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dominated by pyrophilous fungi, or filamentous fungi that are known to fruit exclusively on burned soil. As the earliest soil fungal colonizers, pyrophilous fungi 
may have an important role in post fire soil recovery and may help determine the fate of post fire soil carbon, but little is known about the organisms or their 
adaptation to their environment. Here, we have sequenced, annotated, and compared the genomes of six pyrophilous Ascomycetes of the Pezizales family to 
12 of their non-pyrophilous Pezizales relatives and found expansions in gene families related to substrate metabolism, stress response capabilities, and 
secondary metabolites. Amongst pyrophilous species we found expansions in many substrate utilization genes including CAZymes such as curdlanases 
(GH132), cutinases (CE5), carbohydrate binding modules (CBM 50), chitin binding modules (CBM 14), and phospholipases. Expanded protease families include 
serine aminopeptidases, metalloproteases, Caspases (C14B), and ubiquitin-specific proteases. We also found expansions in stress response gene families for 
multidrug resistance protein MDR, two heat shock protein families, and expansions in genes encoding for the secondary metabolite siderophone. This study 
will help us increase our knowledge of adaptive advantages that have evolved in pyrophilous fungi and the role of these organisms in post fire succession. 

471T    Comparative Analysis of Oomycete Genome Evolution using the Oomycete Gene Order Browser (OGOB).    Jamie McGowan1,2, Kevin P. Byrne3, 
David A. Fitzpatrick1,2  1) Genome Evolution Laboratory, Biology Department, Maynooth University, Co. Kildare, Kildare, IE; 2) Human Health Research Institute, 
Maynooth University, Co. Kildare, Ireland; 3) UCD Conway Institute, School of Medicine, University College Dublin, Co. Dublin, Ireland.  
   The oomycetes are a class of microscopic, filamentous eukaryotes within the Stramenopiles-Alveolates-Rhizaria (SAR) supergroup that morphologically 
resemble fungi. They include ecologically significant animal and plant pathogens, including Phytophthora infestans, the causative agent of potato blight. 
Despite the threat they pose to worldwide food security and natural ecosystems, there is a lack of tools and databases available to study oomycete genetics 
and evolution. To this end, we have developed the Oomycete Gene Order Browser (OGOB), a curate database that facilitates comparative genomic and 
syntenic analyses of oomycete species. OGOB incorporates genomic data for 20 oomycete species including a wealth of functional annotations and 
bioinformatics tools. OGOB hosts a robust set of curated orthologous and syntenic oomycete genes for evolutionary and functional analyses. Here, we present 
the structure and function of OGOB as well as a number of comparative genomic analyses we have performed to better understand oomycete genome 
evolution. 

Oomycetes are notorious for secreting large arsenals of effector proteins that facilitate infection by degrading host cell components, dampening host immune 
responses and inducing necrosis. We analyse the extent of gene duplication and identify tandem gene duplication as a driving force of the expansion of 
secreted effector proteins. Using phylostratigraphy, we estimate the phylogenetic age of all 319,881 oomycete gene hosted by OGOB and identify genes that 
are unique to particular species/genera. Our phylostratigraphy approach allows us to study the evolution of gene family size and to account for differences in 
the number of genes each species has. We identify syntenically conserved orthologs (syntenologs) and determine the degree of syntenic conservation between 
each pair of the 20 species housed in OGOB. Our results show high levels of microsyntenic conservation of genes with housekeeping functions, even across 
large evolutionary distances. OGOB is available at https://ogob.ie. 

472F    Molecular evolution of MAX effectors in the rice blast fungus Pyricularia oryzae.    F. Charriat1, S. Ravel1, J. Gracy2, S. Cros-Arteil1, E. Fournier1, T. 
Kroj1, P. Gladieux1  1) BGPI, INRA, MUMR BGPI, INRA, CIRAD, Montpellier Supagro, Montpellier University, Montpellier, France; 2) UMR CBS, CNRS, INSERM, 
Montpellier, France.  
   Fungal plant pathogens secrete proteins, termed “effectors”, that enable them to interact with their hosts and to influence the outcome of the interaction. 
Attempts to probe into the evolutionary, molecular and functional drivers of effector diversification have been hindered by the scarcity of large effector 
families identified in fungi, and thus the lack of good criteria to prioritize effectors for functional analysis. We overcome the methodological and conceptual 
barrier imposed by effector hyperdiversity by building on our recent discovery of an important, structurally conserved, but sequence-diverse family of effectors 
called MAX (for Magnaporthe Avrs and ToxB) in the blast fungus Pyricularia oryzae. Our goal was to understand how effectors diversify within and between 
lineages, to identify effectors involved in host shifts, and the molecular changes that underlie adaptation to new hosts. We assembled and predicted genes in 
ca. 200 genomes of P. oryzae, representing the ten main host-associated lineages of the pathogen. We developed a new prediction pipeline, using RNAseq 
data and combining different gene prediction tools, to ensure that small effectors without introns were well predicted. We identified groups of orthologs and 
estimated divergence time between the different lineages using the groups of orthologs that were single-copy. Molecular clock analyses showed that 
divergence between some lineages is much older than the domestication of their hosts, or even older than agriculture. Pan-genome analyses revealed a 
dynamic genome with extensive variation in gene content within and between lineages. We will also present our most recent findings on the distribution of 
MAX effectors within and between lineages, their genomic environment, as well as the existence of signatures of natural selection. Our results demonstrate 
that MAX effectors represent a very dynamic compartment of the genome, consistent with their specific monitoring by the plant immune system and their role 
as major determinants of host range. 

473W    Genomics and the making of biodiversity across the budding yeast subphylum.    Antonis Rokas, Yeast 1000+ Project  Department of Biological 
Sciences, Vanderbilt University, Nashville, TN.  
   Budding yeasts are unicellular fungi that do not form fruiting bodies. Although the yeast lifestyle has evolved multiple times, most known species belong to 
the subphylum Saccharomycotina (hereafter budding yeasts). This diverse group includes the premier eukaryotic model system, Saccharomyces cerevisiae; the 
common human commensal and opportunistic pathogen, Candida albicans; and over 1,000 other known species (with more continuing to be discovered). 
Yeasts are found in every biome and continent and are more genetically diverse than either plants or bilaterian animals. Ease of culture, simple life cycles, and 
small genomes (10– 20 Mbp) have made yeasts exceptional models for molecular genetics, biotechnology, and evolutionary genomics. Since only a tiny 
fraction of yeast biodiversity and metabolic capabilities has been tapped by industry and science, expanding the taxonomic breadth of deep genomic 
investigations will further illuminate how genome function evolves to encode their diverse metabolisms and ecologies. As part of National Science 
Foundation’s Dimensions of Biodiversity program and in collaboration with Chris Todd Hittinger’s lab at the University of Wisconsin-Madison, the late Cletus 
Kurtzman, and collaborators around the world, we have undertaken a large-scale comparative genomic study to uncover the genetic basis of metabolic 
diversity in the entire Saccharomycotina subphylum. In my talk, I will discuss the team’s evolutionary analyses of 332 genomes spanning the diversity of the 
subphylum. These include establishing a robust genus-level phylogeny and timetree for the subphylum, quantification of the extent of horizontal gene transfer 
for the subphylum as well as specific examples (such as the horizontal acquisition of a bacterial operon in a lineage of fructophilic yeasts), and characterization 
of the evolution of approximately 50 metabolic traits (and, in some cases, their underlying genes and pathways). These analyses allow us, for the first time, to 
infer the key metabolic characteristics of the Last Yeast Common Ancestor (LYCA) and characterize the tempo and mode of genome evolution across an entire 
subphylum. The key take home message of our work is that budding yeasts have diversified through differential pathway loss, gene duplication and functional 
divergence, and horizontal acquisition of genes and pathways. More generally, our findings suggest reductive evolution is a major mode of evolutionary 
diversification. 


