed an increase in cell wall thickness in extreme salinity. We
also observed a noticeable increase in chitin composition from 0 M to 2 M salt concentrations, but the carbohydrate structural integrity
is retained. The A. sydowii inner cell wall consists of -1,3 glucan and chitin, whereas the outer cell wall consists of mobile 3-1,3 glu-
can, galactosaminogalactan, and galactomannan. Also, a phenotypic microarray provided a high throughput characterization of the A.
sydowii physiology at saturated NaCl concentration. This analysis showed the efect on the fungal metabolism of the extremely water
deprivation by NaCl, KCI and sorbitol. In summary, this study signals the beginning of an “omic”, and molecular understanding of how
halophilic fungi adapt to most extreme salinities that are hostile to most eukaryotic microorganisms.

41 The Ess1 prolyl isomerase and its target, the CTD of RNA polymerase I, in cold-adapted fungi. Steven Hanes', Ryan
Palumbo’, Nathan McKean', Erinn Leatherman', Kevin Namitiz'®, Laurie Connell?, Aaron Wolfe?, Kelsey Moody?, Cene Gostincar*, Nina
Gunde-Cimerman?, Alaji Bah' 1) SUNY-Upstate Medical University; 2) School of Marine Sciences, University of Maine, Orono, ME
USA; 3) Ichor Therapeutics, Lafayette, NY, USA; 4) Department of Biology, Biotechnical Faculty, University of Ljubljana, Slovenia; 5)
Current address... Penn State University.

Most of the world’s biological diversity is adapted to living in cold, often below freezing temperatures (-1°C to 4°C). We are interested in
understanding the mechanisms of transcription by RNA polymerase Il (RNAPII) in the cold. Toward this end, we cloned the Ess1 gene
from fungal species that survive in the extreme environments of the polar regions. Ess1 is an essential prolyl isomerase that regulates
transcription by inducing conformational changes in the carboxy-terminal domain (CTD) of the large subunit of RNAPII. Ess1 enzymes
from cold-adapted fungi (Arctic and Antarctic) were active in the model organism Saccharomyces cerevisiae, and sequence substi-
tutions may provide clues as to how they function in the cold. More striking was that the CTDs from cold-adapted fungi are highly-di-
vergent from the near consensus repeat sequence (YSPTSPS,) found in S. cerevisiae and other model organisms. This divergence
profoundly affected the ability of the CTD, which is intrinsically-disordered, to undergo liquid-liquid phase separation (LLPS) in vitro and
to localize and function in vivo. We propose that one mechanism for cold-adaptation (and other environmental tolerance) is altered
LLPS behavior via sequence divergence within the intrinsically disordered regions of otherwise globular proteins. Indeed, phyloge-
netic analyses revealed that most fungal species that live outside the laboratory carry sequence-divergent CTDs. Our findings lay the
groundwork for future detailed studies on a new and highly-tractable model for evolutionary cold-adaptation of a globular enzyme (Ess1/
Pin1), as well as for uncovering the link between evolutionary selection for sequence divergence in intrinsically disordered regions,
LLPS properties and the CTD Code.

42 Developing genetic tools to unlock the biotechnological potential of anaerobic gut fungi Radwa Hanafy', Casey Hook-
er'2, Ethan Hillman?, Javier Mufioz?, Kevin Solomon'? 1) University of Delaware, Newark, DE; 2) Purdue University, West Lafayette, IN.

Anaerobic Gut Fungi (AGF) (phylum Neocallimastigomycota) are native to the digestive system of large herbivores and play a promi-
nent role in anaerobic degradation of untreated lignocellulosic plant materials. AGF have evolved into efficient plant biomass colonizers
and degraders through secretion of powerful lignocellulolytic enzymes, and production of secondary metabolites to compete with other
microbes. Such remarkable degradation capacities and vast enzymatic repertoire make them promising candidates for enzymes and
bioactive molecules that may be used in many biotechnological applications. However, AGF are not yet genetically tractable and require
major advances in their genetic manipulation protocols. Primarily guided by available genomic and transcriptomic data, we have iden-
tified genetic elements regulating gene expression (e.g. promotors and terminators) and are beginning to assemble a nascent genetic
toolbox for manipulation. In this study, we have established a transformation protocol leveraging the natural competency of juvenile
zoospores. We have developed methods to introduce selectable markers such as hygromycin resistance gene (hph) and validated two
fluorescent reporters, flavin-based iLOV and heme-dependent iRFP. In addition, heterologous protein expression may be directed to
specific cellular compartments such as the nucleus through the use of localization tags. Efforts to expand this genetic toolkit to include
alternative selection genes, reporters, and promotors are currently underway. Important elements such as autonomously replicating se-
quences and centromere binding sequences are being identified to help stabilize expression vectors. Ultimately, the developed genetic
toolkit provides a platform for sustainable bioprocess development, enabling us to exploit the full potential of these non-model anaero-
bic fungi.

43 Knufia petricola — a model for exploring the biology of black rock-inhabiting fungi Julia Schumacher'?, Romy Bre-
itenbach’', Eileen Erdmann’-2, Ruben Gerrits', Felix Heeger', Sarah Nitsche'2, Chiara Tonon', Oliver Voigt', Anna Gorbushina'2 1)
Bundesanstalt fur Materialforschung und -priifung (BAM), Berlin, Germany; 2) Freie Universitat Berlin, Germany.

Black fungi also called black yeasts, rock-inhabiting fungi or microcolonial fungi are a group of Ascomycetes [Eurotiomycetes, Ar-
thoniomycetes and Dothideomycetes] that exhibit high stress tolerance, yeastlike or meristematic growth, and constitutive 1,8-dihy-
droxynaphthalene (DHN) melanin formation. They dominate a range of hostile natural and manmade environments — from desert rocks
and salterns to dishwashers, roofs, and solar panels. Due to their slow growth and the lack of sexual cycles and genetic tools, the
underlying mechanisms of black fungi’s phenotypic traits have remained largely unexplored. We consider the rock inhabitant K. petri-
cola [Eurotiomycetes, Chaetothyriales] a suitable model for studying the phenotypic characteristics of black fungi. With K. petricola the
regulation of pigment synthesis, general stress responses and the unusual modes of cell division can be dissected by advanced reverse
and forward genetics approaches. The genome of K. petricola strain A95 was sequenced using a combination of short high quality
lllumina reads and long PacBio reads. The final assembly consists of twelve contigs: five complete chromosomes and six contigs with
one telomer each. Gene annotation supported by transcriptomics and proteomics data was manually curated. Recently, we developed
a set of genetic tools to manipulate the genome for analyzing gene functions and studying the cell biology. This set includes CRISPR/
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Cas9-based genome editing and live-cell imaging using genetically encoded fluorescent proteins, as well as protocols for -omics
approaches and for simulation of mineral weathering in the laboratory. Mutants defective in DHN melanogenesis, carotenogenesis or
both processes are currently studied to elucidate the role of these protective pigments in tolerance of natural and man-made stresses,
weathering of olivine, penetration of marble, and adhesion to surfaces. Further, the established protocols and knowledge gained from K.
petricola form a starting point for making other extremotolerant black fungi accessible to genetic manipulation.

44 Diversity of genomic adaptations to post-fire environment in higher fungi points to a crosstalk between charcoal
tolerance and sexual development Andrei Stecca Steindorff', Kyungyong Seong'?, Akiko Carver'?, Sara Calhoun', Monika Fisch-
er?, Kyra Stillman?, Haowen Liu?, Elodie Drula®#, Bernard Henrissat®¢, Hunter Simpson’, Jonathan Schilling®, Anna Lipzen', Guifen

He', Mi Yan', Jasmyn Pangilinan’, Kurt LaButti', Vivian Ng', Matthew Traxler?, Thomas Bruns?, Igor Grigoriev'? 1) US DOE Joint
Genome Institute, Lawrence Berkeley National Laboratory, Berkeley, CA, USA; 2) Plant and Microbial Biology, UC Berkeley, Berkeley,
CA, USA; 3) Architecture et Fonction des Macromolécules Biologiques (AFMB), CNRS, Marseille, France; 4) INRAE, Architecture et
Fonction des Macromolécules Biologiques (AFMB), Marseille, France; 5) Department of Biological Sciences, King Abdulaziz University,
Jeddah, Saudi Arabia; 6) DTU Bioengineering, Technical University of Denmark, Lyngby, Denmark; 7) Department of Bioproducts

and Biosystems Engineering, University of Minnesota, St. Paul, MN, USA; 8) Department of Plant and Microbial Biology, University of
Minnesota, St. Paul, Minnesota, USA.

Understanding post-fire soil systems are essential because they have significant direct and indirect effects on global carbon storage.
Soil microbes are likely involved in the degradation of pyrolyzed organic matter (PyOM), yet little is currently known about the organ-
isms or metabolic processes involved. So far, we have sequenced and annotated four pyrophilous Basidiomycetes and seven Asco-
mycetes genomes. In our previous work on Basidiomycetes fungi, we found expansion of genes potentially involved in the degradation
of the hydrophobic layer, pyrolyzed organic matter, and mushroom formation. In this work, we focused on the seven ascomycetes
genomes and compared them with the other 12 non-pyrophilous in the same order and 124 genomes at a larger scale, including
pyrophilous Basidiomycetes and other organisms with heterogenous lifestyles. Additionally, we explored enriched Pfam domains and
CAZymes to identify patterns associated with these organisms’ “fire-loving” lifestyle. Our analyses uncovered gene families related to
the degradation of pyrolyzed organic matter, but these gene families were distinct from those expanded in the pyrophilous fungi in Ba-
sidiomycota. The enrichment analysis revealed families like peritrophin-A, arthropod defensin, B-glucosidases, heat shock proteins, and
fungal fucose-specific lectin. These families might be involved with the pyrophilous fungi’ capacity to survive in a toxic environment like
post-fire soil. We found a CAZyme CBM14 expanded exclusively in the Pyronemataceae family. This family is mainly found in insects
and some fungi. Since it is a chitin-binding domain, this suggests that secreted CBM14 domain proteins might protect the fungus from
microbial attacks in its soil habitat. Another interesting finding is that pyrophilous fungi have significantly larger proteins and higher GC3
content than non-pyrophilous, being in an intermediate state to thermophiles. Pyrophilous fungi are commonly found fruiting after fire
events, passing through their sexual stages in this process. To make an in-depth comparison of these conditions, we analyzed the avail-
able transcriptomic data of Pyronema domesticum grown in charcoal and during sexual development. We performed a co-expression
network analysis and found two modules with the most differentially expressed genes in charcoal and sexual development. Gene
Ontology categories like chitin/carbohydrate/lipid/superoxide metabolism and transport were found in both modules, showing that such
processes are likely required to grow in the presence of charcoal and sexual development. Also, the transcription factors STE12, LreA,
LreB, VosA, and EsdC involved in mating response and environmental cues in yeasts and filamentous ascomycetes were up-regulated
in charcoal, revealing a crosstalk between charcoal tolerance and sexual development.

45 Resistance and adaptation of the melanized yeast Exophiala dermatitidis to ionizing radiation exposure Zheng
Wang' 1) US Naval Research Laboratory.

The melanized yeast Exophiala dermatitidis is resistant to many environmental stresses and is used as a model for understanding the
radiation resistance mechanism in fungi. We describe the extent of resistance of E. dermatitidis to acute y-radiation exposure and the
major mechanisms it uses to recover from this stress. We find that environmental factors such as nutrient availability, culture age and
culture density are much greater determinants of cell survival after exposure. We also observe a dramatic transcriptomic response to
y-radiation that mobilizes pathways involved in morphological development, protein degradation and DNA repair, and is unaffected by
the presence of melanin. Moreover, through adaptive laboratory evolution, we demonstrate that resistance to y-radiation can be greatly
increased through repeated rounds of irradiation and outgrowth. This enabled the identification of genetic mutations in genes encoding
proteins with a broad range of functions from 10 evolved strains. Specifically, we find that greatly increased resistance to y-radiation is
achieved through disruption of the non-homologous end-joining pathway, with three individual evolutionary paths converging to abolish
this DNA repair process. This result suggests that non-homologous end-joining, even in haploid cells where homologous chromosomes
are not present during much of the cell cycle, is an impediment to repair of radiation-induced lesions in this organism, and that the rela-
tive levels of homologous and non-homologous repair in a given fungal species may play a major role in its radiation resistance.

46 Antifungal Potential of the Skin Microbiome Lindsay Kalan', Shelby Sandstrom’, Isabelle Ludwikoski', MacKinnley Ry-
bolt’, Caitlin Carlson', Cameron Currie', Nasia Safdar', James Gern' 1) University of Wisconsin-Madison.

Bacteria have the genomic capacity to produce an array of small molecule metabolites, encoded by specialized biosynthetic gene clus-
ters (BGC). In human-associated microbes, the structure and function for the vast majority of these metabolites are unknown. Focusing
on the skin, our central hypothesis is that skin microbiota harbor BGC encoding for functionally important molecules. We have built

a large library of diverse bacterial isolates (>2100) that span the major phyla of the skin microbiome, including low abundant genera
(n=36), for testing in functional bioassays. We screened ~1200 isolates against a panel of 24 pathogens including Gram-positive and
Gram-negative bacteria and fungi (>28,000 total pairings). After scoring, Euclidian hierarchal clustering revealed that isolates from
distinct body sites group together based on antimicrobial activity profiles. We found selective and broad inhibition of phylogenetically
diverse fungi, with particularly strong inhibitory activity against the human pathogens in the genera Candida, Cryptococcus, and As-
pergillus. We compared the inhibitory profiles to soil Streptomyces, the most important historical source of antimicrobials, and found
that the percentage of isolates from skin and nares able to completely inhibit the growth of pathogenic fungi such as C. albicans is
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higher (27% vs 15% of isolates). We then chose a subset of isolates for genome sequencing (n=162) and identified BGC families using
antiSMASH and BiG-SCAPE. Using Clinker to examine shared genomic content between each BGC family, we identified genetically
distinct families in isolates shown to produce unknown and unique metabolites by paired untargeted metabolomics. This approach
permits us to target specific strains for downstream chemical characterization to identify novel antimicrobial molecules. Overall, our
work suggests that skin taxa are producing bioactive metabolites targeting fungi and that by characterizing these metabolites, we
address a critical gap in knowledge regarding the role of metabolite-mediated interactions in the skin microbiome.

47 Horizontal transmission and loss-driven evolution in Mycoavidus, a Mortierella-associated endohyphal bacteri-

um Kevin Amses', William Davis?, Nicole Reynolds®, Rasheed Adeleke*, Teresa Pawlowska®, Timothy James?®, Greg Bonito®, Jessie
Uehling' 1) Department of Botany and Plant Pathology, Oregon State University, Corvallis OR 97333 USA; 2) Department of Biological
Sciences, Kent State University, Kent, Ohio 44319 USA; 3) School of Integrative Plant Science, Cornell University, Ithaca, NY, 14853
USA; 4) Unit for Environmental Science and Management, North-West University, Potchefstroom Campus, Private Bag X6001,
Potchefstroom, South Africa; 5) Department of Ecology and Evolutionary Biology, University of Michigan, Ann Arbor MI 48109 USA; 6)
Department of Plant Soil and Microbial Sciences, Michigan State University, East Lansing Ml 48824 USA.

Endohyphal bacteria (EHB) are those capable of colonizing the fungal cytosol. EHB are comprised of a polyphyletic assemblage that
spans a spectrum from free-living bacteria that can transiently inhabit fungal cells (i.e., facultative) to obligate endosymbiotic bacte-

ria that are dependent on their hosts. The widespread prevalence and biological importance of EHB associated with diverse hosts is
becoming increasingly appreciated. Burkholderia-related endohyphal bacteria, or BRE, are known as associates of soil fungi in the
Mucoromycotina. Transmission between hosts is thought to be predominantly vertical, where BRE are heritable via passage in the
cytosol of sexual or asexual reproductive propagules. Genomes of sequenced BRE, such as Mortierella-associated Mycoavidus, exhibit
hallmarks of vertically transferred, obligate endosymbionts such as the loss of genes in key metabolic pathways and genome contrac-
tion consistent with adaptation to the intracellular environment. However, current phylogenetic analyses of BRE separate these bacteria
into several major lineages that exhibit different degrees of host specificity, and do not rule out the influence of horizontal transmission
in BRE evolution. Evolutionary theory predicts different outcomes for strictly vertically transmitted, obligate endosymbiont populations,
which are bottlenecked and isolated from genetic exchange, versus those that are more promiscuous (i.e., via horizontal transmission).
Despite an increasingly diverse pool of rDNA sequences generated by PCR-based screening, BRE genome sequences remain few,
and their transmission biology remains poorly understood. In this work, we use genome-scale data for 16 newly sequenced genomes
from BRE allied to Mycoavidus to (i) clarify evolutionary relationships within BRE, (ii) investigate the evolutionary patterns of loss that tie
extant BRE to their free-living ancestors, and (iii) assert the importance of horizontal transmission in the evolutionary history of BRE.

48 A shelter from the elements: understanding requirements for fungal chlamydospore formation and bacterial inva-
sion /sabelle Ludwikoski', Nancy Keller' 1) University of Wisconsin - Madison, Madison, WI.

Bacterial-fungal interactions (BFls) drive microbiome dynamics from environmental to healthcare settings, impacting survival and
dispersal of the interacting partners. Previous work from our lab established that the plant pathogen Ralstonia solanecearum induces
formation of swollen, overwintering spores in Aspergillus spp. through production of a cyclic lipopeptide called ralsolamycin (1). With
deletion of rmyA, the polyketide synthase in the ralsolamycin biosynthetic cluster, chlamydospores are not induced. Further, in co-cul-
ture R. solanecearum can invade the chlamydospores (1). Recent work in the lab identified survival benefits for bacterial invasion under
starvation and cold stress conditions compared to mutants unable to invade chlamydospores (2). Additionally, several Gram-nega-

tive bacteria unable to invade chlamydospores independently can invade when co-cultures are supplemented with ralsolamycin (2).
Thus far most of the work on this system has been done using WT Aspergillus flavus and we have little understanding of mechanistic
components required by the fungus and the bacterium to undergo the chlamydospore formation and invasion processes. To dig deeper
into the mechanisms underlying this process, we performed an RNA-seq analysis which indicated numerous aberrantly regulated
proteins involved in cell wall biosynthesis and secretion. We found fleA, a gene encoding a lectin that binds fucosylated structures,

to be upregulated in the condition with chlamydospore production. Initial data suggests that the loss of fleA leads to changes in
chlamydospore density. Additional preliminary data suggests that chlamydospore formation in response to ralsolamycin is dependent on
density of the spore inoculum, where more chlamydospores are produced at higher density, which may also impact bacterial invasion
dynamics.

1. Spraker, J. E., Sanchez, L. M., Lowe, T. M., Dorrestein, P. C., & Keller, N. P. (2016). Ralstonia solanacearum lipopeptide induces
chlamydospore development in fungi and facilitates bacterial entry into fungal tissues. The ISME Journal, 10(9), 2317-2330.https://doi.
org/10.1038/ismej.2016.32

2. Venkatesh, N., Ludwikoski, I., Keller, N.P. 2021. Bacterial hitchhikers derive benefits from fungal housing. Current Biology, In revision.

49 From iron to antibiotics: Bacterial-fungal interactions revealed by genome-wide mutational analyses Emily
Pierce', Manon Morin ', Jessica Little*, Roland Liu', Joanna Tannous?, Nancy Keller?, Kit Pogliano ', Benjamin Wolfe?, Laura San-
chez*, Rachel Dutton' 1) University of California San Diego, La Jolla, CA, USA; 2) University of Wisconsin-Madison, Madison,
Wisconsin, USA; 3) Tufts University, Medford, Massachusetts, USA; 4) University of lllinois at Chicago, Chicago, lllinois, USA.

Intermicrobial interactions are key aspects of the biology of microbiomes. Recently, there has been a shift towards studying interactions
in more representative contexts, whether using multispecies model microbial communities or by looking at interactions in situ. Cheese
rind biofilms have been developed as experimentally tractable systems to study microbiomes. Although many studies of microbiomes
focus solely on the bacterial community, previous work in the cheese rind system has revealed the importance of fungi in shaping this
microbiome via interactions with bacteria. Leveraging this model system, we identified a diversity of bacterial genes involved in, and
the associated fungal contributors to, bacterial-fungal interactions. To achieve this, we combined bacterial cytological profiling, RNA-
Seq, metabolomics, and random barcode transposon site sequencing, a high-throughput genetic screen of 120000+ bacterial mutants.
We characterized bacterial-fungal interactions across 16 bacterial-fungal pairs made up of 8 cheese-associated fungi and E. coli or a
cheese-associated Pseudomonas psychrophila. We observed broad changes in bacterial mutant fitness in the presence of fungi com-
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pared to growth alone. The strongest and most widespread bacterial-fungal interaction that we observed suggests that fungal species
can dramatically modulate bacterial access to iron through the provision of fungal hydroxamate siderophores, such as ferrichrome and
coprogen. It has long been known that bacteria grown in isolation are able to uptake purified fungal siderophores, but the ecological
relevance of this putative interaction had not been demonstrated. Our results demonstrated that this exchange takes place between
bacteria and filamentous fungi growing in a biofilm and that this exchange can have impacts on the competitive fitness of bacteria.
Due to the importance of iron in bacterial physiology and the prevalence of fungi in microbial ecosystems, we expect that iron-based
bacterial-fungal interactions are important in other microbiomes. In addition to filamentous fungi, we showed that the basidiomycete
skin yeast Malassezia pachydermatis alleviated bacterial iron limitation. Moreover, fermented foods are known to contain fungal
siderophores, which could be a source of fungal siderophores in the gut in addition to potential siderophore production by gut-resident
species.

50 Elucidating Fungal Inmune Receptors and Testing the Potential Role of Nucleotide-binding Domain Leucine-rich
Repeat-like Proteins (NLR-like) Against Bacterial Antagonists. Frances Stark', Ksenia Krasileva', N. Louise Glass ' 1) University of
California, Berkeley .

Filamentous fungi are hosts to pathogens such as viruses, bacteria, parasitic fungi, and grazing nematodes. Besides RNAI to protect
fungal genomes from mycoviruses, a fungal inducible defense upon recognition of bacteria has yet to be fully described. Genes encod-
ing nucleotide-binding domain Leucine-rich repeat-like (NLR-like) proteins are present in abundance in the genomes of filamentous fun-
gi. NLRs are intracellular receptors known to mediate cross-kingdom, antagonistic communication in plants and metazoans. Although a
role for NLR-like proteins in fungi has been described for allorecognition known as heterokaryon incompatibility, evidence of cross-king-
dom surveillance of fungal NLR-like proteins is lacking. In order to investigate if fungal NLR-like proteins participate in an inducible
response like plant and animal NLRs, | utilize Neurospora crassa and various bacteria with a primary focus on the seventeen putative
NLR-like proteins encoded in the N. crassa genome. | show that exposure of N. crassa to bacteria and bacterial secretions results

in an environmental-dependent response including growth defects, increased growth rate, macroconidia production, and cell death.
These results suggest that N. crassa is initiating many physiological changes, including programmed cell death upon recognition of
bacteria that might be constituting a putative immune response. In order to investigate these responses, | plan on conducting RNAseq,
reverse genetics of NLR-like genes, and Genome Wide Association studies of N. crassa environmental isolates. The discovery of genes
underlying an immune-like response within the kingdom of fungi will not only lead to a better understanding of basic fungal biology but
possibly identify novel tiggers of programmed cell death pathways to target destructive fungi or bacterial/fungal relationships.

51 Characterization of internal ribosomal entry sites in fungal RNA viruses and their potential use in multiple gene
expression in filamentous fungi Kanoko Murata', Matteo Calassanzio’, Akane Ueda', Atif Jamal?, Nobuhiro Suzuki?, Sotaro Chiba' 1)
Nagoya University, Japan; 2) Okayama University, Kurashiki, Japan.

The reverse-genetics approach in filamentous fungi has fully relied on the availability of expression vector plasmids with a limited
number of selective markers (antibiotics and their resistance genes) that are effective in a given fungal species. Hence, multiple gene
expression in fungi is considered reflective of this circumstance; the number of genes for transgenic expression is generally restricted.
Some unique multiple expression systems are used mostly in animal systems, including the internal ribosome entry site (IRES)-based
non-canonical translation system. However, these techniques are not widely used in eukaryotic cell research except for integrating
multiple promoter/terminator cassettes.

In this study, the IRES-mediated gene expression in the model fungus, Cryphonectria parasitica, was assessed by seeking effective
IRES elements from fungal viruses (mycoviruses) by a dual-luciferase reporter system. In total, 30 fungal virus sequences and three
known IRESs from animal viruses were tested. As a result, we identified sequences having the IRES activity in 5’ untranslated region
(5’-UTR) and following 72 nt coding regions (5-UTR+72nt) of fungal RNA viruses that belong to seven viral lineages (families Hypovir-
idae, Chyrsoviridae, and Totiviridae, and genera Botybirnavirus, Fusagravirus, Yadokarivivirus, and Phlegivirus). IRES-positive viruses
commonly possessed long 5-UTRs that ranged from 395 nt to 1088 nt. Although 5’-UTR+72nt sequences of a megabirnavirus scored
high IRES activities, we could not prove whether this result is true or false positive. None of the animal viral IRESs were functional in C.
parasitica.

Furthermore, we tried to use IRES elements for multiple gene expressions in C. parasitica. Minimally functional regions from
5’-UTR+72nt of Rosellinia necatrix fusagravirus 3 (RnFGV3) and Alternaria alternata botybirnavirus 1 (AaBV1) 4a dsRNA2 segment
were applied to two separated experiments: 1) dual fluorescent protein (YEP and RFP) expression with the AaBV1 IRES, and 2) bi-
molecular fluorescent complementation (BiFC) assay with the RnFGV3 IRES. Both experiments revealed that IRES-mediated multiple
gene expression with a single transformation vector plasmid is applicable in C. parasitica. On the other hand, it also highlighted expres-
sion levels limitations. Based on the obtained results, prospects of IRES-mediated expression systems in fungi will be discussed.

52 A GPl-anchored protein gene from the chestnut blight fungus Cryphonectria parasitica is a hypovirus-specific
virulence factor and a tolerance factor against hypovirus infection Jeesun Chun', Yo-Han Ko', Kum-Kang So', Su-Hwan

Cho', Dae-Hyuk Kim' 1) Department of Molecular Biology, Department of Bioactive Material Sciences, Institute for Molecular Biology
and Genetics, Jeonbuk National University, Jeonju, Jeonbuk, Korea.

The chestnut blight fungus, Cryphonectria parasitica, and its interaction with hypovirus, Cryphonectria hypovirus 1 (CHV1), is a model
to study the fungus-virus interaction. Our previous transcriptomic analysis identified a transcript that encodes a glycosylphosphatidy-
linositol (GPI)-anchored protein (GPI-AP) was differentially expressed by sectorization and CHV1 infection. Sequence analysis of a
deduced amino acid of the cloned gene (CpGap1) showed a high similarity to and phylogenic clustering with known fungal GPI-APs
with canonical N-terminal leader peptide and C-terminal GPI-anchoring signal. Functional analysis comparing the CpGap 1-null mutant
with the wild type resulted in no observed phenotypic changes in growth rate, sporulation, and pigmentation. The mutant showed no
changes in colonial growth in response to osmotic and temperature stresses observed. However, the CpGap 7-null mutant showed
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an increased sensitivity to the cell-wall disturbing agent SDS, but not CR and CFW. Hypersensitivity of the CpGap1-null mutant was
observed in response to ROS. In silico analysis of a matured peptide of the protein product of the CpGap1 gene (CpGAP1) suggested
five motifs with antioxidizing properties, and three of these five synthesized peptides showed a strong radical scavenging capacity.
Interestingly, virulence was significantly reduced in the CpGap1-null mutant. Phytotoxic activity, as measured by leaf discs assay using
synthetic peptides, was observed in specific peptides. These results suggest that CoGAP1 functions as a protective barrier against host
defenses such as ROS, even as it acts as a virulence factor that places stress on host cells. Moreover, when the CHV1 was transferred
to the CpGap1-null mutant, severely retarded colonial growth was observed. In addition, virus-titer in the mycelia of CHV1-infected Cp-
Gap1-null mutant was significantly higher than those in the CHV1-infected isogenic strain (UEP1). These results indicate that CoGAP1
functions as a protective barrier against host defenses such as ROS, but also act as a virulence factor that stress host cells. Moreover,
our study demonstrates that the CpGap1 gene is a host-tolerating antiviral factor that helps maintain fungal growth and suppress viral
titer after infection of C. parasitica with CHV1.

53 Deciphering the mycovirome of Botrytis cinerea Ana Ruiz-Padilla', Julio Rodriguez-Romero' 2, Irene Gémez-Cid', Davide
Pacifico 3, Maria A Ayllén* 2 1) Centro de Biotecnologia y Gendémica de Plantas, Universidad Politécnica de Madrid/Instituto Nacional de
Investigacion y Tecnologia Agraria y Alimentaria (INIA), Pozuelo de Alarcon, Madrid, Spain.; 2) Departamento de Biotecnologia-Biologia
Vegetal, Escuela Técnica Superior de Ingenieria Agronémica, Alimentaria y de Biosistemas, Universidad Politécnica de Madrid, Madrid,
Spain.; 3) Institute of Bioscience and Bioresources, National Research Council of Italy, Palermo, Italy.; 4) Centro de Biotecnologia y
Genodmica de Plantas, Universidad Politécnica de Madrid/Instituto Nacional de Investigacion y Tecnologia Agraria y Alimentaria (INIA),
Pozuelo de Alarcén, Madrid, Spain mariaangeles.ayllon@upm.es..

The ascomycete necrotroph Botrytis cinerea Pers.: Fr. (teleomorph Botryotinia fuckeliana (de Bary) Whetzel) produces gray mold or
gray rot in more than 200 crops spread throughout the world and it is considered the second most significant fungal plant pathogen.

It causes economically significant losses in winter crops of tomato, cucumber, bean, pepper, etc.; in grapevine it develops mainly in
mature grapes in autumn; and it significantly affects both strawberry plants in field and fruits in post-harvest.

Fungal control strategies include cultural practices, biological control agents, host resistance, and fungicides. Nevertheless, traditional
chemical fungicides are not a sustainable solution as a treatment anymore, especially due to the gene plasticity of the fungal genomes,
which makes them easily resistant. To date, several botrycide products, based on microorganisms as active ingredients, have been de-
veloped for B. cinerea biocontrol. The discovery of mycoviruses that decrease the virulence of their fungal hosts could provide another
alternative as biological control agents. Several mycoviruses have been already associated to hypovirulence in B. cinerea indicating
that it is feasible to use mycoviruses in biocontrol strategies of this fungus.

In this line, we have explored the mycovirome of 248 B. cinerea field isolates from grapevine of ltaly and Spain to increase the
knowledge about mycoviral diversity and evolution, and to search for new widely distributed mycoviruses that could be active
ingredients in biological products to control this hazardous fungus. A total of 92 viruses were identified, 62 of them constituting putative
novel viral genera and families. Of these mycoviruses, 57 had a positive-sense single-stranded RNA (ssRNA) genome, 19 contained

a double-stranded RNA (dsRNA) genome, 15 had a negative-sense ssRNA genome, and 1 contained a single-stranded DNA (ssDNA)
genome. Some of the identified mycoviruses belong to genera that have previously been associated with hypovirulence, as for
instance, Mitovirus, Hypovirus, Partitivirus, etc. Moreover, some of them, as the ssDNA mycovirus, has been already proved to de-
crease the virulence of B. cinerea. This study not only have expanded our knowledge of mycoviral diversity, horizontal transfers, and
putative cross-kingdom events; but also, it has generated a collection of mycoviruses, some of which could be potential candidates of
biological control agents of B. cinerea.

Ruiz-Padilla et al.. Novel Mycoviruses Discovered in the Mycovirome of a Necrotrophic Fungus. mBio. 2021 May 11;12(3):e03705-20.
doi: 10.1128/mBi0.03705-20

Acknowledgments: This project has received funding from the European Union’s Horizon 2020 research and innovation programme
under Grant Agreement No 773567

54 Circadian Clock Control of mRNA Translation Deborah Bell-Pedersen', Teresa Lamb’, Kathrina Castillo’, Ebimobowei
Preh' 1) Texas A&M University.

A longstanding puzzle in circadian biology is the existence of proteins that show a robust rhythm despite no rhythm in the levels of

the corresponding mRNA. Although some of this effect may be due to circadian regulation of protein degradation, much of this circa-
dian regulation of protein levels is due to rhythmic mRNA translation. In Neurospora crassa, at least 15% of mMRNAs are rhythmically
translated from mRNAs that don’t cycle in abundance. We discovered that clock control of translation can be regulated in at least three
different ways.

In one mechanism, the clock regulates the phosphorylation, and thus inactivation, of up to half of the conserved translation initiation
factor elF2a. Rhythms in the levels of phosphorylated elF2a are caused by daytime activation of the elF2a kinase CPC-3, and night-
time activation of PPP1 phosphatase. This mechanism mediates rhythmic translation initiation of up to half of rhythmically translated
mRNAs.

The second mechanism involves targeting mRNAs to evolutionarily conserved cytoplasmic ribonucleoprotein granules, called p-bodies,
which contain translationally repressed mRNAs. Among the 67 most robust rhythmically translated mRNAs, 93% contain a sequence
motif that targets these mMRNAs to p-bodies to repress translation. Loss of either the p-body component SNR-1, or deletion of the
p-body target sequence, validated that this process is necessary for rhythmic translation of specific mRNAs.

The third mechanism involves clock control of ribosome composition. In N. crassa, the clock regulates levels of at least six ribosomal
proteins, and 1 ribosome interacting protein, in intact ribosomes, some of which are not essential for growth. One of the non-essential
clock-controlled ribosomal proteins is RPL-31. Loss of RPL31 in ribosomesabolished rhythms a large fraction of the rhythmically trans-
lated mRNAs and led to an increase in translation stop codon readthrough.
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Disruption of clock control of mRNA translation reduces the fithess of N. crassa cells. Clock control of mMRNA translation, as opposed

to mRNA levels, provides several opportunities to increase fitness, including partitioning the energy demanding process of translation
for highly expressed genes to times of day when energy levels are high, and sequestering mRNAs to p-bodies to preserve mRNAs that
encode proteins needed to overcome stress to allow for a rapid response to an acute stress. Because rhythmic translation is a powerful
way for the clock to control biological functions, it is not surprising that several different mechanisms have evolved to carry out this
regulation.

55 Insights into biological responses to light from baker’s yeast S. cerevisiae, an organism lacking established photore-
ceptors Mikael Molin' 1) Chalmers University of Technology.

Unlike other fungi, baker’s yeast Saccharomyces cerevisiae lacks the established photoreceptors cryptochromes/photolyases, phyto-
chromes, opsins and LOV-domain containing proteins. However, blue light still causes pronounced oscillations of the stress-associated
Zn-finger transcription factor Msn2 into and out of the nucleus. We have shown that this poorly understood phenomenon is initiated

by a peroxisomal oxidase that converts light into a hydrogen peroxide (H,0,) signal, sensed by the peroxiredoxin Tsa1, which in turn
counteracts cAMP-dependent protein kinase (PKA)-dependent Msn2 phosphorylation. Interestingly, a homologous peroxisomal oxidase
was previously implicated in blue light toxicity in mammalian cells suggesting that the pathway may be conserved. Our data show that
upon H,0, unconventional redox-signaling involving both peroxiredoxin catalytic cysteine residues attenuates the ability of the catalytic
subunit of the conserved nutrient signaling kinase PKA to bind substrates independently of the second messenger cAMP, allowing Msn2
nuclear accumulation. The messenger role of H,O, in signaling appears to be common both to yeast Msn2 oscillations and to light-
induced entrainment of circadian rhythms. In this regard it is highly interesting that peroxiredoxins have been proposed to constitute the
first identified circadian clock regulators/components conserved across the three kingdoms of life. Taken together with our data a picture
in which peroxiredoxins and redox signaling appear to play key roles in endogenous rhythms emerges.

Nevertheless, the growth rate of yeast cells exposed to white visible light of moderate intensity is slowed down significantly in a manner
independent on the blue-light reactive peroxisomal oxidase. Via high-throughput, ordered genetic screening for genes required for yeast
to grow at a light-intensity corresponding to a fraction of that on a sunny day we identified intracellular processes involved in visible

light resistance. This effort pin-pointed, among other things, e.g. proteins linked to multiple aspects of ribosome biology and translation,

cellular functions impinging on the morphogenetic PKA pathway and oxidative stress management/oxidant signaling as enriched among
genes required for growth in the light.

I will discuss these data in the contexts of, firstly, H,O, playing key roles as a second messenger in endogenous signaling pathways e.g.
in balancing translation, protein secretion and metabolism and, secondly, roles of peroxiredoxins in protein homeostasis.

56 A role for gene expression and mRNA stability in the mechanism underlying circadian nutritional compensation
in Neurospora crassa Christina Kelliher', Jennifer Loros', Jay Dunlap' 1) Geisel School of Medicine at Dartmouth, Hanover, NH.

Circadian clocks maintain a period length of approximately 24 hours across a range of physiologically relevant external conditions,
including temperature and nutrient levels. This defining circadian principle of period length maintenance is called compensation. Com-
pensation effectors play an active role in buffering the core clock machinery from the external environment, and compensation mecha-
nisms have been primarily solved using the circadian model system Neurospora crassa. Phosphorylation of the core negative element
of the clock, FREQUENCY in Neurospora or PER in insects and mammals, contributes to Temperature Compensation (TC). However,
Nutritional Compensation (NC) remains understudied.

Here, we show that mutant strains of Neurospora with defective TC have normal NC period maintenance. This suggested that NC
effectors are distinct from TC effectors. Therefore, we performed a reverse genetic screen for alterations in the circadian period length
upon glucose and amino acid starvation using ~500 single gene knockouts from the Neurospora deletion collection. Novel regulators
were identified with disrupted or complete lack of nutritional compensation. Taken together with four NC mutants that have been charac-
terized in previous work (Acsp-1, Arco-1, prd-1, and Aras-2), a model emerges where normal NC of the circadian clock is maintained by
regulation at the levels of transcription, chromatin regulation, and mRNA stability, which is distinct from the current phosphorylation-cen-
tric model for TC mechanism. Fascinatingly, our genetic screen uncovered one hit where NC is altered under amino acid starvation but
unaffected by changes in glucose availability, consistent with multiple independent nutritional controls for period length.

Previous studies and preliminary data suggest that both the clock’s positive arm (the White Collar Complex) and negative arm (FRQ/
FRH/CKIla) are regulated to achieve nutritional compensation of the ~24-hour circadian period length. Furthermore, we have begun to
establish a human cell culture model for investigating conservation of NC mechanism between the fungal and mammalian circadian
clock. We have identified mammalian orthologs of genes that emerged as NC hits in our screen and found that knocking down those
genes in mammalian cells also results in period length changes. We anticipate that one or more NC regulators in Neurospora may
play a conserved role in maintaining the mammalian clock period length across nutrient levels, reminiscent of Casein Kinases | and Il
controlling TC across circadian model systems.

57 Dark stipe mutants in fruiting body development of Coprinopsis cinerea Shanta Subba', Botond Hegedus?, Lasz-
lo G. Nagy?, Chee Seng Man', Ursula Kuies' 1) Molecular Wood Biotechnology and Technical Myycology, University of Goettingen,
Goettingen, Germany; 2) Institute of Biochemistry, Biological Research Center, HAS, Szeged, Hungary.

Fruiting body formation in Coprinopsis cinerea is a complex morphological process employing successively > 30 different cell types
in cap and stipe development. It follows a conserved developmental pathway defined by day and night phases, with well predictable
distinct stages over the time. The differentiation process starts with loose aggregate formation primary hyphal knots (Pks) in the
mycelium in the dark. Upon a light signal, these primary hyphal knots (Pks) turn into compact secondary hyphal knots (Sks) in which
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stipe and cap tissues start to differentiate. Primordial tissue development takes 4 days (stepwise recognized as primordia stages P1 to
P4) until all basic tissue formation and differentiation is completed, with probasidia in the hymenia on the gills of the P4 primordia ready
to receive a light signal to induce karyogamy. Nuclear fusion is finished on day 6 of development P5 stage primordia and culminates in
meiosis and basidiospore production. Basidiospore production parallels stipe elongation and cap expansion for fruiting body maturation.
Mature fruiting bodies autolyze on day 7 of the fruiting pathway to release the spores in liquid droplets. Development is strictly regulated
by environmental conditions including nutrients, alternating light and dark phases, temperature and aeration (CO,). Failure in daily
illumination at the Sk to the P4 stages leads to the formation of so-called ‘dark stipes’, under proliferation of stipe tissues and blocks in
cap development. Failure in dark signaling at night phases at the Sk to the P4 stages leads to the formation of ‘dwarf primordia’ with
short stipes and bulky caps with retarded gill differentiation. ‘Dark stipe’ phenotypes are further formed from P3 and P4 stages under
non-aerated conditions with normal light-dark changes. Scavenger experiments of CO, with KOH recovered the normal phenotypes

in fruiting body development. ‘Dark stipe’ mutants with different genetic defects are available. dst7 and dst2 mutants form ‘dark-stipes’
from secondary hyphal knots and are defective in light regulation by mutations in the WC1 light receptor and in a FAD/FMN-binding
enzyme of the GlcD superfamily. dst3 and dst4 mutants turn into dark-stipe phenotypes at stages P3 and P4, respectively, and appear
to be defective in CO, signaling. The dst3 and dst4 mutants are defective in regulation at these later stages of primordial development
while they are not blind with respect of light-induced oidiation. Genome sequencing identified defective candidate genes involved in
CO, metabolism and the Cop9 signalosome. Functions in metabolic pathways producing CO, and CO, signaling pathways will be
discussed.

58 Conformational Changes in the Circadian Negative Arm Correlate with Dynamic Interactomes Involved in Diverse
Biological Processes Jacqueline Pelham', Alexander Mosier!, Samuel Altshuler', Christopher Kirchoff!, William Fall*, Lisa Baik?, Jo-
anna Chiu?, Jennifer Hurley '® 1) Department of Biological Sciences, Rensselaer Polytechnic Institute, Troy, NY; 2) Department of
Entomology and Nematology, University of California Davis, CA; 3) Center for Biotechnology and Interdisciplinary Sciences, Rensselaer
Polytechnic Institute, Troy, NY.

The widely conserved circadian clock employs a transcriptional/translational negative feedback loop (TTFL) to anticipate environmental
changes due to the Earth’s diurnal cycle. While an astounding amount of physiology is coordinated by this feedback loop, the intricacies
of the conserved molecular oscillator are poorly understood. In Neurospora crassa the source of circadian output has been canonically
accepted as transcriptional activation by the positive arm. However, over 40% of oscillating Neurospora proteins do not have rhythmic
mRNA, establishing circadian post-transcriptional regulation through unknown sources, a phenomena which is conserved in higher
eukaryotes. To this end we are investigating the Neurosporanegative arm protein FREQUENCY (FRQ) as a potential source of this
regulation. Given the pervasive conservation of the intrinsically disordered protein (IDP) nature of negative-arm clock proteins, we hy-
pothesized that post-transcriptional regulation may stem from conformational shifts in negative-arm proteins that time vacillations in the
constituents of negative-arm macromolecular complexes to time cellular physiology. Our investigation of the negative arm clock protein
FRQ demonstrated temporal conformational fluidity correlated with daily changes in physiologically diverse macromolecular complex
components. FRQ interactors that are classified as IDPs were more likely to interact with FRQ at their nadir, suggesting FRQ may

tune post-transcriptional regulation via the control of interactor stability. An analogous investigation of the macromolecular complexes
centered around Drosophila melanogaster PERIOD (dPER) and human PERIOD (hPER2) found a similar number and physiological
diversity of interacting partners in higher eukaryotes. Short linear motifs (SLiMs) associated with the interactors localized to disordered
and phosphorylated regions on the PERs and FRQ, with disordered interactors oscillating in the macromolecular complexes over
circadian time. This oscillation correlated with oscillations in post-transcriptionally regulated proteins, suggesting the negative arm may
tune cellular physiology and proteostasis post-transcriptionally via oscillations in the circadian negative-arm macromolecular protein
complexes.

59 Casein kinase 1 and disordered clock proteins form functionally equivalent phospho-based circadian modules in
fungi and mammals Daniela Marzoll', Fidel Serrano’, Anton Shostak’, Carolin Schunke', Axel Diernfellner', Michael Brunner' 1)
Heidelberg University Biochemistry Center, Heidelberg, Germany.

Circadian clocks adjust physiology and metabolism to the 24-h day-night cycle. Eukaryotic circadian clocks are based on transcription-
al-translational feedback loops. Core components, such as FRQ in Neurospora crassa and PERs in animals are not conserved. We
show that CK1 is sufficient to promote hyperphosphorylation of FRQ and mPER2 on a circadian timescale. CK1 targets a large number
of low affinity sites. The slow phosphorylation relies on site-specific recruitment of CK1 and access of intrinsically disordered segments
of FRQ or mPER2 to the bound kinase, and on CK1 autoinhibition. We propose that the clock proteins FRQ or PERs and CK1 form
functionally equivalent phospho-based timing modules in the core of the circadian clocks of fungi and animals.

60 Genome wide insights into signal integration by the G-protein pathway for regulation of carbon- and secondary
metabolism Miriam Schalamun', Wolfgang Hinterdobler?, Tiziano Benocci', Nicole Wanko', Johann Schinnerl®, Monika Schmoll'2 1)
Austrian Institute of Technology GmbH, Department Health and Bioresources, Konrad Lorenz Strasse 24, 3430 Tulln, Austria; 2)
University of Vienna, Department of Microbiology and Ecosystem Science, Division of Terrestrial Ecosystem Research, Djerassiplatz 1,
1030 Vienna, Austria; 3) Department of Botany and Biodiversity Research, University of Vienna, Vienna, Austria.

Nutrient sensing is of utmost importance for gene regulation in fungi, with the heterotrimeric G-protein pathway as prototypical transmis-
sion machinery. Previously we could show an interrelationship between light response and cellulase gene regulation in the filamentous
fungus Trichoderma reesei. Recently we found that also secondary metabolism is regulated in a light dependent manner in T. reesei.

In both cases, G-protein coupled receptors (GPCRs) exemplified these connections: the glucose sensors CSG1 and CSG2, which are
responsible for posttranscriptional regulation of cellulase expression as well as GPR8, a GPCR associated with the sorbicillin cluster.
To gain further insight into the balance between carbon- and secondary metabolism along with its dependence on light, we performed
functional, transcriptome analyses and network analysis. We used deletion mutants Agna1, Agna2 and Agna3, Agnb1 and Agng1 as
well as strains expressing constitutively activated versions of the G-alpha proteins, GNA1QL, GNA2QL and GNA3QL in T. reesei QM6a.
We found characteristic alterations in biomass formation, enzyme production and growth as well as an influence on sexual and asexual
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development. Cellulase gene transcription was differentially regulated between the investigated G-protein mutant strains with important
differences between light and darkness. Analysis of secondary metabolite production revealed an impact on regulation of several
compounds hence substantiating the link between cellulase regulation and secondary metabolism.

We conclude that the G-protein pathway integrates signals relevant for carbon- and secondary metabolism to optimally balance enzyme
biosynthesis and growth with metabolite production.

61 The evolution of DNA repair: how a cryptochrome photoreceptor became a CPD photolyase in mucoral fungi Luis
Corrochano', Eusebio Navarro?, Nils Niemann?, Dennis Kock®, Tamila Dadaeva?, Gabriel Gutiérrez’, Timo Engelsdorf®, Stephan Kiont-
ke®, Alfred Batschauer?, Victoriano Garre? 1) Universidad de Sevilla, Spain; 2) Universidad de Murcia, Spain; 3) University of Marburg,
Germany.

Cryptochromes and photolyases are blue-light photoreceptors and DNA-repair enzymes, respectively, with conserved domains and a
common ancestry. Photolyases use UV-A and blue light to repair lesions in DNA caused by UV radiation, photoreactivation, and cryp-
tochromes have specialized roles ranging from the regulation of photomorphogenesis in plants, to clock function in animals. A group of
cryptochromes (cry-DASH) from bacteria, plants, and animals has been shown to repair in vitro cyclobutane pyrimidine dimers (CPDs)
in single-stranded DNA (ssDNA), but not in double-stranded DNA (dsDNA), presumably due to the lack of an efficient flipping of the
dsDNA lesion into the catalytic pocket. We show that cry-DASH from Phycomyces blakesleeanus can repair CPD lesions in dsDNA

as a bona fide photolyase, and that cry-DASH of a related fungus, Mucor circinelloides, not only repairs CPDs in dsDNA in vitro but is
the enzyme responsible for photoreactivation in vivo. A structural model of the M. circinelloides cry-DASH suggests that the capacity to
repair lesions in dsDNA is an evolutionary adaptation from an ancestor that only had the capacity to repair lesions in ssDNA.

62 Cross-kingdom interactions in arbuscular mycorrhizal symbiosis Maria Harrison' 1) Boyce Thompson Institute.

Arbuscular mycorrhizal (AM) fungi, of the sub-phylum Glomeromycotina, are obligate symbionts that live in mutualistic associations
with land plants. Current data indicate that their dependency on their plant hosts arises from their inability to synthesize fatty acids de
novo and their lack of hydrolytic enzymes required to release sugars from complex macromolecules; they receive both lipid and sugars
from their plant host and in return, assist plants with the acquisition of mineral nutrients, particularly phosphate from the soil (1).
Development of the symbiosis is complex and requires reciprocal signal exchange between the plant and fungus to enable hyphal
growth into the root, and ultimately differentiation of highly- branched hyphae, called arbuscules within the root cells. Substantial rear-
rangement of the root cell, including the development of the periarbuscular membrane which surrounds the arbuscule, is also essential
to enable arbuscule development. The mechanisms coordinating arbuscule and periarbuscular membrane development are not known
but plant mutants in which arbuscule development is impaired, have led to the identification of key players within the plant cell. Lipid
and phosphate transfer between the plant and fungus occurs over the arbuscule/periarbuscular membrane interface and several plant
proteins involved nutrient transport have been identified. Loss of function mutants reveal that both phosphate and carbon exchange are
essential to maintain the mutualism.

Fueled with carbon from its plant host, the AM fungus also develops an extraradical mycelium in the soil, and this is exposed to, and
interacts with, the soil microbiota. Recent 16S rRNA profiling revealed a community of microbes tightly associated with the extraradical
mycelium that is conserved across soils and two fungal species (2). The roles of this community remain to be determined but it has the
potential to enhance fungal access to phosphate. Progress towards an understanding of AM fungal development within the plant cell
and AM fungal interactions with the soil microbiota will be discussed.

Literature Cited.
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63 Metarhizium: jack of all trades, master of many Raymond St. Leger' 1) University of Maryland.

Metarhizium is a genus of highly abundant globally distributed fungi with representatives that can transition between long-term benefi-
cial associations with plants to transitory pathogenic associations with protozoans, nematodes, insects or even lizards. These species
provide tractable models to address how new mechanisms for econutritional heterogeneity, host switching and virulence are acquired
and relate to diverse sexual life histories, genomic variation and speciation. The commonest species trade nitrogen extracted from their
insect hosts for plant carbohydrates, thereby boosting plant growth as well as their own. They are usually specialized to particular soil
and plant ecologies, but can protect and nourish their plants by overpowering a wide spectrum of insects with numerous enzymes and
toxins. Some of these effectors apparently derived from horizontal gene transfer events. In addition, extensive duplication of effec-
tor-encoding genes has been facilitated by loss of meiosis associated genome defense mechanisms. Broad host range species use
parasexuality instead of sex to combine beneficial mutations from separate clonal individuals into one genome (Vicar of Bray dynam-
ics). Species which kill a narrow range of insects retain sexuality to facilitate host-pathogen coevolution (Red Queen dynamics). Some
narrow-host range strains specifically target important pests such as mosquitoes, and these can be genetically engineered to produce
highly effective bioinsecticides. Generalist species have multiple beneficial effects on plant growth but can also be engineered with
customized properties to potentially replace chemical pesticides and fertilizers.

64 Chemical interactions between fungi and nematodes Reinhard Fischer' 1) Karlsruhe Institute of Technology (KIT).

Nematode-trapping fungi, such as Duddingtonia flagrans, are fascinating predatory microorganisms (1). In a nutrient-rich environment
they live as saprotrophs, but if nutrients are scarce and nematodes are present, they can switch to a predatory lifestyle. The switch is
characterized by the formation of adhesive trapping networks. The interaction requires complex interspecies communication involving
pheromones, secondary metabolites, and virulence factors.

D. flagrans trap formation is repressed at nutrient-rich conditions by fungal arthrosporols and 6-methyl salicylate. The spatial control

of the expression of the genes of the arthrosporol polyketide gene cluster leads to production of 6-MSA at the tip of hyphae and
arthrosporols at the rear. Both inhibit trap formation and 6-MSA is an attractant for C. elegans (2). If nematodes are present and the
nematode population reaches a certain level, nematode-derived ascarosides cause the downregulation of the arthrosporol gene cluster.
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The decrease of the arthrosporol concentration leads to induction of trap formation.

Trap formation requires intracellular signaling through the STRIPAK signaling complex and a cell-communication system at the tip to
allow ring closure (3).

Shortly after C. elegans is trapped by D. flagrans, hyphae penetrate into the worm body and secrete small proteins as virulence factors
to overcome the worm defense and lytic enzymes to digest the organic material. For one of such virulence factors, we showed that it is
secreted at a bulbous structure close to the entry point of the hypha (4).

References
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Intercellular communication is required for trap formation in the nematode-trapping fungus Duddingtonia flagrans. PLoS Gen-
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the nematode-trapping fungus Duddingtonia flagrans. Genetics, in press

(4) Wernet N, Wernet V, Fischer R (2021b) The small-secreted cysteine-rich protein CyrA is a virulence factor of Duddingtonia fla-
grans during the Caenorhabditis elegans attack. PLoS Pathog 17:€1010028

65 A structure for effector delivery in smut fungi? Regine Kahmann' 1) Max Planck Institute for Terrestrial Microbiology.

Plant pathogenic fungi colonizing living plant tissue secrete a cocktail of novel effector proteins to suppress plant immunity and repro-
gram host cells. Although many of these effectors function inside host cells, delivery systems related to the ones used by pathogenic
bacteria to translocate effectors into host cells have not been detected in fungi. During the course of studying novel effectors in Ustila-
go maydis, a biotrophic fungus causing smut disease in corn, we have identified five unrelated effectors and two membrane proteins,
which form a stable protein complex. The corresponding genes appear co-regulated, and are only expressed during colonization. Single
mutants in any of these seven genes arrest in the epidermal layer, fail to suppress host defense responses and fail to induce non-host
resistance, two reactions likely depending on translocated effectors. The complex is anchored in the fungal membrane, protrudes

into host cells and contacts channel forming plant plasma membrane proteins, suggesting that we identified an effector translocation
system. The system could be reconstituted in a surface-exposed form in cultured U. maydis cells. As orthologs of all complex-forming
proteins are conserved in smut fungi, | will also present how we have development the complex as potential novel fungicide target.

66 A Ralstonia pickettii endosymbiont allows Rhizopus microsporus to evade amoeba and cause opportunistic virulence
in animals Herbert Itabangi’, Poppy Sephton-Clark’, Diana Tamayo?, Xin Zhou', Georgina Starling®, Zamzam Mahamoud?, Ignacio In-
sua‘, Mark Probert', Joao Correia’, Patrick Moynihan', Teclegiorgis Gebremariam?®, Yiyou Gu®, Ashraf Ibrahim®¢, Gordon Brown?, Jason
King®, Elizabeth Ballou'?, Kerstin Voelz' 1) Institute for Microbiology and Infection, School of Biosciences, University of Birmingham,
UK; 2) Centre for Medical Mycology, University of Exeter, Exeter, UK; 3) School of Biosciences, University of Sheffield, Western Bank,
Sheffield, UK; 4) School of Chemistry, University of Birmingham, Edgbaston, Birmingham, UK; 5) The Lundquist Institute for Biomedical
Innovation at Harbor-UCLA Medical Center, Torrance, California, U.S.A; 6) David Geffen School of Medicine, UCLA, Los Angeles,
California, U.S.A.

Opportunistic infections by environmental fungi are a growing clinical problem, driven by an increasing population of people with
immunocompromising conditions. Spores of the Mucorales order are ubiquitous in the environment but can also cause acute invasive
infections in humans through germination and evasion of the mammalian host immune system. How they achieve this, and the evolu-
tionary drivers underlying the acquisition of virulence mechanisms, are poorly understood. Here we show that a clinical isolate of Rhi-
zopus microsporus contains a Ralstonia pickettii bacterial endosymbiont required for virulence in both zebrafish and mice, and that
this endosymbiosis enables secretion of factors that potently suppress growth of the soil amoeba Dictyostelium discoideum, as well as
their ability to engulf and kill other microbes. As amoebae are natural environmental predators of both bacteria and fungi, we propose
this tri-kingdom interaction contributes to establishing endosymbiosis and acquisition of anti-phagocyte activity. Importantly, we show
this activity also protects fungal spores from phagocytosis and clearance by human macrophages, and endosymbiont removal renders
the fungal spores avirulent in vivo. Together, these findings describe a new role for a bacterial endosymbiont in Rhizopus microspo-
rus pathogenesis in animals, and suggests a mechanism of virulence acquisition through environmental interactions with amoebae.

67 Functional diversification of effectors in smut fungi Weiliang Zuo', Jasper Depotter', Janina Werner', Georgios Sa-
ridis’, Anna Rybecky', Andrea Passarge', Gunther Doehlemann' 1) University of Cologne.

The biotrophic smut fungi are one of the largest groups of fungal plant pathogens. While symptoms of most smut pathogens are
restricted to the floral organs, the maize smut Ustilago maydis causes the formation of plant tumors in all aerial organ, locally at sites

of infection. Formation of these symptoms requires a fine-tuned effector repertoire with a stage-, organ- and even cell-type specific
transcriptional regulation of effector genes during plant colonization. The closely related fungus Sporisorium reilianumcauses head smut
in maize, which is characterized by systemic colonization of the plant with symptoms being mainly restricted to the inflorescences.
Comparative transcriptomics followed by CRISPR-Cas9 mediated genome editing demonstrated that both the differential transcriptional
regulation, as well as functional divergence of effectors contribute to the different pathogenic development of the two related species
(1).

Based on these findings, we are investigating how diversifying effector repertoires of smut fungi contribute to their distinct pathogenic
life-styles. This study identified the effector protein Sts2, which is translocated to the host nucleus, where it triggers the formation of
tumorigenesis via a yet unknown mechanism. The tumor-inducing activity of Sts2 is linked to a sequence motif which present in U. may-
dis, but not in S. reilianum. Collectively, our study provides insights to the different mechanisms of host-pathogen co-evolution in related
fungal pathogens.
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(1) Zuo W, Gupta DK, Depotter JRL, Thines M, Doehlemann G. (2021) Cross-species analysis between the maize smut fungi Ustilago
maydis and Sporisorium reilianum highlights the role of transcriptional plasticity of effector orthologs for virulence and disease. New
Phytologist. 232: 719-733

68 Fungal Pathogens Utilize Extracellular Vesicles for Transport of Effector Proteins into Plant Host Cells Claire Whitak-
er'?, Baoye He?, Hailing Jin? 1) Department of Plant Biology, University of California, Riverside, CA, USA; 2) Department of Microbiol-
ogy & Plant Pathology, Center for Plant Cell Biology, Institute for Integrative Genome Biology, University of California, Riverside, CA,
USA.

Effectors, small, secreted proteins which modulate plant immune response, are critical for successful fungal infection. While the effector
proteins of biotrophic and hemibiotrophic fungi have been well characterized, little research has been done on the effector proteins of
necrotrophic fungal plant pathogens. Beginning in 2016, research on necrotrophic fungal effectors began to illuminate the vast collec-
tion of effector proteins found in the genomes of necrotrophic fungi. Many of these predicted effectors lack a N-terminal signal peptide
targeting them for the traditional secretion pathway, so it remains unclear how these effectors are delivered to the apoplastic space, and
subsequently, plant cells. Recent discoveries have shown that Arabidopsis thaliana utilizes extracellular vesicles (EVs) to deliver sSRNAs
to its fungal pathogen, Bolrytis cinerea. This exchange of EVs is potentially bidirectional, with fungal EVs packaging and delivering
fungal effectors into plant cells. In fact, EVs have been shown to transport the effectors of human fungal pathogens into human cells,
though no such research has been done on necrotrophic fungal plant pathogens. With this in mind, our goal is to examine the EVs

of Botrytis cinerea to determine if they are trafficking effector proteins. We have identified potential effector proteins and through the
generation of mutant B. cinerea strains with the effectors knocked out or tagged with YFP we will determine the transport mechanism

of the identified effectors. Preliminary data has indicated that our chosen proteins are in fact effector proteins, as the deletion mutants
show a decreased ability to infect and kill A. thaliana cells. Our research will greatly expand the understanding of the roles of extracellu-
lar vesicles in fungal pathogenesis as well as identify a non-conventional secretion pathway of protein effectors.

69 Multiple mutagenesis of Botrytis cinerea by an improved CRISPR/Cas9 protocol reveals high redundancy

of phytotoxic proteins for necrotrophic infection Thomas Leisen’, Janina Werner?, Patrick Pattar’, Nassim Safari', Edita
Ymeri', Frederik Sommer!, Michael Schroda’, lvonne Suarez?, Isidro Collado®, David Scheuring', Matthias Hahn' 1) Kaiserslautern
Univ; 2) University of Cologne; 3) Universidad de Cadiz.

Botrytis cinerea is a necrotrophic plant pathogen characterized by a wide range of host plants. During invasion, it quickly kills the host
cells and colonizes the dead tissue. Mechanisms that contribute to host killing during host invasion include secretion of CWDE, release
of phytotoxic proteins and metabolites, tissue acidification and the activation of PTl-related defence responses culminating in plant
hypersensitive cell death. The precise role of the individual components during infection is not well understood. We have established
CRISPR/Cas9 genome editing in B. cinerea (Leisen et al. 2020, PLoS Pathogens, 16, 1-32). The protocol was further improved by
using a double sgRNA-RNP strategy in combination with transiently selected telomere vector for repetitive marker-free gene deletions,
which resulted in highly efficient generation of homokaryotic, marker free single or double mutants within three weeks. By this means,
we have constructed and characterized a series of up to 18-fold knockouts of genes encoding cell death inducing proteins (CDIPs)

and metabolites, including Spl1, Nep1/2, Xyn11A, Xyg1, Hip1, IEB1, Xyl1, Gs1, PG1/PG2, botrydial and botcinin. Genome sequencing
of a 12x mutant confirmed the deletions and revealed only few off-target mutations, and MS/MS analysis of the secretomes produced
by the mutants verified the loss of the deleted CDIPs. The mutants showed generally decreased virulence with increasing numbers of
deleted genes, but dependent on the infected host tissue (leaves of beans, tomatoes, maize, Arabidopsis; apple fruit), different effects
of gene deletions were observed. Mutants deleted in 16 genes for CDIPs and two metabolites were still able to form necrotic lesions
and to sporulate on diseased tissue, and their secretomes had substantial remaining phytotoxic activity. Our data document one of the
first systematic approaches to address functional redundancy of virulence factors of a pathogenic fungus, and the apparent absence of
single major virulence proteins in B. cinerea. While searching for and deleting further CDIPs, we are investigating the role of activation
of PTl-related immune receptors by these proteins for cell-death induction and necrotrophic pathogenesis. Infection of Nicotiana benth-
amiana sobir1 mutants lacking a coreceptor of LRR-RP receptor proteins did not reveal major differences to WT plants in susceptibility
against B. cinerea WT and 12x mutants.

70 Pyricularia HAG effector family interactions with rice candidate target proteins Nicholas Farmer', Meilian
Chen?, Guodong Lu?, Zonghua Wang?3, Daniel Ebbole’ 1) Texas A&M University; 2) Minjiang University; 3) Fujian Agriculture and
Forestry University.

Plant pathogen effectors play important roles in parasitism, including countering plant immunity. However, investigation of the diversi-
fication of fungal effectors is limited. Previously we described a 21-member gene family of the rice blast fungus Pyricularia oryzae that
we named host-adapted genes (HAGs). Most AVR/effector genes of P. oryzae are either unique or have few paralogs. The presence

of such a high number of paralogous HAG effectors suggests the potential for both redundancy and diversification in effector function.
Redundancy may allow for the loss of some gene family members without loss of virulence activity. In fact, most members of the gene
family display presence/absence polymorphism in the rice infecting population. Redundancy may also allow for more precise regulation
of effector expression or adaptation to allelic variation of host targets. On the other hand, divergence can allow for expansion of effector
target repertoires that can also lead to increased fitness. Closely related Pyricularia species contain orthologous gene family members.
However, in many cases the sequence divergence of orthologs is as great as is found between paralogs. One view is that orthologs
would display conservation of host target interactions and paralogs would display diversification. We have begun to test these assump-
tions using Yeast Two-Hybrid assays to identify candidate rice target proteins that interact with members of the HAG effector family.
Putative targets identified via Yeast Two-Hybrid were cross tested with the paralogous effectors from P. oryzae as well as orthologous
effectors from other closely related Pyricularia species, allowing us to define overlap in the target repertoires of these effectors.

71 Appressorium-mediated plant infection by Magnaporthe oryzae is regulated by a Pmk1-dependent hierarchical
transcriptional network Miriam Oses-Ruiz'®, Neftaly Cruz-Mireles?, Magdalena Martin-Urdiroz®, Darren M. Soanes?®, Alice Bisola Es-
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eola?, Bozeng Tang?, Paul Derbyshire?, Mathias Nielsen*, Jitender Cheema*, Vincent Were?, Iris Eisermann?, Michael J. Kershaw?, Xia
Yan?, Guadalupe V aldovinos-Ponce®, Camilla Molinari2, George R. Littlejohn’, Barbara Valent®, Frank L. H. Menke?, Nicholas J.
Talbot? 1) Public University of Navarre, Navarre, Spain; 2) The Sainsbury Laboratory, Norwich, United Kingdom; 3) University of Exeter,
Exeter, United Kingdom; 4) John Innes Centre, Norwich Research Park, Norwich NR4 7UH; 5) Kansas State University, Manhattan,
Kansas , USA; 6) Colegio de Postgraduados, Montecillo, Texcoco, Mexico ; 7) University of Plymouth, Plymouth, United Kingdom.

Rice blast disease is caused by the ascomycete fungus Magnaporthe oryzae and is the most destructive disease of cultivated rice
world-wide. In response to surface signals from the rice leaf, the fungus produces a specialised infection cell called the appressorium,
that enables host cuticle penetration through the plant cell wall. The regulation of appressorium formation and plant infection, are still
not well understood. By using a combinatorial approach of transcriptomics, genetics, phosphoproteomics and cell biology we defined

a network of temporally co-regulated transcription factors that act downstream of the Pmk1 mitogen-activated protein kinase pathway
to regulate gene expression of more than 6000 genes during appressorium-mediated plant infection. We show that this is a two-tiered
regulatory mechanism involving Pmk1-dependent phosphorylation of the Hox7 homeobox transcription factor and Mst12 transcription
factor. Upon phosphorylation, Hox7 regulates more than 4000 genes associated with induction of major physiological changes required
for appressorium development, including cell cycle control, autophagy-mediated cell death, turgor generation and melanin biosynthesis,
as well as controlling a further set of virulence-associated transcription factor-encoding genes. We also show that Pmk1-dependent
phosphorylation of Mst12 regulates more than 25000 genes, with functions involved in tissue invasion such as septin-dependent
cytoskeletal re-organisation, polarised exocytosis, and effector gene expression. Identification of this regulatory cascade provides new
potential targets for disease intervention.

72 Alternative sulfur scavenging and host colonization by the plant pathogen Raffaelea lauricola Joshua Konkol', Qiang
Wang'2, Jeffrey Rollins' 1) University of Florida, Plant Pathology Department, Gainesville, FL 32611; 2) Northwest A&F University, State
Key Laboratory of Crop Stress Biology for Arid Areas and College of Plant Protection, Yangling, Shaanxi, China.

Raffaelea lauricola (Ascomycota, Sordariomycetes, Ophiostomatales), causal agent of laurel wilt disease, is an invasive pathogen to
North America where it has decimated populations of native Lauraceae trees in the eastern US and threatens commercial avocado
production. Its acute lethality is unusual for an ambrosia beetle nutritional symbiont with the ecological role of sustaining larval
development and beetle growth in natal galleries. Pathogenicity is hypothesized to be a trait that co-evolved in its native habitat in Asia
where it is reported to cause mild (non-lethal) symptoms on Lauraceae trees. The rapid killing of Lauraceae trees in North America

is thought to be the result of an evolutionary mismatch between the fungus and naive populations of related tree species. We have
explored the temporal-spatial dynamics of host colonization using a GFP-labeled R. lauricola strain, transcriptomic analysis and gene-
specific gene deletion. Transcriptomic analyses of susceptible, infected trees revealed a strong up-regulation of genes encoding sulfur
compound uptake and assimilation that included 7 methionine and 3 cysteine permeases, 1 sulfate transporter, 13 alternative sulfur
transporters and more than 50 genes for sulfur assimilation. A screen of sulfur compounds determined that R. lauricola grows on a large
number of organic and inorganic sulfur compounds. By contrast, gene deletion mutants of the cyc3/metR homolog (RImetR), a positive
regulator of sulfur uptake and assimilation genes, could grow only on growth media supplemented with methionine or cysteine, and, to
a lesser extent, glutathione. Genetic complementation of the RImetR mutation restored wild-type utilization of diverse sulfur compounds.
Infection studies with the susceptible host Persea palustris (swampbay) determined that RimetR is essential for pathogenicity. Its
requirement for beetle symbiosis has not yet been established. The myriad factors that have evolved to permit colonization of natal
galleries as well as pathogenicity are certain to be intertwined as in the case of sulfur scavenging. The dissection of these processes,
and particularly the identification of pathogenicity-specific factors, is being pursued through comparative biology of susceptible and
resistant hosts with pathogenic and non-pathogenic Raffaelea species and via analysis of gene-specific mutations.

73 Oomycete RXLR effectors enter plant cells by clathrin-mediated endocytosis Paul Birch', Haixia Wang', Steve Whis-
son?, Petra Boevink? 1) University of Dundee; 2) James Hutton Institute, Dundee.

Oomycetes, such as the infamous potato late blight pathogen Phytophthora infestans, deliver RXLR effectors into host cells to sup-
press immunity and facilitate disease. How RXLR effectors enter plant cells is unknown. One possible route involves clathrin-mediated
endocytosis, which is activated during infection by defence-associated pattern recognition receptors (PRR) when they detect patho-
gen-derived ligands. We transiently silenced genes encoding clathrin, and also the plant-specific rab5, Ara6, and demonstrated that en-
docytosis of the PRR FLS2 was compromised in each case. Silencing clathrin and Ara6 attenuated P. infestans infection and prevented
translocation of RXLR effectors into plant cells. In contrast, whereas silencing a susceptibility factor that is not required for endoytosis,
PP1c, also reduced infection, it failed to prevent uptake of RXLR effectors into host cells. We performed endosome enrichment and im-
munoprecipitated Ara6- and clathrin-associated vesicles during infection. Ara6-and clathrin-associated vesicles co-immunoprecipitated
RXLR effectors, but not apoplastic effectors that act outside plant cells. MS/MS analyses of proteins co-immunoprecipitated with Ara6
during infection revealed an enrichment of host proteins associated with endocytic vesicles alongside multiple pathogen RXLR effec-
tors, indicating that these P. infestans virulence determinants are taken into the plant cell via endocytosis.

74 Pathotypes of Fusarium oxysporum f. sp. fragariae express discrete repertoires of accessory genes and induce
distinct host transcriptional responses during root infection. Bradley Jenner?, Peter Henry' 1) United States Department of
Agriculture; 2) University of California, Davis.

Isolates classified as Fusarium oxysporum f. sp. fragariae are genetically diverse and cause one of two syndromes on strawberry.

One syndrome includes symptoms of wilting and chlorosis and is caused by the “yellows-fragariae” pathotype, whereas only wilting
symptoms are caused by the “wilt-fragariae” pathotype. Past work differentiated these pathotypes by symptoms and comparative
genomics, but their effects on host transcription and the genomic organization of wilt-fragariae pathogenicity genes remain unexplored.
To address these knowledge gaps, we challenged susceptible strawberry (Fragaria x ananassa) plants to root infection by five fungal
isolates: three yellows-fragariae, one wilt-fragariae, and one that is not pathogenic to strawberry. The host and fungal transcriptomes
were characterized at 6- and 13-days post inoculation and contrasted with non-inoculated plants or in vitro fungal growth. On average,
>6 times more strawberry genes were differentially expressed (DE) in response to yellows-fragariae isolates than the other two isolates
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at each timepoint. Responses to yellows-fragariae infection were characterized by early induction of genes related to the jasmonic
acid phytohormone pathway and widespread reprogramming of carbohydrate metabolism. The wilt-fragariae isolate induced few
transcriptional responses at 6-days post-inoculation, when plants remained asymptomatic, but strongly induced ethylene production
and response factors by the later timepoint. Pathotypes were not differentiated by conserved, fungal effector gene expression

and few pathotype-specific differences were observed in the expression of other conserved fungal genes. By contrast, fungal DE
genes on accessory chromosomes were almost entirely distinct between pathotypes. An ~150 kbp ‘pathogenicity island’ on a wilt-
fragariae accessory chromosome was enriched with DE genes, many of whose predicted functions were related to plant infection.
Sequence conservation suggests this region was horizontally transferred between two wilt-fragariae lineages. There were 15 accessory
genes expressed by all yellows-fragariaeisolates during root infection, and only one of these genes was also DE by the wilt-fragari-
ae isolate. These results support the conclusion that wilt- and yellows-fragariae cause physiologically distinct syndromes by the
expression of discrete repertoires of genes on accessory chromosomes. Implications for our understanding of classification by ‘forma
specialis’ will be discussed.

75 Honor by association, leveraging global gene co-expression networks for specialized metabolic pathway discov-
ery Jennifer Wisecaver' 1) Purdue University.

Specialized metabolites serve myriad biological functions that allow organisms to interact with and manage their environment (e.g.,
resist abiotic stress, combat negative ecological interactions and promote beneficial ones). These metabolites are synthesized in re-
sponse to dynamic ecological pressures, and as a consequence, the pathways involved in metabolite biosynthesis are often fast-evolv-
ing, lineage-specific, and remain uncharacterized at the genetic level. To address this challenge, we’ve developed the mutual ranks to
modules workflow, a method for identifying small, overlapping modules of co-expressed genes in global co-expression networks. These
modules serve as the basis for high-throughput prediction of specialized metabolic pathways. Using the model plant Arabidopsis, mod-
ules accurately recovered the enzymatic genes of functionally characterized specialized pathways as well as genes involved in pathway
regulation and metabolite transport. Importantly, a co-expression network approach can straightforwardly be applied to any species,
model and non-model, so long as the organism’s transcriptome can be sampled under a range of ecologically relevant conditions. The
utility of this approach is illustrated by ongoing work in our lab to characterize various pathways for the production of specialized metab-
olites, from plant allelochemicals to fungal mycotoxins.

76 Lichen-like consortia and multicellular structures protect algae against bacterial toxins Mario Krespach'-3, Maria

Stroe’, Anna Komor? 8, Sandor Nietzsche®, Volker Schroeckh', Severin Sasso®, Maria Mittag®, Christian Hertweck? 3, Axel Brakhage':

3 1) Department of Molecular and Applied Microbiology, Leibniz Institute for Natural Product Research and Infection Biology (HKI),
Jena, Germany; 2) Department of Biomolecular Chemistry, Leibniz Institute for Natural Product Research and Infection Biology (HKI),
Jena, Germany; 3) Institute for Microbiology, Friedrich Schiller University, Jena, Germany; 4) Electron Microscopy Center, University
Hospital Jena, Jena, Germany; 5) Department of Plant Physiology, Institute of Biology, Leipzig University, Leipzig, Germany; 6) Matthias
Schleiden Institute of Genetics, Bioinformatics, and Molecular Botany, Friedrich Schiller University, Jena, Germany.

Soil is a densely populated habitat housing between 102 — 10° fungi, 107 — 10° bacteria, and 10° — 10° algae (1). Recently, the
prominent soil alga Chlamydomonas reinhardtii and the fungus Aspergillus nidulans were found to physically attach and exchange
nutrients (2). We could show that A. nidulans attracts motile C. reinhardtii and together they form a lichen-like consortium. As lichens
are often colonized by potentially harmful bacteria, we introduced the algicidal soil bacterium Streptomyces iranensis into the system.
We found that S. iranensis killed C. reinhardtiiin dual co-culture by secretion of azalomycin F (3). In a tripartite fungal-algal-bacterial
co-culture, however, C. reinhardtii survived the presence of S. iranensis. We showed that azalomycin F binds to lipid membranes. As

a filamentous microorganism, A. nidulans offers an immense lipid surface and sequesters a large proportion of azalomycin F. Thus,
fewer azalomycin F molecules are available to harm C. reinhardtii (3). When no fungal partner is present, C. reinhardtii is also able to
protects itself against azalomycin F. This is achieved by the formation of a novel multicellular structure that we named gloeocapsoid (4).
Gloeocapsoids are characterized by a spacious extracellular polysaccharide matrix and several cell membranes. We suggest that these
additional layers are produced to sequester azalomycin F and thereby protect the algal cells. These structures are on the verge of true
multicellularity and suggest that natural products played a role in the evolution of multicellularity.

Collectively, we discovered an unprecedented dynamic tripartite biosystem consisting of the ascomycetous fungus A. nidulans, the
unicellular green alga C. reinhardtii, and the bacterium S. iranensis. This system involves production of toxins, protection of mutualistic
partners, and induction of protective multicellular structures from a unicellular alga.

1. de Vrieze, The littlest farmhands. Science 349, 680-683 (2015).

2. Hom & Murray, Niche engineering demonstrates a latent capacity for fungal-algal mutualism. Science 345, 94-98 (2014).

3. Krespach et al., Lichen-like association of Chlamydomonas reinhardtii and Aspergillus nidulans protects algal cells from bacte-

tia. ISME J. 14, 2794-2805 (2020).

4. Krespach et al., Bacterial marginolactones trigger formation of algal gloeocapsoids, protective aggregates on the verge of multicellu-
larity. Proc. Natl. Acad. Sci. USA 118 €2100892118 (2021).

77 CRISPR-based transcriptional activation tool for silent genes in filamentous fungi Laszlo Mozsik'2, Mirthe Hoekze-
ma?, Niels A W de Kok?, Roel A L Bovenberg®#, Yvonne Nygéard®, Arthur F J Ram’, Arnold J M Driessen? 1) Leiden University,

Dept. of Molecular Microbiology and Biotechnology, Groningen, the Netherlands; 2) University of Groningen, Dept. of Molecular
Microbiology, Groningen, the Netherlands; 3) University of Groningen, Dept. of Synthetic Biology and Cell Engineering, Groningen, the
Netherlands; 4) DSM Biotechnology Center, Delft, the Netherlands; 5) Chalmers University of Technology, Department of Biology and
Biological Engineering, Gothenburg, Sweden.

Filamentous fungi are historically known to be a rich reservoir of bioactive compounds that are applied in a myriad of fields ranging
from crop protection to medicine. The surge of genomic data available shows that fungi remain an excellent source for new pharma-
ceuticals. However, most of the responsible biosynthetic gene clusters are transcriptionally silent under laboratory growth conditions.
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Therefore, generic strategies for the activation of these clusters are required. We constructed a genome-editing-free, transcriptional
regulation tool for filamentous fungi, based on the CRISPR activation (CRISPRa) methodology. Herein, a nuclease-defective mutant of
Cas9 (dCas9) was fused to a highly active tripartite activator VP64-p65-Rta (VPR) to allow for sgRNA directed targeted gene regula-
tion. dCas9-VPR was introduced, together with an easy-to-use sgRNA “plug-and-play” module, into a non-integrative autonomously
replicating AMA1-vector, which is compatible with several filamentous fungal species. The AMA1 sequence is known to self-replicate
within a number of fungal species within the genera of Aspergillus, Penicillium, Giberella, and Trichoderma. To demonstrate its poten-
tial, this vector was used to transcriptionally activate a fluorescent reporter gene under the control of the transcriptionally silent synthet-
ic penDE core promoter in Penicillium rubens (previously identified as P. chrysogenum). Subsequently, we activated the transcriptionally
silent, native P. rubens macrophorin biosynthetic gene cluster by targeting dCas9-VPR to the promoter region of the transcriptionally
silent, macR positive transcriptional regulator. This resulted in the transcriptional activation of the complete biosynthetic gene cluster

of the antimicrobial macrophorins. This CRISPRa technology can be used for the rapid and convenient activation of silent fungal
biosynthetic gene clusters, and thereby aid in the identification of novel compounds such as antimicrobials.

78 The fungal battery: A redox flow battery containing the biosynthesised quinone phoenicin from Penicillium astrosan-
guineum Charlotte Overgaard Wilhelmsen', Sebastian Birkedal Kristensen', Oliver Nolte?, lvan Volodin?, Johan Vormborg Christian-
sen®, Thomas Isbrandt®, Trine Sgrensen®, Celine Petersen?, Thomas Ostenfeld Larsen?, Jens Christian Frisvad®, Martin Hager?, Ulrich
S. Schubert?, Kare Lehmann Nielsen?, Teis Esben Sondergaard*, Jens Muff', Jens Laurids Seorensen' 1) Aalborg University, Esbjerg; 2)
Friedrich-Schiller-University, Jena; 3) Technical University of Denmark; 4) Aalborg University, Aalborg.

Filamentous fungi display a wide palette of colorful quinone pigments, which can provide protection against oxidative stress and act

as antimicrobial agents. The biosynthetic pathways for quinone pigments in fungi are initiated by non-reducing polyketide synthases
(NR-PKSs) to produce entry compounds that undergo various modifications (e.g. oxidation, methylation, ammonia incorporation and di-
merization) resulting in huge structural variation. Besides their natural biological role, quinones are gaining increased interest as prom-
ising electrolytes in organic redox flow batteries (RFBs) that can be used to store energy from solar and wind power plants. However,
so far the quinones used in RFBs have been chemically synthesized from crude oil, which is not aligned with the sustainable thinking
behind renewable energy.

To determine the electrochemical potential of fungal quinones, we initially performed computational analyses of all known compounds
and identified several promising candidates. In order to be able to identify the responsible gene clusters for biosynthesis of these can-
didate compounds, we have genome sequenced >150 fungal strains. Tapping into this dataset, we decided to develop a RFB based on
the bibenzoquinone phoenicin, which is produced by several Penicillium species. Through bioinformatic analyses of known phoenicin
producers in our sequence database, we identified a target NR-PKS in several strains. We then developed a CRISPR-Cas9 system to
knockout the NR-PKS in P. astrosanguineum, which subsequently lost the ability to biosynthesize phoenicin. In addition to the NR-PKS,
the gene cluster contains a hydroxylase, a laccase and a transcription factor. The following analyses showed that the entry compound
orsellinic acid is hydroxylated to form the intermediate 6-methyl-1,2,4-benzenetriol, which is oxidized and dimerized to phoenicin.
Through cultivation optimization, we were able to achieve a production of >3 g/L phoenicin in a week, which was extracted through
liquid-liquid extraction to obtain a purity of >95%. The extracted phoenicin was then used as negolyte together with ferrocyanide as
posolyte to generate a RFB with a cell voltage of 0.86 V and an initial capacity of 11.75 Ah/L. The electrochemical properties of phoe-
nicin are similar to the published petro-quinones, which demonstrates that fungal biosynthesized quinones provide a sustainable solu-
tion for energy storage.

79 No genes left behind: Associating phenotypes with genes in Neurospora crassa Scott Baker', Kevin McCluskey? 1)
Pacific Northwest National Laboratory, Richland, WA; 2) Bolt Threads, Emeryville, CA.

Despite its role as a premier model organism for fungal biology studies, many classically identified genes in Neurospora crassa are
“anonymous.” These genes have a phenotype that segregates in a cross and most have been mapped to a genetic region, but they
have not been associated with physical location in the genome. As such there is no correlation between the genetic locus and any
open reading frame in the genome. We have resequenced over 500 strains of N. crassa representing over 300 classically described
but otherwise anonymous genes. Using an in silico subtraction approach we are able to identify and therefore present candidate loci for
many of these genes.

80 Culturing Aspergillus nidulans in soil microcosm elucidates its ecological behavior and interaction with soil
microbiota Marina Takata', Moriyuki Kawauchi?, Kiminori Shimizu®, Keishi Senoo?#, Yasuo Ohnishi?4, Syun-ichi Urayama?®®, Daisuke
Hagiwara®® 1) Grad. Sch. Life and Env. Sci., Univ. of Tsukuba; 2) Grad. Sch. Agr. and Life Sci., The Univ. of Tokyo; 3) Fac. of Adv. Eng.,
Tokyo Univ. of Sci.; 4) CRIIM, The Univ. of Tokyo; 5) Fac. of Life and Env. Sci., Univ. of Tsukuba; 6) MiCS, University of Tsukuba.

Fungi profoundly inhabit in soil and play a key role in degrading biomass and consequent material cycle in soil biome. Despite their
importance, fungal behavior in the community of soil microorganisms is poorly understood at a molecular level. To investigate fungal
physiology and its effect on soil microbiome, we developed a soil microcosm where the model filamentous fungus Aspergillus nidu-
lans was cultured. The germinated conidia of A. nidulans were inoculated in sterilized and unsterilized soils and incubated for 14 days.
The DNA of A. nidulans was extracted from the soil and subjected to quantitative PCR to measure the biomass content. Maximum
growth was shown on the first day in both sterilized and unsterilized soils, and then the growth declined. This result suggests that A.
nidulans hyphae autolyzed as the culture progressed. The amounts of cells in unsterilized soil were apparently smaller than those in
sterilized soil, suggesting a competition in the microbial community.

Transcriptome analysis by RNA-sequencing revealed a set of A. nidulans genes that were highly expressed in the soil but not in
conventional media such as PDA and PDB. Chitinase and glucosidase genes, which are associated with autolysis, showed high
expression levels in the soil. Several genes related to secondary metabolism were expressed in both sterilized and unsterilized
soils, but not in the conventional media. To assess if fungal secondary metabolism affects the soil microbiome, the deletion and
overexpression mutant strains of /aeA encoding a master regulator for secondary metabolism were cultured in the soil microcosm.
Growth level of the mutants was decreased compared with that of the WT strain in PDA and soil microcosm. Then, the effects of A.
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nidulans on the soil microbiome and mycobiome were analyzed by 16S rDNA and ITS amplicon sequencing, respectively. A slight but
significant difference in bacterial and fungal community structures was observed between the soil inoculated with and without A. nidu-
lans. Notably, the fungal community structures were significantly different between the soil inoculated with /aeA deletion mutant and that
with the WT strain after 8 weeks incubation. These results suggest that A. nidulans growing in the soil affects the surrounding fungal
community through LaeA-dependent secondary metabolism.

81 Deciphering lichen secondary metabolism by genetic dereplication, transcriptome analysis, and heterologous expres-
sion Wonyong Kim', Rundong Liu', Jaycee Paguirigan', Hyeonjae Kim', Jae-Seoun Hur' 1) Sunchon National University.

Lichens produce a plethora of secondary metabolites (SMs) that accumulate in the cortical or medullary layers of lichen thalli. In ad-
dition, axenic culture of lichen-forming fungi often contains unusual SMs, many of which are not seen in natural lichen thalli. Despite
the taxonomic and ecological significance of lichen chemistry, there has been no single genetic evidence linking biosynthetic genes to
lichen SMs. Here, we characterized several novel biosynthetic gene clusters (BGCs) responsible for production of lichen-specific SMs,
such as atranorin, biruloquinone, cristazarin, and other depsidone class metabolites. Phylogenetic analysis of fungal non-reducing type
polyketide synthases (NR-PKS) revealed the ninth clade that includes lichen NR-PKSs responsible for depside and depsidone biosyn-
thesis. Also, we identified a BGC for the biosynthesis of usnic acid, one of the best known lichen SM, from a non-lichenized fungus.
However, the BGC harbors additional biosynthetic genes that appear to be derived from another BGC found in Penicillium species,
which led to structural variation of usnic acid produced by the non-lichenized fungus. Knockout studies and transcriptome analysis
revealed dynamic interplay of three transcription factors controlling gene expression of the fusion BGC in the non-lichenized fungus.
Finally, gene cluster variation and evolutionary insights on lichen BGCs will be discussed in relation to chemical diversity.

82 Novel secondary metabolites and their biosynthesis from new Aspergilli of Australia Yit-Heng Chooi', Hang Li', Cam-
eron Gilchrist', Indra Roux', John Pitt?, Ernest Lacey?, Andrew Piggott® 1) University of Western Australia, Perth, Western Australia,
Australia; 2) Microbial Screening Technologies, Sydney, New South Wales, Australia; 3) Macquarie University, Sydney, New South
Wales, Australia.

The Australian continent’s biodiversity has evolved in isolation over tens of millions of years since it was separated from Antarctica,
which has allowed the evolution of species unique to the continent. Among the filamentous fungi, the genus Aspergillus is well-known
to be endowed with biosynthetic capabilities to generate structurally diverse secondary metabolites, including several clinical drugs.
The biosynthetic talent of Aspergilli is further demonstrated by genome sequencing of many species in the genus, which uncover a
vast number of biosynthetic gene clusters. We have shown that systematic chemotaxonomic and genomic studies of rare or novel
Aspergillus species isolated from various geographical locations in Australia have been a fruitful strategy for discovering novel bioactive
secondary metabolites and their biosynthetic pathways. This taxonomy-guided biodiscovery approach has led to the discovery of
numerous unprecedented bioactive metabolites, including antifungal burnettramic acids, phytotoxic hancockiamides, antibacterial
nanangenines, cytotoxic burnettienes as well as cytotoxic nanangelenins, which harbour a novel benzazepine scaffold. Here, we

will discuss our chemotaxonomic x genomics approach, the biosynthetic features of several unique metabolites, and how we can
further unlock the hidden biosynthetic capabilities of the fungi via transcriptional activation and heterologous pathway expression, as
exemplified by our recent discovery of hancockinone with a novel prenylated 6/6/6/5 carbocyclic scaffold.

83 Pathogenic fungi at the crossroads of metal starvation and oxidative stress Valeria Culotta', Francisco Hernan-
dez', Yiran Wang' 1) Johns Hopkins University Bloomberg School of Public Health.

Upon entering an animal host, a microbial pathogen is immediately deprived of its essential micronutrient iron. Mammals respond to
infection through a clinical condition known as anemia of inflammation, whereby available pools of iron are rapidly sequestered, starving
the invading microbe of this micronutrient required for growth. Successful fungal pathogens adapt by activating innovative means for
capturing host iron in spite of widespread iron limitation. We observe that a low iron environment can also signal “SOS” to fungal patho-
gens, alerting them to prepare for additional host inflammatory insults including chemical attacks of reactive oxygen species (ROS).
When iron-starved, diverse Candida species including members of the CTG clade and Candida auris secrete an extracellular form of
superoxide dismutase (SOD) enzyme that has no obvious role in iron homeostasis but is essential for guarding against host attack by
ROS. These iron-regulated SODs represent members of a family of so-called Cu-only SODs that are unique to fungi and closely related
oomycetes. These SODs are all extracellular and effectively combat the ROS attack of host phagocytes as well as participate in fungal
signaling involving ROS. In numerous fungal pathogens for plants, animals and insects, the Cu-only SODs are important virulence
factors. In addition to Cu-only SODs, iron-starved Candida albicans secretes small (<1 kDa) soluble metal-reactive molecules into the
extracellular environment. These include copious levels of riboflavin (vitamin B2) which can act in redox reactions to reduce extracellu-
lar Cu(ll) and Fe(lll) to the reduced Cu(l) and Fe(ll) forms required for fungal uptake of the metal. Iron-starved C. albicans also secrete
a small highly charged metal binding molecule that is not a metal reductant but binds extracellular Cu and Fe with high affinity. These
multi-layer responses to iron starvation including secretion of anti-oxidant SODs and small molecules to modify extracellular metals, can
help the fungal pathogen cope with the stressful environment imposed by its host.

84 ROS regulate mitochondrial dynamics in Aspergillus nidulans Veronica Garrido-Bazan', Jesus Aguirre' 1) Instituto de
Fisiologia Celular-UNAM.

Our group contributed to establish the role of reactive oxygen species (ROS) as ubiquitous signals that regulate different aspects of de-
velopment and cell physiology. In the fungus Aspergillus nidulans the dynamin-like protein DnmA and its receptor FisA are not only re-
quired for H,0,-induced mitochondrial fission but also for normal growth and development. In addition, AdnmA and AfisA mutants show
decreased respiration and notably high levels of mitochondrial reactive oxygen species (ROS), which likely correspond to superoxide.
We show that a close interaction between mitochondria and the endoplasmic reticulum is necessary for H,O,-induced mitochondrial
remodeling and division. Our results indicate that H,0, regulates mitochondrial division at different levels and that ROS production,
mitochondrial division and development are critically interrelated processes.

Our work was supported by grants CONACYT-DFG 277869 and PAPIIT-UNAM IN200719, IV200519 and IN215622.
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85 Phosphorylation / dephosphorylation of the Cochliobolus heterostrophus stress-activated MAPK Hog1 in response to
plant phenolic acids Rina Zuchman', Roni Koren', Tamar Ziv', Benjamin A. Horwitz' 1) Faculty of Biology, Technion—Israel Institute of
Technology, Haifa, Israel.

Protein phosphorylation cascades are universal in cell signaling. While kinome diversity allows specific phosphorylation events, rela-
tively few phosphatases dephosphorylate key signaling proteins. Fungal MAP kinases, in contrast to their mammalian counterparts,
often show detectable basal phosphorylation levels. Dephosphorylation, therefore, could act as a signal. In Cochliobolus heteros-
trophus, the Dothideomycete causing Southern corn leaf blight, ferulic acid (FA), an abundant phenolic found in plant host cell walls,
acts as a signal to rapidly dephosphorylate the stress-activated MAP kinase Hog1. To identify the protein phosphatases responsible,
we constructed mutants in Hog1 phosphatases predicted from the genome by homology to yeast and other species. We found that Co-
chliobolus heterostrophus mutants lacking PtcB, a member of the PP2C family, exhibited altered growth, sporulation and attenuated
dephosphorylation in response to FA. Loss of the dual-specificity phosphatase CDC14 led to slow growth, decreased virulence, and
attenuated dephosphorylation. Mutants in two predicted tyrosine phosphatase genes PTP1 and PTP2 showed normal development
and virulence. A functional Hog1:Gfp fusion protein partitioned to the nucleus in response to osmotic stress, but upon exposure to FA,
accumulated in cytoplasmic granules. Hog1 is well-studied in the context of high osmolarity stress, but the FA-induced pathway studied
here led to new insights regarding the roles of Hog1 in virulence and development. The results indicate a complex relationship between
Hog1 dephosphorylation and the response of the fungal cell to chemical stress by plant phenolics. Our results reveal multi-phosphatase
regulation of Hog1 mediated by serine/threonine phosphatases rather than tyrosine phosphatases. The cytoplasmic granules where
Hog1:Gfp accumulates following exposure to FA resemble stress granules. However, the phosphorylation state of this MAPK is
decreased rather than increased, as currently known in stress conditions. These observations reinforce the view of dephosphorylation
as a stress signal, together suggesting a novel MAPK stress response. By biochemical and proteomic methods, we are addressing

(1) the sequence of phosphorylation and dephosphorylation events on Hog1 in response to FA and osmotic stress; (2) the subcellular
localization of Hog1 upon exposure to FA.

86 Signaling Pathway Loss-of-Function Alleles and Evolutionary Hotspots in the Fungi Paul Magwene', Katherine Dura' 1)
Duke University, Durham, NC.

A modest number of evolutionarily conserved signal transduction pathways are primary regulators of stress responses and morpho-
genetic processes across the fungal tree of life. Examples of these pathways include Ras-cAMP-PKA signaling, calcineurin signaling,
TOR signaling, and a variety of MAPK signaling pathways. Because of the central role that these signaling networks play in regulating
cellular physiology and differentiation, they have been intensively studied, both as tractable models for understanding the principles of
signaling and as potential targets for strain improvement or antifungal drug design. From an evolutionary perspective, these pathways
are expected to be under relatively strong stabilizing selection, as the phenotypic consequences of mutations in these pathways are
pleiotropic and loss-of-function mutations (LoF) in these pathways typically lead to reduced growth rates and increased sensitivity to
environmental stresses. We describe comparative population genomic analyses of signaling pathway LoF alleles for three model yeast
genera, Saccharomyces, Candida, and Cryptococcus. We show that several pathways exhibit unusually high frequencies of naturally
occurring putative LoF alleles and that specific genes in these pathways seem to be particularly tolerant to such mutations. We discuss
the implications of this finding for the evolutionary lability of signaling pathways in the fungi, and combine information on loss-of-function
alleles with related evidence from QTL mapping and experimental evolution studies to identify pathways that may act as «evolutionary
hotspots» for adaptation to novel environments.

87 Regulation of cell shape and virulence factor expression in response to temperature in the fungal pathogen Histo-
plasma capsulatum Anita Sil' 1) University of California San Francisco.

The long-term goal of our research is to determine how environmental signals such as temperature regulate morphology and virulence
in the fungal pathogen Histoplasma capsulatum. H. capsulatum grows in a multicellular filamentous form in the soil; once inhaled into a
mammalian host, these cells switch their growth program to a unicellular parasitic yeast form that subverts the innate immune system
to cause disease. Temperature is a key signal that regulates this morphogenetic switch, and we are intrigued by how this pathogenic
microbe senses and responds to temperature as well as other stresses in the host. We identified the first transcriptional regulators
required for growth in the yeast form in response to host temperature. These factors, named Ryp proteins, are orthologous to key devel-
opmental regulators in other fungi, and represent critical elements of the temperature-dependent regulatory circuit in H. capsulatum.
We also discovered a cell surface protein (Msb2), a MAP kinase (Hog2), and a transcription factor (Stu1) that are required for filamen-
tation at room temperature. Interestingly, our data indicate that the Ryp pathway and the Msb2 pathway antagonize each other, and that
temperature determines which pathway dominates. The Ryp proteins also regulate the expression of effector proteins that influence

the biology of macrophages during infection with the yeast form of H. capsulatum. We are interrogating these fungal effector proteins to
identify those that are required for pathogenesis. Ultimately we hope to elucidate an integrated pathway of thermosensory and thermo-
responsive proteins required for H. capsulatum to thrive either in the soil or in the mammalian host.

88 Circadian Clock-Controlled Translation of Specific Neurospora crassa mRNAs Requires Rhythmic elF2a Activity and
P-bodies Kathrina Castillo'?, Cheng Wu?, Zhaolan Ding'?, Matthew Sachs? Deborah Bell-Pedersen’2 1) Center for Biological Clocks
Research, Texas A&M University; 2) Department of Biology, Texas A&M University.

At least half of proteins that accumulate with a circadian rhythm in Neurospora crassa are produced from mRNAs whose levels are not
clock-controlled, indicating a prominent role for clock regulation of post-transcriptional processes. Phosphorylation of at least 30% of
available N. crassa elF2a, a conserved translation initiation factor, is clock-controlled, peaking during the subjective day. To determine
the impact of rhythmic elF2a phosphorylation on rhythmic translation, we carried out temporal ribosome profiling and RNA-seq in WT,
clock mutant Afrg, elF2a kinase mutant Acpc-3, and constitutively active cpc-3° cells. We discovered that ~14% of N. crassa mRNAs
are rhythmically translated in WT cells, and translation rhythms for ~30% of these mRNAs were dependent on the clock and CPC-3.
FunCat term analysis revealed that these cTICs primarily function either in anticipation of, or in direct response to various stresses
experienced by the cells on a daily basis. Most circadian translation initiation-controlled genes (cTICs) are expressed from non-rhythmic
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mRNAs, and contain a cytoplasmic P-body localization motif present in their 5’ leader sequence. Deletion of the P-body component
SNR-1, and deletion of the P-body motif in the 5’ leader of one of these mRNAs zip-1, significantly altered rhythmic translation of zip-

1 mRNA. Furthermore, the deletion of P-body components SNR-1 and SNR-7 led to reduced linear growth rates in constant conditions,
to a level comparable to cells with abolished rhythmic elF2a phosphorylation. Together, these results revealed a mechanism by which
the circadian clock regulates rhythmic translation of specific mMRNAs, through rhythmic elF2a activity and P-body metabolism.

89 Ccr4 and Gen2 contribute differentially to stress-specific translational repression in C. neoformans Corey
Knowles', John Panepinto' 1) Department of Microbiology and Immunology, Jacobs School of Medicine and Biomedical Sciences,
University at Buffalo, Buffalo, NY, USA.

Cryptococcus neoformans is a ubiquitous environmental fungus and opportunistic human pathogen, primarily impacting immuno-
compromised hosts such as those living with HIV/AIDS. One of C. neoformans key virulence traits is its ability to undergo the rapid
transition from surviving in its environmental niche, to surviving the harsh environment inside of the human lung. Here, it is subject to
the sudden temperature shift to the human core temperature of 37°C, and oxidative stress from resident lung macrophages, among
other stressors. In a wild type (WT) strain, exposure to these stressors results in ribosome collision accompanied by a repression in
translation, and rapid decay of abundant homeostatic mMRNAs, many of which code for ribosomal proteins. This response results in a
translatome reprogramming that promotes translation of MRNAs encoding stress response effectors. Our previous work has identified
Ccr4-dependent mRNA decay to be a requirement for translatome reprogramming in response to stress in C. neoformans, and as a
result, a ccr4/A mutant is broadly stress sensitive. This observation has led us to investigate additional paths to translational repression,
testing the hypothesis that stress responsive translatome reprogramming will require regulation of translation at the ribosome. Gcn2,
the sole kinase of elF2a in C. neoformans, is required for translational repression and subsequent RP mRNA decay during oxidative
stress from H,O,, but is completely dispensable for adaptation to host temperature stress of 37°C. Additionally, a gcn2A mutant is
sensitive to oxidative stress, and exhibits persistent disome accumulation. Interestingly, the defect in temperature-induced translational
repression in a ccr4A mutant is rescued in minimal medium by robust phosphorylation of elF2a. This rescue is dependent on Gen2, and
is abrogated in a ccr4Agcn2/A mutant. These results point to deadenylation-dependent decay as a convergence point for translatome
reprogramming in C. neoformans, and suggest that individual stressors and their magnitude contribute to the translational response to
stress in this important pathogen through different ribosome associated pathways. Future work will determine which components of the
ribosome quality control machinery are necessary for recognizing and resolving these changes in translation in response to environ-
mental stressors relevant to host adaptation.

90 A Tor1 N-terminal region required for Candida albicans anabolic- and stress regulation Wanjun Qi', Maikel Acosta-Zaldi-
var', Peter Flanagan?3, Ning-Ning Liu'#, Niketa Jani'®, José Fierro®, Maria Andrés®, Gary Moran?, Julia Kéhler' 1) Division of Infectious
Diseases, Boston Children’s Hospital/Harvard Medical School, Boston, MA; 2) Division of Oral Biosciences, School of Dental Science,
Trinity College Dublin, Ireland; 3) Department of Clinical Microbiology, St. James’s Hospital, Dublin, Ireland; 4) School of Public Health,
Shanghai Jiao Tong University School of Medicine, Shanghai, China; 5) BioAgilytix, Boston, MA; 6) Laboratory of Oral Microbiology,
University Clinic of Dentistry (CLUO), and Department of Functional Biology (Microbiology), Faculty of Medicine, University of Oviedo,
Oviedo, Asturias, Spain.

For eukaryotic cells, Target of Rapamycin Complex 1 (TORC1) makes an essential decision to either direct cellular resources toward
growth and proliferation in favorable conditions, or toward stress responses in adverse environments. Loss of TORC1 function is lethal.
A TORCH1 inhibitor like rapamycin could be a potent antifungal against Candida albicans, but this agent that targets the highly conserved
Tor kinase domain, is also severely toxic to human cells.

The least conserved region of fungal and human Tor kinases are the N-terminal HEAT domains. We here examined the role of the

8 most N-terminal HEAT repeats of C. albicans Tor1 during nutritional- and stress responses. Using cells expressing N-terminally
truncated Tor1 from repressible tetO (tetO-TOR1AHEAT), full-length Tor1 from tetO (tetO-TORT) or wild type Tor1 from the native
promoter, we found specific stress responses to be significantly impaired by loss of Tor1 N-terminal HEAT repeats, including those

to oxidative-, cell wall-, and heat stress. Specifically, during oxidative stress, translation was inappropriately upregulated in te-
tO-TOR1AHEAT cells, while activation of the oxidative stress response MAP kinase Hog1 was weak. In contrast, plasma membrane
stress and antifungal agents that disrupt plasma membrane function were tolerated by tetO-TOR1AHEAT cells.

Cells lacking N-terminal HEAT repeats were unable to take advantage of favorable nutritional conditions by accelerating their

growth. Genome-wide expression analysis showed simultaneous activation of both anabolic- and starvation responses in te-
tO-TOR1AHEAT cells in the absence of stress, accompanied with mis-regulation of carbon metabolism and translational machinery
biosynthesis. Current work comparing the responses of cells lacking this region of Tor1 to cells with constitutively active Tor1 kinase will
distinguish phenotypes due to inappropriate Tor1 activation during stress, from lack-of-function phenotypes in these cells.

Targeting fungal-specific Tor1 N-terminal HEAT repeats with small molecules might abrogate fungal viability, especially when during
infection multiple stresses are imposed simultaneously by the host immune system.

91 Control and function of facultative heterochromatin in Neurospora crassa Zachary Lewis' 1) University of Georgia.

Polycomb Group (PcG) proteins are part of an epigenetic cell memory system critical for multicellular development and epigenetic pro-
cesses including X-chromosome inactivation in animals and vernalization in plants. In animals, plants, and many fungi, Polycomb Re-
pressive Complex 2 (PRC2) catalyzes methylation of histone H3 lysine 27 to assemble transcriptionally repressed facultative heteroch-
romatin. Within fungi, PRC2 targets diverse genes for repression. For example, PRC2 represses secondary metabolism gene clusters
in Fusarium, effector genes in Magnaporthe, and accessory chromosomes in Zymoseptoria. Despite insights into the control of PRC2
in N. crassa, the biological role of facultative heterochromatin is poorly understood in this fungus. The majority of PRC2 target genes

in N. crassa encode hypothetical proteins that are unique to Ascomycetes, Sordariomycetes, or the Neurospora genus. To generate
insights into the function of PRC2-dependent gene repression, we examined gene expression patterns of PRC2 target genes across

a variety of environmental and developmental conditions. We found that most PRC2-target genes are strongly and uniquely induced
during sexual development, suggesting PRC2 represses sexual development and reinforces somatic cell identify. Indeed, strains defec-
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tive in PRC2 undergo precocious perithecial development in the absence of a partner. These data suggest that the commons ancestor
of fungi, plants, and animals likely used PRC2 to control cell fate. We also sought to identify new components of the facultative heter-
ochromatin pathway in N. crassa. We performed a targeted RNA-seq screen of N. crassa gene deletion strains. We identified several
factors required for repression of PRC2 target genes, including the Neurospora homolog of IMITATION SWITCH (ISW). ISW is critical
for normal transcriptional repression, nucleosome organization, and establishment of typical histone methylation patterns in facultative
heterochromatin domains. Stable interaction between PRC2 and chromatin depends on ISW. Thus, ISW plays a critical role in assem-
bling and maintaining transcriptionally silent facultative heterochromatin.

92 Heterochromatin marks perturb transcriptional robustness and underpin dispensability of genes across evolution-
ary timescales in fungi Sabina Tralamazza'?, Leen Abraham’, Claudia Reyes', Benedito Correa?, Daniel Croll' 1) Laboratory of
Evolutionary Genetics, Institute of Biology, University of Neuchatel, Neuchatel, Switzerland ; 2) Department of Microbiology, Institute of
Biomedical Sciences, University of Sao Paulo, Sao Paulo, Brazil.

Epigenetic modifications are key regulators of gene expression and underpin genome integrity. Yet, how epigenetic changes affect the
evolution and transcriptional robustness of genes remains largely unknown. Here, we show how repressive histone marks underpin the
trajectory of genes across evolutionary timescales. To determine transcriptional robustness and protein sequence evolution, we focused
on two parallel systems of major crop pathogens, the Fusarium graminearum species complex (FGSC) and Zymoseptoria tritici. We
performed transcriptomic and methylome (H3K27me3, H3K4me2) profiling of by including multiple closely related species. Furthermore,
we used a collection of a thousand isolates of Z. tritici spanning the world-wide distribution to define precise boundaries of epigenetic
marks and regions of high variation in gene content. Expanding to closely related species, we found that gene expression variation is
negatively correlated with gene conservation confirming that highly conserved genes show higher expression robustness. Interesting-
ly, highly conserved genes with repressive histone marks show no clear association between protein conservation and transcriptional
robustness compared to unmarked genes. Importantly, we show that genes marked by H3K27me3 result in low phenotypic response
during host infection. Highly conserved marked genes show enrichment in environmental stress related functions, carry hallmarks of
fast evolving genes, result in low phenotypic response during host infection and, hence, do not follow the housekeeping gene arche-
type. Hence, histone modifications provide a key association between protein evolvability and gene essentiality across evolutionary
timescales.

93 Methylation of H4 controls gene expression in facultative heterochromatin Mareike Moeller', Devin Wright', Michael
Freitag' 1) Department of Biochemistry and Biophysics, Oregon State University, Corvallis.

Facultative heterochromatin controls the development and differentiation in many eukaryotes. In metazoans, plants, and many fil-
amentous fungi, facultative heterochromatin is characterized by transcriptional repression and enrichment with histones that are
trimethylated at histone H3 (H3K27me3). While loss of H3K27me3 results in de-repression of transcriptional silencing in many species,
additional up- and downstream layers of regulation are necessary to control transcription in these regions. Here, we investigated the
effects of histone marks on histone H4 in the plant pathogen Zymoseptoria tritici. Deletion of the methyltransferase responsible for H4
methylation resulted in global gene activation, especially in facultative heterochromatin, and to a much greater extent than the loss of
H3K27me3 we had previously observed. This gene activation is accompanied by chromatin reorganization affecting H3K27me3 distri-
bution, H3K4me2 levels, and a complete loss of ASH1-mediated H3K36me in facultative heterochromatin regions. Strains with specific
mutations in the single H4 gene of Z. tritici resemble these chromatin changes, underlining the importance of H4 methylation for overall
chromatin structure. The mutants we obtained are more sensitive to genotoxic stressors and show a greatly increased rate of accessory
chromosome loss. Using epifluorescence microscopy and immunoprecipitation, we are disentangling the interactions of three different
histone methyltransferase complexes in vivo. Taken together, our results provide insights into a novel, and unsuspected, mechanism
controlling the assembly and maintenance of facultative heterochromatin.

94 RNAi and heterochromatin independently control gene expression and transposable elements in Mucorales Maria
Isabel Navarro-Mendoza', Carlos Pérez-Arques’, Joseph Heitman' 1) Department of Molecular Genetics and Microbiology, Duke
University School of Medicine, Durham, NC, USA.

The RNA interference machinery silences expression and prevents movement of transposable elements in fungal species with active
RNAi systems. The early-diverging fungus Mucor lusitanicus has an intricate RNAi system with two interacting pathways that control
transposable elements and endogenous gene expression: one involves a canonical or Dicer-dependent pathway and the other an
alternative Dicer-independent pathway. The pericentric regions flanking Mucor mosaic centromeres harbor numerous Mucoromycotina-
specific L1-like retrotransposable elements known as Grem-LINE1s that are actively silenced by the canonical RNAi machinery.
Inactivation of key components of the alternative RNAi pathway was found to increase silencing of these retrotransposons. We
conducted ChIP-seq experiments to determine if this increase in post-transcriptional gene silencing was correlated with enhanced
heterochromatin formation. Our results identified the presence of di- and trimethylated H3K9 (H3K9me2 and -me3) at Grem-LINE1

and other transposable elements genome-wide, often correlating with abundant antisense small RNAs. But surprisingly, H3K9me2 and
-me3 levels were not significantly altered in mutants lacking key components of either the canonical (Dicer2, Ago1) or alternative RNAI
pathways (Rdrp1, Rdrp3, R3B2), indicating that RNAI is dispensable for heterochromatin maintenance at transposable elements.

RNAI also controls endogenous gene expression in the Mucorales. We identified protein-coding loci that harbor high levels of small
RNAs displaying canonical siRNA features. In contrast to transposable elements, H3K9me2 or -me3 was not present in these genomic
locations. The absence of heterochromatin marks at genes actively silenced by RNAi indicates that RNAi does not in and of itself recruit
the machinery that forms heterochromatin. Taken together, our results suggest that RNAi and heterochromatin formation are indepen-
dent genome defense and regulatory mechanisms in the Mucorales, contributing to a shift in paradigm from the co-transcriptional gene
silencing observed in fission yeasts to models in which heterochromatin and RNAi operate independently in early-diverging fungi. This
may also be the case in other ascomycetes and basidiomycetes such as Neurospora crassa and Cryptococcus neoformans, and the
phylogenetic position of Mucor suggests that independence of function of RNAi and heterochromatin may represent an ancestral state
in the fungal kingdom.
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95 A prion accelerates proliferation at the expense of lifespan David Garcia'?, Edgar Campbell?, Christopher Jakobson?, Mit-
suhiro Tsuchiya®, Ethan Shaw', Acadia DiNardo', Matt Kaeberlein®, Daniel Jarosz? 1) University of Oregon, Institute of Molecular
Biology; 2) Stanford University, Department of Chemical and Systems Biology; 3) University of Washington, Department of Pathology.

In fluctuating environments, switching between different growth strategies, such as those affecting cell size and proliferation, can be
advantageous to an organism. Trade-offs arise, however. Mechanisms that aberrantly increase cell size or proliferation—such as muta-
tions or chemicals that interfere with growth regulatory pathways—can also shorten lifespan. Here we report a natural example of how
the interplay between growth and lifespan can be epigenetically controlled. We find that a highly conserved RNA-modifying enzyme,
the pseudouridine synthase Pus4/TruB, can act as a prion, endowing yeast with greater proliferation rates at the cost of a shortened
lifespan. Cells harboring the prion grow larger and exhibit altered protein synthesis. This epigenetic state, [BIG*] (better in growth), al-
lows cells to heritably yet reversibly alter their translational program, leading to the differential synthesis of dozens of proteins, including
many that regulate proliferation and aging. Our data reveal a new role for prion-based control of an RNA-modifying enzyme in driving
heritable epigenetic states that transform cell growth and survival.

96 Probing the role of N6-methyladenine DNA modification within the Rhizopus microsporus and Mycetohabi-

tans symbiosis Margaret Branine', Imperio Real-Ramirez', Sue Hoseon Choi?, Stephen Mondo?, Teresa Pawlowska? 1) Graduate Field
of Microbiology, Cornell University, Ithaca, NY; 2) School of Integrative Plant Science, Cornell University, Ithaca, NY; 3) US Department
of Energy Joint Genome Institute, Berkeley, CA .

The early-diverging fungal phylum Mucoromycota displays a high degree of coevolution with bacteria as representatives from each of
the three subphyla (Glomeromycotina, Mortierellomycotina, and Mucoromycotina) commonly harbor bacterial endosymbionts. It is not
clear why members of Mucoromycota so commonly and intimately associate with bacteria relative to other fungal lineages. We hy-
pothesize establishment and maintenance of the symbiosis is mediated by a shared epigenetic DNA modification of the two partners,
N6-methyladenine (6mA). This hypothesis stems from the recent discovery that, unlike in most eukaryotes, 6mA is the predominant
methylation mark in early-diverging fungi, a feature shared with bacteria. For this study, we focused on the symbiosis between Rhizopus
microsporus (Mucorales) and its endosymbiont Mycetohabitans (Burkholderiales). The reproductive addiction (asexual and sexual) of
host strains of R. microsporus to its endosymbiont along with the existence of strains naturally free of endosymbionts (i.e., non-hosts)
permit comparative investigations into symbiosis factors. To this end, we assessed vegetative growth of two host and one non-host
isolates when exposed to the small molecule DNA adenine methyltransferase inhibitor pyrimidinedione. While pyrimidinedione inhib-
ited growth for each isolate, the effect of inhibition did not differ depending on host status. When we cured one host strain of its endo-
symbiont and repeated the inhibitor experiment, we observed growth of the cured strain was significantly inhibited by pyrimidinedione
after 2 days. Furthermore, when we mated two compatible host strains in the presence of the inhibitor, we qualitatively observed little
difference in sexual sporulation compared to control conditions. Taken together, our inhibitor experiments suggest endobacteria protect
their hosts from the negative effects of the methylation inhibitor; however, we cannot exclude several confounding factors, namely
rapid inhibitor degradation. To address these limitations, we are currently creating adenine methyltransferase mutants in Mycetohabi-
tans to determine the role of bacterial 6mA modifications within the symbiosis. Additionally, we present our in-progress analysis of 6mA
methylation from PacBio sequences of wildtype and cured host strains ATCC52813 and ATCC52814 and their endosymbionts, Myceto-
habitans sp. B13 and B14, respectively.

97 Periodic DNA patterns associated with chromatin regulation in Fungi Stephen Mondo', Juna Lee', Guifen He', Hugh Sal-
amon', Catherine Aime?, Ronan O’Malley’, Igor Grigoriev' 1) DOE Joint Genome Institute, Lawrence Berkeley National Lab, Berkeley,
CA; 2) Department of Botany and Plant Pathology, Purdue University, West Lafayette, IN.

Across Eukaryota, one of the most highly conserved and fundamental complexes is the nucleosome. Nucleosomes are the basic re-
peating units, each spanning =150bp, that structure DNA in the nucleus and precise positioning of these are critical for regulating gene
activity. Consequently, a substantial number of epigenetic modifications in eukaryotes serve to move these complexes, making genes
easier (or more difficult) to access by transcriptional machinery. However, previous studies in model eukaryotes have revealed the
potential for DNA itself to play an important role in nucleosome organization, although its broader significance across taxa is currently
poorly understood. Here, we discovered the presence of =150bp Periodic DNA Patterns (PDPs) across several diverse eukaryotes

at key genomic positions, particularly surrounding transcriptional start sites and coding sequence start sites. PDPs were particularly
abundant in the Basidiomycota and were enriched at highly conserved genes. Through in vitro and in vivo assays on multiple fungi we
confirmed that the presence of these sequences is associated with increased nucleosome occupancy, particularly in the Basidiomycota,
indicating an ancient contribution of DNA to organizing chromatin in this phylum. Occupied DNAs harbored AT-rich cores with peaks of
GC +37bp from nucleosome centers. This GC profile, coupled with local DNA structural features were the most important contributors
to generation of nucleosome-favorable DNA landscapes. Using these features, we created a model for predicting in vitro nucleosome
occupancy which showed agreement with both in vitro and in vivo occupied sites in the Basidiomycota phylum. Importantly, outside the
Basidiomycota, lineages without PDPs showed little agreement between predicted and actual nucleosome-bound sites, indicating that
the contribution of DNA to nucleosome organization can vary widely across taxa. This analysis brings to light the potentially substantial
role DNA sequence might play in nucleosome organization in some organisms and allows us to more profoundly explore its relationship
with epigenomic modifications and chromatin remodelers for final organization of eukaryotic chromatin.

98 Chromatin remodeling is required for the expression of small interfering RNAs from repetitive DNA loci in Neurospora
crassa Eugene GladysheV', Florian Carlier!, Sebastian Castro Ramirez', Sara Chehboub' 1) Institut Pasteur (Paris, France).

We have discovered a new process that induces strong expression of small interfering RNAs from synthetic repetitive DNA loci in veg-
etative cells of Neurospora crassa. This process requires two canonical quelling factors QDE-1 (RNA polymerase) and QDE-3 (RecQ/
SGS1 helicase) but can still occur in the absence of RAD51 and RAD52, suggesting its independence from homologous recombination.
In this situation, the expression of small RNAs can be completely suppressed by removing one conserved SWI/SNF chromatin remod-
eler. The absence of this protein dramatically reduces nucleosome occupancy and increases nuclease sensitivity of the repetitive DNA
locus. These and other current results suggest a model in which the expression of small RNAs is induced by an active mechanism that
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restores (and thus generally maintains) nucleosomes on repetitive DNA.

99 The conidial coin toss: asymmetric spore adhesion in Colletotrichum graminicola Brian Shaw', Joseph Vasselli', Hope
Hancock’, Ellen Kainer', Thomas Chappell' 1) Texas A&M University.

Colletotrichum graminicola is an economically significant fungal pathogen of maize. The primary infective conidia of the fungus, the
macroconidia (also called falcate conidia), are splash dispersed during rain events. The adhesion of the macroconidia is required for
the development of infection structures. Macroconidia are capable of immediate adhesion due to hydrophobic interactions with the
substrate. We report that rapid adhesion in C. graminicola is asymmetric, with a strip of adhesive material running the length of a single
side of the conidium. This strip of adhesive is co-localized with dynamic transverse actin cables, and both the adhesive strip and actin
cables are formed prior to adhesion to the infection court. These polarized adhesives determine early adhesion, and increases in
adhesion rates can be induced by applying force to flip conidia onto their adhesive faces. We hypothesize that this selective adhesion
helps to increase the dispersal of the spores beyond their initially site of deposition.

100 Differences in spore size and atmospheric survival shape stark contrasts in the dispersal dynamics of two closely
related fungal pathogens Anne Pringle!, Jacob Golan', Shunping Ding', Daniele Lagomarsino Oneto?, Agnese Seminara?, Amanda
Gevens' 1) University of Wisconsin-Madison, USA; 2) Universita di Genova, ltaly.

A frequently ignored but critical aspect of microbial dispersal is survival in the atmosphere. Fungal dispersal is mediated by spores.
While spores are reported to cross continents or oceans in air currents, whether spores remain viable after the crossings is unclear. We
exposed spores of two closely related, morphologically dissimilar, and economically important fungal pathogens to typical atmospher-

ic environments and modeled the distances travelled by viable propagules. We first tracked the mortality of Alternaria solani and A.
alternata conidia in ranges of solar radiation, relative humidity, and temperature. We then measured survival in an ideal environment
over 12 days. A. solani conidia are nearly 10 times longer than A. alternata conidia and most die after 24 hours. By contrast, over half
of A. alternata spores remain viable at 12 days. HYSPLIT models of the movement of spores across North America predict 99% of the
larger A. solani conidia will settle within 24 hours, with a maximum dispersal distance of up t0100 km. But most A. alternata conidia
remain airborne for more than 12 days and extremely long-distance dispersal is possible, even from Wisconsin to Greenland. The larger
spores of A. solani survive less well than smaller spores of A. alternata but also disperse shorter distances. These data relating poorer
survival in the atmosphere to shorter distances travelled highlight the radically different dispersal dynamics of even closely related fungi.

101 RNA Editing Controls Toxicity of a Neurospora Spore Killer Nicholas Rhoades', Thomas Hammond' 1) lllinois State
University.

Sk-2is a complex meiotic drive element found in Neurospora that is transmitted to offspring through sexual reproduction in a non-Men-
delian manner. Typical Mendelian genetics dictates that each allele in a sexual cross should have an equal probability of being inherited
by the proceeding generation; however, Sk-2is able to transmit itself through sexual reproduction in a biased manner by eliminating
any meiotic product that does not inherit Sk-2 via spore killing. In Sk-2 = SkS (Spore killer-sensitive) crosses, asci with four black, viable
ascospores and four white, inviable (“killed”) ascospores are produced. The four surviving ascospores almost always inherit the Sk-2 el-
ement, resulting in a >99% biased transmission of Sk-2 to the surviving population. Previous work has identified two genes that are
crucial for successful meiotic drive by spore killing, rsk (resistance to Spore killer), and rfk-1 (required for killing-1). These genes are
located on opposite arms of chromosome Il but are genetically linked due to several genomic rearrangements within Sk-2, suppress-
ing recombination in this region and ensuring that both rfk-1 and rsk are always inherited together. Here, we present evidence that the
killing gene, rfk-1, encodes two protein variants: an innocuous 102 amino acid product (RFK-1%) and a toxic 130 amino acid product
(RFK-18). We also show that expression of RFK-18 requires an early stop codon in rfk-7 mRNA to undergo adenosine-to-inosine (A-to-1)
mRNA editing, which occurs exclusively during the sexual cycle of Neurospora. In addition, we demonstrate that RFK-18 is toxic when
expressed within vegetative tissue of Sk® strains, and that this vegetative toxicity can be suppressed by co-expressing the Sk-2 allele
of RSK, suggesting the resistance function of RSK is active in vegetative tissues. Currently, we are examining the possibility that the
secondary structure of the rfk-1 transcript is critical for RNA editing to occur.

102 The HMG Domain-Containing Transcription Factors Hgr1 and Hgr2 are Putative Dormancy Factors of Cryptococ-
cus Spores Megan McKeon', Christina Hull'? 1) Department of Biomolecular Chemistry, School of Medicine and Public Health,
University of Wisconsin-Madison, Madison, WI; 2) Medical Microbiology and Immunology, School of Medicine and Public Health,
University of Wisconsin-Madison, Madison, WI.

Spores are a dormant, stress-resistant cell type used by fungi to spread to new environments. To survive, these cells must remain
dormant until they encounter favorable conditions for germination, an essential differentiation process in which dormant spores transi-
tion into vegetatively growing cells. Despite the importance of spore germination in the life cycles of the majority of fungi, the molecular
networks governing this fundamental process remain relatively poorly understood. To determine the molecular mechanisms controlling
germination, we carried out a time course transcriptomic analysis of Cryptococcus spores, assessing 11 time points over the 10 hour
transition from spores to yeast. We discovered that the most dynamic differences in transcript levels occurred between dormant spores
(time 0) and 20 minutes after initiation of germination. During this short time span, 2078 transcript levels increased and 863 transcript
levels decreased, suggesting that spores are primed to respond quickly to both synthesize new transcripts and degrade existing

spore transcripts upon initiation of germination. Through an analysis of known transcription factors in Cryptococcus we hypothesized
that two high mobility group (HMG) domain-containing proteins would be regulators of germination initiation. To test this hypothesis,
we evaluated strains with deletions of HGR1 and HGR2 for phenotypes during germination. Using a high-resolution, quantitative
germination assay, we discovered that spores produced by both hgr1A and hgr2A strains germinate at a faster rate than wild type
spores. This finding suggests that Hgr1 and Hgr2 play a regulatory role during germination in which they modulate the rate at which
germination initiation occurs. Our working model is that Hgr1 and Hgr2 act as dormancy factors to maintain the ungerminated spore
state by repressing transcriptional responses to germination signals. Future experiments will identify environmental signals that control
Hgr1 and Hgr2, directly regulated targets of Hgr1 and Hgr2, and define the transcriptional regulatory network that coordinates spore
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germination and subsequent vegetative growth.

103 Aspergillus niger conidial germination: 3D live cell exploration Susanne Fritsche'?, Matthias Steiger'? 1) Austrian Centre
of Industrial Biotechnology (ACIB GmbH), Vienna, Austria; 2) Technical University of Vienna, Vienna, Austria.

Conidial germination describes the transition of dormant spores to hyphal structures. Breaking dormancy is followed by isotropic and
polarized growth with a cell wall constantly being remodeled.

To explore and understand the rearrangement and timing of key events in A. niger, we use the Nanolive stain-free live cell imaging
system - a combination of holography and tomography. A temperature-controlled growth chamber is used for incubating the fungus
on-stage of the microscope. With the 3D Nanoscopy technique, videos of the germination process can be recorded and morphological
structures distinguished based on different refractive indices (Rl). Images of germinating conidia and digital cell reconstruction in 3D
based upon the cell’s inherent physical properties revealed a ring formation that might direct germ tube formation.

This knowledge is critical to the development of future approaches to manipulate fungal growth for medical, agricultural or industrial
purposes.

104 Developmental genetics of host invasion initiated by fungal conidia Soumya Moonjely', Wang Zheng?, Jeffrey P
Townsend®+ 5, Frances Trail'-2 1) Department of Plant Biology, Michigan State University, East Lansing, MIl, USA; 2) Department of
Plant, Soil and Microbial Sciences, Michigan State University, East Lansing, MI, USA; 3) Department of Biostatistics, Yale School of
Public Health, New Haven, CT, USA; 4) Department of Ecology and Evolutionary Biology, Yale University, New Haven, CT, USA; 5)
Program in Computational Biology and Bioinformatics, Yale University, New Haven, CT, USA.

Conidial germination is a key step for initiating the colonization of fungi on any host or substrate. We are using an evolutionary ap-
proach to identify genes that have shifted in expression to acquire new roles in evolving lineages of fungi. We are examining seven eco-
logically and morphologically diverse lineages in the Sordariomycetes with a common ancestor. Comparative transcriptomics provides
a powerful tool to identify the genes related to developmental differences between closely related organisms and as part of this project
we are examining, Fusarium graminearum and Metarhizium anisopliae. F. graminearum is a plant pathogenic fungus and is a causal
agent of Fusarium head blight in cereal crops, whereas M. anisopliae is an endophytic fungus that can form a mutualistic association
with plant hosts. M. anisopliae is also well described as an insect pathogenic fungus, hence widely used as a biocontrol agent against
agricultural pests. Four designated conidial germination stages were selected for transcriptome analysis: fresh conidia, polar growth,
doubling of the long axis, and first hyphal branching. We examined the transcriptional differences between orthologous genes in these
species across the four stages on a common growth medium and on the natural host, barley. Orthologs that have greatly increased in
expression in one lineage when compared to another are hypothesized to have taken on new roles in that species. These orthologs,
identified via ancestral character estimation, are then targeted for functional assays through gene knock-outs. Combining the transcrip-
tome data with functional gene knock-out assays allows us to identify the network of genes necessary for conidial germination, patho-
genesis/mutualism and the evolutionary path to new symbiotic relationships.

105 Sporulation environment drives variation in genetically-identical conidia Michelle Momany', S. Earl Kang', Brandi Ce-
lia', Douda Bensasson' 1) University of Georgia.

A single colony of Aspergillus fumigatus produces a huge number of genetically-identical uninucleate conidia via mitosis. A. fumigatus is
ubiquitous, thriving across varied environments and its conidia are easily windborne. To investigate the effect of sporulation environment
on the ability of conidia to germinate, we performed sporulation/germination condition swap experiments in complete medium, minimal
medium, at high temperature, with excess copper, excess iron, limited iron, excess salt, excess reactive oxygen species, or limited zinc.
Using flow cytometry we measured conidial swelling to monitor the germination and synchrony of hundreds of thousands of conidia.

We also monitored conidial virulence in a Galleria mellonella host. We found that conidia produced in identical environments displayed
heterogeneity in germination kinetics and synchrony and that the degree of heterogeneity was driven by the sporulation environment.
We also found that sporulation environment had an impact on G. mellonella survival, with conidia produced at elevated temperature
causing faster wax-moth death. Our results show that the environment of sporulation impacts germination and virulence potential and
suggest that conidia employ a form of bet-hedging to allow progeny to survive in varied environments.

106 Transcription activity before dormancy in fungal conidia modulates phenotypic variation and affects the fithess
and capabilities of fungal cells after germination Fang Wang', Winnie Weng In Chong', Zhigiang Dong', Jeremiah Aquino Aslaro-
na', Pooja Sethiya', Xiaohui Hu', Shuhui Guo', Yingying Chen', Ang Li', Kaeling Tan', Koon Ho Wong' 1) University of Macau.

Fungi produce large quantities of clonal asexual spores, which are highly resistant entities that can stay dormant for a long time until
favorable conditions are encountered. How fungal spores prepare for dormancy is not known. Studies have shown that spores contain
abundant stable messenger RNAs (mRNAs); however, their origin and purpose remain unclear. Our work showed that the so-called
dormant conidia of three filamentous fungal species (Aspergillus nidulans, Aspergillus fumigatus and Talaromyces marneffei) have
robust transcription activities to synthesize their own mRNAs. Conidia remain transcriptionally active and responsive to the changing
environment (i.e., not dormant) until they leave the developmental structure. Environment-specific transcriptional responses can influ-
ence conidial content, expedite gene expression when dormancy is broken, and affect the subsequent fitness and capabilities of the
fungal cells after germination, including drug and stress resistance, mycotoxin and secondary metabolite production, and virulence. Our
findings uncover a mechanism for how genetically identical conidia achieve phenotypic variation and suggest that conidia prepare for
the future by synthesizing and storing transcripts according to their experience before entering dormancy.

107 Two distinct lipid transporters together regulate invasive filamentous growth in Candida albicans Miguel Basante-
Bedoya', Stephanie Bogliolo', Rocio Garcia-Rodas'?, Oscar Zaragoza?, Robert Arkowitz'!, Martine Bassilana' 1) University Cote d>Azur/
CNRS/INSERM, Nice, France; 2) Mycology Reference Laboratory, National Centre for Microbiology, Health Institute Carlos Ill, Madrid,
Spain.

Flippases transport lipids across the membrane bilayer to generate and maintain asymmetry. The human fungal pathogen Candida al-
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bicans has 5 flippases, including Drs2, which is critical for filamentous growth and phosphatidylserine (PS) distribution (1). Furthermore,
a drs2 deletion mutant is hypersensitive to the antifungal drug fluconazole and to copper (1,2). We now show that such a mutant also
has an altered distribution of phosphatidylinositol 4-phosphate, P1(4)P, and ergosterol, as well as reduced virulence in a murine model
of systemic candidiasis. Analyses of additional lipid transporters, i.e. the flippases Dnf1-3, and oxysterol binding protein (Osh) family
lipid transfer proteins, i.e. Osh2-4 and Osh7, indicate that they are not critical for filamentous growth. However, deletion of OSH4, which
encodes a lipid transporter that exchanges PI1(4)P for sterol, in a drs2 mutant specifically bypass the requirement for Drs2 in invasive
filamentous growth. In addition, removal of the lipid phosphatase Sac1, which dephosphorylates PI(4)P, in a drs2 mutant results in

a synthetic growth defect, suggesting that Sac1 and Drs2 function in parallel pathways. Together these data indicate that a balance
between the activities of two different classes of lipid transporters regulates invasive filamentous growth, via PI(4)P. In contrast, deletion
of OSH4 in the drs2 mutant does not restore growth on fluconazole, copper or papuamide A, a toxin that binds PS in the outer leaflet of
the plasma membrane, suggesting that Drs2 has additional role(s) in plasma membrane organization, independent of Osh4.

(1) Labbaoui et al., PLoS Pathog., 2017, 13(2):e1006205.
(2) Douglas & Konopka, PLoS Genet., 2019, 15(1):e1007911.

108 Lipid flippase mediated Cryptococcus-host interaction during pulmonary cryptococcosis Siddhi Pawar'?, Yina
Wang', Orchi Dutta?, Varsha Gadiyar?, Raymond Birge'2, Chaoyang Xue'? 1) Public Health Research Institute, New Jersey Medical
School, Rutgers University, Newark, NJ ; 2) Department of Microbiology, Biochemistry, and Molecular Genetics, New Jersey Medical
School, Rutgers University, Newark, NJ .

Cryptococcus neoformans is a facultative intracellular pathogen that infects the lung and disseminates to the central nervous system
in immunocompromised patients. Alveolar macrophages are the first line of defense against C. neoformans infection. However, the
molecular basis of macrophage recognition and interaction with this yeast pathogen remains incompletely understood. Our previous
studies on the mechanism of antifungal drug resistance identified Cdc50, a regulatory subunit of lipid translocase (flippase), not only
mediates drug resistance, but also is essential for virulence in C. neoformans. We found that loss of Cdc50 increases exocytoplasmic
phosphatidylserine (PS) accumulation, making it susceptible to phagocytosis and rendering an avirulent phenotype in a murine model
of cryptococcosis. Mice infected with cdc50A mutant cells induced high Th1 and Th17 cytokine production, increased fungal clearance
in the lungs and prevented dissemination to secondary organs. We hypothesize that the accumulation of PS on cdc50A cell surface
induces macrophage recognition and phagocytosis, which helps clear the infection in the lung. We are testing this hypothesis using
other fungal strains with altered PS exposure to study their interaction with macrophages in both cell line J774 and murine primary mac-
rophages. In collaboration with Dr. Raymond Birge at Rutgers, we are also evaluating the activation of PS receptors in IFN-y chimeric
reporter cell lines. If our hypothesis is confirmed, we will block the PS receptor activation using PS inhibitors to study PS mediated
cryptococcus-host recognition. Overall, our study may lead to a novel target for antifungal development.

109 Role of Arv1 protein in sterol metabolism and pathogenicity of the chestnut blight fungus Cryphonectria parasiti-
ca Soumyadip Kundu', Chathuri Mohottige', Todd Misna', Angus Dawe' 1) Mississippi State University.

Intracellular sterol redistribution is a very important step in the lipid homeostasis of organisms. Lipid homeostasis is also directly linked
to the organizational arrangement in the plasma membrane (PM) of the cells. Previous studies in the budding yeast Saccharomyces
cerevisiae have demonstrated that the ARV1 (ACAT-related enzyme-2 required for viability 1) protein is a major regulator of the sterol
transport mechanism from the endoplasmic reticulum to the plasma membrane, thus contributing to the structural organization of the
PM, rendering it resistant to anti-fungal compounds as well as maintaining the integrity of the ER. This study is aimed to assess the
significance of ARV1 in the plant pathogenic fungus Cryphonectria parasitica (CpARV1) and investigate its role in the pathogenesis
and virulence of the fungus. C. parasitica is the major causative agent of Chestnut blight, which has wreaked havoc on the Ameri-
can chestnut species. Genomic analysis has revealed that the CpARV1 gene is very closely linked to another gene that putatively
encodes a cynamide hydratase (CpCAH1). An initial gene deletion event using a prior gene prediction for unrelated work resulted

in the elimination of both genes and a highly deformed phenotype in C. parasitica that was fully recoverable by complementing with
the deleted region. Expression analysis through both gPCR and endpoint PCR has determined that the specific lack of CpARV1 was
primarily responsible for the debilitated phenotype of the double mutant, with no transcript detectable from the putative hydratase gene.
Subsequent complementation of the CpARV1 gene was also observed to restore the wild-type phenotype. Mass spectrometry-based
methods including single ion monitoring were employed to analyze the sterol content of the wild type strain, CoARV1 deletion strain
and the CpARV1 complemented strain. The Single lon Monitoring results clearly indicated a substantial decrease in sterol content

of the CpARV1 mutant strain compared to wild type EP155 (approximately half the peak height and area in the raw chromatogram)
thus confirming a role for CpARV1 in sterol homeostasis. It has been previously shown that infection of C. parasitica with virulence-
attenuating hypoviruses altered intracellular lipid content and protein secretion. We have also explored sterol content in C. parasiti-
ca infected with CHV1-EP713 and found decreased sterol content (peak heights and areas approximately similar to that of the mutant
strains in the raw chromatogram) suggesting a potential connection between the hypovirus-infected phenotype and CpARV1. Current
ongoing mass-spectrometric analyses are targeted at ascertaining wider metabolomic differences between the strains. Transmission
electron microscopic study is also being performed to analyze the ER integrity of the different strains.

110 Sterol homeostasis is critical for surface structure organization and virulence in Cryptococcus neoformans Hau Lam
Choy', Tamara Doering' 1) Washington University in St. Louis, St. Louis MO, USA.

Cryptococcus neoformans is an opportunistic fungal pathogen that causes pulmonary and meningeal infections in immunocompromised
hosts and is responsible for 15% of AIDS-related deaths. The standard treatment for Cryptococcosis comprises three antifungals, two of
which, Fluconazole and Amphotericin B, target ergosterols. These lipids have essential cellular and biophysical functions in fungal cells.
Ergosterol biosynthesis has been well-defined in Saccharomyces cerevisiae. However, our understanding of the relationship between
sterol homeostasis and cryptococcal pathogenesis is lacking.
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Our objective is to determine the function of the lipid transfer protein Ysp2 and its effect on cryptococcal pathogenesis. Ysp2 is homol-
ogous to an S. cerevisiae retrograde sterol transporter that moves sterols from the plasma membrane to the endoplasmic reticulum.
There have been no previous reports about lipid transfer proteins in C. neoformans, making this protein and its roles in pathogenesis of
great interest. We found that when YSP2 (CNAG_00650) was deleted, the mutant strain had reduced ability to survive within phago-
cytes and significantly attenuated virulence in a mouse infection model. Based on the known Ysp2 function, we hypothesized that the
accumulation of sterols at the plasma membrane is detrimental to cryptococcal survival in host-like environments. Consistent with this
hypothesis, we observed that when grown in host-like conditions, ysp2A cells had a significantly reduced growth rate and increased
sterol levels at the surface. They also displayed invaginations of both the plasma membrane and cell wall. Strikingly, when ergosterol
synthesis was reduced by fluconazole addition, all of these defects were rescued. To further test our hypothesis, we are currently isolat-
ing plasma membrane fractions to analyze sterol composition using GC-MS.

We are also interested in potential novel roles of the cryptococcal Ysp2. In S. cerevisiae, Ysp2 is one of six lipid transfer proteins with
different functions. In C. neoformans, however, we find only one homolog, suggesting that cryptococcal Ysp2 acts at multiple sites.

Overall, we have shown that a lipid transfer protein is critical for the virulence of C. neoformans. By determining how Ysp2 affects sterol
organization, we will elucidate the mechanisms of cryptococcal cellular distribution of ergosterol, an important drug target during human
infection.

11 Oxylipin Signals Affecting Host and Pathogen Interactions Nancy Keller', Breanne Steffan', Taylor Schoen', Dante Cal-
ise', Anna Huttenlocher! 1) Univ Wisconsin, Madison.

Oxylipins, or oxygenated lipids, are universal signaling molecules across all kingdoms of life. In the filamentous fungal pathogen Asper-
gillus fumigatus, oxylipins — both fungal and host derived — mediate developmental switches in development such as hyphal branching
and spore production. In vertebrate hosts, oxylipins activate either pro- and anti-inflammatory pathways that can exacerbate or resolve
microbial disease. The secreted A. fumigatus oxylipin 5,8-diHODE induces hyperbranching via activation of the fungal transcription
factor ZfpA (1). Here we explore virulence attributes of ZfpA deletion and overexpression mutants in the zebrafish model of invasive as-
pergillosis, assess the impact of fungal oxylipins in microbial development and immune cell activation and address the hypothesis that
the vertebrate oxylipin receptor G2A may recognize 5,8-diHODE and play a role in host response to A. fumigatus infections.

1. Fungal oxylipins direct programmed developmental switches in filamentous fungi. Niu M, et al. Nat Commun. 2020 Oct
14;11(1):5158.

112 Eisosomes mediate a novel pathway for regulating PI(4,5)P,in Candida albicans that is critical for cell wall
morphogenesis and virulence Carla Lanze', James Konopka' 1) Stony Brook University.

The ability of Candida albicans to resist host-mediated stress allows it to infect numerous sites in the human body. The plasma mem-
brane plays a central role in defense by acting as a barrier and by mediating dynamic processes including cell wall synthesis, morpho-
genesis, and membrane transport. Specialized subdomains of the fungal plasma membrane known as eisosomes are important media-
tors of stress resistance. Mutants lacking the eisosome protein Sur7 display sites of aberrant cell wall formation and are more sensitive
to agents that exacerbate membrane or cell wall stress. Microscopic analyses revealed that sur7A mutant cells display mislocalized
patches of phosphatidylinositol 4,5 bisphosphate (PI(4,5)P,) that correspond to large invaginations of plasma membrane and cell

wall. Mutagenesis studies revealed that the cytoplasmic C-terminus of Sur7 is needed for proper regulation of P1(4,5)P,and cell wall
morphogenesis. We hypothesize that Sur7 regulates PI(4,5)P, levels in C. albicans by recruiting phosphatidylinositol phosphatases to
eisosomes. To test this hypothesis, we deleted all of C. albicans’ phosphatidylinositol 5’ phosphatase genes (INP51, INP52, and INP54)
and found that mutants lacking the phosphatase genes phenocopy features of sur7A, such as increased sensitivity to cell wall stress,
misregulated PI(4,5)P,, and abnormal cell wall growth, and were defective in invasive hyphal growth. While all three of the inp mutants
showed defects similar to sur7A, the phenotypes of the individual mutants were weaker than the sur7A mutant, indicating that Sur7
appears to regulate more than one phosphatase. These studies have shown that one critical role of eisosomes in promoting resistance
to stress is to promote the ability of Sur7 to regulate PI(4,5)P,. Further work will determine the nature of Sur7’s interaction with the
P1(4,5)P, phosphatases. Delineating the mechanisms by which eisosomes regulate P1(4,5)P, will help define how this lipid controls cell
signaling, morphogenesis, and virulence in C. albicans and in other eukaryotic organisms.

113 Role of the Malassezia lipidome in human skin health Thomas Dawson' 1) Agency for Science, Technology and Research

The gut microbiome has achieved near celebrity status but the skin microbiome, particularly the skin mycobiome, remains elusive and
poorly investigated. Even today, most skin biome investigations focus on bacteria via 16S sequencing, with few studies inclusive of
shotgun metagenomic or ITS data sets which move beyond bacteria. This is despite the fact that many recent clinical publications
propose a causative role for fungi in common skin disorders such as dandruff / seborrheic dermatitis and a role in exacerbating many
others including wounds, atopic dermatitis, and eczema. To date, Malassezia lipid metabolism is implicated in seborrheic dermatitis
pathogenesis, via release of irritating free fatty acids by a secreted lipase. However, as Malassezia can be commensal, pathogenic,
and likely mutualistic, we hypothesized that their lipid metabolism may be involved in more complex communication between the
mycobiome and their human host. Common language mediators across multiple kingdoms are oxygenated polyunsaturated fatty acids.
Interestingly, these mediators in fungi and plants are referred to as “oxylipins”, while in human and animal biology they are referred to
as “eicosanoids”. This has created research silos and led to poor inter-field communication and a lack of collaborative research on
this crucial aspect of host/microbe interaction. By leveraging a novel mass-spectroscopy based lipidomic method we have identified a
series of signaling molecules produced by Malassezia and found on human skin, identifying the human skin “core lipidome”. We have
quantitatively assessed oxylipins from in vitro Malassezia cultures and from the surface of human skin, detected temporally stable inter-
and intra-individual lipid mediator profile differences, and demonstrated direct effects of specific Malassezia-secreted lipids on human
skin cells in culture. This work should provide a toolbox for further investigation of the role of the human microbiome in health and
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disease.

114 Lipid peroxidation and mitochondrial metabolism enable regulated cell death in Rice Blast Qing Shen', Naweed
Naqvi' 1) Temasek Life Sciences Laboratory.

Magnaporthe oryzae, which causes the destructive blast disease in rice, undergoes highly regulated cell death in the conidium
during its pathogenic development. We found that Ferroptosis, a cell-death program driven by iron-dependent peroxidation of
membrane lipids to lethal levels, enables such precise conidial demise essential for proper appressorium development, and patho-
genicity in M. oryzae. We optimized ratiometric-fluorescence imaging to precisely detect the subcellular levels and locales of lipid
hydroperoxides. Increased accumulation of such oxidized lipids was found to be produced via iron-dependent NADPH oxidases
anchored along the plasma membrane in the particular conidial cell(s) undergoing ferroptosis. Interestingly, mitochondria in such
ferroptotic conidial cells underwent fission and subsequent degradation via mitophagy. Conversely, the mitophagy-defective atg24A
conidia showed increased mitochondrial fusion (or filamentous mitochondria) and abnormal distribution of lipid peroxides; and a
consequent decrease in ferroptosis. Such association between mitochondrial metabolism and ferroptosis was also evident when
mitochondrial membrane potential was chemically abolished. Rather surprisingly, loss of mitochondrial B-oxidation, which breaks down
fatty acids for acetyl-CoA generation, had no effect on ferroptotic cell death in conidia. Therefore, functional mitochondria capable of
undergoing precise mitophagy or fission in a regulated manner are required for fungal ferroptosis executed by lipid peroxides.

115 Metal tolerance in the mycorrhizal fungus Suillus luteus Sara Branco', Anna Bazzicalupo?, Kaile Zhang®#, Joske Ruyt-
inx®, Hui-Ling Liao®* 1) Department of Integrative Biology, University of Colorado Denver, Denver, CO; 2) 2- Department of Zoology,
University of British Columbia, Vancouver, BC, Canada; 3) North Florida Research and Education Center, University of Florida, Quincy,
FL; 4) Soil and Water Sciences Department, University of Florida, Gainesville, FL; 5) Vrije Universiteit Brussel, Brussels, Belgium.

Exposure to toxic levels of metals disrupts homeostasis and leads to cell damage, decreased fitness, and death. Some species de-
velop strategies to withstand metal rich environments, however how metal tolerance evolves, is maintained, and affects mycorrhizal
fungi and their plant partners remains elusive. Here, we use the ectomycorrhizal fungus Suillus luteus and one of its pine partners as
models to unveil the patterns and mechanisms of metal tolerance in mycorrhizal mutualisms. This fungus is known for inhabiting metal
contaminated soils and has been found to include both metal sensitive and tolerant individuals, with the latter thriving in high metal
concentrations. We used a combination of genomic and imaging approaches to assess the genetic basis of metal tolerance in S. luteus,
as well as its role in pine metal uptake. Our work showed metal tolerance in S. luteus is a polygenic trait, with genomic differentiation
including candidate genes involved in metal exclusion, immobilization, and detoxification. In addition, we found S. luteus alleviates pine
metal uptake by preferentially accumulating metals in the cells surrounding the root tip (mantle). Future work will use functional and
experimental approaches to validate candidate genes and further assess both how S. luteus tolerates high metal levels and the role of
fungal metal tolerance on the biology of the plant partner.

116 Using machine learning to gain insight on how environment and diet influence the evolution of galactose metabolism
across the budding yeast subphylum Marie-Claire Harrison', Abigail LaBella', Dana Opulente?, Chris Hittinger3, Antonis Rokas' 1)
Vanderbilt University; 2) Villanova University; 3) University of Wisconsin-Madison.

The metabolisms, isolation environments, and genomes of all ~1,200 known species of budding yeasts are now characterized by the
Y1000+ project, led by the Hittinger & Rokas labs. The dataset’s broad evolutionary scope, coupled with its inclusion of ecological data
and of quantitative and qualitative growth rate data on dozens of substrates for nearly all ~1,200 species, makes it uniquely powerful
for understanding the evolution of metabolic pathways. Galactose is a monosaccharide that is abundant in nature and is found in many
forms: for example, in lactose, in glycoproteins and glycolipids, or in raffinose and melibiose, common polysaccharides in grains and
other plants. Even though genes from the GAL pathway are present in most species, there is substantial variation in the strength of
growth on galactose across budding yeasts, suggesting that the GAL pathway varies in its genomic structure, function, and regulation
across the subphylum. In my presentation, | will show that growth on galactose can be predicted with a high degree of accuracy from
either qualitative and quantitative growth data on diverse substrates or from data on the environments where species are found as
input, using a supervised machine learning approach and data from nearly all known budding yeast species. These findings suggest
that both isolation environment and diet influence the evolution of galactose metabolism in budding yeasts, and that there is substantial
variation that is yet to be studied in the GAL pathway. More broadly, my results raise the hypothesis that ecology is a reliable predictor
of metabolic specialization in microbial eukaryotes.

117 The extrachromosomal circular DNAs of the rice blast pathogen Magnaporthe oryzae contain a wide variety of LTR
retrotransposons, genes, and effectors Pierre M Joubert', Ksenia V Krasileva' 1) University of California, Berkeley.

One of the ways genomes respond to stress is by shedding extrachromosomal circular DNAs (eccDNAs). EccDNAs can contain genes
and dramatically increase their copy number. They can also reinsert into the genome, generating structural variation. They have been
shown to provide a source of phenotypic and genotypic plasticity in several species. However, whole circularome studies have so far
been limited to a few model organisms. Fungal plant pathogens are a serious threat to global food security in part because of their
rapid adaptation to disease prevention strategies. Understanding the mechanisms fungal pathogens use to escape disease control is
paramount to curbing their threat. We present a whole circularome sequencing study of the rice blast pathogen Magnaporthe oryzae.
We find that M. oryzae has a highly diverse circularome containing many genes and showing evidence of large LTR retrotransposon
activity. We find that genes enriched on eccDNAs in M. oryzae occur in genomic regions prone to presence-absence variation and that
disease associated genes are frequently on eccDNAs. Finally, we find that a subset of genes is never present on eccDNAs, which indi-
cates that the presence of these genes on eccDNAs is selected against.

118 Clonality and recombination in natural populations of Candida auris Yue Wang', Jianping Xu' 1) McMaster University.

Candida auris is a recently emerged pathogenic yeast capable of causing a diversity of human infections worldwide.
Sequence analyses have clustered strains of this species into five divergent clades, with each clade containing a single mating
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type, MTLa and MTLa. While significant divergence was observed among the five clades, there is limited genetic variation within
individual clades, consistent with multiple recent emergence and clonal spread of this pathogen across the world. However, most
genes involved in mating and meiosis in Candida species are also found in the C. auris genomes, suggesting its potential for sexual
reproduction in nature. In the present study, we analyzed the patterns of associations among single nucleotide polymorphisms (SNPs)
in both the nuclear and the mitochondrial genomes of 1,031 strains to investigate potential evidence for recombination in natural C. au-
ris populations. Overall, we found that at the clade level, polymorphisms in the nuclear and mitochondrial genomes clustered the strains
similarly into the five clades, consistent with limited evidence for hybridization among clades. However, variable numbers of nuclear
loci within each of four clades (clades |-V where multiple sequenced genomes are available for analyses) showed evidence of linkage
equilibrium and phylogenetic incompatibility, consistent with recombination during the evolution of C. auris. Interestingly, the nuclear
SNPs that are shared among the four clades showed greater evidence for recombination than those found only within individual clades,
suggesting that there was more frequent recombination before the divergence of the clades than afterwards. Though very limited, our
observed evidence for recombination within individual clades suggests the potential presence of strains with alternative mating types in
nature within each clade.

119 Genomic variation across a clinical Cryptococcus population linked to disease outcome Poppy Sephton-Clark', Jen-
nifer Tenor?, Dena Toffaletti?, Nancy Meyers?, Charles Giamberardino?, Sile Molloy?, Adrienne Chan*, Tarsizio Chikaonda*, Robert Hey-
derman?, Mina Hosseinipour*, Newton Kalata®*, Cecilia Kanyama?*, Christopher Kukacha*, Duncan Lupiya*, Henry Mwandumba*, Thom-
as Harrison?®, Tihana Bicanic®, John Perfect?, Christina Cuomo' 1) Broad Institute of MIT and Harvard; 2) Duke University School of
Medicine; 3) St George>s University of London; 4) ACTA Study Group.

Cryptococcus neoformans is the causative agent of cryptococcosis, a disease with poor patient outcomes, accounting for approximately
180,000 deaths each year. Patient outcomes may be impacted by the underlying genetics of the infecting isolate, however, our current
understanding of how genetic diversity contributes to clinical outcomes is limited. Here, we leverage clinical, in vitro growth and
genomic data for 284 C. neoformans isolates to identify clinically relevant pathogen variants within a population of clinical isolates

from patients with HIV-associated cryptococcosis in Malawi. Through a genome-wide association study (GWAS) approach, we identify
variants associated with fungal burden and growth rate. We also find both small and large-scale variation, including aneuploidy,
associated with alternate growth phenotypes, which may impact the course of infection. Genes impacted by these variants are involved
in transcriptional regulation, signal transduction, glycolysis, sugar transport, and glycosylation. When combined with clinical data, we
show that growth within the CNS is reliant upon glycolysis in an animal model, and likely impacts patient mortality, as CNS burden
modulates patient outcome. Additionally, we find genes with roles in sugar transport are under selection in the majority of these clinical
isolates. Further, we demonstrate that two hypothetical proteins identified by GWAS impact virulence in animal models. Our approach
illustrates links between genetic variation and clinically relevant phenotypes, shedding light on survival mechanisms within the CNS and
pathways involved in this persistence.

120 Genetic and epigenetic variants underpinning within-species transcriptional polymorphism in a major fungal patho-
gen Leen Abraham', Ursula Oggenfuss', Daniel Croll' 1) Laboratory of Evolutionary Genetics, Institute of Biology, University of
Neuchéatel, Neuchatel.

In agricultural ecosystems, outbreaks of diseases are frequent and pose a significant threat to food security. A successful fungal patho-
gen undergoes a complex and well-timed sequence of regulatory changes to avoid detection by the host immune system, hence well-
tuned gene regulation is essential for survival. However, how regulatory adaptation enables pathogens to overcome host resistance and
cause damage is poorly understood. Here, we used Zymoseptoria tritici, one of the most important pathogens of wheat, to generate a
genome-wide map of genetic and epigenetic regulatory polymorphism governing gene expression. For this, we performed expression
quantitative trait loci (eQTL) mapping on 146 con-specific strains. We identified cis-eQTLs for 65.3% of all genes and the majority of all
eQTL were within 2kb of the transcription start site. Core genes were more likely to segregate eQTLs compared to accessory genes.
We also found that insertion-deletion polymorphisms are more likely to act as a cis-eQTL and had a higher effect size than SNPs. Next,
we contrasted the amount of cis-eQTL mapped across categories of pathogenicity-related genes. Effector genes were less likely to
present cis-eQTLs compared to other genes including genes encoding CAZymes. This suggests that regulatory variation in effector
genes is governed rather by epigenetic factors than by genetic polymorphism. This is consistent with pathogenicity genes tending to
overlap regions of heterochromatin compared to other gene categories. To better understand epigenetic variation in the genome, we an-
alyzed the transcriptional activity of individual copies of transposable elements (TEs) across isolates. We found 23 TE insertion loci with
regulatory variation explained by cis-eQTLs. Furthermore, TE insertion polymorphism was associated with variation in pathogenicity
traits among isolates. Our study establishes the first genome-wide map of genetic and epigenetic variation underpinning transcriptional
plasticity and trait variation in a fungal pathogen. The extensive regulatory polymorphism is likely to fuel rapid adaptation to resistant
hosts and environmental changes.

121 Giant Starship elements mobilize accessory genes in fungal genomes Emile Gluck-Thaler'23, Timothy Ralston®, Zachary
Konkel®, Cristhian Grabowski Ocampos*, Veena Devi Ganeshan?, Anne E. Dorrance?®, Terry L. Niblack?, Corlett W. Wood?, Jason C.
Slot®, Horacio D. Lopez-Nicora®5, Aaron A. Vogan® 1) University of Neuchatel, Switzerland; 2) University of Pennsylvania, USA; 3) The
Ohio State University, USA; 4) Universidad Nacional de Asuncion, Paraguay; 5) Universidad San Carlos, Paraguay; 6) University of
Uppsala, Sweden.

Accessory genes are variably present among members of a species and are a reservoir of adaptive functions. In bacteria, differences

in gene distributions among individuals largely result from mobile elements that acquire and disperse accessory genes as cargo. In
contrast, the impact of cargo-carrying mobile elements on eukaryotic evolution remains largely unknown. Here, we show that variation
in genome content within multiple fungal species is facilitated by Starships, a novel group of massive mobile elements that are 110

kb long on average, share conserved components, and carry diverse arrays of accessory genes. We found hundreds of Starship-like
regions across every extant class of filamentous Ascomycetes, including 32 unique Starships that range from 27-393 kb and last shared
a common ancestor ca. 400 mya. Using new long-read assemblies of the plant pathogen Macrophomina phaseolina, we characterize
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4 distinct Starships whose past and ongoing activities contribute to standing variation in genome structure and content. One of these
elements, Voyager, inserts into 5S rDNA and contains a candidate virulence factor. Phenotypic assays revealed that Voyager copy
number has contrasting associations with pathogenic and saprophytic growth, suggesting its activity underlies an ecological trade-off.
We propose that Starships are eukaryotic analogs of bacterial integrative and conjugative elements based on parallels between their
conserved components, and may therefore represent the first known agents of active gene transfer in a eukaryote. Together, our results
suggest that Starships have shaped the content and structure of fungal genomes for millions of years, revealing a new concerted route
for evolution across an entire eukaryotic kingdom.

123 Evolution repeats itself in fungal morphogenetic transitions - in search of mechanisms of convergent evolution Lasz/o
Nagy' 1) Biological Research Center.

Fungi are a hyperdiverse kingdom that evolved a stunning variety of lifestyles, resulting in omnipresence across all habitats on Earth
and include a wide spectrum of relationships with other organisms, ranging from mutualisms to pathogenicity. One of the means of
adaptation to various habitats is morphological innovation. Transitions between cellularity levels (unicellular, multicellular, complex
multicellular) happened several times in the fungal kingdom, as opposed to animals and plants, where such transitions are singular
events. This includes multiple origins of complex multicellular fruiting bodies as well as repeated transitions from multicellular hyphae
to unicellular yeasts and dimorphic fungi. The repeated nature of these morphogenetic transitions suggests that the underlying genet-
ics has to involve simple and/or high-probability changes. We investigate the genetic bases of the evolution of fruiting bodies and that
of the origins of dimorphic fungi, in search of genetic mechanisms that systematically increase the likelihood of repeated evolution. In
this talk | provide an overview of the evolution of fungal multicellularity, that of fruiting bodies and dimorphic fungi and outline potential
homologies across and driving forces of disparate morphogenetic transitions. Fungi have a significant potential to highlight the general
principles of the evolution of multicellularity and mechanisms of convergent evolution.

124 Rise and fate of mutations in the fairy ring mushroom Marasmius oreades Hanna Johannesson', Markus Hiltunen', Mar-
tin Ryberg', Lorena Ament'?, Aleksandar Stanojkovi¢?, Nahid Heidari' 1) Uppsala University; 2) Stockholm University; 3) Palacky
University.

In fungi, where periodic sexual reproduction may be interleaved with extended vegetative phases, generators of variability are not
restricted to act only during the sexual cycle. Such generators may be mutations affecting single base pairs up to largescale rearrange-
ments, movement of transposable elements, or non-meiotic shuffling of genetic variants by mitotic recombination or parasexuality.
Particularly in mushroom-forming fungi, where mycelia may become large and old, the evolutionary potential of variation acquired over
vegetative growth is expected to be large. In this talk, | will present our recent studies of the rise and fate of variation gained during
vegetative growth in the mushroom-forming fungus Marasmius oreades: a non-model bipolar species known for growing in ‘fairy rings’.
By taking advantage of state-of-the-art genome sequencing technology, and using resulting data during development of new bioin-
formatics methods, we successfully reconstructed the genome sequence of M. oreades. This resource was combined with genome
re-sequencing to identify different types of mutations in M. oreades fairy rings, and to investigate the transmission of such mutations
into the next generation through sexual spores. The results reveal that the M. oreades genome is extremely stable at all levels during
vegetative, dikaryotic, growth in its natural environment. A significant amount of transposon movement was however revealed in mo-
nokaryotic strains during laboratory work, both in monokaryons retrieved from protoplasting and from cultures obtained by germination
of basidiospores. Furthermore, we have preliminary data suggesting that the few mutations that arise do not seem to be transferred to
the sexual spores. The combination of these results suggests that fungi may possess an unknown system to suppress the accumulation
of mutations during dikaryotic growth in nature, while the monokaryotic stage is highly prone to mutate. Thus, contrary to expectations,
the vegetative life stage in long-lived mushroom-forming fungi does not contribute much genetic variation. The findings add to what is
known about how genetic variation is introduced into natural populations, how fungi deal with mutations, and highlight the complexity of
genetic systems in mushroom-forming fungi.

125 The genetics and genome biology of multinucleate arbuscular mycorrhizal fungi Nicolas Corradi' 1) University of
Ottawa.

The genetics of arbuscular mycorrhizal fungi (AMF) have been notoriously difficult to assess due to their perpetual multinucleated state,
obligate plant biotrophy, and lack of observable sexual reproduction. Here, | will present recent collaborative work that combines AMF
genomics, single nucleus analysis and chromatin conformation capture, and discuss how this work has reshaped our understanding of
AMF genetics and (para)sexual potential, and revealed intricate genetic interactions between these fungi and their plant hosts.

126 Genomics, species limits, and evolution of the shiitake genus Lentinula David Hibbett' 1) Clark University.

Lentinula is a broadly distributed group of mushroom-forming fungi that contains the cultivated shiitake, L. edodes. To assess the evo-
lutionary history and genetic diversity of Lentinula, we analyzed 24 genomes representing eight of the eleven accepted species in the
genus and several unnamed lineages. We also assembled and annotated 60 genomes of L. edodes from China that were previously
published as raw lllumina reads. Four major lineages of Lentinula arose in the Oligocene, of which three are restricted to the Americas
and one is in Asia-Australasia. Bayesian species delimitation analyses, corroborated by prior taxonomy, resolve at least 11 species

of Lentinula in our dataset, but genomes from several lineages, including those in Africa, remain unsampled. Mating compatibility tests
and the standard 97% sequence identity “barcode gap” in ITS both dramatically underestimate species in Lentinula. Lentinula edo-
des sensu lato, comprises at least two lineages that may warrant recognition as species. One lineage is represented in our dataset by a
single isolate from Nepal, while the other is broadly distributed throughout Asia. The latter group contains two main populations, one of
which contains the majority of cultivated strains. Two populations of hybrid origin are also resolved using population structure and spe-
cies network analyses. The pangenome of L. edodes contains 20,308 groups of orthologous genes, but only 6438 orthogroups (32%)
are shared among all strains. Wild populations of L. edodes sensu lato contain a high proportion of the accessory genome and should
be targeted for conservation.
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127 Deep tissue infection by an invasive human fungal pathogen requires novel lipid-based suppression of the IL-17
response Pauline Basso', Eric Dang', Anatoly Urisman', Leah Cowen?, Hiten Madhani', Suzanne Noble' 1) UCSF School of Medicine,
San Francisco, CA, USA; 2) University of Toronto, Toronto, ON, Canada.

Candida albicans is the most common cause of human fungal infection, but the mechanisms of invasive pathogenesis remain poorly
defined. Here we identify an unexpected mechanism: lipid-mediated immunosuppression. Through forward genetics, we found that C.
albicans secretes a lipase, Lip2, that is critical for invasive disease. Murine infection with C. albicans strains that lack Lip2 display an
exaggerated host IL-17 response that leads to fungal clearance from solid organs and host survival. IL-17 signaling is required for Lip2
action. The lipase activity of Lip2 inhibits IL-17 production indirectly through suppression of IL-23 production by tissue resident dendritic
cells. We conclude that C. albicans suppresses antifungal IL-17 defense in solid organs by altering the tissue lipid milieu.

128 Talking to your inner self — on the interaction between Trichoderma reesei QM6a and its endohyphal Methylobacteri-
um Monika Schmoll'2, Miriam Schalamun’, Sabrina Beier', Ida Scalmani', Stephane Compant', Wolfgang Hinterdobler' 1) University of
Vienna, Austria; 2) AIT Austrian Institute of Technology GmbH, Tulln, Austria.

In nature, complex organismic communities have evolved for optimal colonization of habitats. Interkingdom interactions between fungi
and bacteria can be mutualistic, but also parasitic. In Trichoderma reesei, we detected potential endohyphal bacteria by confocal
microscopy and specific staining. We could confirm the presence of a Methylobacterium species in the hyphae, cured QM6a and
sequenced the isolated bacterium. Thereby, the association with Methylobacterium is rather strain specific than species specific.
Isolation of the bacterium from T. reesei QM6a showed that it is not obligate biotroph and both the bacterium and the fungus are viable
individually.

In order to evaluate the interrelationship of Methylobacterium and T. reesei, we use RNAseq from wildtype and cured QM6a as well as
several mutants in the signal transduction pathway, which should also reveal stages of interaction and the relevance of the assumed
symbiosis. Additionally, we applied phenotype microarrays to assess metabolic contributions of the bacterium and performed function-
al assays. Omics analysis indicates an influence of different growth conditions of T. reesei on sulphur/amino acid metabolism of the
bacterium.

In summary, we discovered an intriguing new physiological aspect of T. reesei, which opens up a new field of research with high
potential for gaining an in depth understanding of interkingdom interaction of fungi with their prokaryotic inhabitants.

129 Human mediated contact between amphibian-killing chytrid variants results in repeated recombination Thomas
Jenkinson', Timothy James?, Erica Rosenblum?® 1) California State University, East Bay; 2) University of Michigan; 3) University of
California, Berkeley.

Global biodiversity is under threat from introductions of non-native fungal disease. The pathogenic chytrid Batrachochytrium dendro-
batidis (Bd) causes chytridiomycosis — the infectious disease implicated in frog, toad, and salamander population declines and extinc-
tions worldwide. Where this fungus has been introduced, a single hypervirulent strain (Bd-GPL) proliferates through host populations. In
the southern Atlantic Forest of Brazil, recent human introduction brought the globally invasive Bd-GPL strain into secondary contact with
a distantly related, endemic strain, Bd-Brazil. In most anthropogenically mediated secondary contact scenarios such as this one, the ep-
idemiological and evolutionary consequences of strain interaction remain unknown. We show that Bd, long considered obligately asex-
ual, is capable of second-generation introgression following the human induced contact of divergent lineages. Using whole-genome
sequencing of fungal isolates cultured from wild-infected Brazilian frogs, we characterize the hereditary relationships among disease
populations in this strain invasion zone. Our analyses reveal regions of the Bd genome that are potentially driving adaptive variation
among invasive and endemic strains. The patterns of hybrid inheritance we observe offer new insights into the genetic underpinnings of
fungal reproductive isolation, the process which ultimately results in speciation of emerging fungal diseases. These new southern Brazil
hybrid strains we describe are of particular ecological and evolutionary concern because they demonstrate the ability of anthropogenic
change to drive novel recombinant genetic variation in a deadly pathogen. These findings show how humans are actively creating new
evolutionary trajectories for emerging diseases, such as chytridiomycosis, by creating novel mating opportunities between previously
allopatric strains.

130 Characterizing variation within the European Batrachochytrium salamandrivorans epidemic Moira Kelly', Frank Pas-
mans', Jose Mufioz?, Terrance Shea?, Matthew Gray?®, Christina Cuomo?, An Martel' 1) Ghent University; 2) Broad Institute of MIT and
Harvard; 3) University of Tennessee Institute of Agriculture, Knoxville, Tennessee.

Pathogens rarely drive their hosts to extinction. The chytrid fungus Batrachochytrium dendrobatidis (Bd), however, is frequently asso-
ciated with population extinctions in amphibians, resulting in the most biodiversity-devastating epidemic in recorded history. In 2013, a
closely related chytrid, Batrachochytrium salamandrivorans (Bsal), was discovered in association with the collapse of salamander pop-
ulations in northern Europe. Analyses of host-pathogen dynamics suggest Bsal poses a similar extinction threat as its sister fungus Bd.
However, all studies of Bsal to date have focussed on a single isolate, assuming the European epidemic to be homogenous. Through
genomic and phenotypic analyses of Bsal strains isolated from across the European Bsal epidemic, we identified highly divergent
genomic landscapes, rapid evolutionary rates and isolate-specific gene family expansions and acquisitions. Phenotypic analyses found
this genomic variation to be associated with surprising levels of phenotypic variation, including isolate-specific metabolic capacities,

a saprotrophic lifecycle, and highly variable thermal ranges, which have important implications for developing effective mitigation
strategies. We employed comparative genomic analyses of a high passage isolate displaying species-specific reduction in virulence,
compared to the index site isolate, to characterise active mechanisms of genomic evolution, and biological processes and molecular
functions that may be important in determining pathogenicity.

131 Deciphering the molecular mechanisms involved with plant-insect-fungal interactions Marcio Silva-Filho', Flavia Fran-
co', Amanda Tuler', Diego Gallan', Felipe Goncalves', Arodi Favaris', Maria Fernanda Penaflor?, Walter Leal®, Daniel Moura', José
Mauricio Bento' 1) University of Sdo Paulo; 2) Federal University of Lavras; 3) University of California, Davis.
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Pathogens can manipulate their host plants and insects to optimize their fitness, increasing the attraction of insects to the infected
plant, in ways that facilitate the pathogen acquisition. In sugarcane crops, Colletotrichum falcatum and Fusarium verticillioides usually
occurs in association with Diatraea saccharalisresulting in large losses to the crop. Considering this association, we aimed to identify
the effects of both fungi in D. saccharalis host preference, performance, and effect of fungal infection. Here, we show that both fungi
modulate D. saccharalis behaviour to its own benefit. More specifically, sugarcane plants infected either with C. falcatum either with F.
verticillioides showed a dramatic increase in volatile compounds, which in turn attract D. saccharalis caterpillars and adults to feed
and to lay eggs, respectively, on the infected plants. Our data demonstrate that the fungus manipulates both the host plant and insect
herbivore across life cycle to promote its infection and dissemination.

132 Genes for an extended phenotype: Biosynthesis of volatile sesquiterpenes in a pathogenic fungus is used to entice
male flies into fatal mating’s with infected female cadavers Andreas Naundrup', Bjérn Bohman?, Charles A. Kwadha?, Annette B.
Jensen', Paul G. Becher?, Henrik De Fine Licht' 1) University of Copenhagen, Denmark; 2) Swedish University of Agricultural Sciences,
Alnarp, Sweden.

To ensure dispersal, many parasites and pathogens behaviourally manipulate infected hosts. Other pathogens and certain insect-pol-
linated flowers use sexual mimicry and release deceptive mating signals. However, it is unusual for pathogens to rely on both be-
havioural host manipulation and sexual mimicry. Here, we show that the host-specific and behaviourally manipulating pathogenic
fungus, Entomophthora muscae, generates a chemical blend of volatile sesquiterpenes and alters the level of natural host cuticular
hydrocarbons in dead infected female house fly (Musca domestica) cadavers. We used three different approaches unravel chemi-

cal attraction pathways in E. muscae. First, we quantified male sexual attraction to fungus-killed cadavers and fungal conidia using
behavioural assays. Second, we identified the chemical cues eliciting male mating attraction using chemical analyses (GC-MS) and
physiological mechanisms enabling males to detect these cues using electroantennography (GC-EAD). Third, we verified the fungus E.
muscae as source of the behaviourally active volatile compounds in fungus-killed cadavers using transcriptional profiling (RNAseq) of
expressed genes in volatile chemical biosynthesis pathways. We show that healthy male house flies respond to the fungal compounds
and are enticed into mating with dead female cadavers. This is advantageous for the fungus as close proximity between host individuals
leads to an increased probability of infection. The fungus-emitted volatiles thus represent the evolution of an extended phenotypic trait
that exploit male flies’ willingness to mate and benefit the fungus by altering the behavioural phenotype of uninfected healthy male host
flies.

133 Repeat-driven genome expansion and two-speed genome architecture of amphibian-infecting chytrids Theresa
Wacker', Helmstetter Nicolas', Wilson Duncan’, Fisher Matthew C.2, Studholme David J.%, Farrer Rhys A." 1) Medical Research Council
Centre for Medical Mycology at the University of Exeter, Exeter, United Kingdom; 2) MRC Centre for Global Infectious Disease Analysis,
Imperial College London, London, United Kingdom; 3) Biosciences, University of Exeter, Exeter, United Kingdom.

Over the past half century, the chytridiomycosis panzootic has led to the decline of over 500 amphibian species with 90 attributed
extinctions. Chytridiomycosis of amphibians is caused by two fungal species Batrachochytrium dendrobatidis (Bd) and Batrachoch-
ytrium salamandrivorans (Bsal). The genetic mechanisms underlying host-specificity and pathology in the Batrachochytrium genus
remain elusive and their evolution and origins of virulence are largely unknown. Using deep nanopore sequencing, we found that Bsal is
extremely repeat-rich with high numbers of long terminal repeats, long interspersed nuclear elements and transposable elements. This
repeat-driven genome expansion in Bsal has resulted in a tripling of its length compared with Bd. Key pathogenicity genes including
M36 metalloproteases have expanded compared with Bd, and are enriched for flanking transposable elements, suggesting its genome
expansion is connected to selective evolutionary processes. Both batrachochytrids have evidence of a two speed genome architecture,
including an enrichment of functional categories in compartments of repeat richness or sparsity. Furthermore, among Bd lineages, M36
metalloproteases with signatures of positive selection and, both in Bsal and Bd, genes upregulated during infection in vivo are enriched
in repeat-rich and gene-sparse compartment of the genome. This is the first evidence for a two-speed genome in an animal pathogen,
shedding new light on the role of repetitive sequences on the evolution of fungal pathogens driving global declines and extinctions of
amphibians.

134 Regulation of infection of insects by the fungus Metarhizium robertsii Weiguo Fang' 1) Zhejiang University.

The insect pathogenic fungus Metarhizium robertsii is a representative fungus in which to study broad themes of fungal pathogenicity
as it resembles some major plant and mammalian pathogenic fungi in its pathogenesis. In its pathogenesis progression, M. robert-

sii encounters two different microenvironments: the insect cuticle and the insect hemocoel. A complex regulatory network has been
revealed to control the response of M. robertsii to different microenvironments. The Fus3-MAPK cascade is indispensable for cuticle
penetration. On the cuticle, the Fus3-MAPK directly phosphorylates the transcription factor RNS1, which facilitates the entry of RNS1
into nuclei. The phosphorylated RNS1 binds to its own promoter to self-induce expression, which then activates the expression of
genes for degrading cuticular proteins, chitin, and lipids. Fus3-MAPK also phosphorylates the transcription factor MrSt12 that induces
the transcription factor AFTF1 by physically interacting with the promoter of Aftf1, which is essential for formation of the infection
structure appressorium. On the other hand, the AFTF1 is negatively regulated by the membrane protein Mr-OPY2, which expression is
upregulated during cuticle penetration. Increased production of Mr-OPY2 protein on the cuticle is achieved by expression of a transcript
variant lacking a small upstream open reading frame that would otherwise inhibit translation of Mr-OPY2. On the insect cuticle, the
transcription factor COH2 also activates expression of cuticle penetration genes. In the hemocoel, the protein COH1 is expressed due
to the reduction in epigenetic repression conferred by the histone deacetylase HDAC1 and the histone 3 acetyltransferase HAT1. COH1
interacts with COH2 to reduce COH2 stability, and this down-regulates cuticle penetration genes and up-regulates genes for hemocoel
colonization.

135 Unraveling the biology of Nematophagy During a Fungal-Nematode Predator-Prey Interaction Using Time-
Course Transcriptomic analysis Hung-Che Lin', Guillermo Vidal-Diez de Ulzurrun', Sheng-An Chen ', Ching-Ting Yang', Pedro
Goncalves ', Chih-Yen Kuo ', Tsung-Yu Huang', Erich Schwarz 2, Yen-Ping Hsueh ' 1) Institute of Molecular Biology, Academia Sinica,
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Taipei, Taiwan; 2) Cornell University, Ithaca, NY.

Nutritional deprivation triggers a saprotrophic to predatory lifestyle switch in soil dwelling nematode-trapping fungi (NTF). In particu-

lar, Arthrobotrys oligospora has evolved to secrete food and sex cues to lure their prey — Nematoda animals — into an adhesive network
of traps, specialized structures that originate from the vegetative mycelium. Upon capture, the nematodes are invaded and digested by
the fungus, thus serving as a food source. We employed RNA-sequencing to examine the response of A. oligospora upon exposure to
the model nematode Caenorhabditis elegans. A dynamic transcriptomic reaction that indicated a strong reliance on protein secretion
was observed. A comprehensive prediction of the secretome of A. oligospora resulted in 1084 transcripts, 64% of which are upregulated
in the presence of C. elegans at all tested time points. We found a large number of genes related to ribosome biogenesis induced at
early time point, 2hr-post C. elegans exposure, suggesting that the TOR signaling pathway might be critical for sensing the presence

of nematodes. Rapamycin treatment inhibited both trap development and function. Moreover, a plasma membrane t-SNARE protein,
SS02, involved in membrane fusion of secretory vesicles, plays a major role in nematode-adhesion. We subsequently predicted

the putative effectors of A. oligospora and found that they represent approximately 19% of the secretome and that their expression
peaked after 10 hours of introduction of nematodes. Specifically, we found that genes of the Egh16 family were highly upregulated
upon nematode exposure. In situ hybridization reveals the accumulation of the top three highly expressed Egh16 transcripts in the
traps cell. Thus, we named these gene family as Trap-enriched Secreted Protein (TSP). Gene deletion of the highest expressed

gene TSP1 impairs the function of trap. Lastly, Egh16 gene family is highly expanded in the genomes of several nematode-trapping
fungi, suggesting that this gene family may have a critical role for the evolution of the predatory life style in Ascomycetes.

136 Integrating multifaceted genetic tools to gear up the discovery of fungal mechanisms of wood decay Jiwei
Zhang', Weiran Li', Jonathan Schilling', Hugh D Mitchell, Lye Meng Markillie? 1) University of Minnesota; 2) Pacific Northwest National
Laboratory.

Fungi evolved efficient ways to degrade and recycle carbons sequestered in woody biomass. Their degradative mechanism offers
industrially-relevant toolkits for developing green technologies for plant biomass conversions. Among these, brown- and white-rot fungi
are two distinctive classes of wood decomposers that dominate the carbon degradation in the forest system. During wood decomposi-
tion, white-rot fungi can completely degrade and consume all formats of carbons in lignocellulose, while brown-rot shifted its strategy

to first depolymerize the lignocellulose structures and then selectively utilize carbohydrates for fungal metabolism, but leave lignins as
residues. We have known that the brown-rot strategy causes a faster depolymerizing rate than white-rot, and the biochemical analysis
indicated that this is largely due to the use of reactive oxygen radicals (ROS) for intensive polymer deconstruction. However, we haven't
known the genetic bases driving the ROS mechanism for this brown-rot efficacy. Genomic analyses implied that brown-rot fungi have
adapted special genetic inventories, at both gene and gene regulation levels, to implement and manage ROS attacks during wood
decay, but their genetic functions haven’t been validated. Also, the regulatory systems controlling brown-rot genes expression remain
uncharacterized. One of the main obstacles to this research is the lack of available genetic tools in those multiploidy, basidiomycete
brown-rot variants that are difficult to genetically manipulate. To fill these gaps to facilitate the validation/investigation of the distinctive
brown-rot mechanisms, our recent work has been focusing on combining systems biology and genome-editing for large-scale brown-rot
phenotypic screening. In this talk, we will report our recent progress towards building the brown-rot genetic platform and then using it to
dissect the fungal mechanisms involved in fast wood biomass decomposition.

137 Characterization and engineering of non-model microorganisms for biotechnological applications Hugh Purdy', Mi-
chelle O’Malley' 1) University of California, Santa Barbara, Santa Barbara, CA.

Microorganisms hold great promise for applications in biotechnology, including the renewable production of fuels and chemicals, the
biosynthesis of therapeutics, and even the creation of novel materials. However, it is well known that only a relatively small percentage
of microbial species are isolated and characterized sufficiently to be amenable for engineering purposes, thereby limiting our repertoire
of available biological tools. This issue is particularly true for hard-to-culture organisms. One such group of organisms, the anaero-

bic gut fungi, hold significant, largely untapped biotechnological potential. These fungi, found predominantly in the digestive tracts of
herbivores, possess an expansive array of uncharacterized carbohydrate-active enzymes, indicating a high-degree of potential for
applications involving the processing and conversion of lignocellulosic material. Furthermore, as these fungi natively exist in a competi-
tive, crowded microbial environment, they are believed to possess diverse secondary metabolites with potential for therapeutic applica-
tions. We are working to isolate and characterize these anaerobic gut fungi in order to leverage their unique catabolic and biosynthetic
capabilities. In addition to the isolated characterization of these fungi, we are studying the behavior of broader anaerobic consortia
derived from herbivore digestive systems and other relevant sites (e.g. landfills and commercial digesters). An improved understanding
of the biological principles underpinning these consortia will allow us to develop biotechnologies that take advantage of the enhanced
metabolic capabilities exclusive to natural microbial communities. In the same vein of searching for untapped biological potential, we
have recently expanded our work into the study and engineering of diatoms for the production of silica-based materials. This group of
microalgae is relatively understudied from an engineering perspective considering their biosynthetic capabilities as the primary produc-
ers of biogenic silica on Earth. We are beginning investigations into the genetic mechanisms underpinning diatom silicification with the
ultimate goal of developing novel siliceous materials. Overall, the O’Malley Lab at UC Santa Barbara is working to expand the range of
useful biological tools by studying and engineering these and other non-model microbial systems.

138 Chance favours the prepared spore — how to jumpstart cellulase production Wolfgang Hinterdobler', Miriam Schala-
mun', Monika Schmoll'? 1) AIT Austrian Institute Of Technology, Tulln, Austria; 2) University of Vienna, Vienna, Austria.

Asexual propagation in filamentous fungi is tightly regulated as many resources are needed for spore production. In T. reesei, the
cellobiohydrolase CBH2/Cel6a is deposited on the spore surface and sporulation correlates with CAZyme expression. Recently, it was
shown that the conditions of spore production are relevant for physiology and stress resistance of the fungi growing from these spores.
These findings suggest that the protein composition on the spore surface may be important for the ability of fungi to efficiently colonize
a habitat or to initiate growth in a fermenter.
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We investigated the surface proteome isolated from spores grown under different light regimes (constant light, constant darkness)
and on different carbon sources (cellulose, glucose, malt extract). Indeed, we detected significant differences in these proteomes,
indicating an altered preparation for germination conditions. Using these conditions in liquid cultivations on cellulose showed consid-
erable differences in secreted cellulase activity early after germination (48 hours). Transcriptome analysis of these conditions was
performed to evaluate cellulose sensing and regulation mechanisms differentially modulated by those spore proteins. Among oth-
ers, cbhi, cret and xyr1 are characteristically regulated depending on the conditions of inoculum production.

Consequently, T. reesei deposits a protein mixture adjusted to the conditions to be expected for germination on its spores. These
proteins are involved in sensing and cellulase regulation after germination, reflecting a potential to improve fermentations.

139 Lignocelluloses and solid waste substrates transformed by wood-decay fungi for production of natural com-
pounds Taina Lundell', Tuulia Mali', Eero Kiviniemi', Hans Mattila’, Janina Osterman-Udd' 1) University of Helsinki, Helsinki, Finland.

Wood-decay fungi of Basidiomycota demonstrate applicability for bioconversion and biological treatment of plant biomass and ligno-
celluloses. The fungi adapt to changes in environmental and laboratory conditions and may be cultivated even on mixtures of solid
plant-based and waste substrates. Fungal metabolic potentiality is also seen in their ability to produce diverse bioactive compounds and
secondary metabolites. We recently opened the transcriptome and proteome of the white rot fungus Phlebia radiata on spruce wood
during decomposition (1, 2) and fungal metabolic and gene expression response under anaerobic, ethanol-producing fermentative
conditions (3).

One aim is to adopt the fungus and other isolates in bioreactor conversions of waste lignocelluloses and plant-based industrial side-
streams for production of biofuels like bioethanol, and added-value natural compounds, organic acids and aromatic compounds.
Specific interest is in metabolic profiles of wood-decay fungi with different decomposition traits, and efficiency in degradation of plant
biomasses.

For these purposes, we have tested various agricultural, municipal, and wood-based wastes like straw, core board, sawdust, and dis-
posed construction wood (4). Culture atmosphere was the major regulator for primary metabolism together with influencing on differen-
tial expression of the wood-decaying, carbohydrate-active enzyme encoding genes (3). Ethanol production was prominent in phlebioid
fungi on solid lignocellulose cultures under oxygen depleted conditions (4).

Results on our recent experiments on the effect of reactive oxygen species on overall gene expression and accumulation of natural
products by the fungi will be presented. Experimental findings of fungal single species (5) and co-cultures on production of enzyme
activities and metabolites indicate that both the lignocellulose substrate and fungal interactions are major effectors guiding the decom-
position events. The functional resilience of these fungi on varying wood and waste substrates will aid us in designing more sustainable
solutions for production of biofuels, enzymes, and natural compounds.

References: '"Méakinen M (2019) BMC Genomics 20:430, 2Kuuskeri J (2016) Biotechnol Biofuels 9:192, *Mattila H (2020) Biotechnol
Biofuels 13:26, “Mattila H (2017) Bioresource Technol 225:254-261, 5Veloz Villavicencio E (2020) Microorganisms 8:73

140 The transcription factor Roc1 is a regulator of cellulose degradation in the wood-decaying mushroom Schizophyllum
commune Peter Jan Vonk', loana M. Marian', lvan D. Valdes', Kerrie Barry', Benedict Bostock', Akiko Carver?, Chris Daum?, Harry Le-
rner’, Anna Lipzen?, Hongjae Park?3, Margo B.P. Schuller’, Martin Tegelaar', Andrew Tritt?, Jeremy Schmutz?4, Jane Grimwood?*, Luis
G. Lugones', In-Geol Choi?3, Han A.B. Wésten', Igor V. Grigoriev?%, Robin A. Ohm'2 1) Microbiology, Utrecht University, Utrecht, The
Netherlands; 2) U.S. department of Energy Joint Genome Institute, Berkeley, CA, USA; 3) Department of Biotechnology, College of Life
Sciences and Biotechnology and Graduate School, Korea University, Seoul, South Korea; 4) HudsonAlpha Institute for Biotechnology,
Huntsville, AL, USA; 5) Department of Plant and Microbial Biology, University of California, Berkeley, CA, USA.

Wood-decaying fungi of the class Agaricomycetes (phylum Basidiomycota) are saprotrophs that break down lignocellulose and play an
important role in the nutrient recycling. They secrete a wide range of extracellular plant cell wall degrading enzymes that break down
cellulose, hemicellulose and lignin, the main building blocks of plant biomass. Although the production of these enzymes is regulated
mainly at the transcriptional level, no activating regulators have been identified in any wood-decaying fungus in the class Agaricomyce-
tes. We studied the regulation of cellulase expression in the wood-decaying fungus Schizophyllum commune. Comparative genomics
and transcriptomics on two wild isolates revealed a Zn2Cys6-type transcription factor gene (roc7) that was highly up-regulated during
growth on cellulose, when compared to glucose. It is only conserved in the class Agaricomycetes. A roc1 knockout strain showed an
inability to grow on medium with cellulose as sole carbon source, and growth on cellobiose and xylan (other components of wood)

was inhibited. Growth on non-wood-related carbon sources was not inhibited. Cellulase activity was reduced in the growth medium of
the Aroc1 strain. ChIP-Seq identified 1474 binding sites of the Roc1 transcription factor. Promoters of genes involved in lignocellulose
degradation were enriched with these binding sites, especially those of LPMO (lytic polysaccharide monooxygenase) CAZymes,
indicating that Roc1 directly regulates these genes. A GC-rich motif was identified as the binding site of Roc1, which was confirmed by
a functional promoter analysis. Together, Roc1 is a key regulator of cellulose degradation and the first identified in wood decaying fungi
in the phylum Basidiomycota.

141 Degradation strategy of wood extractives by conifer-degrading wood decay fungus Chiaki Hori' 1) Hokkaido University.

Wood extractives, solvent-soluble fractions of woody biomass, are considered to be a factor impeding or excluding fungal colonization
on the freshly harvested conifers. Among wood decay fungi, the basidiomycete Phlebiopsis gigantea has evolved a unique enzyme
system to efficiently transform or degrade conifer extractives but little is known about the mechanism(s). In this study, to clarify the
mechanism(s) of softwood degradation, we examined the transcriptome, proteome, and metabolome of P. gigantea when grown on
defined media containing microcrystalline cellulose and pine sapwood extractives. Beyond the conventional enzymes often associated
with cellulose, hemicellulose and lignin degradation, an array of enzymes implicated in the metabolism of softwood lipophilic extractives
such as fatty and resin acids, steroids and glycerides was significantly up-regulated. Among these, a highly expressed and inducible
lipase is likely responsible for lipophilic extractive degradation, based on its extracellular location and our characterization of the
recombinant enzyme. Our results provide insight into physiological roles of extractives in the interaction between wood and fungi®.
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Dlwata, M., et al. Scientific Reports 11:12528 (2021)

144 Human skin microbiome: trans-kingdom characterization and investigating an emerging fungal pathogen Julia Seg-
re', Sara Saheb Kashaf'2, Diana Proctor?, Alexandre Almeida?, Robert Finn2, Mary Hayden?®, Heidi Kong* 1) National Human Genome
Research Institute, NIH; 2) European Bioinformatics Institute (EMBL-EBI), Wellcome Genome Campus; 3) Rush University Medical
Center, Chicago,IL; 4) National Institute of Arthritis, Musculoskeletal and Skin Diseases, NIH.

The varied topography of human skin offers a unique opportunity to study how the body’s microenvironments influence the functional
and taxonomic composition of microbial communities. However, the paucity of commensal microbial genomes has limited our abil-

ity to comprehensively interpret the structure and function of these communities. Innovative metagenomic methods have unlocked
some of this potential for gut microbiomes, but low-biomass samples possess additional challenges. We combined extensive culturing
and co-assembly of shotgun metagenomic datasets spanning multiple body sites of multiple individuals to elucidate novel constitu-
ents, structure and functions of the human skin microbiome. We further validated the quality of many of our metagenome-assembled
genomes using isolates obtained from the same body site and/or same healthy volunteer. These genomes expand the known species
catalogue of the human skin and characterization of the spatial patterning of associated microbes.

Candida auris is an emerging multi-drug resistant fungal pathogen. C. auris skin colonization results in environmental shedding,
which underlies hospital transmissions, and predisposes patients to subsequent infections. Combining culturing and skin microbiome
sequencing of an outbreak at a high-acuity long term care facility provided novel insight into prevalence and site tropism for C. auris
colonization. Modeling human mycobiome dynamics suggested skin fungal community structure as a risk factor, and possible point

of intervention. We developed a murine skin topical exposure model for C. auris to dissect risk factors predisposing patients for
colonization and to test interventions that might protect patients.

145 Intestinal mycobiome in allogeneic hematopoietic cell transplantation Bing Zhai'?, Thierry Rolling?3, Chen Liao?, Sid-
dharth Jaggavarapu *, Mergim Gjonbalaj?, Jonathan Peled?, Joao Xavier?, David Weiss*, Ying Taur?, Tobias Hohl? 1) Shenzhen Institute
of Advanced Technology, Shenzhen, China; 2) Memorial Sloan Kettering Cancer Center, New York, NY; 3) University Medical Center
Hamburg-Eppendorf, Hamburg, Germany ; 4) Emory University, Atlanta, GA.

Allogeneic haematopoietic cell transplantation (allo-HCT) induces profound shifts in the intestinal microbiome, including the fungal
compartment (i.e. the mycobiome). To characterize the dynamics of intestinal mycobiome during allo-HCT, we integrated an optimized
analytical pipeline with high-throughput fungal ITS1 amplicon sequencing and fungal culturomics assays. We identified a subset of
patients with fungal dysbiosis defined by culture positivity and stable expansion of Candida parapsilosis complex species. Interestingly,
these patients had worse overall survival and higher transplant-related mortality. We further examined the relationship between Candida
parapsilosis domination and the prophylactic usage of micafungin. 47% patients with intestinal Candida parapsilosis domination had
been colonized with micafungin heteroresistant strains, and had significantly higher risker to develop breakthrough fungal bloodstream
infections. Taken together, our study suggested that targeting fungal dysbiosis may help to improve long-term patient survival and
identify patients at risk of fungal bloodstream infections.

146 Adaptive immunity induces mutually beneficial interactions with gut fungi Kyla Ost', Teresa O’ Meara?, W. Zac Ste-
phens', Tyson Chiaro', Haoyang Zhou', Jourdan Penman’, Rickesha Bell', Jason Catanzaro®, Deguang Song?, Shakti Singh*, Daniel
Call®, Elizabeth Hwang-Wong®, Kimberly Hanson’, John Valentine®, Kenneth Christensen®, Brendan Cormack®, Ashraf Ibrahim* '°, Noah
Palm?, Suzanne Noble", June Round' 1) Department of Pathology, University of Utah School of Medicine, Division of Microbiology

and Immunology, Huntsman Cancer Institute, Salt Lake City, UT; 2) Department of Microbiology and Immunology, University of
Michigan Medical School, Ann Arbor, Ml; 3) Department of Immunobiology, Yale University School of Medicine, New Haven, CT; 4) The
Lundquist Institute of Biomedical Innovation, Harbor-University of California Los Angeles Medical Center, Torrance, CA; 5) Section of
Pulmonology, Allergy, Immunology and Sleep Medicine, Department of Pediatrics, Yale University School of Medicine, New Haven,

CT; 6) Department of Molecular Biology and Genetics John’s Hopkins School of Medicine, Baltimore, MD; 7) Department of Pathology,
Clinical Microbiology Division, University of Utah, Salt Lake City, UT; 8) 8 Department of Internal Medicine, Division of Gastroenterology,
University of Utah School of Medicine, Salt Lake City, UT; 9) Department of Chemistry and Biochemistry Department, Brigham Young
University, Provo, UT; 10) David Geffen School of Medicine at University of California, Los Angeles, CA; 11) Department of Microbiology
and Immunology, UCSF School of Medicine, San Francisco, CA .

Pathogenic fungi reside in the intestinal microbiota though rarely cause disease. Little is known regarding immune-fungal interactions
that promote commensalism. Here, we explored the role of adaptive immune responses in promoting fungal commensalism. We found
that potentially pathogenic Candida species induce and are targeted by intestinal IgA responses. Focused studies on Candida albi-
cans revealed that the pathogenic hyphal morphotype, specialized for adhesion and invasion, is preferentially targeted and suppressed
by intestinal IgA responses. IgA from mice and humans directly targeted hyphal-enriched cell surface adhesins. While typically required
for pathogenesis, C. albicans hyphae are less fit for gut colonization and we show that immune selection against hyphae improves

the competitive fitness of C. albicans. C. albicans exacerbates intestinal colitis and we demonstrate that hyphae and an IgA-targeted
adhesin exacerbate intestinal damage. Finally, induction of an adhesin-specific immune response, using a clinically relevant vaccine,
protects mice from C. albicans-associated damage during colitis. Together, adaptive immunity suppresses harmful fungal effectors,
benefiting both C. albicans and its host. Thus, IgA uniquely uncouples colonization from pathogenesis in commensal fungi to promote
homeostasis.

147 Characterizing the role of anaerobic fungi in lignocellulolytic microbial communities and the gut mycobiome of her-
bivorous non-human primates Katharine Dickson', Michelle O’'Malley' 1) University of California - Santa Barbara, Santa Barbara, CA.

The gut microbiome plays a critical role in the health of herbivorous non-human primates (NHPs), and its composition is linked to
features of their ecology, behavior, and responses to habitat destruction. Little is understood about the plant-degrading activities of
fungi in the gut microbiomes of herbivorous NHPs. Historically, research on the gut microbiomes of herbivorous NHPs has focused
on their prokaryotic members, or employed methods of surveying their eukaryotic members that do not fully resolve the fungal popu-
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lation of the microbial community (the mycobiome). In particular, these methods often fail to identify anaerobic gut fungi of the phylum
Neocallimastigomycota, which are widely recognized to constitute the majority of the gut fungal population in large herbivores, where
they secrete an arsenal of carbohydrate active enzymes (CAZymes) to degrade ingested plant biomass. Anaerobic gut fungi have been
identified in fecal samples of the Western lowland gorilla (Gorilla gorilla gorilla), and are likely to be distributed more broadly across
highly herbivorous primates, particularly the foregut-fermenting members of subfamily Colobinae, who possess chambered stomachs
and whose gut microbiota exhibit characteristics convergent with those of ruminants. To characterize the mycobiome of these primates,
fecal samples have been obtained from wild mantled howler monkey (Alouatta palliata) and black howler monkey (Alouatta pigra),

and will be collected from captive G. gorilla gorilla, black-and-white colobus (Colobus guereza), and Francois’ langur ( Trachypithecus
francoisi). Our work seeks to test the hypothesis that anaerobic fungi can be cultivated from G. gorilla gorilla, C. guereza, and T. fran-
coisi fecal samples, which would suggest a functional role for these fungi in the primate digestive tract. Shotgun sequencing of genomic
DNA in samples from all species will be employed along with ITS and LSU amplicon sequencing to probe fungal metagenomes and
characterize their CAZyme repertoire. Full characterization of the community membership, population dynamics, and lignocellulolytic
capacities of anaerobic fungi in herbivorous NHP mycobiota will generate critical insights about the microbial ecology of herbivory in
primates that are likely to not only play a central role in conserving these vulnerable species, but also lead to a fuller understanding of
the evolutionary trajectory of herbivory among all primates, including humans.

148 When and how do fungi impact the evolution of bacteria? Benjamin Wolfe', Emily Putnam’, Brittany Niccum', Casey Co-
setta’, Ruby Ye' 1) Tufts University - Biology.

The functional consequences of fungal-bacterial interactions have often been studied at short ecological timescales, but how fungi
impact the evolution of neighboring microbes over longer timescales is less clear. Fungi may promote or inhibit the evolution of bac-
teria by providing (e.g. metabolite secretion, decomposition) or removing (e.g. resource competition) ecological opportunities within
microbial communities. Using experimental evolution with a range of fungi (Penicillium, Debaryomyces, and Galactomyces species)
and bacteria (Staphylococcus and Pseudomonas species) from the cheese rind model system, we have been determining when and
how fungi impact rates and modes of bacterial evolution. While many fungi do not alter phenotypic or genotypic diversity of co-cultured
bacteria, some can dramatically promote diversification of bacterial populations. For example, the yeast Debaryomyces hansenii strong-
ly promoted diversification of the bacterium Staphylococcus xylosus; nearly all replicate populations of S. xylosus co-cultured with D.
hansenii were dominated by mutants with loss-of-function mutations in genes associated with the sigma factor B (SigB) and accessory
gene regulator (agr) systems. Surprisingly, the long-term impact of fungi on bacterial evolution cannot be clearly predicted by their
short-term ecological impacts on bacterial growth. Ongoing work in the lab is trying to identify the chemical and genetic mechanisms by
which fungi promote or inhibit bacterial diversification. Our results demonstrate that fungal-bacterial interactions have the potential to
shape evolutionary processes within microbial communities and may be important to consider when designing and managing fun-
gal-dominated ecosystems.

149 Interrogating the poplar fungal microbiome interactions using meta-transcriptomics and constructed commu-

nities Jake Nash', Keaton Tremble?®, Brian Looney', Corbin Bryan', Khalid Hameed', Yi-Hong Ke', Melissa Cregger?, Nicholas

Dove?, Christopher Schadt?, Rytas Vilgalys? 1) Duke University, Durham, NC; 2) Oak Ridge National Laboratory, Oak Ridge, TN; 3) The
University of Utah, Salt Lake City, UT.

Poplar trees (genus Populus) are host to a diverse root fungal microbiome including ectomycorrhizal, arbuscular mycorrhizal, and endo-
phytic fungi. These fungi perform services for the plant host including growth promotion, nutrient acquisition, protection from pathogens,
and conferral of abiotic stress tolerance. Meta-transcriptomics can provide large amounts of data on the function and taxonomic compo-
sition of the poplar root fungal microbiome. We developed an RNA-seq method using a synthetic spike-in standard curve that allows for
the calculation of absolute abundances of fungal transcripts on poplar roots. We implemented a bioinformatics workflow that provides
taxonomic and functional annotations of assembled fungal contigs from meta-transcriptomic data. These methods were applied to an
ecosystem-scale time-series field experiment to document taxonomic and functional shifts of the poplar fungal microbiome in response
to a historic drought in the semi-arid American West during the summer of 2021. We identified transcripts from a previously isolated
dark septate endophyte in the genus Hyaloscypha as a highly active root colonizer across our field sites. Dark septate endophytes are
a functionally diverse group of root associates that have been described as either mutualists, commensalists, or latent pathogens. We
conducted further work to understand the characteristics of the Populus-Hyaloscypha association. In vitro inoculations with this fungus
demonstrated compatibility with both Pinus and Populus, and suggested that it engages in antagonistic interactions with arbuscular
mycorrhizal fungi during plant host colonization. We were also able to establish simplified constructed communities with this fungus

and three common ectomycorrhizal fungi, ranging in diversity from one to four species. These constructed communities will allow us to
identify interactions between fungi during root colonization and evaluate the effects of fungal diversity on plant performance and nutrient
uptake. Future work will also 1) dissect the molecular mechanisms of the antagonistic interaction with arbuscular mycorrhizal fungi, 2)
evaluate the ability of this fungus to confer drought tolerance to Populus, and 3) identify common and unique symbiosis-induced genes
when colonizing different plant hosts.

150 Metabarcoding as a tool for investigating the influence of endosymbiotic bacteria on Mucoromycota fungal host com-
munity structure in the Sonoran Desert Nicole Reynolds', Kevin Amses?, Jessie Uehling?, Rasheed Adeleke® 1) Cornell University,
School of Integrative Plant Science, Ithaca, NY, USA; 2) Oregon State University, Department of Botany and Plant Pathology, Corvallis,
OR, USA; 3) North-West University, School of Biological Sciences, Potchefstroom, North West Province, SA.

The Mucoromycota comprises a diverse group of filamentous fungi including mycorrhizal symbionts (Glomeromycetes, Endogonomy-
cetes) and rhizosphere-associated and soil saprotrophs (Mortierellomycetes, Mucoromycetes). Several species within these groups
may also be opportunistic human pathogens, post-harvest pathogens, or used in industrial applications for food or biofuel production.
Despite the importance of these fungi, many questions remain regarding the patterns and drivers of their diversity, ecology, and distri-
bution. To answer these questions, we are generating comprehensive Mucoromycota culture and sequence based genomic libraries.
Furthermore, recent and ongoing discoveries about the endosymbiotic bacteria (EB) that many Mucoromycota species harbor have
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generated new questions. EB have different effects on the host fungi depending on the species, influencing asexual and sexual repro-
duction and metabolic functioning. To investigate the potential role of EB in the structuring of Mucoromycota communities, we are using
metabarcoding to analyze soils collected from the rhizosphere of two different shrubs (Larrea tridentata, Zygophyllaceae and Ambrosia
dumosa, Asteraceae) in the Sonoran Desert (California). Using both bacterial (16S) and fungal (28S) primers, we are investigating the
co-occurrence of potential EB species and fungal hosts. Sequences are generated on the Illlumina MiSeq platform, and bioinformatic
analyses performed using the AMPtk pipeline with customized reference databases. One essential aspect to further understanding

EB and their functional effects on their host fungi is quantifying how technical experimental biases such as primer and sequencing

bias influence our interpretation of community-based sequence data. To evaluate the effect of methodological biases, we generated a
biological mock community including genomic DNAs from a diversity of Mucoromycota fungi (with or without EB) and are processing it
alongside the environmental samples. Our results show not only the utility of metabarcoding for understanding communities of Mucoro-
mycota and their putative EB, but also the importance of accounting for methodological biases that can impact the results. Additionally,
we explore the effects of biotic filtering influenced by host plant and dispersal filtering based on geographic distance. This work is the
first step in a larger project to compare two biomes (deserts, xeric shrublands and Mediterranean scrub) across two disjunct geographic
areas (California, USA and Western Cape, SA).

151 Global evolutionary patterns and drug resistance acquisition in the human pathogen Aspergillus fumigatus Johanna
Rhodes', Alireza Abdolrasouli?®, Katie Dunne*, Thomas Sewell’, Yuyi Shang', Eloise Ballard®, Amelie Brackin', Norman van Rhijn®, Har-
ry Chown®, Paul Dyer’, Paul Bowyer®, Michael Bromley®, Elizabeth Johnson®®, P. Lewis White'®, Adilia Warris®®, Richard Barton', Silke
Schelenz', Thomas Rogers*, Darius Armstrong-James?, Matthew Fisher' 1) MRC Centre for Global Disease Analysis, Imperial College
London, London; 2) Department of Infectious Diseases, Imperial College London, London ; 3) Department of Medical Microbiology,
King’s College University Hospital, London; 4) Department of Clinical Microbiology, Trinity College Dublin, Dublin; 5) Aberdeen Fungal
Group, Institute of Medical Sciences, University of Aberdeen; 6) Manchester Fungal Infection Group, Faculty of Biology, Medicine

and Health, The University of Manchester, Manchester; 7) School of Life Sciences, University of Nottingham, Nottingham; 8) National
Mycology Reference Laboratory, Public Health England, Bristol; 9) MRC Centre for Medical Mycology, University of Exeter, Exeter; 10)
Public Health Wales Microbiology, Cardiff; 11) Mycology Reference Centre, Leeds Teaching Hospitals National Health Service Trust,
Leeds; 12) Infection Sciences, Kings College University Hospital, London.

Aspergillus fumigatus is a globally ubiquitous environmental mould capable of causing opportunistic lung disease. Invasive aspergillosis
(IA) occurs in at-risk populations, such as neutropenic patients, those receiving immunosuppressive therapy or stem cell and solid
organs transplants, and CF patients. It is also emerging as an important pathogen as an influenza and COVID-19 associated infection.
Here, we use whole-genome sequencing of over one thousand globally sourced isolates sampled over 102 years to solve the spatio-
temporal origins of A. fumigatus. We describe the polymorphisms associated with drug resistance, including novel drug resistance
polymorphisms, and the spatiotemporal origins of the most prominent polymorphism TR,,/L98H. Our findings also indicate a two clade
structure, with the majority of drug resistance polymorphisms assigned to Clade A; we will present data on crosses aimed at exploring
whether there is a reproductive barrier between Clades A and B, and whether these polymorphisms are capable of being transferred
onto new genetic backgrounds via recombination.

152 Identifying novel sexual reproduction defects by TN-seq in Schizosaccharomyces pombe Caroline Craig', Blake
Billmyre', Michael Eickbush', Jeffrey Lange’, Christopher Wood', Rachel Helston', Sarah Zanders'? 1) Stowers Institute for Medical
Research, Kansas City, MO; 2) University of Kansas Medical Center, Kansas City, KS.

Traditional genetic analyses examine single isolated mutants. However, pooled analysis can reveal types of phenotypes not observed
in single mutants. We have developed a genome-wide transposon insertion (TN-seq) screen to identify genes important for sexual
reproduction. Using this approach, we found over 500 genes involved in sexual reproduction. Some of the mutants, such as those

in ifs1 (Important for Sex), are unable to produce viable spores. Two other mutants, p/lb7A and alg9A have a previously undescribed
phenotype, where mutant cells are capable of undergoing meiosis and sex but the spores produced are sick and delay germination.
To analyze this phenotype, we used a competitive growth assay and found that p/lb71A and alg9A spores but not vegetative cells were
outcompeted by wildtype. Furthermore, we live imaged mutant spores using a microfluidic device and used deep learning to analyze
the size, rate of growth, and aspect ratio of the spores from these timelapse videos. These data revealed that p/b1A and alg9A spores
are smaller and have a delay in germination. Pooled analyses using TN-seq are an invaluable tool for studying sex and can reveal
phenotypes that are difficult to detect using traditional approaches.

153 Obligate sexual reproduction of a homothallic fungus closely related to the Cryptococcus pathogenic species
complex Marco A. Coelho'®, Shelly Applen Clancey'¢, Andrew R. Passer’, Terrance Shea?, Marcia David-Palma', Anna Floyd Av-
erette’, Teun Boekhout?, Betina Porcel*, Minou Nowrousian®, Christina A. Cuomo?, Sheng Sun', Joseph Heitman' 1) Department of
Molecular Genetics and Microbiology, Duke University Medical Center, Durham, North Carolina, USA; 2) Broad Institute of MIT and
Harvard, Cambridge, Massachusetts, USA; 3) Westerkdijk Fungal Biodiversity Institute, Utrecht, The Netherlands; 4) Commissariat
a ’Energie Atomique, Institut de Génomique, Genoscope, Evry, France; 5) Lehrstuhl fir Molekulare und Zellulare Botanik, Ruhr-
Universitédt Bochum, Bochum, Germany; 6) contributed equally.

Sexual reprodu