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16 July 2018
Dear Delegates of IMC11,

On behalf of the International Mycological Association (IMA) and the host organization the Mycological
Society of America (MSA), we welcome you to the 11t International Mycological Congress (IMC11).
Every four years, the mycologists of the world gather to share the latest, cutting-edge research on all
aspects of fungal biology. We are excited for this opportunity to meet in San Juan in the spectacular
Puerto Rico Convention Center for what we know will be a fantastic meeting filled with informative
keynote addresses, in-depth symposia, intriguing poster presentations, interesting field trips, and
inspiring social events.

The Local Organizing Committee, led by chair Sharon Cantrell and co-chair Jean Lodge, overcame
enormous logistical obstacles following Hurricane Maria in 2017, and we owe them tremendous thanks
for their efforts for this congress. The Scientific Programme Committee led by chair Chris Schard| and
co-chair Don Pfister, have toiled for the past two years assembling the diverse scientific program of the
meeting. The IMA and MSA are extremely grateful to these committees and all who dedicated their time
and energy to the organization of this meeting, the University del Turabo for their support of the local
organizing committee, and to all the sponsors and exhibitors for their contributions to the success of the
meeting.

We expect IMC11 to follow in the footsteps of previous congresses as a life-changing, mycology-
affirming experience for all delegates. With its common roots in field biology and laboratory science,
mycology provides a unique opportunity for interaction and exchange between scientists with diverse
technical backgrounds and from different cultures. We are particularly happy to welcome students to
the meeting. Please take the opportunity to interact with as many of your colleagues as you can, whether
you are a student, a professor or an emeritus. The world of mycology is here. Embrace it.

Sincerely,

Keith A. Seifert, PhD Thomas J. Volk, PhD
President, International Mycological Association President, Mycological Society of America
ima-mycology.org || @ MA_Mycology www.msafungi.org || @msafungi
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Congress Speakers: Keynote Address and Plenary Lectures

Keynote Speaker

Prof. Dr. Paola Bonfante, Universita degli Studi di Torino, Italy.
Keynote address: Fungi, plants, bacteria: A network of dialogues
and interactions

Pathology Theme

Dr. Anuradha Chowdhary, Univ. of Delhi, India

Lecture: Fungal human pathogens: From obscure significance to
impending disasters

Applications Theme

Prof. Dr. Russell Cox, Leibniz Univeristat, Hannover, Germany, and
University of Bristol, Bristol, UK

Lecture: Heterologous expression: The key technique for
investigating and engineering fungal secondary metabolism

Genomics Theme

Prof. Dr. Chengshu Wang, Shanghai Institutes for Biological
Sciences, CAS, Shanghai, China

Lecture: From one to many: Fungal genomics and the future of
population genetics

Cell Biology Theme
Dr. Jesus Aguirre, UNAM, Mexico
Lecture: ROS signaling and fungal development

Ecology Theme

Dr. Thomas Bruns, University of California, Berkeley

Lecture: Experimental fungal communities: Tools for testing theory
and determining mechanisms
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Evolution Theme

Dr. Priscila Chaverri, University of Maryland, College Park, MD, USA
and University of Costa Rica, San José, Costa Rica.
Lecture: Evolution of protective mutualism in plant-fungal

endosymbiosis

Environment Theme

Dr. Matthew Fisher, Imperial College, London,
Lecture: Big data & big biology approaches to addressing big

fungal problems

Congress Committees

Steering Committee
Tom Volk, Chair
Sarah Bergemann, MSA Executive VP
Christopher L. Schardl, Program Chair
Pedro Crous, IMA Secretary
Sharon A. Cantrell, IMA VP & Chair Local
Organizing Committee
Matias J. Cafaro, Congress Secretary

Local Organizing Committee
Sharon A. Cantrell, Chair

Jean Lodge, Co-Chair

Matias J. Cafaro, Congress Secretary
Carmen Acevedo

Juan Acevedo

Paul Bayman

Benjamin Bolafios

Marian Espola

Sandra Maldonado

José R. Pérez-Jiménez

Program Committee

Chair: Christopher L. Schardl
Co-Chair: Donald Pfister

Marc Stadler, Applications
Chengshu Wang, Applications
Meritxell Riqguelme, Cell Biology
Michelle Momany, Cell Biology
John Klironomos, Ecology
Marc-André Selosse, Ecology
Meredith Blackwell, Education
Andrea Irene Romero, Education
John Taylor, Evolution

Tatiana B. Gibertoni, Evolution
David Hibbett, Environment
Andrea Porras-Alfaro, Environment
Jason Stajich, Genomics

Li-Jun Ma, Genomics

Jacque F. Meis, Pathology

Lydia |. Rivera Vargas, Pathology

Our sincere gratitude to Armando Soto (Webmaster), Jack Catheline (Registration), Astrid Concepcién

(Meeting Coordinator), Carmen Acevedo

(Artisan Exhibition),

Maria M. Claudio Rodriguez

(Administrative Assistance), Program and Abstract Book Development by D. Jean Lodge, José R. Pérez-
Jiménez, Melissa Palmer and Donald Pfister. Field trip guides: Paul Bayman, D. Jean Lodge, Sandra
Maldonado, Joel Mercado, Kurt Miller, José R. Pérez-Jiménez and Yaritza Rivera. General collaboration
provided by the Puerto Rico Institute for Microbial Ecology Research, Student Chapter at Universidad

del Turabo (Gurabo, PR).
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Keynote Address

Fungi, plants, bacteria: a network of dialogues and interactions
P. Bonfante
Life Sciences and Systems Biology, University of Torino, Torino, ITALY

Abstract: Can we live without fungi? Microscopic entities or giants, friends or killers, degraders or
producers, they all play crucial roles for the life on our planet. Their presence has accompanied the
history of humanity, but for a long time, due their largely hidden and unseen actions, their importance
was not fully acknowledged and their phylogenetic relationships with animals and plants were
erroneously described. Nowadays we are aware that fungi are powerful organisms, which can offer us
new pharmaceuticals, help cleaning up waters and soils from contaminants, and provide crucial support
to the green inhabitants of the planet. The aim of this presentation is to illustrate different strategies
developed by fungi in order to beneficially interact with land plants. Fossil data reveal that fungi
resembling modern Glomeromycotina were already associated with first land plants around 450 MYA.
However, only today, thanks to the use of -omics technology, we can decipher their enigmatic genomes,
reconstruct their metabolic pathways, describe their impact on plants, and identify the molecules
involved in the molecular dialogue with their hosts. Thanks to this huge amount of data, we can finally
make hypotheses on the evolution and molecular mechanisms that make fungi so successful in time and
space. Mycorrhizal fungi create networks not only with plants, but also with other soil inhabitants like
animals, other fungi and bacteria. The dialogue with bacteria is particularly fascinating. Bacteria can live
on the surface of mycelia and spores or, in a more intimate way, as endobacteria inside fungal structures.
In the past, the interactions between bacteria and fungi were mostly described as of antagonistic nature,
however most recent data report on cooperative activities between fungi and bacteria. Increasing
attention is currently given to the concepts of microbiota and holobiont. In this context, on the one hand,
mycorrhizal fungi are part of the plant microbiota, and represent a key component of the plant
holobiont; on the other hand, they also possess their own microbiota. Thus, analogous to animals and
plants, the fungal holobiont may be seen as a complex network of inter-kingdom interactions. An
example of this tripartite symbiosis is given by Gigaspora margarita, an arbuscular mycorrhizal fungus
that associates both with many plants and diverse endobacterial populations. Deciphering these
multiple interactions will be a future goal, which may provide interesting insights into the capacity of
mycorrhizal fungi to modulate their responses depending on the organism with whom they interact.

Keynote Address 1 www.imc11.com



Plenary Lectures

Plenary Lecture 1 -- Applications

Heterologous Expression: The key technique for investigating and engineering

fungal secondary metabolism

Russell Cox
BMW?Z, Leibniz Universitdt Hannover, Hannover, GERMANY

Abstract: Fungi are extremely proficient producers of often complex secondary metabolites. The
biosynthesis of these compounds is genetically encoded, usually by groups of clustered genes. Many
fungi possess up to 100 biosynthetic gene clusters (BGC), each with the potential to produce one or
more compounds, but most clusters are either silent (known product, but not produced) or cryptic
(unknown product) or both. Numerous methods have been reported for the ‘activation’; of such BGCs,
but none is systematic or widely applicable except for heterologous expression. Rapid cloning methods
in yeast, combined with a modular vector series and the tractable host Aspergillus oryzae now enable
fast and reliable analysis of fungal BGCs from diverse sources, as well as the investigation of silent and
cryptic clusters and the rational engineering of fungal secondary metabolites.
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Plenary Lecture 2 -- Ecology

Experimental fungal communities: tools for testing theory and determining

mechanisms
T. D. Bruns
Department of Plant and Microbial Biology, University of California, CA, Berkeley, USA

Abstract: We are in golden age of fungal community ecology. An explosion in research has been driven
by a combination of high-throughput sequence methods, expansive public databases, improved
statistical tools, and raw computational power. Together these have allowed us to sample and analyze
fungal communities at levels that were impossible just a few decades ago. Collectively this work has now
provided the first global views of fungi in some of the most important guilds and ecosystems, and has
allowed us to sample fungi in forms and habitats that were previously inaccessible. Along with this
expansion in our knowledge of patterns has come an increasing integration of fungi into the broader
field of community ecology. In particular the fit of observed pattern to theory has become a common
theme within this body of work, and this focus has resulted in a greater understanding of the drivers and
functional consequences fungal community structure. However, the greatest impact of fungal systems
on community ecology may be in their use for testing, revising, and creating new theory. This potential
is based in part on the fact that community ecology theory is heavily biased by plant ecology. This is an
advantage because like plants, fungi are sessile, territorial, and frequently limited by rates of dispersal
and establishment. These shared features mean that much current theory developed in plant ecology
applies well to fungi. However, fungi also differ from plants in the dominant types of competition
employed and in the wealth of symbiotic interacts in which they are involved. Furthermore, many fungal
communities are much more amenable to manipulation and replication on rapid time scales than are
plant or animal communities. This means that theory can often be tested more rapidly and under more
controlled conditions than is possible with other types of organisms. This talk will illustrate these points
with recent and historical fungal research within the broad field of community ecology.
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Plenary Lecture 3 -- Pathology
Fungal human pathogens: from obscure significance to impending disasters

A. Chowdhary
Department of Medical Mycology, Vallabhbhai Patel Chest Institute, University of Delhi, Delhi, INDIA

Abstract: Candida auris that exhibits resistance to fluconazole (FLU) and markedly variable susceptibility
to other azoles, amphotericin B(AMB), and echinocandins. This yeast has globally emerged as a
nosocomial pathogen that can cause invasive infections. Candida auris was first described in 2009 by
Satoh et al. as a novel Candida species, in the Candida haemulonii complex (Metchnikowiaceae), from a
patientin Japan after its isolation from the external ear canal. Alarmingly, in less than a decade this yeast,
which is difficult to treat, has become widespread across several countries causing a broad range of
healthcare associated invasive infections that display clonal inter- and intra-hospital transmission. The
fact that this yeast exhibit MDR clonal strains which are nosocomially transmitted is unusual in other
Candida species. Therefore, the possible threat of its rapid spread in affected countries and its
emergence in unaffected countries will not only challenge clinicians for its effective therapeutic
management but will also bring high economic burden to countries especially in resource limited
settings where modern identification facilities and access to antifungals other than FLU are limited. Also,
substantial increase in azole resistance among clinical Aspergillus isolates is recorded world-wide raising
concern if this very effective azole class of antifungals for treatment of invasive aspergillosis will still be
effective to use in the coming years. This emergence of resistance has led to the hypothesis that the
deployment of demethylation inhibitors fungicides in agriculture select antifungal resistance not only in
target crop pathogens but also in those fungal species that co-occur in their environment, and
opportunistically infect humans, specifically the saprophytic genus Aspergillus. Two hypotheses have
been proposed to explain recent increases in triazole resistance in clinical settings: (i) the use of triazoles
for prophylaxis and treatment in patients with pulmonary cavities. A. fumigatus produce spores in the
cavity (asexual sporulation), which is probably an important condition that facilitates resistance selection.
(i) The extensive use of triazole fungicides in agriculture can lead to selection of azole resistant A.
fumigatus in the environment which may infect the susceptible patient population. Several reported
cases of triazole-resistant aspergillosis developing in triazole-naive human and animal patients support
the latter hypothesis. The threats by MDR fungal pathogens will pose real challenge especially in the era
witnessing ever increasing susceptible patient population but limited by new/novel antifungal arsenals

availability.
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Plenary Lecture 4 - Evolution,
The Puerto Rico Mycological Soceity Carlos E. Charddn Lecture

Evolution of protective mutualism in plant-fungal endosymbiosis
P. Chaverri
Plant Science, University of Maryland, College Park, MD, USA

Abstract: Diaporthe, Tolypocladium, Trichoderma, and other Hypocreales). Second, | have studied
intensively the evolution of ecological traits in Trichoderma, with emphasis on endophytic species.
Results from my studies show that Trichoderma is not only ubiquitous in the soil, but also in living
sapwood of various tropical trees. In addition, living woody plants contain exclusively endophytic
Trichoderma spp. not found in any other niche. Evolution and radiation of endophytic species likely
occurred from host/substrate shifts, from soil saprotroph to plant biotroph. Comparative genome
analyses are also showing unique features in the endophytic species Trichoderma endophyticum. With
solid taxonomy, species delimitation and phylogenetic analyses, it is then possible to infer the cryptic
roles endophytes play in their hosts. This could be accomplished by evaluating their closest relatives
and determining their most recent ancestors. Findings from these studies have implications for
understanding certain evolutionary processes such as species radiations in some hyperdiverse groups
of fungi, and for more applied fields such as the discovery and development of novel biological control
strategies. Intersecting ecological and evolutionary studies have therefore served me to use the
information in applied agriculture. For example, culture-dependent and -independent metabarcoding
analyses show that Trichoderma, in addition to other antagonistic fungi, dominate the endophytic fungal
community in wild tropical trees, demonstrating a protective mutualism that may be altered in
monoculture plantations. My studies also indicate that species composition in seedlings in the wild is
significantly different from adult trees and that putative pathogens are more frequent in seedlings and
absent in adults, whereas mycotrophs are absent in seedlings and abundant in adults. | also show that
endophytic fungi in fruits of Ficus colubrinae with potential to be plant pathogenic do not survive the
digestive tract of the bat Ectophylla alba. Dispersed seeds may benefit from frugivores by a reduction in
the number of potentially pathogenic taxa. These results support well-known hypotheses, such as the
Janzen-Connell, Negative Density Dependence, and the Theory of Pest Pressure. With a better
understanding of the evolution and ecology of endophytes, we have used many of these fungi in
biological control tests against diseases of various tropical crops. For example, endophytic Trichoderma
species are significantly more effective against several plant pathogens than non-endophytic isolates,
including those from commercial preparations. In addition, some species can even promote growth. My
research on phytobiomes in wild relatives of economically important tropical crops will continue to aim
to understand their function in natural ecosystems and applications in agriculture.
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Plenary Lecture 5 -- Cell Biology

ROS Signaling and fungal development
J. Aguirre, A.E. Mendoza-Martinez, F. Lara-Rojas, O. Sanchez
Cell Biology and Development, Instituto de Fisiologia Celular (UNAM), México City, MEXICO

Abstract: Aspergillus nidulans as model system, we have shown that transcription factors (TF) SrrA,
NapA and AtfA are individually required to survive oxidative stress and that they also regulate asexual
and sexual development. Aspergillus nidulans transcription factor (TF) NapA is a member of AP-1 family,
which includes fungal Yap1 and Pap1 TFs. Just like Yap1 and Pap1 orthologs, NapA accumulates in the
nucleus in presence of H,O», a behavior also observed in the presence of menadione, osmotic stress or
glucose starvation. NapA is essential for H.O3 resistance and normal production of conidia, while, it
represses sexual development and regulates cleistothecia pigmentation. By showing that AnapA
mutants are unable to grow in arabinose, fructose and ethanol, we uncovered a novel role for NapA in
carbon utilization. This is consistent with a transcriptomic analysis showing that during conidial
development NapA is required for the regulation of at least 214 genes, including ethanol utilization
genes alcR, alcA and aldA, as well as other genes involved in carbohydrate utilization, transcriptional
regulation, drug detoxification and secondary metabolism. Peroxiredoxins are enzymes belonging to a
conserved family of perexidases that have been involved in H2O2 sensing and Yap1 and Pap1 activation.
The phenotypic characterization of AgpxA, AtpxA, and AtpxB single, double and triple peroxiredoxin
mutants in wild type or AnapA backgrounds shows that none of these Prxs is required for NapA function
in H2O2 or menadione resistance. However, these Prxs participate in a minor NapA-independent H2O»
resistance pathway, while NapA and TpxA appear to regulate conidiation along the same route. While
all these peroxiredoxins are not necessary for arabinose and fructose utilization, TpxA and TpxB are
important for ethanol utilization, suggesting that the utilization of this carbon source involves a specific
type of oxidative stress.
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Plenary Lecture 6 -- Genomics

From one to many: genomics and the future of population genetics
Y. Lu, Y. Shang, G. Xiao, C. Wang
Shanghai Institute of Plant Physiology and Ecology, Chinese Academy of Sciences, Shanghai, CHINA

Abstract: Metarhizium spp. and Beauveria bassiana have been developed as environmentally friendly
biocontrol agents against different insect pests. Phylogenetic analysis revealed that fungal
entomopathogenicity is polyphyletic, so similar expansions of insect cuticle degrading proteases and
chitinases reflect a convergent evolution during the arms race of fungus-insect interactions. Relative to
the advances in understanding fungus-plant interactions, the mechanisms of the molecular
pathogenesis of entomopathogenic fungi are rather limitedly understood. In particular, the machinery
of effector-mediated inhibition of host immunity has not been well established in fungus-insect
interactions. We found that the divergent LysM proteins are present in animal pathogens. By using the
insect pathogen B. bassiana as a model, we revealed that two of 12 encoded LysM protein genes are
required for full fungal virulence againstinsect hosts to deregulate insectimmune responses and protect
fungal cells from chitinase hydrolysis. For M. robertsii, a collagen-like protein can camouflage cell wall
components for evading host immunity. In addition, in vivo metabolomics analysis revealed the
dynamics of small molecules were produced by both the fungi and insect hosts during fungal invasion
of hosts. In particular, the small molecules such as the cyclodepsipeptide destruxins produced by M.
robertsii and dibenzoquinone oosporein by B. bassiana could be deployed by the fungus to inhibit host
immune responses to facilitate fungal infection. The understanding of fungal molecular pathogenesis
can facilitate the development of cost-effective mycoinsecticides.
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Plenary Lecture 7 - Environment
The Mycological Society of America John S. Karling Annual Lecture

Big data and big biology approaches to addressing big fungal problems
Mathew Fisher
MRC Centre for Global Infectious Disease Analysis, Imperial College London, UNITED KINGDOM

Abstract: An unprecedented number of emerging fungal pathogens (EFPs) are emerging and causing
disease in animals and plants, putting the resilience of wild and managed ecosystems in jeopardy. While
the past decades have seen an increase in the number of EFPs, they have also seen the birth of new big-
data technologies and analytical approaches to tackle these emerging pathogens. | explore the
methodologies and bioinformatic toolkits that currently exist to rapidly analyse the genomes of unknown
fungi, then discuss how these data can be used to address key questions that shed light on their
epidemiology. | then show how new high-throughput experimental models, biochemical methods and
informatics toolkits are allowing the fuller characterisation of ecological interactions that modify the
outcome of EFPs as they occur, and speculate on future 'Big Biology' approaches that will transform our
ability to tackle this increasingly important class of emerging pathogens.
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Symposium Sessions ® Tuesday, July 17, 2018

Symposium Session 1:

Fungi and Fungal Enzymes for a More Sustainable World
L. Lange and A. Tsang

S01-1 Enzymes of halophilic and psychrophilic fungi for a more sustainable world
C. Gostinéar, L. Perini, P. Zalar, N. Gunde-Cimerman
Department of Biology, University of Ljubljana, Biotechnical Faculty, Ljubljana, SLOVENIA

Abstract: Water is crucial for life as we know it. High salinity, drought and freezing all lead to decreased
water activity and thus disturb the functioning of biological systems. In addition to this, ions of inorganic
salts are directly toxic to the cells. Halophilic/halotolerant and psychrophilic/psychrotolerant fungi have
evolved specialized molecular mechanisms for avoiding and managing these detrimental effects. Due
to their excellent adaptability many of these fungi have great biotechnological potential, due to two
reasons in particular: 1) Hypersaline, arid and polar environments are very specific and promote
competition for the scarce resources, and are thus promising sources of novel and unique antibacterial,
antifungal and/or antialgal compounds. 2) Enzymes from psychrophiles and halophiles are functional at
low temperatures and high salinity and therefore interesting for sustainable cleantech biotechnological
applications, such as degradation of macro-algae in cold Arctic, marine, hypersaline waters and snow
and ice algae covering the surface of glaciers and ice sheets. Different life strategies of extremophilic
fungi will be exemplified by five representative species: Aureobasidium pullulans, Hortaea werneckii, A.
subglaciale, Penicillium sp. nov. and Articulospora sp. nov., which inhabit hypersaline waters of salterns
around the world, Arctic glaciers and black Greenland ice sheet, respectively. Environmental data and
information on their molecular mechanisms of adaptations combined with the knowledge produced by
their genome sequencing will be presented for Aureobasidium pullulans, A. subglaciale and Hortaea
werneckii, while Penicillium sp. nov. and Articulospora sp. nov. will be presented in the context of
environmental data related to their recent discovery in the Greenland ice in association with the non-
cultivable black ice algae. In the analysis of the genomes and transcriptomes we focused on (i) the
presence and characteristics of genes involved in stress tolerance, (ii) the presence of biotechnologically
important genes, in particular enzymes relevant for decomposition of abundant algal biomass.
Introduction

S01-2 Aspergillus pseudoterreus: A fungal platform for organic acid production

within the Agile BioFoundry

J. Magnuson', K. Burnum-Johnson', N. Hillson?, H. De Paoli?, K. Pomraning’, Y.-M. Kim', J. Kim', S.
Tripathi’, J. Zucker!, N. Munoz-Munoz', M.C. Burnet, S. Deng’, Z. Dai’, B. Hofstad', J. Collett’, E.
Panisko', Y. Gao'

'Biochemistry, Pacific Northwest National Laboratory, Richland, WA, USA; ?Lawrence Berkeley National
Laboratory, Berkeley, CA, USA

Abstract: The Agile BioFoundry (ABF) is a virtual consortium consisting of eight US National
Laboratories funded by the Department of Energy, Bioenergy Technologies Office that leverages the
combined resources of the partner labs to create an open BioFoundry for utilization by government,
academic and industrial entities. Our implementation of the Design Build Test Learn cycle is focused on
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the development of non-traditional hosts for the production of bioproducts (chemicals) and
hydrocarbon biofuels. Aspergillus spp. are widely utilized in industry for the production of organic acids
and enzymes, hence incorporating a representative of this genus in our foundry was important for
building tools and knowledge for a practical organic acid host. Aspergillus pseudoterreus was chosen
for its ability to produce high concentrations of organic acids natively (itaconic acid) at low pH and the
interesting phosphate depletion condition that coincides with native organic acid production.
Approaches to engineering the organism to produce non-native organic acids, such as 3-
hydroxypropionic acid, as well as multi-omics approaches to learn more about the organism will be
discussed.

S01-3 Dichomitus squalens as a model white-rot basidiomycete for plant biomass

degradation
M. Makela
Department of Microbiology, University of Helsinki, Helsinki, FINLAND

Abstract: Wood-degrading white-rot basidiomycetes are exclusively found on wood in nature, where
they play a significant role in the degradation of all polymeric components of wood cell walls, including
both polysaccharides and the extremely recalcitrant aromatic polymer lignin. The increasing number of
fungal genome sequences has revealed that white-rot basidiomycete genomes typically possess a wider
repertoire of genes predicted to encode diverse plant cell wall modifying enzymes compared to
ascomycete fungi. Therefore, wood-degrading white-rot fungi have a high potential as a source of
industrially interesting enzymes or enzyme sets. The white-rot fungus Dichomitus squalens is an efficient
wood degrader, which is commonly found in the northern regions of Europe, Asia and North America.
When grown on different wood and non-woody plant biomasses, D. squalens upregulates specific sets
of genes and secretes the corresponding enzymes matching the composition of the different substrates.
The ability of D. squalens to respond to the various plant biomass types, including those that do not exist
in its natural habitat, makes it an ideal species to study modification and degradation of plant biomass.
Four genome sequenced D. squalens strains providing the best coverage of a filamentous
basidiomycete species to date together with recently established genetic transformation system further
facilitate the use of this species to understand basidiomycete gene function and development of
improved strains for biotechnological applications. We have also detected differences between mono-
and dikaryotic strains of D. squalens to grow on and degrade plant biomass. To study this in more detail,
we grew four dikaryotic and three monokaryotic strains of D. squalens on spruce wood sticks and
analysed the cultures after two and four weeks for their transcriptome, proteome and metabolome.
Highlights from this study will also be presented.

S01-4 Fungal plant biomass conversion is controlled by an integrated network of

transcriptional regulators
R. De Vries
Fungal Physiology, Westerdijk Fungal Biodiversity Institute, Utrecht, NETHERLANDS

Abstract: For many fungi, plant biomass is the predominant carbon source, but also a highly challenging
substrate due to its complex and variable composition. It consists mainly of polymers, of which the
polysaccharides are the major carbon sources used by fungi. Secreted enzymes degrade these
polymeric compounds to mono- and small oligomers that are taken up by the fungal cell. Filamentous
fungi typically contain between 120 and 350 genes in their genome that encode plant biomass
degrading enzymes. Therefore, it is important that the genes expressed by a fungus encode those
enzymes that match the composition of the prevailing substrate. For this fungi have evolved an intricate
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regulatory system that responds to the various mono- and disaccharides that are released from plant
biomass. This system does not consist of a set of independent regulators, but rather of a network in
which links between the individual regulators exist not only with respect to their target genes, but also
by influencing each other’s expression level. In this presentation the current knowledge on regulation of
plant biomass degradation from several well-studied ascomycete fungi will be compared and linked, to
provide an overall view of this highly complex process. The recent identification of the L-arabinose
responsive regulatory systems in eurotiomycetes and sordariomycetes, which are a clear example of
parallel evolution, will also be discussed, as well as the regulatory differences between species.

S01-5 Fungal host strain development: Unique protease regulatory genes from

Aspergillus and Trichoderma reesei
P. J. Punt', M. Paloheimo?, S.M. M&kinen?, K. Juntunen?, T. Puranen?, J. Vehmaanpera?, W. De Bonte'
'DDNA Biotech, Utrecht, NETHERLANDS, ?Roal Oy, Rajamaki, FINLAND

Abstract: The reduction of unwanted endogenous proteases has already been an important target for
strain improvement of fungal host strains used in protein production for many years. Targeted deletion
of specific proteases has been used extensively for this purpose. Surprisingly, only very little is known
about regulatory circuits that specifically control fungal protease production. The only protease-specific
regulator gene discovered to date is the prtT gene from Aspergillus niger, which encodes a canonical
Zn2-Cysé activator protein (Punt et al., 2008) involved in the expression of a wide range of protease
genes. Interestingly, homologues of prtT are only found in Aspergillus species, whereas no prtT
homologue is present in Trichoderma reesei. We aimed to discover a similar protease master switch in
our research. T. reesei mutants with strongly reduced overall protease levels and strongly reduced
expression of a number of protease genes were obtained using a biological screen for the selection of
protease-deficient mutants (Braaksma et al., 2008). Genome sequencing of a number of these strains
followed by SNP analysis revealed that several of these mutants carried mutant alleles from a single
gene, which we termed pea for protease-expression-affected. Disruption of this gene in both T. reesei
and Fusarium sp. confirmed the role of peal in protease gene expression. Intriguingly, the encoded
protein does not show any similarity to known regulatory proteins, indicating that a completely new
regulatory circuit may be governing protease gene expression in T. reesei, which opens the way to
further research in this area.

S01-6 Production of recombinant enzymes mediated by CRISPER/cas9 in the

filamentous fungus Aspergillus niger
A. Tsang
Department of Biology, Concordia University, Montreal, Quebec, CANADA

Abstract: We tested the utility of a comprehensive set of tRNA promoters in driving gRNA transcription
in vivo in the CRISPR/Cas9 system in the filamentous fungus Aspergillus niger. For the majority tRNA
promoters tested, we obtained mutation frequency of 82-97%. We further showed a gene replacement
frequency of >90% when the recipient host is defective in non-homologous end joining DNA repair. |
will describe the use of this approach for strain improvement and to facilitate the targeted integration of
foreign genes to produce recombinant enzymes.
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S01-7 How fungi and fungal enzymes can be used to upgrade underutilized bio-
resources - exemplified by discoveries from Ascomycetes, Early Lineage Fungi and

Yeasts
L. Lange

Department of Chemical and Biochemical Engineering, Technical University of Denmark, Lyngby,
DENMARK

Abstract: Fungi and fungal enzymes can contribute significantly to meeting the UN SDG’s and to
mitigating climate change by enabling improved use of global bio-resources. Four examples of recent
discoveries of both scientific (increased understanding of fungal interaction with their substrate) and
applied relevance will be presented: 1. How fungal enzymes (from Onygena corvina) can hydrolyze
keratin, a recalcitrant proteinaceous substrate, by synergistic action of at least three different types of
proteases; possibly also enabled by the AAT1 LPMO monooxygenase (hypothesis proposed). 2.
Overview of enzyme secretome of early lineage fungi, exemplified by analysis of species from all four
phyla; revealing significant differences between the phyla; evidence for horizontal gene transfer from
bacteria; and suggested origin of plant cell wall degrading enzymes. 3. How fungal enzymes can convert
cell wall components of cereal to gut-health stimulating sugar oligoes (for improved health of man and
animals). 4. Yeasts can convert plant biomass which so far has remained underutilized (as e.g. waste from
wood processing or macroalgae) into animal feed: a protein rich yeast biomass = yeast cream. This is
exemplifying how protein rich animal feed can be produced without use of land, pesticides, fertilizer
and irrigation water

Symposium Session 2:

Membrane Dynamics in Fungal Cells
S. Bartnicki-Garcia and B. D. Shaw

S02-1 Endosome-coupled mRNA transport during fungal growth
M. Feldbrigge
Microbiology, Heinrich-Heine University, Disseldorf, Neuss, GERMANY

Abstract: Ustilago maydis. In highly polarized cells of this fungus microtubule-dependent co-transport
of mRNAs and endosomes is essential for efficient polar growth. We discuss a novel concept of
endosome-coupled translation that loads shuttling endosomes with septin cargo, a process important
for correct septin filamentation. Key players are RNA-binding proteins containing RNA recognition
motifs for mRNA binding as well as Mademoiselle domains for protein/protein interaction. Here, new
insights on protein RNA as well as protein-protein interactions will be presented. Interestingly, evidence
is accumulating that RNA and membrane trafficking are also tightly interwoven in higher eukaryotes
suggesting that this phenomenon is a common theme and not an exception restricted to fungi.

Symposium Sessions ¢ Tuesday, July 17, 2018 12



S02-2 Phospholipid markers and membrane traffic in Neurospora crassa

R. R. Mourifio-Pérez’, I. Murillo-Corona’, O. A. Callejas-Negrete’, B. D. Shaw?

"Microbiology, CICESE, Ensenada, MEXICO, 2Plant Pathology & Microbiology, Texas A&M University,
College Station, TX, USA

Abstract: In fungal cells, specialized proteins gather in specific places to break cell symmetry and
produce hyphae. This organization includes the orchestration of two distinct vesicle processes,
endocytosis, and exocytosis that take place in tandem in different areas of the apical compartment in
growing hyphae. Part of the signals for endocytosis and endocytosis include the asymmetry of the
plasma membrane phospholipid bilayer. We studied the flippases, DNF-1, DRS-2 and DNF-4 that seems
to be responsible for this membrane asymmetry in Golgi, vesicles and the plasma membrane. The
mutation of dnf-1 and drs-2 genes produced alterations in the maintenance and stability of the
Spitzenkorper and affected the actin cytoskeleton organization in the apical compartment. Surprisingly,
neither of the flippases DNF-1 and DRS-2 was present in the plasma membrane; both were localized in
different layers of the Spitzenkdrper, associated to different secretory vesicles. DRS-2 was associated
with vesicles transporting chitin synthases. DNF-4 seemed to be present in the Golgi equivalent. Each
flippase is in charge of the localization of different phospholipids, their presence in different
compartments can predict which phospholipid is more abundant. These results indicate that
phospholipid flippases (P4 ATPases) may be important for the polarization of secretory vesicles,
Spitzenkérper integrity and thus for the localization of many tip growing proteins.

S02-3 An ultrastructural view of the endomembrane network in hyphae of

Neurospora crassa
R. Roberson
School of Life Sciences, Arizona State University, Tempe, AZ, USA

Abstract: The endomembrane network is a system of cytoplasmic membranes that partition the cell into
functional and structural organelles and compartments, which together are involved in biomolecular
synthesis, break down, and transport. The endomembrane network of Neurospora crassa hyphae was
examined using transmission electron microscopy. All hyphae were prepared by cryofixation and freeze
substitution protocols. Neurospora crassa hyphal tip cells contained three cytoplasmic regions based on
content and organization. Region | corresponded to the hyphal apex and contained a well-defined
Spitzenkdrper composed of macro and microvesicles, plus cytoskeletal elements. Golgi equivalents (GE)
and aggregations of cisternae with electron-dense lumen were presentin this region. Region Il extended
behind region | approximately 10 to 20 pm and contained abundant vesicles, GE, and rough
endoplasmic reticulum (rER). Smooth, flattened cisternae with electron-transparent contents were also
presentin region ll. Endocytotic profiles along the plasma membrane were not common in regions | and
ll. The transition into region Ill was marked by abundant nuclei, multivesicular bodies (MVBs), vacuoles
containing granular-like material, rER, GE, and flattened cisternae. Cytosolic surfaces of flattened
cisternae were coated with a fibrous, electron-dense material. These coated surfaces were restricted to
the edges of the flattened cisternae. Microtubules were in close proximity to GE, MVBs, and flattened
cisternae. MVBs were diverse in size and shape. Observations of serial sections revealed that vacuoles
and flattened cisternae were continuous
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S02-4 Imaging the secretory compartments involved in CHS-4 biosynthesis in
Neurospora crassa

A. Rico-Ramirez', R. Roberson?, M. Riguelme'

"Microbiology, CICESE, Ensenada, MEXICO, ?School of Life Sciences, Arizona State University, Tempe,
AZ, USA

Abstract: In Neurospora crassa hyphae the localization of all seven chitin synthases (CHSs) at the
Spitzenkdrper (Spk) and at developing septa has been well analyzed. Hitherto, the mechanisms of CHSs
traffic and sorting from synthesis to delivery sites remain largely unexplored. In Saccharomyces

cerevisiae exit of Chs3p from the endoplasmic reticulum (ER) requires chaperone Chs7p. Here, we

analyzed the role of CSE-7, N. crass rthologue in the bicgenesis of CHSA (orthelogu
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. rk. The organization of the NEC was dependent on the mlcrotubule cytoskeleton. SEC-63, an
extensively used ER marker, and NCA-1, a SERCA-type ATPase previously localized at the nuclear
envelope, were used as markers to discern the nature of the membranes containing CSE-7. Both SEC-
63 and NCA-1 were found at the nuclear envelope, but also at regions of the NEC. However, at the NEC
only NCA-1 co-localized extensively with CSE-7. Observations by transmission electron microscopy
revealed abundant rough ER sheets and distinct electron translucent smooth flattened cisternae, which
could correspond collectively to the NEC, thorough the subapical cytoplasm. This study identifies CSE-
7 as the putative ER receptor for its cognate cargo, the polytopic membrane protein CHS-4, and
elucidates the complexity of the ER system in filamentous fungi.

S02-5 Mitosis, nuclear migration and actin formation in Schizophyllum commune
E. -M. Jung', M. Raudaskoski?, E. Kothe'

TInstitute of Microbiology - Microbial Communication, Friedrich Schiller University, Jena, GERMANY,
2Plant Molecular Biology, University of Turku, Turku, FINLAND

Abstract: Schizophyllum commune belongs to the white rot basidiomycetes and is relevant for wood
degradation worldwide. As early colonizer after forest fire and of tree wounds, the fungus has also
phytopathogenic importance. Its high competitive ability is based on the recognition of other bacteria
and fungi, the production of specific extracellular metabolites and a strategy of fast growth. The fungal
cytoskeleton, composed of a complex network of microtubules and actin structures, has a major impact
on transport of vesicles as well as endo- and exocytosis processes. Visualization of the actin cytoskeleton
in actively growing hyphae was performed with Lifeact-GFP. Thereby cortical actin patches were
visualized at cell tips and clamps and as well as in subapical cells, preceded septation. The actin
cytoskeleton in living hyphae during septum development shows close association with nuclear division.
Clamp cell formation, typical of many model basidiomycetes including S. commune, indicated an
aggregation of actin filaments to ring structures at the future site of nuclear division. Additionally, GFP-
labeling of histone H2B enables visualization of nuclear movement and mitosis events in monokaryotic
and dikaryotic cells. After mating events, fast nuclear exchange in anastomoses and hyphal cells were
observed.
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S$02-6 Trafficking of membrane and endocytic cargo proteins in A. nidulans
B. E. Commer', Z. Schultzhaus?, B. D. Shaw'

'Plant Pathology & Microbiology, Texas A&M University, College Station, TX, USA,

2Naval Research Laboratory (NRL), Washington, DC, USA

Abstract: During growth, filamentous fungi uniquely produce polarized cells called hyphae. It is
generally presumed that polarization of hyphae is dependent upon a mechanism called apical recycling,
which maintains a balance between the tightly coupled processes of endocytosis and exocytosis.
Endocytosis predominates in an annular domain deemed the sub-apical endocytic collar, which is
located in the region of plasma membrane 1-5pm distal to the Spitzenkdrper (SPK). Here, a
bioinformatics approach was utilized to methodically identify 42 Aspergillus nidulans proteins that are
predicted to be cargo of endocytosis based on the presence of an NPFxD (or similar DPFxD) peptide
motif. This motif is a necessary endocytic signal sequence first established in the model yeast
Saccharomyces cerevisiae, where it marks proteins for endocytosis. The focus of this project is to
examine the predicted endocytic association and function of these motif-containing proteins during
hyphal growth using fluorescent markers and live-cell imaging. Many of these proteins have orthologs
in budding and fission yeasts that have previously been shown to play a role in cell development and
regulation of polar cellular morphology. Based on this data, we hypothesize that NPFxD or DPFxD motif-
containing proteins in A. nidulans that are cargo for endocytosis will localize to at least one of three
regions where cargo are characteristically observed. These predicted regions include the sub-apical
collar, where cargo is actively endocytosed and internalized into the hypha, as well as the apical crescent,
which lines the membrane at the apex of the hypha and terminates roughly where the sub-apical collar
is predicted to begin. The third and final anticipated area of localization is the SPK, which contains two
subsets of differently sized vesicles, and is considered to be the key determinant of hyphal growth and
directionality. Proteins that are cargo for endocytosis can be observed in each of these areas based on
the step(s) of the recycling process they are involved with during membrane turnover. At this time, we
have observed localization to the predicted regions associated with hyphal growth for 9 of the 42 motif-
containing proteins in A. nidulans. Mutants in these genes have varied in their ability to establish or
maintain polarity and also display atypical development in various cell types, which suggests that the
genes in question are involved with membrane turnover.
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Symposium Session 3:

Bringing the Dark Taxa into the Light - Prospects and Challenges
D. Hibbett and M. Ryberg

S03-1 Sequence-based diversity of Glomeromycotina - why, how, and where next?
M. Opik
Department off Botany, University of Tartu, Tartu, ESTONIA

Abstract: Availability of DNA sequencing approaches to identify fungi in samples from nature
revolutionized the research on fungi and are now standard. DNA sequencing of fungal specimens and
cultures, and natural soil and root samples has considerably changed the understanding of the diversity
of Glomeromycotina, fungi forming arbuscular mycorrhiza (AM). It is now possible to identify AM fungal
taxa by DNA sequencing irrespective of the presence of microscopically identifiable structures. Further
developments of species proxies (Virtual Taxa, VT; Species Hypotheses, SH) and concurrent systematic
organization of information about their occurrences in databases provides tools and data for broad
research community to target these fungi in studies from taxonomy to physiology and genomics or to
ecosystem sciences and beyond. However, several questions remain unsolved. How to handle
"unnamed"” diversity? How to appropriately delimit DNA sequence based species proxies? How to
maintain databases? Do the unnamed AM fungi carry biological properties that differ from those of
cultured “lab rats"? To illustrate some of these issues, | will tackle Rhizophagus intraradices-irregularis
species group. I'll present the current knowledge of the phylogenetic diversity within the group in the
context of recent genotyping data, the global geographical and habitat-wise distribution in the group,
and the share of data in culture collections vs DNA sequences from various samples. | will conclude with
future prospects in the direction of unravelling the AM fungal diversity and its patterns in the nature.

S03-2 Untapping the diversity and function of novel fungal rhizobiomes
A. Porras-Alfaro
Biological Sciences, Western lllinois University, Macomb, IL, USA

Abstract: Mycorrhizal and pathogenic fungi dominate curated databases of root-associated fungi
limiting our capacity to identify and define specific functions of other fungal symbionts found in plant
roots. Next generation sequencing and the use of fungal-plant bioassays can guide studies for the
discovery and characterization of novel and specialized fungal species across multiple environments.
This talk will discuss the importance of technology integration and collaborations to advance our
understanding of plant-fungal interactions, the discovery of dark taxa, and the emergent properties that
result from complex microbial interactions. | will focus on the use of targeted culturing efforts based on
[llumina sequencing data to discover and characterize abundant but unknown fungal species.

S03-3 Hawksworthiomyces sequentia ENAS: a case study in DNA-based taxonomy
Z.W. De Beer, T. A. Duong' S. Marincowitz, M. Wingfield

Department of Biochemistry, Genetics and Microbiology, FABI, University of Pretoria, Pretoria, SOUTH
AFRICA

Abstract: The increasing numbers of studies using environmental nucleic acid sequences (ENAS) to
assess fungal diversity have revealed the existence of thousands of previously unknown, and in many
cases unculturable, species. It is estimated that more than a third of all fungal DNA sequences in
GenBank are of environmental origin. But inconsistent annotation of these undescribed, sequence-
based taxa limits functional access to the data. Consequently, these ENAS are rarely considered in other
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studies, especially not in taxonomic treatments. This problem is confound by the fact that the
International Code of Nomenclature for Algae, Fungi, and Plants at present prohibits the description of
novel taxa known only from ENAS, which discourages taxonomists to include these sequences in their
studies. Various options have been suggested by members of the mycological community to amend the
Code to allow the systematic nomenclatural treatment of these ‘orphan’ taxa. One possibility would be
to allow DNA sequences as types instead of the typical herbarium specimens, graphic representations
or living cultures. As an example, a new species with an ITS sequence as type was recently described in
a study based on two matching ITS sequences of fungi inhabiting conifer wood, but that was generated
in two earlier, independent studies. One came from an uncultured fungus clone from spruce in Sweden,
and the other from a culture from cedar wood in Canada, that later died. The lineage containing these
two sequences was phylogenetically different from related species in the Ophiostomatales and was
described as "Hawksworthiomyces sequentia sp. nov. ENAS”. It was suggested that in cases like these
the ENAS acronym should be used with the species name until a specimen is found and designated as
type, after which it can be omitted. Of importance is that this novel ENAS species was described
adhering to currently accepted phylogenetic standards in the Ophiostomatales. The inclusion of
environmental LSU sequences in the same study, furthermore confirmed the presence of a novel genus
in the order that was represented previously only by a single taxon. This genus seems to be biologically
and ecologically different from other genera in the order, and thus enhances our understanding of
evolutionary processes in this group of fungi. In this rather modest case study we showed that much
value can be added by including environmental sequences in taxonomic studies. What is clear is that a
decision and guidance is needed from the mycological community that will allow for and enable the
systematic naming of sequence-based taxa.

S03-4 Dealing with taxa known only from DNA sequences
M. Ryberg
Department of Organismal Biology, Uppsala University, Uppsala, SWEDEN

Abstract: The number of sequences in public sequence databases without specific taxon name are
steadily increasing. Itis clear that many of these sequences represent taxa that have previously not been
recognized by the scientific community, but that are important for our understanding of fungal diversity,
ecology, and evolution. For example, Archaeorhizomyces is a group with worldwide distribution and
many species, but searching biodiversity databases such as GBIF and Species Fungorum there are only
two species listed, since they are the only that have been possible to typify and name according to the
rules of the International Code of Nomenclature of algae, fungi, and plants (ICN). Even if sequences
without specific taxon names are now being included into some taxonomic studies, and species are
being described to accommodate them, they are usually ignored due to the lack of valid name under
the ICN. What is included in biodiversity datasets does therefore often depend on nomenclature issues
rather than taxonomicissues, even if taxa is what are of interest. There are many possible ways to amend
this problem, for example: 1) We can separate our biodiversity data from the dependence of names. We
then need some other unique identifier, preferably global identifiers that can be used to link different
datasets. UNITE provides identifiers in the form of DOls for species hypotheses, but not species. The
identifiers consequently change with the dataset on which the hypotheses are based, and they are not
stable taxon identifiers. We could construct another system based for example on the identifiers
provided by taxonomic databases. However, DOIs and accession numbers alike may be suitable for
database handling, but are less suitable for human communication. 2) We can use names not valid under
the code of nomenclature, which are now being provided for some taxa, and include these in
biodiversity datasets. The downside with this is that there is no available, agreed upon, rules to govern
these names and resolve conflicts between them, i.e. nothing to fill the very function ICN was designed
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for. 3) We can amend the ICN to include names for taxa without any physical voucher. One possible
downside with this is that the number of descriptions of taxa that are in fact not new to sciences may
increase significantly, and thereby the number of synonyms, making nomenclature and consequently
taxonomy more cumbersome. The extent of the problems with names outside the code and names
governed by the code will depends on the actions of the community in promoting good taxonomy and
nomenclature through discussions, training and peer-review, but also on the actions of individual
researchers. There is likely no system without any risks or drawbacks to deal with the issues of species
known only from sequences, but we urgently need a solution to be able to present an as true picture of
the fungal diversity as possible.

S03-5 A methodical approach to revealing dark taxa: Hebeloma as a test case
U. Eberhardt’, N. Schiitz', L. Davies?, H. J. Beker?

'Botanik, Staatliches Museum fiir Naturkunde Stuttgart, Stuttgart, GERMANY, 2Centre for
Environmental Policy, Imperial College London, London, UNITED KINGDOM, *Herbarium of
Cryptogams, Plantentuin Meise, Meise, BELGIUM

Abstract: Today, species are increasingly identified by their ITS sequence. Accordingly, any taxon that
can be recognized by its ITS alone can hardly be viewed a “dark taxon” and such taxa are likely to be
discovered by concurrently widely applied methods such as barcoding or metagenomics. A different
situation applies to taxa that do not have a distinct ITS sequence; these are unlikely to be discovered by
these methods. Further, taxa that are represented by types that are not readily accessible to molecular
methods often remain neglected. Here, we present an approach that links taxonomy, morphology and
molecular data through the use of modern database functions, type studies and multi-locus-sequencing.
The use of a digital database allows collection data and species morphology to be recorded as a set of
parameters. This facilitates easy comparison of collections. Database queries may be built representing
putative species profiles which may then be compared with the results of molecular analyses.
Conversely, sets of collections forming clades in molecular analyses may be compared and analysed to
determine which characters they have in common and the variation within those characters. After several
rounds of comparing results from molecular analyses with sets of collections exhibiting common
characters and refining the characters and character value ranges to a query, species descriptions may
be assembled automatically from the database, corresponding to clades generated within phylogenetic
trees. These descriptions have two major advantages over traditional methods: (i) they are based on
easily traceable data, and (ii) they can be re-adjusted if more material becomes available. Keys may also
be built, tested and refined through the same process. By entering into the database character values
for types, existing names may be linked to sets of collections representing putative taxa. If molecular
data is available for a type, this provides another line of evidence. More often than not, as the data sets
are enriched, ecological and biogeographical patterns emerge to support the validity of the delimited
taxa. Furthermore, multi-locus sequencing can also provide additional evidence on the species
delimitation. This methodology allows the identification of taxa that could not be recognized by ITS
alone. Our subjectis Hebeloma, a genus of ectomycorrhizal fungi, which are often similar in appearance
and for which molecular species divergence is low. In Europe, we managed to link 55 species to existing
names and discover 29 new species through this approach. In North America, based on 944 collections
contributed through the mycologist community and type collections loaned from herbaria, we have
discovered 38 species not known from Europe. For 18 of these, we have been able to establish that they
have been described before under at least one legitimate name.
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S03-6 Creatures from the black lagoon: Generating reference sequences for
uncultured marine fungi

K. T. Picard, K. M. Pryer

Biology, Duke University, Durham, NC, USA

Abstract: High-throughput sequencing (HTS) has ushered in a new age of mycological exploration,
revealing uncharacterized fungal diversity across disparate habitats. However, efforts to infer the true
phylogenetic affinities of many novel fungal phylotypes are hampered by the maximum read lengths of
most sequencing platforms (< 500 bp), which often provide little phylogenetic signal. Moreover, the
increasing adoption of next-generation sequencing methods to characterize fungal communities
supplants traditional culturing surveys, decreasing the generation and availability of high-quality
reference sequences. Taxonomic identification of OTUs observed in environmental surveys hinges on
well-curated databases of complete or nearly-complete reference sequences. Consequently, despite
the detection of wholly unknown groups among the fungi, we are unable to put these taxa into a robust
phylogenetic framework, nor can we add them to existing databases to inform future HTS studies. For
this study, | explored using a third-generation sequencing platform (PacBio) to generate long reads
suitable for phylogenetic analysis and improved taxonomic identification of uncultured fungi from
poorly sampled habitats. | targeted a nearly 2,000-bp region of fungal rDNA spanning three loci
commonly employed in environmental surveys of fungi: ITS1, ITS2, and LSU. Using a mock community
approach, | calculated the error profile for PacBio's default parameters, from which | developed an
analysis pipeline for environmental samples. Amplicon libraries from water and sediment samples
originating from diverse marine habitats were then sequenced on the PacBio platform. | observed over
200 OTUs, with Ascomycota and Chytridiomycota exhibiting the highest diversity. Phylogenetic analyses
placed most OTUs in the Dikarya to known marine genera, but marine OTUs allied to the zoosporic
lineages represented novel clades. Locus-specific databases were shown to vary widely in their ability
to assign the correct phylum-level taxonomy to marine OTUs outside of the Dikarya, demonstrating that
biases in the taxonomic composition of extant reference databases can result in the failure to recognize
OTUs from the early-diverging phyla in environmental sequence datasets.
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Symposium Session 4:

Molecular mechanisms of human fungal pathogenesis
R. Cramer and L. Ma

S04-1 RNAi-dependent epimutations evoke transient antifungal drug resistance
J. Heitman
Molecular Genetics and Microbiology, Duke University, Durham, NC, USA

Abstract: Microorganisms evolve via sexual/parasexual reproduction, mutators, aneuploidy, Hsp%0, or
prions. Mechanisms that are detrimental can be repurposed to generate diversity. Microbes are known
to evolve resistance to antimicrobial agents via pathways involving both stable and unstable genetic
mechanisms, such as aneuploidy underlying azole resistance in Candida albicans and Cryptococcus
neoformans. We discovered a new mechanism conferring antifungal drug resistance in the human
fungal pathogen Mucor circinelloides. Spontaneous resistance to the antifungal drug FK506 was found
to evolve via two distinct mechanisms. One involves Mendelian mutations conferring stable irreversible
drug resistance; the other occurs via an epigenetic RNA interference (RNAi)-mediated pathway resulting
in unstable, transient drug resistance. The peptidyl-prolyl isomerase FKBP12 interacts with FK506
forming a complex that inhibits the protein phosphatase calcineurin. Calcineurin inhibition by FK506
blocks M. circinelloides dimorphic transition to hyphae and enforces growth as yeasts. In some FK506
resistant isolates, mutations in the fkbA gene encoding FKBP12 or the calcineurin cnbR or cnaA genes
confer FK506 resistance and restore hyphal growth. In other resistant isolates, no mutations are found
in the known drug targets. Instead, RNAi has been triggered to silence the fkbA gene, yielding drug-
resistant epimutants. FK506-resistant epimutants readily reverted to drug-sensitivity in the absence of
FK506. The establishment of epimutants is accompanied by generation of abundant fkbA small RNAs
and requires some known RNAi pathway components whereas others are dispensable. Surprisingly,
epimutants occur at a higher frequency and are more stable in mutants lacking RNA-dependent RNA
polymerase 1 (Rdrp1), revealing some RNAi components constrain or reverse epimutation. Silencing of
the drug target FKBP12 appears to involve generation of a double-stranded RNA trigger intermediate
using the tkbA mature mRNA as template to produce antisense fkbA RNA. Epimutational silencing may
be stochastic, similar to Mendelian mutations, but differs as the altered phenotype is reversible in
response to fluctuating environmental conditions. Our recent studies reveal novel components required
for epimutation, including orthologs of the Neurospora crassa quelling inducing protein (QIP) and Sad-
3 helicase (RnhA); interestingly, the rnhA gene is linked to the Mucor sex locus, suggesting sexual
reproduction may activate epimutation similar to sex-induced-silencing in Cryptococcus. We found
epimutants occur at a higher frequency in mutants lacking RNA-dependent RNA polymerase 3 (Rdrp3)
or the RNaselll-like protein R3B2. Rdrp1, Rdrp3, and R3B2 operate a non-canonical RNA degradation
pathway suppressing RNAi-dependent epimutation by competition for targets. We generalized these
findings by showing epimutations occur in a second species of Mucor, and identifying epimutations in
the pyrF or pyrG genes conferring 5-fluoroorotic acid (5-FOA) resistance. These studies uncover a novel,
reversible, transient epigenetic RNAi-based epimutation mechanism controlling phenotypic plasticity,
with implications for antimicrobial drug resistance and RNAi-regulatory mechanisms in fungi and other
eukaryotes. The full impact of epimutations in this and other genetic systems may have eluded discovery
previously given their inherently unstable nature.
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S04-2 Fusarium, the trans-kingdom pathogen
A. D.Van Diepeningen

BU Biointeractions and Plant Health, Wageningen University and Research, Wageningen,
NETHERLANDS

Abstract: Fusarium head blight, Fusarium ear rot, and vascular wilting are -despite their names- typical
diseases caused by Fusarium species in different plant hosts, including many economically important
plant species. Fusaria have often specialised on a certain host and in some cases this virulence seems to
be organised on supernumerary chromosomes containing the essential information for pathogenicity
on one or a limited number of host species. As added bonus, Fusarium is capable of the production of
a large variety of mycotoxins, often acting as virulence factors, contaminating harvested products.
However, over the past years we also see Fusarium species as emerging pathogens both in human and
animal. There they cause from relatively innocent, but actual quite frequent, nail and skin infections to
rarer local, deep and in the growing group of immuno-compromised hosts even disseminated
infections. These latter infections are connected with high mortality rates. In Fusarium, it has become
customary to cluster closely related sibling species or lineages with little to no morphological differences
in so-called species complexes: The opportunists on human and animal group into seven main species
complexes: the Fusarium solani, F. oxysporum, F. incarnatum-equiseti, F. fujikuroi, F. clamydosporum, F.
dimerum and F. sporotrichioides species complexes. In some cases, the human infections can directly
be linked to trauma with infected plant materials, making Fusarium a true trans-kingdom pathogen. With
the control of both plant and human pathogenic Fusarium, we are faced with several major challenges:
One foremost being the limited availability of effective treatments as the species are generally very
resistant to the available antifungals. Also, some species prove to vary in their susceptibility to those few
effective drugs available, emphasizing the need for fast identification and suitable diagnostic tools which
are at the moment limited available. Additional confusing factors are that especially for some of the
clinically important species there has been limited nomenclatural stability over the years, obscuring at
times available data, and the recent discovery of many new species.

S04-3 Exploring possible ecological niches for Coccidioides species endemic in

New Mexico

P.S.Hamm', M. I. Hutchinson', S. Melman?, D. O. Natvig'

'Biology, University of New Mexico, Albuquerque, NM, USA, 2Epidemiology and Response Division,
New Mexico Department of Health, Santa Fe, NM, USA

Abstract: Species in the genus Coccidioides, C. posadasii and C. immitis, are the causative agents for
coccidioidomycosis, the disease commonly known as Valley Fever. Coccidioidomycosis is estimated to
affect more than 150,000 humans each year and is one of the few fungal diseases to affect otherwise
healthy individuals. While progress has been made in the clinical understanding of the disease, little is
known of the natural biology. Eighteen clinical isolates derived from 17 individuals diagnosed with
coccidioidomycosis collected from New Mexico were used in a multi-locus sequencing analysis to
explore genetic variation within the state and between neighboring states. While New Mexico is
predicted to have C. posadasii, results of our analysis indicate that both C. immitis and C. posadasii are
present among clinical isolates in New Mexico. Five of eight infections for which patient ethnicity was
known occurred in Native Americans, suggesting that further studies should be conducted to determine
if American Indians represent a risk group for coccidioidomycosis. We are also taking a novel approach
to screen small rodents for exposure to Coccidioides by two means: 1) a survey of frozen mammal lung
tissue for fungal infections, and 2) an enzyme immunoassay that detects IgG antibodies against
Coccidioides in a variety of mammalian species. This will produce critical information regarding animal
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infection rates, the geographical distribution of infected animals, and relative spore loads in soils.
Characterization of clinical and environmental isolates will allow us to understand the genetic variation
that affects the virulence of these pathogens.

S04-4 Emerging pathogen Candida auris evades neutrophil attack
J. E. Nett!, C. J. Johnson', J. M. Davis?, A. Huttenlocher?, J. F. Kernien'

"Medicine, Medical Microbiology and Immunology, University of Wisconsin-Madison, Madison, WI,
USA, 2Pediatrics, University of Wisconsin-Madison, Madison, WI, USA

Abstract: Candida auris, an emerging fungal pathogen, causes hospital-associated outbreaks of
invasive candidiasis with mortality near 60%. Little is known about the pathogenesis of this species that
has newly arisen in the last 10 years, and it is unclear why this species is rapidly spreading worldwide.
Neutrophils are critical for control of numerous invasive fungal infections, including candidiasis. These
leukocytes kill fungi through phagocytosis or the release of neutrophil extracellular traps (NETs), which
are structures of DNA, histones, and proteins with antimicrobial activity. The objective of this study was
to delineate the neutrophil response to C. auris. We hypothesized that an ineffective neutrophil response
may account for the poor outcomes observed in patients. We examined interactions of human
neutrophils with C. auris and included C. albicans for comparison. Neutrophil-Candida interactions were
visualized by time-lapse fluorescent microscopy and scanning electron microscopy (SEM). We utilized
oxidative stress indicator CM-H2DCFDA to measure the generation of reactive oxygen species (ROS) in
neutrophils. NET formation was quantified by Sytox Green staining and assessed by SEM and
immunofluorescent labeling of NET-associated proteins. Fungal viability was evaluated using
microbiological counts and viability stains. We utilized a zebrafish larval infection model to evaluate
neutrophil-Candida interactions in vivo. Imaging revealed the phagocytosis of C. albicans by human
neutrophils at 1 h, followed by the formation of NETs by 4 h. In contrast, neutrophils appeared rounded
upon encountering C. auris and rarely engaged in phagocytosis or produced NETs. As shown by Sytox
Green staining, C. auris triggered negligible NET release by human neutrophils, with levels 7-fold lower
when compared to C. albicans. C. auris did not induce neutrophils to generate ROS, a key signaling
mechanism for NET formation. The ineffective neutrophil response to C. auris correlated with diminished
fungal killing. Imaging of neutrophils in a zebrafish model of invasive candidiasis revealed the
recruitment of approximately 50% fewer neutrophils in response to C. auris as compared to C. albicans.
In conclusion, C. auris evades neutrophils by altering multiple aspects of their usual anti-candidal
responses. This is linked to improved fungal survival. We propose that this diminished innate immune
response may contribute to the unexpected virulence of C. auris.

S04-5 Identifying fungal determinants of keratitis pathogenesis through a reverse-
translational approach

K. Fuller’, R. A. Cramer?, J. C. Dunlap’, T. L. Lietman?®, K. Dharmalingam®, M. E. Zegans®

'Department of Molecular and Systems Biology, Geisel School of Medicine at Dartmouth, Dartmouth
Hitchcock Medical Center, Lebanon, NH, USA, 2Department of Microbiology and Immunology, Geisel
School of Medicine at Dartmouth, Dartmouth Hitchcock Medical Center, Hanover, NH, USA,
3Department of Ophthalmology, University of California, San Francisco, F.l. Proctor Foundation, San
Francisco, CA, USA, *Department of Proteomics, Aravind Medical Research Foundation, Madurai, INDIA,
>Departments of Surgery and Microbiology, Geisel School of Medicine at Dartmouth, Dartmouth
Hitchcock Medical Center, Lebanon, NH, USA

Abstract: Fungal infections of the cornea (mycotic keratitis) are a significant cause of ocular morbidity
and blindness worldwide. These infections are difficult to manage and many cases, despite treatment,
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result in corneal perforation or require corneal transplantation. The aim of our work, therefore, is to
better understand fungal genes and pathways that drive pathogenesis in the eye, and could
consequently inform novel therapeutic strategies. To this end, our multi-site collaboration is analyzing
clinical data and fungal isolates from patients enrolled in the Mycotic Ulcer Treatment Trial (MUTT), a
large-prospective study completed in India to compare the efficacy of natamycin vs voriconazole
monotherapies. We hypothesize that (1) the fungal isolates will be heterogenous with respect to various
in vitro phenotypes, and (2) some of those phenotypes will correlate with patient outcome. Such
phenotypes will then serve as putative virulence determinants and will be the focus of downstream
molecular analysis. In this way, our search for fungal virulence determinants can be informed by context-
specific clinical data, as opposed to candidate gene analysis based on work in disparate fungal species
and/or disease models (e.g. the lung). Fusarium is the most common mold associated with keratitis both
in the MUTT (50% of culture-positive cases) and in other studies, and so these isolates are the current
focus our analyses. We first employed multi-locus sequencing to determine the species-level distribution
across the 128 Fusarium isolates. The majority were F. solani (80%), followed by F. delphinoides (10%)
and varying others. In addition to its prevalence, F. solani was also statistically associated with larger
ulcer size across the patients. Initial assessment of the F. solani isolates has already revealed marked
heterogeneity with respect to colonial morphology (e.g. pigmentation) and growth rates across
physiological temperatures (30-37C). Ongoing efforts are aimed at screening metabolic and stress-
related phenotypes, secreted protein profiles, as well as immune cell interactions. We predict that that
these parameters will also vary widely across the isolates, and that correlation analyses against the
clinical data will provide novel insights into Fusarium pathogenesis in the eye.

S04-6 Surface proteins and the interaction of Lichtheimia corymbifera and
phagocytes

M. Hassan', T. Krueger?, H. Dahse?, Z. Cseresnyés*, O. Kniemeyer?, T. Figge*, K. Voigt'

"Jena Microbial Resource Collection, Leibniz Institute for Natural Product Research and Infection
Biology, Jena, GERMANY, 2Molecular and Applied Microbiology, Leibniz Institute for Natural Product
Research and Infection Biology, Jena, GERMANY, 3Infection Biology, Leibniz Institute for Natural Product
Research and Infection Biology, Jena, GERMANY, *Applied Systems Biology, Leibniz Institute for Natural
Product Research and Infection Biology, Jena, GERMANY

Abstract: Mucoralean fungi can cause mucormycosis, a life-threatening disease in
immunocompromised patients. In our study, we analysed the influence of different enzymatic treatments
of the spore surface alterations on the phagocytosis by murine alveolar macrophages. Two strains which
were shown to be virulent and attenuated in avian, invertebrate and murine infection models were used
in this study. The spore surface was treated with different cell wall-degrading cell wall enzymes targeting
carbohydrate and protein cell wall components. The highest phagocytosis index was achieved with the
proteolytic treatments which encouraged us to do focus our research on the protein surface of spores.
Proteomic analysis of the spore surface was conducted for both strains. About four-teen candidate
proteins were found which were differentially abundant in either the virulent strain or in the attenuated
strain leading to the hypothesis that these proteins may play a role in virulence. One of these candidate
proteins is the hydrophobic surface binding protein A (HsbA) which was first found in higher abundance
in the virulent strain of L. corymbifera. HsbA was first described as an adhesin in Aspergillus oryzae.
Additionally, HsbA was purified from the insect-killing ascomycete Beauveria bassiana and identified to
play a role in immunogenicity. The HsbA protein from the virulent strain of L. corymbifera was
heterologously overexpressed in Pichia pastoris. After pretreatment of murine alveolar macrophages
and spores with purified fractions of the HsbA protein, the phagocytic index was found to be enhanced
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in comparison with unstimulated host cells. The findings presented in this study will open the door for
the role of surface protein in the recognition of L. corymbifera by phagocytes of the innate immune
system which raise important measures to mammalian infection models. Our prospect for the future
research will focus on the identification of potential stimulatory effects of L. corymbifera surface proteins
and their putative receptors on the surface of macrophages which possibly contribute to virulence.

Symposium Session 5:

Evolution and diversity of lichenization in the Basidiomycota
M. Dal Forno and R. Liicking

S05-1 The origin and phylogenetic diversity of lichen-forming fungi in the
Basidiomycota

J.D. Lawrey', M. Dal Forno?, R. Licking®

'Department of Biology, George Mason University, Fairfax, VA, USA, 2Botany, Smithsonian Institution,

Washington, DC, USA, 3Kryptogamen, Botanischer Garten und Botanisches Museum Berlin, Berlin,
GERMANY

Abstract: Lichenization is a major evolutionary lifestyle in Fungi, with approximately 20,000 species
currently recognized and up to 28,000 estimated. Although most lichenized species (99.7%) are
members of the Ascomycota, basidiolichens have evolved independently and relatively recently in at
least four separate orders, making them excellent models to study the evolution of lichenization, since
descent from non-lichenized ancestors can be reliably established for many groups. Molecular data have
revolutionized the classification of Basidiomycota, including lichenized lineages, reflected in the
changes to classification attempts made throughout history, starting with Zahlbruckner and during
recent decades by Oberwinkler. Two surprising recent classification-altering discoveries are that
clavarioid lichens belong to unrelated lineages and that mushroom-forming and corticioid lichens are
closely related. Molecular approaches also led to the discovery of many new taxa. At present, over 300
species of basidiolichens are recognized and more than 700 are predicted, compared to only 40 species
distinguished less than a decade ago. The highest diversity of basidiolichens is in the agaric family
Hygrophoraceae, which harbors hundreds of newly described species in two distinctive lineages
representing separate lichenization events. One of these (Dictyonema s.l.) is tropical to tropical-alpine
and consists of species with a cyanobacterial photobiont, and the other (Lichenomphalia s.l.) is mainly
arctic-alpine to tropical-alpine with species having a green algal photobiont. The Dictyonema s.l. clade
is notable for an unusually high diversification rate, given its relatively young phylogenetic age, and a
remarkable diversity of thallus morphologies, representing an evolutionary transition from loosely
organized filamentous crusts with separate basidiocarps to highly derived foliose forms with integrated
basidiocarps. Clades outside the Hygrophoraceae represent lichenization events that led to either little
or no subsequent diversification (possibly Athelia in the Atheliales), genus-level diversification
(Multiclavula in the Cantharellales) or family-level diversification with several genera and a growing
number of known species (Lepidostromatales). It is expected that increased attention to the lichenized
Basidiomycota will yield further insights into the process of lichenization and symbiosis in general, as
reflected by the wide variety of topics featured in this symposium on 'basidiolichenology'.
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S05-2 The genus Cora in Colombia: diversification of a hyperdiverse, basidiolichen-

forming clade in the northern Andes

B. Moncada', M. Dal Forno?, R. Liicking?®

TLicenciatura En Biologia, Universidad Distrital Francisco José de Caldas, Bogota, COLOMBIA
2Department of Botany, Smithsonian Institution, DC, USA, *Botanic Garden and Botanical Museum, Freie
Universitat Berlin, Berlin, GERMANY

Abstract: The genus Cora comprises foliose basidiolichens with resupinate hymenophore. This group
was first revised in a monograph of the genus Dictyonema s.lat. in 1978 by Parmasto, at which time a
single foliose species was accepted under the name D. pavonium (later changed to D. glabratum).
Before 1978, historically a total of five species had been described, under the epithets ciferrii, glabrata,
gyrolophia, pavonia (= montana), and reticulifera. The group remained monospecific until 2004, when a
new species was discovered. Based on subsequent molecular studies, the genus Cora was formally
reinstated, and accumulation of data on the ITS barcoding locus, together with detailed field studies,
showed that this genus included a much higher number of taxa than previously assumed. A 2013
revision recognized 14 species, including reinstatement of the five historical epithets, and in 2014, 116
species were distinguished phylogenetically, based on 338 ITS accessions. The most recent study,
dating from 2017, distinguished 189 species based on 651 ITS accessions and five historical epithets,
92 of which are formally described. In the 2014 study, a grid-map approach predicted that Cora may
contain more than 450 species, a dramatic increase from a single taxon recognized until a decade
before. Most of the currently recognized 189 species are restricted to the northern Andes and
particularly Colombia. In the 2014 study, 46 out of 116 species (40%) were from Colombia
(corresponding to 145 out of 338 ITS accessions or 43%), with 36 species (31%) exclusively known from
that country. In the 2017 work, 87 out of 189 species (46%) were presentin Colombia (corresponding to
366 out of 651 ITS accessions or 56%), with 73 species (39%) exclusively known from there. Of the 92
described species, 34 (37%) have their type locality in Colombia. This is in part due to sampling effort:
of the 209 sampling grids defined in the 2014 study, 15 (7%) correspond in part or entirely to Colombia,
roughly mirroring Colombia's proportional area cover within the target area (6%). Within the target area,
24 grids were sampled, three of which well-sampled, with five sampled (21%) and one well-sampled
(33%) corresponding to Colombia, denoting a proportionally higher sampling effort in that country.
However, the increased sampling effort also reflects the fact that Cora is most diverse in the wet (sub-
Jparamos of the northern Andes, characterized by the plant genus Espeletia, which range from
Venezuela to Ecuador and are most extensively developed in Colombia. Molecular dating suggests that
the diversification of Cora is temporally correlated with the uplift of the northern Andes during the past
10 million years, underlining the importance of Colombia as the center of diversification of the genus.
Three examples of current studies in Colombia further highlight this notion: (1) testing the grid
prediction method by visiting the southernmost Colombian grid, comparing detected and predicted
number of species; (2) analyzing patterns of local endemism in the highly threatened Colombian
paramos; and (3) documenting the discovery of novel taxa in the context of urban expansion in the
metropolitan area of Bogota.
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S05-3 Diversity and evolution of lichenized Basidiomycota from Colombia
L. F. Coca', R. Liicking?, B. Moncada?®, M. Dal Forno*
'Science and Education, The Field Museum, Chicago, IL, USA, ?Botanic Garden and Botanical Museum,

Freie Universitat Berlin, Berlin, GERMANY, 3Licenciatura En Biologia, Universidad Distrital Francisco José
de Caldas, Bogota D.C., COLOMBIA, “Botany, Smithsonian Institution, Washington, DC, USA

Abstract: Basidiolichens are the morphological and physiological result of the symbiotic relationship
between a basidiomycete fungus and green alga or cyanobacteria. Less than 1% of all lichen fungi are
found in the Basidiomycota, whereas over 99% belong in the Ascomycota. However, even if
comparatively low in species, basidiolichens appear in independent lineages in three orders: Agaricales
(Acantholichen, Cora, Corella, Cyphellostereum, Dictyonema, Lichenomphalia, Semiomphalina),
Cantharellales (Multiclavula) and Lepidostromatales (Ertzia, Lepidostroma, Sulzbacheromyces). Some of
these groups are morphologically similar but phylogenetically unrelated, so their phenotypes have
evolved independently in similar ways, such as in the genera Multiclavula and Sulzbacheromyces, both
of which have a clavarioid basidiocarps and crustose thalli, hard to distinguish without genetic data.
Thus, molecular methods are an important tool to elucidate the evolutionary relationships and
classification in these lichen fungi. With the objective of recognizing the phylogenetic position and
taxonomic identity of lichenized, mushroom-like Basidiomycota in Colombia, fresh material was
collected in major Colombian biomes (Andes, Amazonas, and Chocd) and ITS barcode sequences were
obtained, proving the first records of several of the aforementioned genera for Colombia. Based on
phylogenetic analysis we propose three new and semi-cryptic species in the genus Sulzbacheromyces
from the Amazon and the Chocd, a new polymorphic species of Multiclavula from the paramo region, a
new Acantholichen without acanthohyphidia (previously considered a synapomorphy of this group), and
a new non-filamentous species in Dictyonema clade as a potentially new genus. Their morphology,
anatomy and phylogenetic relationships are described and discussed.

S05-4 The basidiolichens in China

D.Liu", LS. Wang', X.Y. Wang', B. Goffinet?, J. Hur®

'Key Laboratory for Plant Diversity and Biogeography of East Asia, Kunming Institute of Botany,
Kunming, CHINA, 2Department of Ecology and Evolutionary Biology, University of Connecticut, Storrs,
CT, USA, Department of Environmental Education, Sunchon National University, Suncheon, REPUBLIC
OF KOREA

Abstract: Lichenization is a successful strategy of establishing a stable mutualistic relationship of fungi
with phycobionts. However, lichens involve almost exclusively ascomycetes associated with either green
algae or cyanobacteria, and some basidiomycetes which compose a polyphyletic assemblage of
Agaricales, Cantharellales, Corticiales, and Lepidostromatales containing ca. 172 known species with
most of the diversity occurring in the Hygrophoraceae (Agaricales), particularly in the genera Cora,
Dictyonema, and Lichenomphalia. In China, four genera and twelve species, Dictyonema (3 spp.),
Lichenomphalia (3 spp.), Lepidostroma (1 spp.), Multiclavula (5 spp.), were previously reported, but most
of them have no molecular data and the phylogenetic systematical position is uncertain. In order to
clarify basidiolichens species flora in China, field surveys were conducted around China, covering Fujian,
Guizhou, Hainan, Sichuan, Taiwan, Yunnan, Xizang province, then morphology of old (collected in last
several decades) and newly collected specimens were examined under the microscope. Newly
sequenced species (18S, 28S, ITS) were combined with those published on GenBank and used for
maximum likelihood analysis and Bayesian inference to investigate the phylogenetic relationships.
Based on morphology, phylogeny and literatures, the basidiolichens in China were revised, specimens
from China regarded as Multiclavula fossicola and M. sinensis belong to the Lepidostromatales, and are
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transferred to Sulzbacheromyces. Chinese reports of M. clara and M. vernalis belong to species of
Lepidostromatales and specimens identified as M. mucida belong to the non-lichenized genus Clavaria.
Hence, evidence of Multiclavula occurring in China is lacking. Similarly, L. calocerum is excluded from
the Chinese flora. The recently described L. asianum should be regarded as conspecific with S. sinensis,
and detail observation on this species variation under different micro-ecology was recorded.
Consequently, 2 family, 3 genera and 12 species were confirmed, including three newly described
species: Dictyonema yunnanum, Sulzbacheromyces bicolor and S. yunnanensis, and two new
combinations: S. fossicolus (= Multiclavula fossicola), S. sinensis (= M. sinensis), and one new record
species: Lichenomphalia velutina. In addition, following basidiolichens were added into the Chinese
lichen flora: Dictyonema scabridum, D. sericeum, D. thelephora, Lichenomphalia hudsoniana, L.
[uteovitellina, L. umbellifera.

S05-5 Unexpected basidiolichen diversity discovered in lowland Brazilian forests
M. E. S. Céceres', M. Dal Forno?, F. M.O. Barreto', A. Aptroot®

'Departamento de Biociéncias, Universidade Federal de Sergipe, Itabaiana, BRAZIL, ?Botany,
Smithsonian Institution, Washington, DC, USA, 3Herbarium, ABL Herbarium, Soest, NETHERLANDS

Abstract: Basidiolichens comprise a diverse ecological assemblage from a few different phylogenetic
lineages, mainly in the Hygrophoraceae. Basidiolichens are mostly known from cool climates and are by
far most diverse in montane regions in the Neotropics, both at genus and species level. Exceptions are
the genus Sulzbacheromyces and crustose species of Dictyonema, which occur in dry and wet tropical
lowland areas around the world. Brazil is the country with the highest lichen biodiversity on Earth, but
much of this diversity remains as yet undiscovered. A 5-year programme of field trips to Amazonian and
Atlantic rain forests, as well as to Caatinga and Cerrado regions in N and NE Brazil, revealed that
basidiolichens are quite common in these lowland forest biomes and more diverse than previously
known. Sulzbacheromyces is not only occurring in dry biomes, but present everywhere in Amazonian
and Atlantic rain forests, often found on termitaria, a substratum that was until recently rarely explored
for lichens. Crustose species of Dictyonema are omnipresent in all forest types and on all available
substrata (including rock and living leaves), also in dry Cerrado forests, where they seem very much out
of place. A large conchate Dictyonema of the sericeum-group was found on twigs just a few kilometres
from the Atlantic Ocean; species of this group are characteristic for wet mountain forests, and there is
only one previous lowland record from Thailand. Cora is the most speciose genus of basidiolichens. Itis
most speciose on soil, rock and low shrubs in mountain regions of the Neotropics, with only one
Palaeotropical species known so far. The new species Cora itabaiana was described from a similar
habitat in NE Brazil, but from low elevation. Surprisingly, a species of Cora was even found seven meters
high on a (fallen) tree in an Atlantic rain forest reserve in Alagoas. As there is only rarely access to this
specific habitat, it might indicate that Cora is more common as epiphyte in lowland areas. A possibly
undescribed species of the genus Lepidostroma, a genus which was so far known only from the Andes
and mountains in Mexico and Central America, was found to be locally common in disturbed places
such as road banks in Atlantic rain forest. The basidiolichens found in Brazilian lowland forests are not
phylogenetically related, but do belong to at least six different lineages, and the representatives are
more related to species from Neotropical mountains than to each other. There is thus no evidence that
the Brazilian lowland forest region is a center of speciation in the group. Only a very small percentage
of the tropical lowlands has as yet been investigated by lichenologists. Our results suggest the existence
of considerable unexplored basidiolichen diversity in Neotropical lowland forests.
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S05-6 Microbiome of basidiolichens in the Dictyonema clade (Hygrophoraceae,
Agaricales)

M. Dal Forno', J. D. Lawrey?, R. Liicking®, M. Sikaroodi?, P. M. Gillevet?, E. Schuettpelz’, M. Grube*
"National Museum of Natural History, Department of Botany, Smithsonian Institution, Washington, DC,
USA, 2Department of Biology, George Mason University, Fairfax, VA, USA, *Botanic Garden and
Botanical Museum, Freie Universitat Berlin, Berlin, GERMANY, 4Institut Fiir Pflanzenwissenschaften, Karl-
Franzens-Universitat Graz, Graz, AUSTRIA

Abstract: The Dictyonema clade, also known as Dictyonema sensu lato, is the most species-rich group
of basidiolichens, with 136 currently accepted species in five genera. The clade occurs worldwide, but
has its highest diversity in the Neotropics. The group shows a remarkable diversity of morphologies; the
basal clade of Cyphellostereum and the genus Dictyonema sensu stricto are filamentous, while the other
three genera (Acantholichen, Corella and Cora) are squamulose to mostly foliose. The photobionts of
these lichens are cyanobacteria of genus Rhizonema, but relatively little is known about the associated
microbiomes of these basidiolichens. Here, our main objectives were to investigate these microbiomes
in different genera and species belonging to the Dictyonema clade to reveal whether microbial patterns
found in herbarium samples were similar to specimens recently removed from their natural habitat. We
first sequenced a partial region of the 16S rRNA gene (covering variable regions one and two) with multi-
tag pyrosequencing (MTPS) in a 454 Roche instrument for 697 samples from 22 countries representing
all major clades within Dictyonema. Then, we sequenced another region of the16S rRNA gene from 192
samples utilizing the Illumina MiSeq platform following the procedures of the Earth Microbiome Project.
We found that the most abundant non-photobiont bacteria in these basidiolichens belonged to the
Proteobacteria, Acidobacteria, Actinobacteria, Bacteroidetes, Firmicutes, and Chloroflexi. The most
common Proteobacteria are Alphaproteobacteria, in agreement with previous studies of ascolichens.
Our preliminary results show that genera with filamentous morphology include a higher number of
bacterial OTUs than foliose samples and that only a small percentage of OTUs are found in both
filamentous and foliose basidiolichens. Finally, we observed that historical herbarium samples showed
a decreased number of photobiont reads with metabarcoding sequencing, drastically changing the
abundance pattern of bacterial taxa. Our results provide, for the first time, important insight into
basidiolichen microbiomes and advance the current knowledge of these complex symbioses.

Symposium Session 6:

Evolutionary Genomics
S. Branco and J. Uehling

S06-1 Shared versus independent losses: evolutionary consequences of

intracellular parasitism in cryptic Fungi

C.A. Quandt' and T. Y. James?

'Ecology and Evolutionary Biology, University of Colorado, Boulder, CO, USA, ?Department of Ecology
and Evolutionary Biology, University of Michigan, Ann Arbor, MI, USA

Abstract: Phylogenomic analyses have suggested that a clade comprising eukaryotic parasites with the
smallest known genomes, Microsporidia, and the phylum known primarily from environmental
sequences, Rozellomycota, are atthe base of the fungal phylogeny. However, the ecological and genetic
similarities between these distant relatives remains unclear. Recently we compared genome data of
Rozellomycota and Microsporidia with the newly acquired nuclear and mitochondrial genomes of
Paramicrosporidium saccamoebae - an intranuclear parasite of amoebae. Our analyses demonstrate
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that Microsporidia are nested within Rozellomycota, which forms a paraphyletic clade. Comparative
analysis revealed that P. saccamoebae shares more gene content with distantly related Fungi than with
its closest relatives, suggesting that genome evolution in Rozellomycota and Microsporidia has been
affected by repeated and independent gene losses, possibly as a result of variation in parasitic strategies
(e.g. host and subcellular localization) or due to multiple transitions to parasitism. To understand if this
represents a larger pattern of independent gene loss within the clade, we have sequenced the genomes
of new rozellids and another amoeba-parasite that previous work suggests may be the closest relative
to Microsporidia. Here we will explore the variation in gene content and genome evolution within this
clade of intracellular parasites.

S06-2 Using codon usage bias to predict ecologically adaptive metabolic pathways

in the budding yeast subphylum

A. L. Labella', D. Opulente?, C. T. Hittinger?, A. Rokas'

'Biology, Vanderbilt University, Nashville, TN, USA, 2Laboratory of Genetics, Genome Center of
Wisconsin, Wisconsin Energy Institute, J.F. Crow Institute for The Study of Evolution, University of
Wisconsin-Madison, Madison, WI, USA

Abstract: Since diverging about a half-a-billion years ago, the 1,000+ yeast species of the subphylum
Saccharomycotina have diversified into every biome on Earth. The diversity of yeast ecological
adaptation is underpinned by their ability to utilize a wide range of substrates and grow in a variety of
environments. Traditionally, metabolic pathways that are key for yeast ecological adaptation have been
identified through functional experiments in the laboratory, statistical analysis of associations between
traits and environments, and by examining signatures of selection in the genes encoding metabolic
enzymes. One genomic signature that has proven especially powerful at predicting gene activity but has
yet to be widely employed in evolutionary ecological research, is codon usage bias or the differential
use of synonymous codons within and between genomes. The strongest driver of genome-wide codon
usage bias patterns is G/C mutational bias. Codon usage bias at the level of individual genes, however,
is a consequence of selection for translational efficiency, and therefore, gene level bias is strongly
associated with gene expression. We expect that highly expressed genes will show codon usage bias in
favor of optimally translated codons and that networks of co-expressed genes will show bias in favor of
the same set of codons. In this work, we use species-specific gene-based estimates of codon usage bias
(as a proxy for genes and expression levels) to predict metabolic pathways that are highly active across
the genomes of 332 budding yeast species. These active metabolic pathways are then compared to the
known habitat features of these 332 budding yeast species to identify significant associations between
highly active metabolic pathways and habitat features. In my presentation, | will report the results of
these analyses. Identification of significant associations between metabolic activity predicted by codon
usage bias analysis and habitat features will provide insight into which metabolic capabilities may be
responsible for adaptation to specific environments. More broadly, this work also sheds light on the
ability of codon usage bias to be more broadly used to predict ecologically relevant genes and pathways
in other microbes--especially those that are currently unculturable.
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S06-3 The role of gene flow in rapid adaptive evolution of fungal plant pathogens:
a comparative population genomics study

A. Feurtey', D. Stevens', C. Eschenbrenner?, W. Stephan?, E.H. Stukenbrock?

'Environmental Genomics, Max Planck Institute for Evolutionary Biology, Plén, GERMANY, 2Christian-
albrechts University Kiel, Environmental Genomics, Kiel, GERMANY, 3Section of Evolutionary Biology,
Department of Biology li, Ludwig-Maximilian University of Munich, Planegg-Martinsried, GERMANY

Abstract: Antagonistic co-evolution between pathogens and their hosts can drive rapid adaptive
changes in both partners. Pathogens exert a strong selection pressure on their hosts, in particular on
immune defense genes. At the same time, host resistance can be overcome in the pathogen evolving to
escape host recognition or to suppress host defenses. The genetic innovations allowing rapid
adaptation in this evolutionary “arms-race” can have various origins including mutational events, sexual
recombination and gene flow. Genome-based studies of fungal pathogens have revealed a frequent
contribution of inter-specific gene exchange in rapid evolution. We used a population genomics
approach based on de novo assemblies of genomes and whole genome alignments to characterize the
distribution of highly variable regions in the fungal wheat pathogen Zymoseptoria tritici. These regions
are found throughout the genome, comprise around 5% of the total genome size and overlap with 600
predicted coding sequences. We performed window based phylogenetic analyses align the genome
alignment and show that the highly variable regions overlap with regions of showing signature of past
interspecific hybridization events. We detect a similar pattern in the closely related wild grass pathogen,
Zymoseptoria ardabiliae, and some hybridization events have involved these two species. Overall, our
results demonstrate a significantimpact of frequent interspecific hybridization on the genome evolution
of this important wheat pathogen. We speculate that gene flow act to fuel arms race evolution of Z. tritici
with its host.

S06-4 Coccidioidomycosis in the surrounding landmasses of the Caribbean Sea is
caused by cryptic Coccidioides posadasii populations

B. M. Barker', M. Teixeira’, P. Alvarado?, G. Thompson?, E. Arathon?, C. Canteros®

'Pathogen and Microbiome Institute, Northern Arizona University, Flagstaff, AZ, USA, 2Mycology
Laboratory, Servicio Autonomo Instituto de Biomedicina Dr. Jacinto Convit, Caracas, VENEZUELA,
3Department of Medicine, University of California, Davis, CA, USA, *Ciudad Universitaria, Universidad de
San Carlo, Guatemala City, GUATEMALA, °*Mycology Laboratory, Administracion Nacional de
Laboratorios e Institutos de Salud, Buenos Aires, ARGENTINA

Abstract: Coccidioides posadasii causes coccidioidomycosis in arid regions of the Americas. C.
posadasii is comprised of at least two populations; Arizona (AZ) and Texas/Mexico/South America
(TXMXSA). The exact range of C. posadasii in Central and South America is undetermined for many
reasons. For one, the disease is sub-notified to local health departments. Second, fewer than 1,000 total
cases across the region have been reported. The Caribbean region is bordered by the Caribbean Sea,
and the surrounding continental landscape and islands may play an important role in the dispersion of
C. posadasii through Mexico, Guatemala and Venezuela. To define the distribution of C. posadasii
populations in Central and South America, we sequenced the genomes of é clinical isolates from
Venezuela, 1 from Argentina, 2 from Mexico, 1 from Texas and 1 from Florida. References were
assembled using the Unmanned Genome Assembly Pipeline using SPAdes as well the Pilon toolkit.
Weincorporated 52 published genomes from C. posadasii to identify the genetic background of newly
sequenced strains and develop hypotheses regarding the dispersion into Central and South America.
Maximum Likelihood methods implemented in IQ-TREE software using jModelTest for model selection
and 1,000 ultrafast bootstraps with Shimodaira-Hasegawa-like approximate likelihood ratio test were
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performed for branch confidence. The genealogical concordance level was tested using the Bayesian
concordance analysis implemented in the BUCKy. To avoid linkage disequilibrium effect, the SNP matrix
was assessed in 2500bp blocks. Posterior tree distribution of each locus was individually tested via
MrBayes under GTR nucleotide substitution model. SNP matrices were run using two independent
Markov Chain Monte Carlo simulations and four chains for 10 million generations with samples collected
every 1,000 generations. Tracer was used to check convergence between the two chains and individual
loci. Time-scaled phylogenies were calculated for timing analyses in BEAST. Trees topologies were
visualized using FigTree. Comparative phylogenomic analyses reveal that clinical strains from
Guatemala and Venezuela are genetically isolated from the well-described populations AZ and
TXMXSA, whereas the new Texan, Mexican and Argentinian isolates cluster with TXMXSA as expected.
Analysis indicates that limited gene flow exists between Guatemala and AZ populations, whereas we
observe nearly complete reproductive isolation from both AZ and TXMXSA among the newly sequenced
Venezuela isolates. Interestingly, the isolate from a Florida patient was paraphyletic to the
Venezuela/Guatemala cluster. Based on these observations, we propose new patterns of dispersion and
endemicity through Central and South America. We provide strong evidence that the South American
continent was colonized by at least two ancestral populations: one by a TXMXSA ancestral genotype,
and the second by a Guatemalan ancestral genotype. Isolates from Brazil, Argentina and Paraguay
cluster within the TXMXSA cluster whereas the Venezuelan clade shares a common ancestor with the
Guatemalan cluster and together forms a newly designated “Caribbean” population, including the
isolate from Florida, which is distinct from either AZ or TXMXSA. We propose that the Venezuela lineage
was purified during migration through Central America to the semi-arid regions of the Paraguana
peninsula and the depression valleys of Lara and Falcon states.

S06-5 Genome-wide survey for understanding genetic basis of morphological

evolution of septal pore cap in Agaricomycetes
T. lizuka and K. lkeo
Department of Genetics, Sokendai, Mishima, Shizuoka, JAPAN

Abstract: Understanding genetic basis of morphological evolution is essential for clarifying the
evolutionary history of fungi. To understand the evolution of Agaricomycetes, morphological character
of septal pore cap (SPC) is one of the key characters to distinguish taxonomy. In our study, we are
focusing three phenotypes of SPC (vesiculate, imperforate and perforate) and searched candidate
causal mutation of the differences of SPC types from fungal genome sequences. Among these three
phenotypes, vesiculate SPC is known as the most ancestral characters. After the emergence of
imperforate SPC from vesiculate SPC, perforate SPC had been evolved from imperforate SPC at multiple
times independently (morphological independent evolution). The objective of this research is detecting
mutation correlated with morphological evolution of these three types of SPC in amino acid sequence
level. As the first step, for detecting the gene correlated with the evolution from imperforate SPC to
perforate SPC, we searched genes that has parallel substitutions correlated with the emergence of
perforate SPC from imperforate SPC against orthologous gene datasets of 12 fungal genomes. When
genes were clustered by SPC type rather than species phylogeny by phylogenetic analysis from each
orthologs, the genes were extracted as candidate causal genes. By using these genes, we searched SPC-
type specific sites that show differences of amino acid residue depending on the difference of SPC types.
We also checked whether the substitution had been derived in the exact ancestral brunch that is
reasonable to assume as the period of emergence of perforate SPC by ancestral sequences
reconstruction. For detecting the gene correlated with the evolution from vesiculate SPC to imperforate
SPC, BLAST search against vesiculate type species was conducted to know gene present/absent pattern
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of detected gene. We detected spc33 as a gene correlated to the morphological evolution of SPC.
Amino acid substitutions D254E, K357R, V3591 and P402R were observed during morphological
independent evolution from imperforate type species to perforate type species in both lineages. When
we checked each sites of multiple alignment of spc33, we found K357R and M/V359I are remained such
differences in extant species. Therefore, same genetic changes were detected from the independent
emergence of perforate SPC. The results of BLAST search showed that spc33 was observed only from
imperforate type species and perforate type species. Vesiculate type species and any other organisms
did not have spc33 homologs. In conclusion, correlated evolutionary event in amino acid sequences of
spc33 had been occurred during both the evolution from vesiculate SPC to imperforate SPC and the
evolution from imperforate SPC to perforate SPC.

S06-6 Multiple evolutionary origins lead to diversity in the metabolic profiles of

ambrosia fungi

Y. -T. Huang', J. Skelton', J. Hulcr?

'School of Forest Resources and Conservation, University of Florida, Gainesville, FL, USA, 2Department
of Entomology and Nematology, University of Florida, Gainesville, FL, USA

Abstract: Ambrosia fungi are an ecological assemblage of species cultivated by ambrosia beetles in
their gallery as required nutrient sources. This nutritional mutualistic relationship with beetles has
evolved at least 7 times in Dikarya (Ascomycota and Basidiomycota). However, whether convergence in
ecology led to convergent metabolism in ambrosia fungi is still unknown. We compared the assimilation
of 190 carbon sources in five independent lineages of ambrosia fungi and closely related, non-ambrosial
species. These repeated comparisons, and the use of variation partitioning to separate the effects of
phylogeny and ecology, enabled us to assess functional convergence versus phylogenetic divergence
in the metabolic diversity of ambrosia fungi. Our results revealed no convergence in carbon utilization
capacities among ambrosia fungi. Instead, metabolic variation among fungi was largely explained by
phylogenetic relationships. In addition, the range of carbon usage was as diverse in ambrosia fungi as
in non-ambrosial species. Our results demonstrate that carbon metabolism of each ambrosia fungus is
determined by its inherited metabolism, rather by the transition towards symbiosis. In contrast to other
fungus-farming systems of termites and attine ants, the fungal symbionts of ambrosia beetles are
functionally diverse, which reflects their independent evolutionary origins.

Symposium Session 7:

Challenges in the Exploitation of Beneficial Fungal Secondary Metabolites
M. Stadler and R. Cox

S07-1 Discovery of new bioactive secondary metabolites from medicinal

mushrooms: Identification, biosynthesis and bioactivity evaluation.
H. Liu

State Key Laboratory of Mycology, Institute of Microbiology, Chinese Academy of Sciences, Beijing,
CHINA

Abstract: The Tibetan plateau is well known for its diversity ecological system and extreme
environmental condition and harbors rich medicinal fungi, such as Ganoderma sp., Ophiocordyceps
sinensis, Tricholoma matsutake. With the help of chemistry and bioassay-guided separation technology,
over 900 natural products, including 460 new compounds (36 new skeletons), have been isolated from
the medicinal fungi collected in the Tibetan region. The diterpene eryngiolide A and sesquiterpene
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dimer Sterhirsutin A were selected as "hot-off-the-press” by Natural Product Reports. Bioactivity
screening revealed 460 compounds possessing antivirus, anticancer, antibacterial, and antiplasmodial
activities. More importantly, two diterpenes (cyathin R and Q) with in vivo anti-tumor activity, one
diterpene with in vivo anti-inflammatory activity, one sesterterpene with in vivo anti-virus effect, and one
meroditerpene with in vivo anti-diabetic and anti-obesity activity were obtained. In the field of the
biosynthesis of diterpene, we reported the diterpene cyclase responsible for the synthesis of cyathane
skeleton in the mushroom of Hericium erinaceus. Furthermore, a new group of diterpene cyclases in the
superfamily of UbiA proteins were identified.

S07-2 Reading fungal genomes to discover and engineer antifungal natural

products

G. Bills

Institute of Molecular Medicine, Texas Therapeutics Institute, University of Texas Health Science Center
at Houston, Houston, TX, USA

Abstract: Natural products from fungi have been critical to the development of antifungal agents in use
in the clinic and as agrochemicals, including griseofulvin, echinocandins, and strobilurins. Other
outstanding preclinical and clinical antifungal leads (sordarins, enfumafungin, aureobasidin, ASP2397)
have originated from fungi. Fungi continue to be a promising source of low molecular weight molecules
that regulate fungal growth, interact with essential fungal proteins, or modulate the activities of key
fungal pathways. Genome sequencing and bioinformatic prediction of secondary metabolite-encoding
genes now enable searches for relatives of antifungal-encoding biosynthetic gene clusters that can lead
to discovery of even more antifungal metabolites. But can this prospective approach guide discovery of
new antifungals belonging to unrecognized structural classes without the aid of bioactivity-directed
data? We will relate our experiences in dissecting the distribution of gene clusters of some major classes
of antifungal agents produced by fungi. Although genome mining approaches can reveal the potential
chemical diversity encoded by sets of related gene clusters, the approach remains limited by the small
number of available fungal genomes. Therefore, tracking down historical records and the strains
responsible for producing reported antifungals, e.g., echinocandins, has been critical for completing
the genetic map of biosynthetic families and for guiding genome mining studies. An expanded focus on
the target pathogens for whole-cell screening can also widen the search for new antifungal metabolites.
Most of our historical knowledge regarding antifungal activity of fungal metabolites has been based on
data from whole-cells assays of Candida albicans and Aspergillus spp., and to a lesser extent, on data
from some major crop pathogens. Other major pathogens, like Cryptococcus species, were typically
tested for antifungal susceptibility only when C. albicans lead compounds were evaluated for their
antifungal spectrum. We contend that Cryptococcus-centric screening of fungi for antifungal natural
products offers an outstanding opportunity for the discovery of new antifungal therapies. In addition to
using non-traditional pathogen as targets for discovery of antifungals, prospects can be complemented
by targeting fungi with complex secondary metabolism but that have rarely been included in screening
programs to date.
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S07-3 Exploiting the secondary metabolome of tropical Basidiomycota

C. Chepkirui', T. Cheng', Z. Rupcic’, K. T. Yuyama?, L. Wanga?®, W. C. Sum?, C. Decock?, J. C. Matasyoh?,
A. Wolf-Rainer?, M. Stadler’

"Microbial Drugs, Helmholtz Centre for Infectious research, Braunschweig, GERMANY, 2Chemical
Microbiology, Helmholtz Centre for Infectious Research, Braunschweig, GERMANY, ®Department of
Chemistry, Egerton University, Njoro, KENYA, “Mucl, Mycothéque de I’ Universite Catholique de Louvain
(BCCM/MUCL), Louvain-la-Neuve, BELGIUM

Abstract: The phylum Basidiomycota comprises the mushroom-forming fungi and various other
organisms that represent a considerable part of the global biodiversity. Recent molecular ecology
studies have revealed an unprecedented, huge diversity of fungi in different habitats, including soil,
plants and invertebrate animals. Most of these organisms remain unknown to Science and have never
been cultured and studied for potential beneficial traits such as the production of antibiotics and other
useful secondary metabolites. During the course or our search for new anti-infective agents from nature
to combat the newly arising multi-resistant human pathogens, we embark on extensive exploitation of
tropical fungi whose riches remain largely untapped for new bioactive metabolites. Our approach which
has resulted in a rather high discovery rate of novel metabolites, is based on a combination of extensive
field work and classical mycological know-how together with sophisticated methods of analytical
chemistry and biotechnological process development. Numerous novel compounds with interesting
biological activities, which have been discovered from new and hitherto untapped species from
Thailand and Kenya will be presented.

S07-4 Molecular genetic studies of alkaloid biosynthesis genes in Epichloé
coenophiala, a bioprotective symbiont of the forage grass, tall fescue

S. Florea', D. G. Panaccione?, C. L. Schard!’

'Plant Pathology, University of Kentucky, Lexington, KY, USA, ?Division of Plant and Soil Sciences, West
Virginia University, Morgantown, WV, USA

Abstract: Epichloé species are fungal endophytes of grasses that confer significant defense against
vertebrate and invertebrate herbivores, attributed in part to their production of up to four known classes
of alkaloids: aminopyrrolizidines such as lolines, pyrrolopyrazines such as peramine, indole-diterpenes
such as lolitrems, and ergot alkaloids such as ergovaline. Epichloé coenophiala is a common seed-borne
symbiont (endophyte) of tall fescue, a popular grass for pastures and forage due to its high productivity,
stand longevity, stress tolerance and pest resistance. The endophyte is a significant contributor to these
characteristics, produces anti-insect lolines and peramine, but also ergovaline, which is toxic to livestock.
Our focus has been to manipulate the ergot alkaloid genes in the endophyte, with the aim of improving
forage quality of tall fescue. Epichloé coenophiala is a triploid interspecific hybrid with two homeologous
ergot alkaloid gene clusters, designated EAS1 and EAS2. Its genome sequence revealed that EAS1 is
near a telomere, and that EAS2 has an IpsB2 pseudogene due to a frame shift mutation. We developed
a method to knock off chromosome ends without stable introduction of foreign genes, and we
eliminated EAS1. The genome sequence of two independent mutants confirmed the elimination of EAS1
and absence of any foreign genes. Once reintroduced into tall fescue, these eas1 deletion mutants
produced the ergot alkaloid intermediate, chanoclavine |, plus high levels of the spur product,
ergotryptamine, but lacked ergovaline. Interestingly, intermediates such as agroclavine and lysergic
acid were undetected, and this ergot alkaloid profile recapitulated that of some naturally occurring
grass-Epichloé symbiota. Complementation of the eas1 deletion mutant with a functional /psB gene
restored ergovaline production, but still gave high levels of ergotryptamine. Comparison of the in
symbio gene expression data between wild type, the knockoff and complemented strains was highly
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variable, although two of the genes required for conversion of chanoclavine | to agroclavine were poorly
expressed in the eas1 deletion mutant and IpsB complemented strains. Additional gene
complementation studies are now underway to further decipher roles and regulation of the pathway
genes. In addition, loline-biosynthesis genes have been introduced into the non loline alkaloid
producer, Epichloé hybrida, and analysis of plants with those transformants have been generated and
will be analyzed to investigate the biosynthesis of this important class of anti-insect alkaloids.

S07-5 Secondary metabolites from fungal cultures: The role of mycologists in

multidisciplinary teams
H. A. Raja and N. H. Oberlies
Chemistry and Biochemistry, University of North Carolina, Greensboro, NC, USA

Abstract: Fungi comprise a hyperdiverse group of organisms capable of producing notable secondary
metabolites such as Penicillin, cyclosporin A, and the cholesterol lowering class of statins.
Approximately, 24, 000 fungal secondary metabolites have been reported in the literature; however, we
have only scratched the surface with respect to novel bioactive compound discovery from fungi. In this
presentation, | will discuss findings from two projects, which highlight our work on secondary
metabolites from fungal cultures. In the first part, | will discuss how isolation and identification of fungal
secondary metabolites was used for discovering a quorum-sensing inhibitor in a clinical isolate of
methicillin-resistant Staphylococcus aureus (MRSA), which is an antibiotic-resistant pathogen causing
global health threat. In the second part, | will discuss how mass spectrometry mapping of secondary
metabolite biosynthesis in situ can be used to probe a series of ecological questions about fungi that
may be lost through traditional natural products chemistry extraction protocols. Together, our results
highlightthe importance of interdisciplinary nature of our research on fungal secondary metabolites and
its contribution to both basic and applied sciences.

S07-6 Bio-prospection of microfungi from Thailand

M. Hernéndez-Restrepo', Z. Rupcic?, P. Crous', J. Luangsa-Ard?, M. Stadler?

'Evolutionary Phytopathology, Westerdijk Fungal Biodiversity Institute, Utrecht, NETHERLANDS,
2Microbial Drugs, Helmholtz Centre for Infection Research, Braunschweig, GERMANY, 3Microbe
Interaction and Ecology Laboratory, Biodiversity and Biotechnological Resource Research Unit (BBR),
National Center for Genetic Engineering and Biotechnology (BIOTEC), Pathum Thani, THAILAND

Abstract: Fungi are regarded as prolific sources of novel secondary metabolites with prominent and
selective biological activities that can serve as basis for the development of new antimicrobials,
agrochemical pesticides and other useful compounds. In particular the mycobiota of tropical countries
are still widely unexplored and can yield a plethora of novel chemical entities. Furthermore, fungi
represent a rich source of nematicidal compounds, which are natural antagonists of nematode parasites
and thus offer novel biocontrol strategies. During the course of the "GOLDEN MYCOLOGICAL
TRIANGLE" project, on the functional biodiversity of the mycobiota inhabiting rainforests in Thailand, we
recovered several interesting microfungi from plant debris. Plant samples were transported to the lab in
plastic or paper bags and treated in moist chambers. Pure cultures were obtained by single spore
cultures in WA and transferred to OA and PCA agar plates. Morphological features were obtained from
fungi growing on OA or SNA supplemented with fragments of autoclaved pine needles, incubated at
25 °C under continuous near-ultraviolet light to promote sporulation. DNA was extracted from cultures
growing in MEA. ITS barcodes and LSU sequences were generated for all species. Additional molecular
markers i.e. rpb2 and tef sequences were generated for selected strains. A preliminary maximum
likelihood phylogenetic analysis of the LSU sequences placed all fungal taxa in Ascomycota, except for

Symposium Sessions ¢ Tuesday, July 17, 2018 35



one isolate that was related to the Basidiomycota. Among the Ascomycota the isolates were distributed
in four classes; mainly in Sordariomycetes (57.5%) and Dothideomycetes (32%) and to a lesser extent in
the Eurotiomycetes (7.5%) and Leotiomycetes (3%). Familial, generic and species level identification for
some of the microfungal strains still remain unknown, and they appear to represent new taxa.
Researchers at HZl selected 18 strains for additional studies on biological activity, screening of
nematode trapping fungi and secondary metabolites. So far, Dactylaria hyalotunicata, Petrakiopsis sp.
nov. and Sirothecium sp. nov. represent three new lineages in Sordariomycetes. Furthermore, some
isolates represent a new genus in Sulcatisporaceae introduced as Pseudobambusicola, and other
isolates represent a potentially new genus related with Exophiala in Eurotiomycetes. Other new species
include Anteaglonium sp. nov., Brachiosphaera sp. nov. and Teichospora sp. nov. in Dothideomycetes;
Campylocarpon sp. nov., Halorosellinia sp. nov., Hydea sp. nov. and Kionochaeta sp. nov. in
Sordariomycetes. Until now, Pseudobambusicola thailandica gen et. sp. nov. revealed strong
antagonistic activity against nematodes (Caenorhabditis elegans). Six novel and two known compounds
were isolated. Compounds 4 and 8 showed strong nematicidal activity, while compounds 1 and 8 also
inhibited growth of the pathogenic basiodiomycete Phellinus tremulae in a plate diffusion assay.

Symposium Session 8:

Morphogenesis and Invasion (Fungal-Host Interactions)
M. Momany and M. Riquelme

S08-1 Enabling tools for the study of neutrophil-fungi interactions
D. Irimia
Surgery, Harvard Medical School / Massachusetts General Hospital, Boston, MA, USA

Abstract: During infections with Aspergillus fumigatus or Candida albicans in healthy individuals,
neutrophils accumulate fast and in large numbers. The interactions between neutrophils and fungi are
key for protecting healthy tissues, by sealing off sites of infection and neutralizing the pathogens. Better
understanding of these interactions may provide new capabilities for protection against infections in
patients at risk. However, currently, the investigations of the interactions between neutrophil-fungi
interactions can only be studied in vitro and in animal models which are limited by lack of temporal and
spatial control over interactions. In this presentation, we will discuss new approaches for studying
neutrophil-fungi interaction at single-cell resolution over time. These approaches are enabled by
microfluidic tools, which create precisely controlled, repeatable conditions for the interactions between
neutrophil and growing fungi. In one example, we studied the interactions between human neutrophils
and Aspergillus and observed an evasive fungal behavior triggered by interaction with neutrophils.
Interacting hyphae performed de novo tip formation to generate new hyphal branches, allowing the
fungi to avoid the interaction point and continue invasive growth. The consequence of branch induction
upon interaction outcome depends on the number and activity of neutrophils available: In the presence
of sufficient neutrophils branching makes hyphae more vulnerable to destruction, while in the presence
of limited neutrophils the interaction increases the number of hyphal tips, potentially making the
infection more aggressive. In another example, we found that human neutrophils swarmed vigorously
against Candida and significantly delayed the growth of C. albicans hyphae for up to 16 hours.
Disruption of swarming mediators compromised the ability of neutrophils to swarm and limited the
ability to contain C. albicans. Neutrophil extracellular traps were formed during neutrophil swarming
against both Candida and Aspergillus. However, the disruption of NETs only compromised the
protection against Candida and not against Aspergillus. The novel capabilities enabled by microfluidic
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devices have implications for our understanding of infections in neutrophil-deficient patients and open
new avenues for treatments targeting opportunistic fungi.

S08-2 Septins impact hyphal and nuclear morphology
M. Momany
Plant Sciences, Fungal Biology Group and Plant Biology, University of Georgia, Athens, GA, USA

Abstract: Septins serve as scaffolds and diffusion barriers, organizing cellular morphology. In several
filamentous fungal pathogens loss of septins results in the emergence of extra protrusions from the
hypha and decreased virulence. In A. nidulans deletion of septins aspA, aspB, or aspC causes extra
protrusions to emerge from hyphae. In contrast deletion of aspD does not have a major impact of hyphal
morphology; instead nuclei take on a “stringy” appearance and colony sectoring increases. A close
examination of nuclei from aspD deletion strains shows that nuclear organization is disturbed, including
improper positioning of the nucleolus.

S08-3 Elucidating three pathways that contribute to directional growth regulation

in Candida albicans hyphae
A. C. Brand, M. C. Almeida, A. Lopez, T. Bedekovic
MRC Centre for Medical Mycology, University of Aberdeen, Aberdeen, UNITED KINGDOM

Abstract: The production of hyphae is strongly linked to pathogenesis during superficial mucosal
infections and the life-threatening disseminated disease, invasive candidiasis. Hyphae constitute the
‘Special Weapons and Tactics’ capability deployed by C. albicans during mucosal and endothelial cell
layer invasion. Hyphae are equipped with adhesins and secreted effectors but these are only effective if
hyphal guidance mechanisms are operational to direct penetrative growth into host tissue. Our aim is to
elucidate the signaling pathways involved in hyphal guidance. We have identified three distinct hyphal
growth phenotypes - kinked, chaotic and straight - in which the ability to respond normally to external
cues is attenuated or lost. Each of the three phenotypes is produced by a specific grouping of mutant
strains. The functional links within some groupings are emerging and we are undertaking proteomics
screens to extend our understanding of each pathway. Our overall aim is to find out how these pathways
integrate to regulate the directional growth of hyphae. We have generated null mutant strains for
proteins representative of the three phenotypes and GFP-tagged them to establish their cellular
localization. We use live-cell imaging and microfabricated topographies to test for aberrant hyphal
growth responses in mutant strains. The tagged strains are used as pull-down baits to identify interacting
proteins. Hyphae with kinked or chaotic growth trajectories are generated by deletion of the fungal
Paxillin homolog (PxI1) or the small Ras-like GTPase, Rsr1, respectively. Proteomics suggests Pxl1
interacts with the Rho1 GTPase and -glucan synthase, which are involved in cell-wall biosynthesis, while
Rsr1 interacts with proteins involved in membrane organisation. An emerging theme in this study is the
involvement of tip-localised GTPases, which cycle through active and inactive states. This mechanism for
binding and releasing effector proteins may allow constitutively polarised cells to adjust the site of
growth in response to external cues.
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S08-4 Chitin assembly in the cell wall of two Trichoderma species

L. Kappel', V. Bulone?, S. Gruber'

'Institute of Microbiology, University of Innsbruck, Vienna, AUSTRIA, ?Arc Centre of Excellence in Plant
Cell Walls and School of Agriculture, Food and Wine, The University of Adelaide, Adelaide,
AUSTRALIA

Abstract: The cell wall of (filamentous) fungi serves as armor against attacks by other organisms or
hostile environments as well as a disguise in (phyto-)pathogenic and plant beneficial species to
circumvent host defense mechanisms. Next to glucans, chitin is one of the major components of the cell
wall that confers strength and rigidity but contributes also to the flexibility of the wall. The
homopolymeric chitin chains, composed of B-1,4 linked N-acetylglucosamine units, constitute the
innermost layer of the cell wall and are connected to the glucan matrix via 3-1,3 and -1,4 links. Chitosan,
the partially deacetylated form of chitin, is another important component of the fungal wall, which is
present in minute to high amounts (up to 40% in Mucorales) depending on the fungal family, cellular
component or growth stage. Trichoderma spp. are a cosmopolitan group of fungi, with a multitude of
adaptions to a variety of environmental niches. Trichoderma reesei, for example, is a saprophytic fungus,
which is used as potent cellulase producer in the industries. T. atroviride and T. virens are mycoparasites,
with plant beneficial attributes, and thus, are important as biocontrol agents. Although Trichoderma spp.
had been studied extensively over the past decades, little was known about their cell wall composition.
Here we provide a first insight in the composition of the cell wall of T. reesei and T. atroviride. We show
that de novo chitin and chitosan synthesis involves coordinated regulation of members of chitin
synthesizing and chitin modifying enzyme families, rendering the fungi capable of fast adaption to a
variety of environmental stresses and growth conditions. Chitin biosynthesis requires a set of chitin
synthases that belong to the glycosyl transferase family (GT) 2. Although a central catalytic domain is
shared by these isoenzymes the N- and C- terminal ends can vary considerably. Trichoderma,
furthermore, contains a variety of putatively secreted and intracellular chitin modifying enzymes, which
contribute to the cell wall plasticity. We provide new insights into the assembly of chitin and chitosan in
Trichoderma spp. Eight chitin synthases and more than 15 additional enzymes - deacetylases, chitinolytic
enzymes and accessory proteins, which are important for correct assembly and turnover of chitin and
chitosan - are involved in chitin metabolism in Trichoderma spp. Defining the mechanisms of fungal
chitin and chitosan synthesis facilitates a guided approach in cell wall reconstruction, which contributes
to understanding the mycoparasitic capability of Trichoderma as biocontrol agents and their adaptability
to changing environments.

S08-5 Cell-cell contact during fusion triggers self/non-self-recognition in a social
microbe

A.P. Gongalves', J. Heller!, E. Span?, M. A. Marletta?, N. L. Glass'

Plant and Microbial Biology, University of California, Berkeley, CA, USA, ?California Institute for
Quantitative Biosciences (QB3), University of California, Berkeley, CA, USA

Abstract: Cell fusionis required for the development of the hyphal network made by Neurospora crassa.
Fusion involves chemotropism, remodeling of the cell wall and merging of the plasma membranes. In
the wild, a cell will encounter numerous prospective partners with variable degrees of genetic similarity
and fusing with them can be beneficial or detrimental for fitness. Therefore, in an attempt to judge
between ‘good’ and ‘bad’ consequences, cells have developed genetic barriers that are put in place
during cell fusion events. We have showed that among a wild population of Neurospora isolates, a long-
distance kind recognition system defined by the allelic variation at the doc locus functions at the level of
germling communication; only cells that belong to the same doc haplotype group are able to
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communicate with each other. Interestingly, our recent data indicates that communication specificity is
not enough to guarantee successful fusion due to a second recognition system functions at the cell wall
dissolution stage. Germling pairs that harbor compatible doc genes but are dissimilar at a locus that we
called ‘cell wall remodeling checkpoint’ or cwr, display an arrest phenotype following contact
accompanied by the accumulation of cell wall material and are unable to proceed with fusion. The cwr
locus, encompassing cwr-1, cwr-2 and cwr-3, showed high allelic diversity and trans-species
polymorphism in populations of Neurospora, two features consistent with allorecognition mechanisms.
Fusion assays revealed that cwr-2 is dispensable for non-self-recognition, while a Acwr-1Acwr-3 mutant
undergoes cell wall remodeling and fusion with both compatible and formerly incompatible partners.
Our current investigations aim to establish the mode of action of CWR proteins during non-self-
discrimination. In summary, we show that microbes have developed sophisticated barriers to avoid
unwanted confrontations. The novel self/non-self-surveillance system that functions at the cell wall
dissolution step demonstrates that in the fungal world talking the same dialect is not sufficient for
effective fusion.

S08-6 Investigating appressorium-mediated plant infection by the rice blast fungus
Magnaporthe oryzae

M. Osés-Ruiz, C. Rodriguez Herrero, L. Ryder, W. Sakulkoo, M. Martin-Urdiroz, N. Talbot

School of Biosciences, University of Exeter, Exeter, UNITED KINGDOM

Abstract: To cause rice blast disease, the fungal pathogen Magnaporthe oryzae develops a specialised
infection structure called an appressorium. The appressorium is a dome-shaped cell, which accumulates
enormous internal turgor that is translated into mechanical force by reorientation of septin-dependent
F-actin cytoskeleton at the base of the infection cell. Septin-dependent polarity determinants reorganize
atthe base of the appressorium to produce a rigid and narrow penetration peg that ruptures the tough,
waxy leaf cuticle to allow colonization of the plant tissue. Here, we show that appressorium mediated
plant infection by M. oryzae is tightly linked with cell cycle control and more specifically, requires two
independent S-phase cell cycle checkpoints. The first checkpoint occurs during initial formation of
appressoria on the rice leaf surface and acts through the DNA damage response (DDR) pathway,
involving the Cds1 kinase. By contrast, appressorium repolarization involves a novel, DDR-independent
S-phase checkpoint, triggered by appressorium turgor generation and melanisation. This second S-
phase checkpoint regulates septin-dependent, NADPH oxidase-regulated F-actin dynamics to organise
the appressorium pore and facilitate entry of the fungus into a plant cell. We show that specific patterns
of gene expression are associated with appressorium maturation, under the control of the PMk1 MAP
kinase pathway and a set of specific transcription factors that act in a hierarchy to control formation and
function of appressoria. We also show that a minimum turgor threshold in the appressorium, which
depends on melanin production, is necessary to trigger the unusual S-phase cell cycle checkpoint that
is necessary for the appressorium to function and for tissue invasion to commence.

Symposium Sessions ¢ Tuesday, July 17, 2018 39



Symposium Session 9:

Hot Fungi in Hot Spots in a Hot Region
AN. Miller and T. lturriaga

S09-1 Discovering fungal hot spots through the MyCoPortal

A.N. Miller", S. Bates?, T. lturriaga®

"llinois Natural History Survey, University of lllinois Urbana-Champaign, Champaign, IL, USA,
’Department of Biological Sciences, Purdue University Northwest, Westville, IN, USA, 3Plant Pathology
Herbarium, Cornell University, Ithaca, NY, USA

Abstract: The Symbiota biodiversity data management system is utilized by hundreds of natural history
collections to serve biodiversity data online. These collections are organized into 40 portals which serve
~37 million specimen records of algae, bryophytes, fungi, invertebrates, lichens, plants and vertebrates.
Specimen records can be linked to images, tissues samples, DNA sequence data, species information,
as well as biotic inventories. A core goal of the Symbiota platform is to build a library of web-tools for
documenting species occurrences (i.e., from specimens or observations) and for visualizing and
analyzing biodiversity data. The Mycology Collections Portal (MyCoPortal) was created in 2011 to serve
non-lichenized fungal data online, and is an easy to use, inexpensive, online resource for fungaria to
maintain and serve their fungal collections data. There are currently over 3.6 million records in the
MyCoPortal from 80 institutions throughout the world, predominately from North America, but also
including 236,000 records representing over 47,000 species from Latin America. The MyCoPortal allows
access to important fungal diversity and distribution information, and enables discovery of
underexplored areas, biodiversity hot spots, as well as biogeographical patterns. Finally, it provides the
big data required for documenting changes in fungal distributions over time.

S09-2 A new higher-level classification for the Leotiomycetes - essential resources,

both hot and cold
Peter R Johnston, Duckchul Park, Christopher A Smith, Bevan S Weir
Manaaki Whenua Landcare Research, Auckland, NEW ZEALAND

Abstract: The class Leotiomycetes comprise a biologically and ecologically diverse group of fungi -
plant pathogens, animal pathogens, mycorrhizas, endophytes of roots and leaves, aquatic and
aeroaquatic hyphomycetes, and saprobic decomposers. This diversity has meant that these fungi have
been studied by several different research communities, and several of these groups have developed
what are essentially independent classifications, sometimes based on the sexual, sometimes the asexual,
morphology. The accumulation of molecular data has revealed often unsuspected links between the
species and genera associated with the different lifestyles, and the change in rules of fungal
nomenclature to require a single name for a single organism, has meant that the taxonomies used by
the different groups must be reconciled. Coinciding with this is the need to align the historical higher-
level taxonomy of the class, based largely on morphology, with increasingly detailed understanding of
the phylogenetic relationships of these fungi, based on analysis of DNA sequences. Increasingly, users
of fungal names identify their specimens using a DNA sequence rather than characters seen through a
microscope, so the classifications taxonomists provide need to service that need. This talk will outline
some of the major issues in relation to developing a phylogenetic classification for the Leotiomycetes.
Input from ‘cold’ regions will include selection of epitypes. The vast majority of genera were described
from northern Europe, and of the more than 1000 generic names attributed to the order, less than 100
have DNA sequences available from type specimens. Most names are too old for DNA to be extracted
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from the type specimens themselves. Input from ‘hot’ regions (either physically or in terms of their
undocumented diversity) will be needed to ensure any newly developed classification is relevant on a
global scale. Use of 'hot’ technologies, such as genome-scale phylogenetics, may be needed to provide
strongly supported branches deep in the phylogeny, the branches that will be key to defining
phylogenetically robust order-level taxa.

S09-3 Diversity in Pezizomycetes and Orbiliomycetes with a case study
Donald H. Pfister
Organismic and Evolutionary Biology, Harvard University, Cambridge, MA, USA

Abstract: When thinking about hot spots for fungal diversity we often focus on specific geographical
regions. Such is the case with this symposium where assumptions are made regarding diversity in
tropical areas being greater than in temperate areas of the world. My purpose is to think more broadly
about ecology and evolution as drivers of diversity and how we might target some specific fungal groups
for our studies. Drawing on several examples from work in our laboratory on the Pezizomycetes and
Orbiliomycetes some of the patterns of richness will be discussed. Many of Pezizomycetes and
Orbiliomycetes provide examples of high diversity that reflect patterns that diverge from expectations
suggested by the assumptions about tropical richness. Hosts, ecologies and hidden diversity all factor
into the perception of diversity. A case study in the genus Cookeina, assumed to be well known around
the tropical world, will be presented as an example of overlooked diversity and assumptions about the
patterns of occurrences of these fungi. In this genus some species show a high degree of geographic
range but others are widespread in tropical areas. Under a single name a number of species have been
amalgamated that have proven to be independent species. Issues related to the need for more extensive
field work, better documentation and attention to biogeographical patterns will be discussed. Molecular
phylogenetic studies and ancestral reconstruction have helped to elucidate these patterns.

S09-4 What happened to Phoma?

P. Crous', L. Hou?, L. Cai?, J. Z. Groenewald’

'Evolutionary Phytopathology, Westerdijk Fungal Biodiversity Institute, Utrecht, NETHERLANDS, 2State
Key Laboratory of Mycology, Institute of Microbiology, Chinese Academy of Sciences, Beijing, CHINA

Abstract: The Didymellaceae is the largest family in the Pleosporales (Dothideomycetes), with more than
5400 taxon names listed in MycoBank. It includes three main genera, namely Ascochyta, Didymella and
Phoma, and several allied phoma-like genera. Although the genus Phoma includes more than 3000 taxa,
DNA data presently suggests that it could be monotypic, and that all taxa other than the type need to
be allocated elsewhere. Many species have been linked to different sexual morphs, which in turn have
also been shown to be poly- and paraphyletic. As part of an ongoing study we are revising the taxonomy
of Didymellaceae on the basis of multi-locus DNA sequence data including partial beta-tubulin, ITS, LSU
and DNA-directed RNA polymerase Il second largest subunit gene sequences. In the present study, we
investigated 112 Didymellaceae isolates newly obtained from 64 host plant species in 38 plant families,
and various substrates. Based on these results, we presently accept 33 genera in the family. Of these,
seven genera are newly described, while Heracleicola (= Ascochyta), and Neodidymella (= Boeremia),
Didymellocamarosporium (= Neomicrosphaeropsis), are reduced to synonymy. Although our
understanding of the systematics of Didymellaceae is much improved, the placement and delimitation
of several genera still await to be clarified.

Symposium Sessions ¢ Tuesday, July 17, 2018 41



S09-5 The Foraging Ascomycete Hypothesis: Spatial ecology of the fungal genus
Xylaria in a tropical cloud forest

R. Vandergrift, B. Roy, G.C. Carroll, D.C. Thomas, A. Ludden
The Institute of Ecology and Evolution, University of Oregon, Eugene, OR, USA

Abstract: Xylaria (Ascomycota) are ubiquitous wood decay organisms exhibiting a physiological white
rot, and also ubiquitous leaf endophytes, particularly in tropical systems. Such fungal/plant symbioses
are under-explored, and the benefits to fungal symbionts are particularly unknown. The Foraging
Ascomycete hypothesis proposes that some wood-decomposing fungi may shift life-history strategies
to endophytism to bridge gaps in time and space between suitable substrates. To test this hypothesis
we examine spatial relationships of Xylaria endophytic fungi in the forest canopy with Xylaria
decomposer fungi on the forest floor in a remote Ecuadorian cloud forest. All five species of Xylaria
found as endophytes were also found as fruiting bodies, and we found evidence of spatial linkage
between life stages in two species. Additionally, fruiting Xylaria displayed differential habitat preference
from those in the endophytic life stage; we also demonstrate that direct transmission of endophytes
from leaves to woody substrates is possible. These results indicate that endophytism may represent one
way for decomposer fungi to escape moisture limitation, and that endophytic fungi may act as sources
of dispersal for decomposer fungi consistent with predictions of the Foraging Ascomycete
hypothesis.This study, by necessity, also led to a comprehensive description of the biodiversity of this
genus at that site. The protected forest where this work took place, Reserva Los Cedros, is now included
in new mining concessions from the Ecuadorian government to the Canadian mining company
Cornerstone Capital Resources. There are grave conservation implications of metals mining in
biodiverse tropical rain forests.

S09-6 DNA-barcoding of rust fungi collected on Berberis host species from

Argentina, Brazil, Chile, Ecuador, and Uruguay

S. Hambleton', Q. Eggertson’, C. W. Barnes?, M. E. Ordofiez®, P. Campos?* R. Gandullo®, J. Martinelli,
M. S. Chaves’, R. Madariaga®, S. German?, T. Fetch'

'Science And Technology Branch, Agriculture and Agri-Food Canada, Ottawa, Ontario, CANADA,
2Proteccion Vegetal, Instituto Nacional de Investigaciones Agropecuarias, Quito, ECUADOR, ®Escuela
De Ciencias Bioldgicas, Pontificia Universidad Catolica del Ecuador, Quito, ECUADOR, “Eea Inta
Bordenave, Instituto Nacional de Tecnologia Agropecuaria, Bordenave, ARGENTINA, °Facultad De
Ciencias Agrarias, Comahue University, Cinco Saltos, ARGENTINA, ¢Departamento De Fitossanidade,
Universidade Federal do Rio Grande do Sul (UFRGS), Porto Alegre, BRAZIL, ’Embrapa Clima
Temperado, Empresa Brasileira de Pesquisa Agropecuéria, Pelotas, BRAZIL, 8Agricultural Research,
National Institute of Agricultural Research, Chillan, CHILE, ‘La Estanzuela, Instituto Nacional de
Investigacion Agropecuaria, Colonia, URUGUAY

Abstract: A three-year study was initiated in 2016 between Agriculture and Agri-Food Canada and
collaborators in five South American countries to collect rust fungi occurring on Berberis species and
generate DNA-barcode data for these fungi and their associated host species. There are approximately
80 rust fungus names on Berberis hosts reported in the USDA National Fungus-Host Distributions
Database on-line but only a handful are represented by DNA sequences in GenBank. About half of those
names were reported from South America, which is one of two centers of diversity for the genus. The
role of Berberis in the life cycles of Puccinia graminis (stem rust) and P. striiformis (stripe rust) has received
much attention, but little is known about the susceptibility of South American Berberis to these cereal
rust species. The objectives of the study were two-fold: 1. Generate DNA barcode sequences and
morphological descriptions for the diversity of Berberis species and their rusts collected in Argentina,
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Brazil, Chile, Ecuador, and Uruguay; 2. Determine the pathotype of any P. graminis collections that were
viable. In this presentation we report on the results for the first objective for year one. Forensic DNA
extraction and standard DNA-barcoding protocols were used to generate ITS-28S sequences for the
rusts, and rbcL and ITS sequences for the infected and uninfected Berberis plant hosts. A small number
of rust-infected Berberis specimens were available and sampled from the Canadian National
Mycological Herbarium in Ottawa (DAOM) to generate reference DNA barcodes for comparison. DNA
sequences were aligned with reference sequences for the cereal rusts and other species suggested by
in-house and GenBank BLASTn searches and were analyzed using neighbour-joining and PHYML
methods. Twenty-four rust infected and forty-six uninfected Berberis collections were processed. DNA
was extracted from collections with obvious rust infections (none from Uruguay) and all other uninfected
collections from all five countries. None of the rusts were identified as P. graminis or P. striiformis. Some
collections from Ecuador matched data previously published for Edythea quitensis. The Brazil collections
were close to our new reference sequences for Puccinia meyeri-albertii from a DAOM herbarium
specimen collected in Argentina in 1922. This species has been reported from Brazil, Chile and
Argentina on several Berberis species. The rest of the rust collections were unidentified and form
separate clades from sequences for named reference specimens. The analyses suggested that anywhere
from eight to thirteen species were collected, depending on how the analyses are interpreted. The rbclL
and ITS sequences for Berberis were used to help confirm host identifications and assign provisional
names to those that were unidentified.

Symposium Session 10:
Teaching Mycology Around the World: Examples From South America, North

America, Europe, Japan and Australasia
M. Piepenbring

S$10-1 The importance of line drawings for teaching and research in mycology
T. Aoki
Genetic Resources Center, National Agriculture and Food Research Organization, Tsukuba, JAPAN

Abstract: Understanding profiles of fungal species is a long-lasting theme of mycology, for its research
works and also in the case of mycological teaching. Phylogenetic analyses of DNA sequence data of
fungi concerning phylogenetically and taxonomically meaningful regions have been commonly
introduced into their classification. This method often elucidated past mistaken interpretation of
morphological (or phenotypical) features or their artificial application to the traditional taxonomy.
Nowadays even identifying a single fungal species, DNA analyses became a major tool to obtain exact
fungal names of working materials. Taxonomic importance of morphological (or phenotypical) studies
became apparently reduced than that of those before molecular techniques have been introduced.
There might be some tendency to pay less attention to morphological (or phenotypical) studies even in
the case of taxonomic or identification studies of fungi. Researchers on fungi, however, are working on
various features of them as their connected attributes, e.g., their pathogenicity, host preference,
physiology, reproduction, ecology, distribution, substance production, degradation, tolerance,
antagonisms, and so on. Although morphological features, including some phenotypic natures, may
have been lost their long recognized former status of taxonomic importance, these features are still a
part of important attributes of fungi. To recognize and understand the profiles of individual species of
fungi, their morphology or phenotypes may outline the species more clearly, by answering the question,
what and how are they. For teaching mycology, fungal names should be the first keys but morphology
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and phenotypic natures may help recognition and understanding of each of the species. By applying
the modified Prof. Oberwinkler's illustration method for drawing fungal structures, microscopic
structural details of fungi will be well grasped, extracted and recorded for their recognition, with a simple
equipment using a mesh-type eye-piece micrometer and less effort, as introduced in this talk.
Microscopic photographs may often be taken to record and represent morphological features of fungi
as real images. However, because of shallow focusing depth and relatively narrow area of microscopic
pictures, it often becomes rather difficult to cover and represent a whole structure of fungal organ in one
shot of picture, including connective hyphal elements surrounding them. Line drawing may improve and
supplement such disadvantages of taking microphotographs. Drawing, with a combination of
photographs, may often lead to better understanding of the objectives. Usage of illustration for teaching
mycology is highly recommended. Practical examples using some Fusarium morphology will be
presented.

$10-2 Increasing fungal literacy in Australasia: lessons from universities to
communities

T. Lebel’, S. Mcmullan-Fisher?, S. E. Abell®

'Science Division, Royal Botanic Gardens Victoria, Melbourne, Victoria, AUSTRALIA, 2Fungi Ecology, Fun
Fungi Ecology, Merlynston, Victoria, AUSTRALIA, 3Australian Tropical Herbarium, James Cook
University, Cairns, Queensland, AUSTRALIA

Abstract: We appear to be at somewhat of a cross roads in Australasia. Active teaching about the fungal
kingdom has gradually been decreasing in Universities. Mycology lectures have been replaced with
DNA dogma, coupled with a general shift away from organismal biology reducing the ‘intriguing’ and
‘naturalist’ first stage observational skills of students. Instead, dry ‘old-facts’ are presented by non-
mycologists in a couple of lectures and one practical that covers the ‘lower plants’. However, we are also
seeing curiosity and knowledge seeking increasing through community-based groups, socially funded
workshops and forays, and the use of social media (e.g. Facebook fungal appreciation groups,
photography, restoration projects, etc.). From our experiences in teaching both tertiary students and the
enthusiastic general public, we have noticed that: University students seem to take information and try
to retain it for regurgitation rather than trying to apply the knowledge or use the concepts to understand
its function. Versus community groups, particularly land management groups, will take new ideas and
immediately try to apply them to their day-to-day management actions. Ideally all students would quickly
learn to use the concepts to note features that might indicate relationships to other species, consider
possible interactions between animals and plants, determine what a fungus’ function is in an ecosystem,
and how that can be applied to the management of diversity and function of natural systems. This is
likely to be partly a reflection of the experience and maturity of “community” participants compared with
the younger students, who are often still in a “school” mentality. However, more, and younger people
are joining these community-based attempts to seek knowledge about fungi. This is where social media,
and applications such as mushroom observer and iNaturalist have had significant impacts on access to
fungal knowledge, particularly mushrooms. In our regular socially funded workshops/forays/lectures our
experiences lead us to believe the best way to have successful fungal education is to use a “mushroom
sandwich approach” by beginning with a short presentation on fungal facts, then going into the
bush/local park/ school yard to show fungi in action in the environment and finishing back in the
classroom with more discussion. We also share our favourite resources with students including:
Fungimap; Bugs site via AMS; Atlas of Living Australia; local iNaturalist projects; Forgotten flora; fun ID
cards; mushroom Russian roulette; and more. The educational success is always improved for both
university and community groups by that hands on ‘field" experience. After time in the field there is
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deeper learning, better questions are asked and overall there is a greater appreciation of the Kingdom
of fungi.

S$10-3 Development of mycology from ground zero in Patagonia
M. Rajchenberg

Proteccion Forestal, Centro de Investigacién y Extensidn Forestal Andino Patagdnico, Esquel,
ARGENTINA

Abstract: Patagonia offers numerous distinctive biomes that harbor a particular mycobiota, particular
ecological relationships and challenging phytopathological problems. Rainfall of 4000 mm at the Pacific
seashore drastically drops to 500 mm at the verge of the Patagonian steppe in only 300 kms width or
less. Mycodiversity is immense, with hosts having no comparison with other regions of the Americas. In
spite that researches were begun by Spegazzini as far as 1880, that were followed by studies of Singer,
Horak, Garrido, Wright, Gamundi (among many others), we are only in the fringes of the mycological
knowledge in this part of the world. The 11 IMC Symposium ‘Gondwana reunited! Fungal biogeography
in the Southern Hemisphere' is just one example of this situation. On this basis it is not a surprise that
teaching and investigating mycology offers exciting opportunities to leading teachers. Personal
establishment in the town of Esquel in 1991 put me in an isolated area in Patagonia, where no mycology
had ever been taught nor researched. The known ascomycetologist Dr. Irma Gamundi was the closest
colleague .... but 300 kms north. Such ‘ground zero' place offered the opportunity to train novel students
and to open lines of investigation of many kinds. The regional Universidad Nacional de la Patagonia S.J.
Bosco at Esquel seat offered the opportunity to organize a first General Mycology course within a
recently created Natural Sciences career. Clever and enthusiastic students joined. Alexopoulus’
Introductory Mycology 3™ Edition was available in Spanish (Mexican Omega Edition) for non-English
speaking students. A 2" Field Mycology course followed, concentrated in visits to the forests, collection
of specimens and focused on lab determination of specimens. Keys for main fungal groups were used
in a pre-internet era, offered in diverse mycobiotas and books such as Dennis’ British Ascomycetes,
Ainsworth-Sparrow &Sussman’s series of The Fungi, Gilbertson & Ryvarden’s North America Polypores,
Horak's Agaricales from Tierra del Fuego, von Arx’s The Genera of Cultivated Fungi, among others. The
Forest Research Center CIEFAP offered opportunities of many sorts to youngsters interested in
pathology, and focuses were put in Nothofagus wood-rotting fungi and the decline disease of the
endemic conifer Austrocedrus chilensis. The National Research Council (CONICET), the main engine for
research development in Argentina entered into action through the offer of PhD fellowships. These
fellowships are regularly offered to young professionals in order to achieve a 3" level academic degree.
Commitment, nature and love to fungi made the rest. To date 12 PhD thesis have been presented as
well as numerous Graduate thesis; the Mycology research group has grown and split in two, one at
Centro Forestal CIEFAP (6 researchers + 3 doctoral fellows) and one at the regional university (1
researcher + 1 postdoctoral fellow). Research subjects include: Mycorrhizal fungi of Nothofagus forests,
Native Edible Fungi and development of Commercial production, Diversity and taxonomy of Wood-
rotting fungi, Forest Pathology, Biocontrol of Austrocedrus chilensis Phytophthora disease, Biocontrol
of post-harvest berries diseases, Blue-stain fungi, Etiology of Nothofagus forests decline and Secondary
metabolites in Fungi, among others.
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$10-4 Teaching about fungal diversity in the tropics
M. Piepenbring
Department of Mycology, Goethe University Frankfurt, Frankfurt am Main, GERMANY

Abstract: Fungi are a hyperdiverse group of organisms far from being adequately documented.
Especially in the tropics, we are still in a pioneer phase concerning the scientific analysis of fungal species
diversity. Most investigators working with fungi, however, focus on model species, taxonomy often is
considered old-fashioned, and early career mycologists tend to prefer modern methods. Meanwhile,
areas with natural vegetation are destroyed with numerous fungal species probably lost forever. This
disturbing trend is addressed by a kaleidoscope of activities to enhance the attractiveness and valuation
of fungal diversity in teaching and research, namely forays, inventory projects, and checklist
compilations; microscopic investigation of fresh fungal specimens; mycology lectures with teaching
diagrams, funny mushroom pictures, videos; animated life cycles; colourful textbook; diagrams for the
illustration of ecosystem services of fungi; elearning; exhibition on fungal diversity and applied
mycology. These activities are performed with students in Latin America, Benin, and Germany in order
to increase enthusiasm for fungal diversity that hopefully will lead to contributions to our knowledge and
valuation of fungal diversity worldwide. For teaching material see: http://www.goethe-university-
frankfurt.de/61705419/digitale-materialien

S$10-5 Partners in success: The science library as an active agent in the education of
biologists

K. B. Haraldsen', E. P. Bue', H. S. Konestabo', T. Schumacher?

"The Science Library, University of Oslo Library, University of Oslo, Oslo, NORWAY, 2Department of
Biosciences, University of Oslo, Oslo, NORWAY

Abstract: The Bologna Accord, launched with the Bologna Declaration, of 1999, is a voluntary
higher education reform agreement at European level - now adopted by 48 European and extra-
European countries - that nowadays define the European Higher Education Area. The reform implies
increased awareness across the higher education sector of transferable skills and professional
competencies. Among the challenges faced is the need to design new learning arenas that can support
students in developing such skills and competencies, including collaboration skills, scientific writing,
finding, evaluating and using relevant literature, and developing an understanding of their own research
progress and workflow. It is advocated that the learning of transferable skills and professional
competencies should be integrated with subject specific learning, and that this calls for collaboration
within the university community. At the University of Oslo, the Science Library, Faculty of Mathematics
and Natural Sciences, is forging teaching partnerships with the faculty staff at the various departments.
Subject librarians with an academic background from the different disciplines at the Science Library
participate in the teaching of students at all levels, from introductory courses through post-graduate
studies, being partly responsible for the learning outcomes of transferable skills expected from single
courses and study programs. The teaching portfolio of the librarians also includes the training of
students in how to perform outreach activities, e. g. how to communicate bioscience and mycology
topics to professionals, experts from other disciplines, and the general public. We report here on some
specific initiatives that illustrate both benefits and challenges of such partnerships, with examples from
collaborations between the Department of Biosciences and the Science Library at the University of Oslo.
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$10-6 Bringing species discovery and indigenous knowledge about fungi to school
students

P. Buchanan, M. Padamsee, M. Petterson, B. S. Weir
Fungarium PDD, Manaaki Whenua - Landcare Research, Auckland, NEW ZEALAND

Abstract: Two initiatives were undertaken to educate New Zealand school students about native fungi
- focusing on student participation in fungal species discovery, and provision of an introductory student
booklet on fungi written in Maori, New Zealand’s second official language. Mycologists collaborated
with students of different age groups at three schools to collect fungi nearby, discriminate material, and
demonstrate aspects of the identification process in the classroom and through visiting our institute. For
the three new species, students chose the species epithet as meaningful to them. Student names and
photos were included in 2-sided pictorial scientific papers published in the journal Fungal Planet. For
students in New Zealand’s Maori immersion education system, mycologists worked with a Maori
educator and a translator to prepare and distribute a student booklet and a bilingual teacher guide on
fungi. These introduced the biology of fungi and reconnected students to ancestral uses of fungi that
were otherwise only accessible from early English texts. Some indigenous Maori knowledge of biota has
been lost through reduced oral transfer between generations, so this project seeks to restore awareness
of the relevance of fungi - for food, medicine, fire-carrying, and tattooing - to Maori students and their
families.

Symposium Session 11:

Integrative Approaches to Understand the Ecology and Evolution of Fungi
S. Skrede and J. Hess

S$11-1 The polygenic basis of an ancient divergence in yeast thermotolerance

C. Weiss', J. Roop', R. Hackley', J. Chuong?, I. Grigoriev3, A. Arkin%, J. Skerker®, R. Brem?

'Plant and Microbial Biology, University of California, Berkeley, CA, USA, ?Bioinformatics, Buck Institute
for Research on Aging, Novato, CA, USA, 3Fungal Program, US Department of Energy Joint Genome
Institute, Walnut Creek, CA, USA, “Bioengineering, University of California, Berkeley, CA, USA, *Energy
Biosciences Institute, University of California, Berkeley, CA, USA

Abstract: Some of the most unique and compelling survival strategies in the natural world evolved long
ago, and are fixed in now-isolated species. Molecular insight into these adaptations has been limited, as
classic experimental genetics has focused on the interfertile individuals of a population. Here we dissect
a complex thermotolerance difference between yeast species that diverged millions of years ago. Using
a new mapping approach that screens mutants in a sterile interspecific hybrid, we identified eight genes
that underlie the growth advantage of Saccharomyces cerevisiae over its sister species S. paradoxus at
high temperature. All eight encode housekeeping factors with no known direct function in heat-shock
or stress response. Pro-thermotolerance alleles at these mapped loci were required for the adaptive trait
in S. cerevisiae and sufficient for its partial reconstruction in S. paradoxus. Together, our data reveal the
genetic mechanism by which S. cerevisiae acquired its high-temperature growth advantage in the
distant past. And our study lays the groundwork for the mapping of genotype to phenotype in clades of
sister species across Eukarya.
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S$11-2 Comparative genomics of Microbotryum to bridge the gap between
sytematics and ecology

D. Begerow, B. Biiker, S. Klenner
Geobotany, Ruhr-Universitdt Bochum, Bochum, GERMANY

Abstract: The evolution of obligate plant pathogens like smut fungi is often characterized by lineage
tracking resulting in host specificity and one-to-one relationships. Therefore, adaptation and
specialization to the host plant seems to be crucial and should involve genes or regulatory pathways
governing host specificity. To identify genes relevant for host specificity of Microbotryum species, we
produced artificial hybrids between the two host-specific species M. lychnidis-dioicae and M. silenes-
acaulis and applied strong experimental selection on different host plants to identify genes necessary
for successful infections. Genome comparison of the two species revealed that most gene families are
shared and the majority of genes are conserved, indicating very similar biological features of both
species, including host adaptation and infection processes. Lower nucleotide identity of genes
encoding for secreted proteins might indicate their importance for host specific interaction, as it is
known from other plant pathogens. Moreover, we identified 211 candidate genes that occur in each
hybrid and backcross genome that were posed under host-driven selection and might therefore play a
crucial role in host specialization. The analysis of hybrid genomes also demonstrates the effect of genetic
homogeneity on the fitness of hybrid individuals including the occurrence of species-specific mating
type chromosomes. We analyze the evolution of candidate genes in the context of the whole genus and
will discuss their potential contribution to host specificity. These studies should contribute to our
functional understanding of the evolution of host specificity and its relevance for systematics of the
genus Microbotryum.

S$11-3 Raman spectroscopy as a method to detect changes in cellulose crystallinity

during decomposition caused by mushroom forming fungi
D. Floudas, J. Bentzer, D. Ahrén, T. Johansson, A. Tunlid, P. Persson
Biology, Microbial Ecology Group, Lund University, Lund, SWEDEN

Abstract: Cellulose represents the most abundant carbohydrate in terrestrial ecosystems and a major
carbon and energy source for saprotrophic fungi. Plant cell-wall cellulose is found in an amorphous form,
where cellulose chains are loosely interwoven and in a crystalline form, where the chains interact with
hydrogen bonds and Van der Waals forces to form highly crystalline resistant to decomposition fibers.
White-rot wood decayers employ a diverse set of enzymes during decomposition that cause a
combination of hydrolysis (cellobiohydrolases, endoglucanases) and oxidation (lytic polysaccharide
monooxygenases) of cellulose. While decomposition progresses, large amounts of crystalline cellulose
are left behind in the decomposed wood. In contrast, brown-rot fungi secrete mostly endoglucanase
during cellulose decomposition, while their genomes mostly lack cellobiohydrolase and lytic
polysaccharide monooxygenase genes. In place of the costly enzymes brown-rot fungi are thought to
employ a non-enzymatic mechanism that involves the generation of the Fenton reaction and the
subsequent generation of hydroxyl radicals. The hydroxyl radicals in return are thought to affect the
crystallinity of cellulose disrupting its structure rendering the fibers susceptible to degradation from
endoglucanases. Brown-rot wood decay is efficient and results in the complete decomposition of all
carbohydrates in wood. To what degree enzymatic versus non-enzymatic decomposition affects the
crystallinity of cellulose is not well established. To examine this, we grew a strain of a Gloeophyllum
species (brown rot) and a strain of Phanerochaete laevis (whit rot) on high-quality filter paper as a carbon
source for 40 days and we examined the effect of the two fungi on the crystallinity of cellulose using
Raman spectroscopy. Our results show that Gloeophyllum had a pronounced impact on the structure of
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cellulose, while P. laevis had a very small effect. This suggests that brown-rot fungi might target the
higher structure of cellulose in order to make it more accessible to the action of endoglucanases, while
white-rot fungi degrade cellulose without altering its higher structure. To further test this method, we
performed the same experiment for eight litter decomposers across Agaricales. The distinction between
white-rot and brown-rot fungi cannot be applied for litter decomposers and therefore, a way to explore
further the decomposition of cellulose by such species is needed. Six of the species investigated had a
very small effect on the structure of cellulose, similarly to P. laevis. However, two species modified the
structure of cellulose to an intermediate degree between P. laevis and Gloeophyllum. Our results
suggest that using Raman spectroscopy is a promising method to distinguish cellulose degradation
between white-rot and brown-rot fungi. Furthermore, the results for litter decomposers indicate that
using this method we will be able to explore the mechanisms of cellulose degradation in fungi with less
studied decomposition strategies.

S$11-4 Integrative comparative approaches to determine the genomic basis of

specialized wood decay in the invasive fungus Serpula lacrymans

J. Hess', S. V. Balasundaram?, R. |. Bakkemo?, M. Brandstrém Durling®, H. Kauserud?, D. C. Eastwood?,
N. Hégberg?, I. Skrede?

'Department of Botany and Biodiversity Research, University of Vienna, Vienna, AUSTRIA, 2Department
of Biosciences, University of Oslo, Oslo, NORWAY, 3Department of Forest Pathology, Swedish
Agricultural University, Uppsala, SWEDEN, “Department of Biosciences, University of Swansea, Swansea,
UNITED KINGDOM

Abstract: Comparative genomic approaches, such as the comparison of gene content or gene
expression levels, among related species with distinct niches offer powerful tools to understand the
genomic basis of adaptation in non-model organisms. Combining both classic comparative and
functional genomic approaches in an integrated fashion is essential to our ability to distinguish changes
of functional importance for a particular phenotype from incidental ones, or to understand the relative
contribution of different evolutionary processes. Here, we use an integrated approach, based on
phylogenomic reconstruction of gene content in combination with gene expression profiling on key
substrates to study specialisation of wood decay in the house invading fungus Serpula lacrymans
(Basidiomycota, Boletales, Serpulaceae). This fungus is invasive to the built environment in Europe and
distinguishes itself from its wild relatives through a particularly aggressive wood decay and ability to
infect dry and patchy habitats. Our analysis includes four individuals of three species within the
Serpulaceae: two individuals of the invasive house-living S. lacrymans var. lacrymans, the wild sister
species S. lacrymans var. shastensis and the widely distributed wild relative S. himantioides as an
outgroup. Using an integrated analysis strategy, we have investigated i) the relative importance of gene
duplication and loss compared to changes in gene expression for the fine-tuning of wood decay, and ii)
the timing of such changes with respect to invasion of the built-environment. Results show a shift from
generalist to specialist decay strategy in the ancestor of the Serpula lacrymans varieties. This is reflected
in strong, conserved differentiation of gene sets active on spruce or pine substrates in these species,
while the generalist S. himantioides expresses largely the same genes on both types of wood. Functional
analysis of differentially regulated genes indicate that gene sets expressed on spruce and pine may
reflect different decay stages. Among all wood-induced genes in the var. lacrymans strain from Europe,
7.6% arose in the common ancestor of vars. lacrymans and shastensis, 2.1% arose in the common
ancestor of var. lacrymans and 6.1% were strain-specific, suggesting a considerable contribution of gene
duplication.
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S$11-5 Addressing nutrient exchange rate and genome organization in the study of
evolutionary stability of AM fungi

A. Rosling

Ecology and Genetics, Uppsala University, Uppsala, SWEDEN

Abstract: Virtually all terrestrial plants depend on symbiotic interactions with fungi. Symbiotic
Arbuscular mycorrhizal (AM) fungi evolved over 450 million years ago and were instrumental for the
colonization of land. Mediating nutrient uptake and sequestering carbon in soil this symbiosis lies at the
core of all terrestrial ecosystems. AM fungi are obligate biotrophs and cannot complete their life cycle
without obtaining carbon from host roots. In return they provide their host with nutrients, such as
phosphorus. In contrast to the fungi, plants are facultative mycotrophs, but under natural conditions all
host roots are colonized as a result of multiple beneficial effects of AM fungi. The evolutionary stability
of this symbiosis is exceptional given that both host plants and symbiotic fungi are promiscuous, forming
interactions across individuals and species. In the absence of host - symbiont specificity and given their
inability to discriminate among partners prior to interaction, evolutionary theory predicts that “free
riders” would evolve and spread. Free riders are cheaters that benefit from the interaction without
providing significantly in return. However, under natural conditions this has not crippled the function of
the AM symbiosis. In our group we combine single nuclei sequencing methods with estimates of
symbiotic efficiency experiments to study the evolutionary stability of AM fungi. Specifically, we try to
evolve cheating strains by allowing AM fungi to selectively adapt to different host plants and comparing
how symbiotic efficiency develops in response to host adaptation. If cheater strains evolve these are
expected to trade less phosphorus per unit carbon obtained from the host, because phosphorus is
limiting in our study system. The link between rates of trade, RNA expression in roots and strain genome
structure will be explored. Earlier hypothesis that AM fungi may be heterokaryotic, meaning that they
harbor genetically distinct nuclei in their coenocytic mycelia has been challenged by recent genome
sequencing of the AM fungi Rhizophagus irregularis. We are now able to explore the generality of these
new findings thanks to our single nuclei sequencing method, originally developed to generate reference
genomes for our experimental studies.

S$11-6 Phylogenetic structure and ecological function of foliar endophytic
Cladosporium associated with Populus trichocarpa
E. G. Barge', A. Rojas-Flechas?, R. Vilgalys?, P. Busby'

'Botany and Plant Pathology, Oregon State University, Corvallis, OR, USA, 2Biology, Duke University,
Durham, NC, USA

Abstract: Fungal endophytes are ubiquitous in plant leaves. While some endophytes are commensal
symbionts, others can modify plant disease severity either by interacting directly with pathogens (e.g.,
mycoparisitism, antibiosis) or by altering the plant defense response. It is often assumed that species
within common fungal endophyte genera, e.g. Cladosporium, Alternaria, Epicoccum, exhibit
cosmopolitan distributions. However, few studies have investigated the phylogeographic structure of
common endophytes, or tested for variation in ecological function within clades. We examined
Cladosporium, a ubiquitous, wind-dispersed endophyte associated with the leaves of the model tree,
Populus trichocarpa (black cottonwood). Cladosporium populations were sampled by amplicon
metabarcoding leaf samples (ITS1) and multilocus sequence typing (5 genes: ITS and partial actin, B-
tubulin, efla, rpb2) of 96 Cladosporium cultures collected from eight sites spanning the core of the
tree’s geographic range and a strong climatic gradient from west (wet) to east (dry) of the Cascade
Range in the Pacific Northwest of North America. Our ongoing experiments test the degree of rust
pathogen antagonism (via mycoparisitism) across the 96 strains using both in agaro and in planta assays.
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Our multigene phylogeny supports ~15 previously described species within Cladosporium, and as many
as five undescribed species. While the majority of these species are thought to have near global
distributions, ITS1 metabarcodes and multigene data both indicate strong phylogeographic structure
across the study area with particular species largely restricted to either west or east of the Cascade
Range. We are working to link the phylogenetic structure of Cladosporium endophytes to variation in
mycoparisitism. In addition, we are sequencing the genomes of a subset of isolates and will use
comparative genomics to explore environmental adaptation and the genomic basis for mycoparasitism.

Symposium Session 12:

Breeding for Resistance to Fungal Pathogens of Crops
H. Cuevas and T. Porch

S$12-1 Genetics for resistance to ashy stem blight and white mold in ‘PC

50'/'Othello’ and A 195/'Othello’ common bean populations
D. Viteri
Agro-environmental Sciences, University of Puerto Rico, Isabela, PUERTO RICO

Abstract: Ashy stem blight (ASB) [causal agent: Macrophomina phaseolina (Tassi) Goidanich] and white
mold (WM) [causal agent: Sclerotinia sclerotiorum (Lib.) de Bary] are important diseases of common
bean (Phaseolus vulgaris L.) worldwide. Seed yield losses over 50% to both diseases have been reported
in susceptible cultivars. Genes/QTL, conferring partial resistance to ASB and WM, are found in common
bean genotypes in the Andean race. The objective of this study was to determine the genetics for
resistance to ASB in 'PC 50'/'Othello’ and WM in A 195/'Othello’ populations. Resistant (R) plants to ASB
and WM from Andean genotypes PC 50 and A 195, respectively were crossed with susceptible (S) plants
of pinto Othello to both diseases. The F1 and parents were inoculated with one more-aggressive S.
sclerotiorum isolate (ND710); while the F2 and parents were inoculated with one less-aggressive
(ARS12D) and ND710 isolates. In the case of ASB, the same filial populations and parents were
inoculated with the PRI16 M. phaseolina isolate. Evaluations were conducted in greenhouses up to 35 d
for WM in Idaho and 50 d for ASB in Puerto Rico. All F1 had a susceptible reaction to ASB and the F;
segregated into 15S:1R. Thus, resistance to ASB was controlled by two independent complementary
recessive genes. In contrast, the Fy plants varied in their reaction to WM. Furthermore, F, derived from
F; resistant plants fit a 9R:7S ratio, especially to ARS12D isolate. These results indicated that two
independent complementary dominant genes were involved in the WM resistance. Progeny test
conducted in the F3 corroborated the data observed in the F, for both populations. This information
should help introgress resistance genes to both diseases in susceptible common bean cultivars.

S$12-2 Diversity analysis of the Angular Leaf Spot pathogen in Puerto Rico, Central
America and Tanzania for informing breeding of common bean

L. M. Serrato-Diaz', T. Porch?, L. Chilagane?®, J.C. Rosas*, P. Bayman-Gupta'

'Biology, Universidad de Puerto Rico, Recinto de Rio Piedras, San Juan, PUERTO RICO, 2Crop Science,
USDA-ARS TARS, Mayaguez, PUERTO RICO, 3Department of Crop Science and Production, Sokoine
University of Agriculture, Morogoro, TANZANIA, “Science and Agriculture Production, Zamorano Pan-
American Agricultural School, Francisco Morazdn, HONDURAS

Abstract: Angular Leaf Spot (ALS), caused by the fungus Pseudocercospora griseola, is an important
disease of common bean (Phaseolus vulgaris) especially in the tropics and subtropics. The pathogen
causes significant yield losses of up to 80% in common bean. Different studies have demonstrated that
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P. griseola and Phaseolus vulgaris have co-evolved resulting in the classification of the fungus into
Middle American or Andean groups. Levels of virulence are used to classify P. griseola into different
races using Andean and Middle American differential cultivars. Normally, Middle-American isolates
affect both Middle American and Andean beans while Andean isolates affect mostly Andean beans.
However, an unusual group of ALS isolates found in Africa, termed Afro-Andean, was previously found
to be pathogenic on Middle American cultivars. The purpose of this study was to evaluate the diversity
of P. griseola isolates from four different countries and the existence of different races in Puerto Rican
ALS isolates. A total of 200 ALS isolates, from Puerto Rico, Honduras (collected from P. acutifolius),
Guatemala and Tanzania were used. Four nuclear genes, B tubulin and actin genes and the rDNA ITS
and small subunit regions were sequenced and used to construct a phylogenetic tree. All isolates from
Puerto Rico, Honduras and Guatemala were Middle American. Initial results for Tanzanian isolates
indicate that 52 were Middle American and 22 Andean, while a third group was discovered of 36 hybrid
isolates, potentially the Afro-Andean group. ALS races in Puerto Rico were evaluated using 31 isolates
inoculated on twelve differential cultivars. Twenty days after inoculation symptoms were observed and
12 races were identified. These results suggest the presence of a unique third group in Tanzanian
isolates, potentially the Afro-Andean clade. In addition, the variability in races in Puerto Rican isolates
also suggests that P. griseola contains polymorphisms in virulence genes. These initial results indicating
a new group in Tanzania and the diversity of races in Puerto Rico will be considered in terms of how they
can inform current and future plant breeding efforts.

$12-3 Evaluation and breeding for host resistance to Botryosphaeria pathogens in

Prunus

D. Mancero-Castillo', P. F. Harmon?, J. X. Chaparro'

"Horticultural Sciences, University of Florida, Gainesville, FL, USA, ?Plant Pathology, University of
Florida, Gainesville, FL, USA

Abstract: Peach fungal gummosis is a disease associated with a complex of species in the family
Botryosphaeriaceae. Several genera of these ubiquitous pathogens cause difficult-to-control diseases
on a wide host range including multiple commercial woody crops. With no efficacious chemical or
horticultural management options, breeding for host resistance to peach fungal gummosis is a major
goal of fruit breeding programs. An interdisciplinary approach, focused on pathogen diversity within
Botryosphaeriaceae. Several genera of these ubiquitous pathogens cause difficult-to-control diseases
on a wide host range including multiple commercial woody crops. With no efficacious chemical or
horticultural management options, breeding for host resistance to peach fungal gummosis is a major
goal of fruit breeding programs. An interdisciplinary approach, focused on pathogen diversity within
Botryosphaeriaceae on peach in the Southeastern United States while screening for sources of resistance
within a diverse germplasm. A survey of symptomatic trees from Florida, Alabama, South Carolina and
Georgia identified three Botryosphaeria species as the predominate pathogens associated with fungal
gummosis. Fungal isolates were identified using morphological characters as well as sequences of
internal transcribed spacer regions and elongation factor 1-a - genes. Relative susceptibility to peach
fungal gummosis was evaluated with multiple pathogenicity assays including natural field infection, an
enhanced infection trellis system, detached stem assays, and detached leaf assays to facilitate evaluation
of Prunus germplasm. Moreover, detached assays confirmed significant differences in lesion lengths
caused by the pathogen species tested. Initial Prunus evaluations using QTL analysis with F1 interspecific
hybrids and BC1F1 populations indicated a major source of resistance to peach fungal gummosis in
almond germplasm. Moreover, genetic analysis of F1, BC1F4, and F2 populations of Prunus indicated a
dominantinheritance of the resistance. The locus for resistance was called Botd8, and fine mapping with
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microsatellites, Single Nucleotide Polymorphism, SNP CAPS and INDEL molecular markers allowed
high-throughput screening of seedling populations. Closely-linked molecular markers and recombinant
trees identified a narrowed region with candidate genes likely related to resistance. This study provided
the tools required to introgress resistance to B. dothidea into the UF peach breeding program using
marker-assisted selection. At the same time, detached pathogenicity assays have provided a high-
throughput evaluation for relative susceptibility to peach fungal gummosis.

S$12-4 Mining sorghum genetic diversity to genomic dissect anthracnose resistance

response

H. E. Cuevas’, L. K. Prom?, J. E. Knoll3, W. Vermerris*

Tropical Agriculture Research Station, USDA-ARS, Mayaguez, PUERTO RICO, 2Crop Germplasm
Research Unit, USDA-ARS, College Station, TX, USA, 3Crop Genetics and Breeding Research Unit, USDA-
ARS, Tifton, GA, USA, “Department of Microbiology & Cell Science, University of Florida, Gainesville, FL,
USA

Abstract: Sorghum [Sorghum bicolor (L.) Moench] is the fifth most important grain crop behind maize,
wheat, rice, and barley. The productivity and profitability of sorghum is reduced by susceptibility to
fungal diseases, such as anthracnose, caused by Colletotrichum sublineolum. The identification of
anthracnose resistance loci from different sorghum accessions is imperative to develop new varieties
with broader resistance response and to increase its durability. The USDA-ARS National Plant
Germplasm System (NPGS) maintains a sorghum germplasm collection that includes >41,860
accessions from 114 countries, most have not been characterized for anthracnose disease resistance.
Due to the large size of this collection, the sorghum association panel (SAP) consisting of 377 diverse
sorghum was assembled to capture the majority of genetic diversity present in sorghum breeding
programs and NPGS. We evaluated the anthracnose resistance response of 335 accessions from a
sorghum association panel (SAP) and 297 exotic sorghum accessions from the NPGS Ethiopian
germplasm collection. The evaluation of SAP identified 75 accessions resistant to anthracnose. A
phylogenetic analysis of these accessions showed a high genetic diversity and multiple resistant sources.
Genome-wide association scans (GWAS) using 268,289 single-nucleotide polymorphisms and logistic
regressions for binary measures of resistance responses identified three loci within a region on
chromosome 5 that have been previously associated with three sources of anthracnose resistance. The
evaluation of NPGS Ethiopian germplasm collection identified 143 resistant accessions. Genetic
characterization of this germplasm and its anthracnose resistance response were merged with
phenotypic and genetic characterizations of the SAP for a large GWAS comprising of 592 accessions
and 219,037 SNPs. Logistic regressions for binary measures of resistant responses identified the
previous associated locus on chromosome 5 and an additional locus on chromosome 3, while a mixed
linear model using a quantitative resistant response identified a locus on chromosome 9. Candidate
genes within loci on chromosome 5 and 3, include a resistant gene belonging to a family of genes
encoding F-box proteins, while a resistant gene candidate on chromosome 9, is a gene with leucine-rich
repeat and NACHT domain (i.e. R-gene family), suggesting resistance response is controlled by multiple
defense mechanisms. Resistant alleles for loci on chromosomes 3 and 9 are present in the SAP at low
frequency, thus, the integration of NPGS germplasm increased its frequency and power of detection.
Therefore, the strategic integration of exotic resistant germplasm into the SAP is needed to identify
additional rare resistance alleles via GWAS.
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$12-5 Linkage mapping of QTLs associated with resistance to the rice blast causal
agent (Magnaporthe oryzae)

J.J.D.Neto', L. M. Dos Anjos', D. C. Guterres?, G. P. Da Motta?, P. H. Nakano Rangel?, M. E. Ferreira*
'Civil Engineering, Centro Universitario Unirg, Brasilia, BRAZIL, 2Plant Pathology, Universidade de
Brasilia, Brasilia, BRAZIL, 3Embrapa Arroz E Feijdo, Embrapa, Santo Antonio de Goias, BRAZIL, *“Embrapa
Recursos Genéticos, Embrapa, Brasilia, BRAZIL

Abstract: Rice blast, caused by Magnaporthe oryzae, is one of the most important diseases of rice, due
to its broad geographic distribution and capacity to destroy the crop. This disease is a challenge to rice
farmers and one of the factors which limit rice yield, especially in the Central Region of Brazil, which is
considered an area of high genetic diversity of the pathogen. In this region, rice blast resistance has
been overcome only one or two years after a new resistant cultivar is commercially released. One of the
objectives of the present work was to map blast resistance genes in the rice genome in order to intensify
the development of strategies to use genes conferring major or partial resistance by breeding programs.
In this study, the evaluation of the phenotypic interaction between M. oryzae isolates collected in the
Araguaia River Valley and parents of a population of recombinant inbred lines (RIL) allowed the
identification of isolate 623, physiological race IA-1, which is able to induce incompatibility reaction
(resistance) in the traditional tropical japonica variety Puteca, and compatibility (susceptibility) in the
traditional tropical japonica variety Chorinho. DNA polymorphism analysis in 192 microsatellite and SNP
loci, distributed in the rice genome, allowed the construction of a genetic map with 1074.19 cM and
average recombination distance of 5.59 cM between markers. Interaction phenotype and linkage
analysis allowed the identification of microsatellite locus RM7213, located near the centromere region
of chromosome 6, significantly associated with resistance to M. oryzae 623. This gene was temporarily
called Pi-Put1. The region of maker RM7213 has a cluster of blast resistant genes, some of them with
broad resistance to blast races. This region can be further explored by breeding programs in order to
obtain new cultivars resistant to the pathogen. One of the alternatives for the development of blast
resistant cultivars is indirect gene pyramiding, based on the exploration near-isogenic lines with different
resistant genes to compose multilines.

$12-6 Linking the indigenous microbiomes with the health of different disease-

resistance wheat and rice varieties

X. Zhou', Z. Zhang', W. Chen?, L. Cai'

State Key Laboratory of Mycology, Institute of Microbiology, Chinese Academy of Sciences, Beijing,
CHINA, 2Ottawa Research and Development Centre, Agriculture and Agri-Food Canada, Ottawa,
CANADA

Abstract: Developing and using disease-resistant varieties of cereal are one of the most effective
approaches for combating yield loss. The understanding of how such the cereal varieties would affect
the microbiome associated with the host, which can be the key determinant to the health and
productivity of cereal grains, is lacking. Finding microbes that correlated with different resistance cereal
and geographic location will assistin defining a set of core bioindicators reflecting grain and soil health
and safety. In this study, grain and rhizosphere samples from resistant varieties of wheat (Triticum
aestivum L., resistant to Fusarium Head Blight) and rice (Oryza sativa L., resistant to rice blast) were
collected from seven provinces in China during the harvest seasons 2015/2016. The fungal and bacterial
flora was recovered by sequencing the amplicons of internal transcribed spacer (ITS) and 16S rRNA gene
region, respectively, using lllumina MiSeq sequencing technology. The core microbiota of rice grains
are species from genera Nigrospora, Occultifur, Sakaguchia and Ustilaginodidea while that of wheat
grains are Cystofilobasidium, Rhizopus and Sclerostagonospora. The distinct microbiota profile
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associated with wheat or rice reflects host-mediated selection of microbiomes, which is also shaped by
geography, for example some important rice pathogens, including Cercospora, Curvularia, Pyricularia
and Ustilaginoidea were significantly more frequently recognized in grain samples collected in Central
and Southern regions of China than samples collected in Northeast China. The occurrence frequency of
these pathogenic fungi in different areas of China can be used in making strategy to control the crop
diseases and improve yield and quality of rice and wheat grains.
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Symposium Session 13:

Food Mycology in the 215t Century: Impacts on Food Security and Safety
G. Perrone and S.N. Chulze

S$13-1 Mycotoxins and food security: deciphering the impacts of climate change

scenarios

N. Magan, C. Verheecke-Vaesson, E. Garcia-Cela, A. Medina

Applied Mycology Group, Cranfield Soil and Agrifood Institute, Cranfield University, Cranfield, UNITED
KINGDOM

Abstract: There is interest in the impacts that climate change (CC) factors will have on the infection of
staple food commodities by fungal diseases, pre-harvest and post-harvest. This applies to contamination
of staple commodities with spoilage and mycotoxigenic moulds. These will have an impact on the food
security agenda. CC is due to the interaction between three key environmental factors of elevated CO>
(400 vs 800/1200 ppm), temperature increases (+2-4°C) and drought stress. There is now some
evidence that CCimpacts on plant physiology including growth and yield of staple crops. We have been
particularly interested in the impact that changes in CC scenarios may have on the growth/mycotoxin
production by key spoilage fungi in staple food commodities. Thus, we have examined the effect of CC
environmental factors on growth and mycotoxin production by Fusarium graminearum and
F.langsethiae (type B and type A trichothecenes respectively), Aspergillus flavus (aflatoxins) and
A.westerdijkiae and A.carbonarius (ochratoxin A). We have examined the impact that CC factors may
have on growth as well as gene clusters involved in mycotoxin production. For example, by using
RNAseq and information on aflatoxin B1 production we have been able to examine the impact that such
CC environmental actors may have on functioning of the biosynthesis of aflatoxins and other key
secondary metabolites. Studies on mycotoxigenic Aspergillus species colonising coffee and pistachio
nuts, suggest differential effects on mycotoxin contamination in vitro and in situ when exposed to CC
conditions. In addition, acclimatisation to CC conditions needs to be considered. This could also have
implications for the legislative limits for mycotoxins in certain food commodities. These results will be
discussed in the context of the food security agenda and the implications that CC scenarios may have
on the resilience of staple food crops.

S$13-2 Biocontrol to reduce the impact of toxigenic fungi and the entry of
mycotoxins into the food chain

S. N. Chulze
Microbiology and Immunology, Universidad Nacional de Rio Cuarto-CONICET, Rio Cuarto, ARGENTINA

Abstract: The occurrence of plant pathogens and toxigenic fungi and subsequently mycotoxin
contamination in different crops around the world have significant implications for food and feed safety,
food security and international trade. The main mycotoxins detected as natural contaminants in oily
seeds and cereals include aflatoxins, trichothecenes, fumonisins, ochratoxin A and zearalenone. Species
of Fusarium and those within Aspergillus sections Flavi and Nigri are producers of these toxic secondary
metabolites. Fusarium head blight (FHB) is a devastating disease that causes extensive yield and quality
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losses to wheat and other small cereal grains worldwide. Different strategies including crop rotation,
tillage practices, fungicide application and planting less susceptible cultivars are used in order to reduce
the impact of mycotoxins in these cereal-based food and feed chains. The development of fungicide
resistance together with the rising of public concern of risks associated with pesticides use has led to
the search for environmentally friendly alternatives. Biocontrol offers an alternative approach that can
be used in the framework of an integrated pest management (IPM) strategy to reduce the accumulation
of mycotoxins in food and feed chains. Aspergillus section Flavi can infect peanuts and maize pre-harvest
stage, especially during drought stress episodes resulting in aflatoxin contamination. Biocontrol based
on competitive exclusion by using atoxigenic Aspergillus flavus strains is one of the most promising
strategies for minimising aflatoxin contamination in both these commodities. Populations of native
atoxigenic Aspergillus flavus strains were evaluated based on phenotypic, physiological and genetic
characteristics. Selected atoxigenic strains of A. flavus with no capacity for aflatoxin or cyclopiazonic acid
production were evaluated in field trials. Reductions of aflatoxin contamination were between 78 - 90%
in treated plots in comparison with control plots. Two potential biocontrol agents, Bacillus velezensis RC
218 and Streptomyces albidoflavus RC 87B, have also been evaluated for reduction of Fusarium head
blight severity and deoxynivalenol (DON) in bread and durum wheats. Both these strains effectively
reduced FHB incidence (up to 30%), severity (up to 25%) and DON accumulation (up to 51%) in durum
wheat under field conditions.

$13-3 Genomic comparisons of biocontrol Aspergillus flavus strains revealed

rearrangements that disrupt secondary metabolite gene clusters

K. K. Pennerman’, G.Yin', J. W. Bennett', S. S. T. Hua?

'Plant Biology, Rutgers University, New Brunswick, NJ, USA, ?Western Regional Research Center, U.S.
Department of Agriculture, ARS, Albany, CA, USA

Abstract: Aspergillus flavus is a prevalent saprophytic and pythopathogenic fungus that causes loss of
billions of dollars globally due to damage to and mycotoxin contamination of pre- and postharvest
crops, and negative health effects in humans and domesticated animals. The A. flavus mycotoxins of
greatest concern are the aflatoxins. Use of non-aflatoxigenic strains of A. flavus to compete against
aflatoxin-producing strains has emerged as one of the best management practices for reducing
aflatoxins contamination. We recently sequenced the genome and transcriptome of a new potential A.
flavus biocontrol agent isolated from almond. This strain, WRRL 1519, does not produce aflatoxins or
cyclopiazonic acid. The genome of WRRL 1519 was similar to other strains in size (38.0 Mb), GC content
(47.2%) and number of putative proteins (12,121). Compared to aflatoxigenic A. flavus strains, strain
WRRL 1519 had low shared identity or deletions for many genes and proteins required for aflatoxins and
cyclopiazonic acid (CPA) syntheses. Over half of the aflatoxin synthesis gene cluster was missing, while
the CPA gene cluster could not be identified. The new strain also appeared to maintain functional
sequences of genes known to be involved in infectivity, particularly a pectinase gene that is thought to
be required for aggressive growth in plant hosts. These results indicated that strain WRRL 1519 would
be a good candidate for reducing aflatoxins and CPA accumulation by out-competing toxigenic strains
in infected host crops, and warrants further experimental study. We additionally compared the genomic
arrangements of predicted protein-coding genes of WRRL 1519 and other naturally-occurring
biocontrol strains NRRL 21882 (Afla-Guard), NRRL 18543 (AF36) and NRRL 30797 (K49) to those of the
aflatoxigenic strain NRRL 3357. While the aflatoxin synthesis gene clusters were disrupted by deletions
and point mutations, our work revealed that chromosomal transpositions also appeared to disrupt
several secondary metabolite gene clusters in strain WRRL 1519. The loss of secondary metabolites may
affect growth rate, toxicity and effectiveness of biocontrol. Continued computational analyses and
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experimental work on the A. flavus genomes will identify defense, metabolic and infectivity genes of
atoxigenic A. flavus strains that promote biocontrol-related management of toxin contamination.

S$S13-4 Molecular detection of Penicillium nordicum in cured meat products: food
quality and safety implications.

G. Perrone, M. Ferrara, D. Magista, V. Lippolis, F. Epifani, S. Cervellieri, A. Susca

Institute of Sciences of Food Production, National Research Council, Bari, ITALY

Abstract: Fermented and cured meat products are unique and often represented as an element of
culinary heritage and gastronomic identity. Together with meat enzymes and bacteria, molds are very
important in the ripening of some dry fermented meat products. They contribute to the development of
the typical sausage flavor, prevent lipid oxidations and counteract undesirable microorganisms. Various
genera of fungi could colonize salami but Penicillium species are predominant, and above all P.
nalgiovense, P. chrysogenum and a new recently described species P. salamii. On the other hand,
depending on its peculiar composition, the surface could be colonized by undesirable molds, like P.
nordicum an important and consistent producer of the potent nephrotoxic ochratoxin A (OTA).
Addressing the safety of seasoning of meat products, we developed different molecular approaches to
detect the presence of P. nordicum and monitor OTA contamination risk. A sensitive and easy to use
Loop-mediated isothermal amplification (LAMP) assay for P. nordicum detection on salami surface was
set up targeting otapksPN gene, a key gene in the biosynthesis of OTA in P. nordicum. Positive reactions
were detected directly in-tube by color transition of hydroxynaphthol blue from violet to sky blue. The
assay was proved to be specific for P. nordicum and able to detect down to 100 fg of target DNA. In
addition, gene expression of otapksPN gene in P. nordicum and OTA production were monitored
throughout the seasoning process up to 30 days in a small-scale experiment. The expression of
otapksPN gene was already detected after 4 days of seasoning and increased significantly after 7 days,
reaching the maximum expression level after 10 days. Consistent with gene expression data, OTA was
detected from the 4™ day and its content increased significantly from the 7" day, reaching the maximum
level after 10 days. Finally, the LAMP assay was tested to detect the persistence of P. nordicum during
the seasoning process of sausages after co-inoculation of the fungus with P. nalgiovense at different
contamination rates. After 14 days of seasoning, LAMP assay was able to detect the presence of P.
nordicum down to 2.5% of P. nordicum contamination. The analysis of toxin content at the end of
seasoning, revealed that OTA was accumulated both in mycelium and dry-cured meat when P. nordicum
contamination rate ranged from 25% to 100% of inoculum, while OTA was not detected in dry-cured
meat at 2.5% and 0.25%. These results evidenced that contamination of dry-cured meat products by P.
nordicum could represent a serious concern for salami production and therefore molecular tools, such
as LAMP and gene expression assay, should be considered for new HACCP plans in order to prevent
and control OTA risk in dry-cured meat production.

S$13-5 Ergot alkaloid synthetic capacity of Penicillium camemberti
S. J. Fabian, M. D. Maust, D. G. Panaccione
Plant and Soil Sciences, West Virginia University, Morgantown, WV, USA

Abstract: Penicillium camemberti plays a major role in the ripening process of brie and camembert type
cheeses. Investigation of the recently sequenced P. camemberti genome revealed the presence of a
cluster of five genes previously shown to be required for ergot alkaloid synthesis in other fungi.
Clustered with the five ergot alkaloid synthesis genes (eas genes) were two additional genes that had
the apparent capacity to encode enzymes involved in secondary metabolism. We analyzed samples of
brie and camembert cheeses as well as cultures of P. camemberti grown under different conditions by
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HPLC with fluorescence detection and LC-MS and did not detect any known ergot alkaloids, indicating
the P. camemberti eas genes were either not expressed or encoded non-functional enzymes. We used
a heterologous expression strategy to investigate the theoretical biosynthetic capacity of P. camemberti.
Based on studies with the related ergot alkaloid-producing fungus Neosartorya fumigata (Aspergillus
fumigatus), the five known eas genes found clustered in the P. camemberti genome should give the
fungus the capacity to produce the ergot alkaloid chanoclavine-l aldehyde. We used a chanoclavine-|
aldehyde-accumulating mutant of N. fumigata as a recipient strain in which to express the two
uncharacterized P. camemberti eas cluster genes (named easH and easQ) to create a functioning
facsimile of the P. camemberti cluster. Expression of easH and easQ in the chanoclavine-l-accumulating
N. fumigata strain resulted in the accumulation of a pair of compounds of m/z 269.1289 in positive mode
LC-MS. Since this m/z is consistent with the molecular ion of the isomeric pair of [rugulovasine A/B + H]*,
we analyzed a culture of the rugulovasine producer Penicillium biforme (a recent ancestor of P.
camemberti) and found the same isomeric pair of analytes with the same retention times. Fragmentation
of the analytes yielded fragments typical of those resulting from fragmentation of rugulovasine A/B. The
deduced activities of the products of easH and easQ indicate the capacity to catalyze theoretical
reactions that provide a reasonable pathway from the precursor chanoclavine-l aldehyde to the products
rugulovasine A/B. The chanoclavine-l aldehyde-accumulating mutant of N. fumigata transformed with
the P. camemberti easQ gene alone yielded an abundant analyte of m/z 271.1, consistent with the
addition of oxygen to chanoclavine-l aldehyde. Transformation of the N. fumigata strain with P.
camemberti easH alone did not yield a novel product, indicating that EasH acts after EasQ in the
pathway. The data indicate that P. camemberti has the genes to produce the ergot alkaloids
rugulovasine A/B but that during domestication isolates that failed to produce alkaloids were selected.

S$13-6 Prevention of mold spoilage and mycotoxin production: using the right
methodology.

E. Rico-Munoz

Research and Development, BCN Research Laboratories, Inc., Rockford, TN, USA

Abstract: Fungal spoilage of foods and beverages imposes significant annual global revenue losses.
Mold spoilage can also be a food safety issue due to the production of mycotoxins by these molds. To
prevent mold spoilage and mycotoxin production, several hurdles can be used: (1) reducing the water
activity, (2) thermal processing, (3) addition of preservatives, (4) reduction of oxygen in the packaging
using vacuum, oxygen scavengers or modified atmosphere packaging (MAP), and (5) refrigerated
storage. These hurdles individually target a different group of spoilage fungi; the use of two or more
hurdles will reduce the number of molds that can spoil the product. This is called the associated
mycobiota that typically comprises only a few mold species. Itis essential that the associated mycobiota
be adequately isolated and accurately identified. While classic mycological detection methods can
detect a broad range of fungi using well-validated protocols, they are time consuming, require skilled
personnel, and some methods have low sensitivity. Molecular methods for the detection of fungi from
spoiled foods are faster than conventional methods but require good DNA isolation techniques,
expensive equipment and may detect non-viable fungi that are unlikely to spoil a specific product. One
of their advantages, especially in PCR-based methods, is the specific detection of small amounts of
target organisms by amplifying their DNA in a considerably short time frame. Identification based on
phenotypic characters can be time consuming and well-trained staff is needed. It is therefore more
prone to erroneous identifications than a sequence-based identification. However, the results of a
sequence-based identification heavily depend on the quality of the database. In order to prevent
misidentifications, it is strongly recommended to use sequence-based techniques in conjunction with
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morphological techniques. Strain typing - distinguishing between different strains of the same species
- is used to get insight in the genetic diversity of spoilage agents (is the contamination caused by the
same strain?) or can be used to trace the source of the contamination. Although there is no complete or
easy method for the detection of fungi in foods it is important to be aware of the limitations of each
methodology.

Symposium Session 14:
Light Sensing in Fungi
D. Rangle and L. Larrondo

S$14-1 Dual roles of fungal phytochrome: a light receptor and a temperature sensor
Z. Yu, A. Ali, C. Streng, R. Fischer

Department of Microbiology, Karlsruhe Institute of Technology (KIT), Institute for Applied Biosciences,
Karlsruhe, GERMANY

Abstract: To survive in the ever-changing environment, fungi have evolved to sense internal and
external signals and adapt to various stresses. Light as one of the most important environmental signals
regulates morphogenetic and physiological processes (1). To sense the light, fungi have been equipped
with different photoreceptors during the evolution. Aspergillus nidulans is able to sense red and blue
light with the red-light sensor phytochrome (FphA) and the blue light senor white collar-1 (LreA),
respectively. Phytochrome consists of a photosensory, a histidine kinase and a response-regulator
domain and uses the SakA/HogA MAP kinase pathway to transmit light signal (2). The phosphotransfer
protein YpdA interacted with the response regulator domain of FphA. The conserved histidine (H770)
in the histidine kinase domain and aspartate (D1181) in the response regulator (RR) domain are essential
for the activity of FphA. When H770 was mutated to glutamic acid (E), the light-regulated genes ccgA
and conJ were already induced in the dark. Thus, the negatively charged amino acid glutamate
mimicked phosphorylation of histidine. FphA wild type and mutant forms were further purified from E.
coli. The H770E mutated form migrated faster in size exclusion chromatography (SEC) than the wild-type
form, which implying the negative charges cause the conformational change of FphA. Intriguingly,
phytochrome is more than a light receptor. In vitro, the spectra properties of recombinant FphA were
changed with temperature. The dark reversion of FphA was slightly increased when the temperature
was increased. In vivo, higher temperature caused the transient activation of SakA/HogA pathway and
ccgA and ccgB were induced. In fphA-deletion strain, SakA phosphorylation and the gene induction in
higher temperature were reduced in comparison to wildtype strain. These results demonstrate
phytochrome plays dual roles in sensing temperature and light.

S$14-2 Mycelial growth under light improves conidial stress tolerance and virulence

of Metarhizium robertsii and up-regulates stress related genes
D.E.N. Rangel
Instituto Cientifico e Tecnoldgico, Universidade Brasil, Sdo Paulo, BRAZIL

Abstract: Light conditions during fungal growth are well known to cause several physiological
adaptations in the produced conidia; thus, conidia of the insect-pathogenic fungi Metarhizium robertsii
were produced on: 1) potato dextrose agar (PDA) medium in the dark; 2) PDA medium under white
light; 3) PDA medium under blue light; and 4) PDA medium under red light. The conidial production,
the speed of conidial germination, the virulence to the insect Tenebrio molitor, as well as gene
expression, and tolerances to osmotic stress and to UV radiation were evaluated. Conidia produced
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under white light or blue light germinated faster and were the most tolerant to UV radiation and osmotic
stress. White light improved conidial virulence as compared with conidia produced in the dark. Growth
under blue light produced more conidia than the fungus grown in the dark. The small (Mrhsp30) and
large (Mrhsp101) heat shock protein genes were highly up-regulated under white light condition,
suggesting an active role of heat shock proteins in fungal exposition to the different visible spectrum
components. The cytosolic catalase Mrcatc gene was not induced under all light conditions assayed.
Conidia produced under red light germinated slower than conidia produced in the dark and were the
least tolerant to osmotic stress and UV radiation. The virulence of conidia produced under red light was
similar to conidia produced in the dark. In conclusion, white light produced conidia that germinated
faster and killed the insects faster; in addition, blue light afforded the highest conidial production. Both
white light and blue light afforded the highest tolerance to both stress conditions.

S$14-3 Shining light on a creature of the dark: extreme sensitivity to ultraviolet light

in the fungal pathogen causing white-nose syndrome of bats
D. L. Lindner, J. M. Palmer
Center for Forest Mycology Research, US Forest Service, Northern Research Station, Madison, WI, USA

Abstract: Fungi have evolved complex light-sensing and regulatory systems that control core metabolic
processes involved in many aspects of fungal biology, including the ability to repair DNA damage from
ultra-violet (UV) light. Repair of UV-damaged DNA lesions in fungi is mediated by several different
conserved mechanisms and these repair systems have typically been studied in fungi that have evolved
in the presence of light. The fungal pathogen causing white-nose syndrome of bats (WNS),
Pseudogymnoascus desctructans, affords a rare opportunity to study a fungus that has evolved for
millions of years in the absence of light. WNS has decimated North American hibernating bats since its
introduction to North America in 2006. In order to better understand this disease, we utilized a
comparative genomics approach for P. destructans, comparing its genome to those of six closely related
non-pathogenic Pseudogymnoascus species. A large reduction (~ 65%) in carbohydrate utilizing
enzymes (CAZYmes), a reduction in the predicted secretome (~50%), an increase in unique gene
models, and estimation of last common ancestor of 23.5 MYA indicate that P. destructans has a long
evolutionary history with bats and likely evolved alongside bats in the absence of light. P. destructans
has lost a key enzyme, UVE1, in the alternate excision repair (AER) pathway, which functions to repair
DNA-lesions induced by ultra-violet (UV) light. Consistent with a non-functional AER pathway, P.
destructans is extremely sensitive to UV-light as well as the DNA alkylating agent methyl
methanesulfonate (MMS). A better understanding of light-sensing and regulatory systems may be
gained by examining fungi that have evolved for long periods of time in dark environments, for example
the digestive tracts of animals.

S$14-4 What makes a zombie ant tick: the daily rhythms in a fungal behavioral

manipulator
C. De Bekker
Biology, University of Central Florida, Orlando, FL, USA

Abstract: Adaptive manipulation of host behavior is an effective way for parasites to increase
transmission rates. Manipulations resulting in summiting of insect hosts can be observed in Zygomycetes
and Ascomycetes of the genera Entomophthora and Ophiocordyceps. Climbing, biting to fix the host at
elevated positions, following death, and spore release all appear to display time-of-day synchronization.
Biological clocks of the insect host and the fungal parasite, as well as environmental factors such as light
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and temperature, likely play an important role in these parasite-host interactions. To begin to test these
hypotheses we use an integrative approach, combining ecology with behavioral analyses and next-
generation sequencing, on a variety of Ophiocordyceps unilateralis sensu lato - carpenter ant
interactions. Field data indicates that light influences the manipulated behavior of Ophiocordyceps-
infected carpenter ants. This suggests that the fungal parasite, which is fully pulling the strings at this
point, can sense light, and has a light entrainable biological clock. To demonstrate this, as well as identify
candidate molecular clock components of Ophiocordyceps, we made use of bioinformatics and
transcriptional profiling. We did this for the recently sequenced behavior-manipulating parasite
Ophiocordyceps kimflemingiae (a named species of the O. unilateralis complex). Through a
bioinformatics approach, we identified putative homologs of known clock genes. RNA-Seq was
performed on 48 h time courses of O. kimflemingiae to determine daily rhythms and enrichment
patterns in the transcriptome. Liquid media cultures were entrained under 24 h light-dark (LD) cycles
and harvested at 4 h intervals under LD or continuous darkness. We identified a significant number of
fungal transcription factors with peaked activity during the light phase (day time). In contrast, a significant
number of secreted enzymes and small bioactive compounds, proteases, and toxins peaked during the
dark phase or subjective night. These findings support a model whereby Ophiocordyceps species use
their biological clock for phase-specific activity and light-dependent manipulation. This may be a
general mechanism involved in parasite-host interactions across taxa.

$14-5 Light-Sensing, optogenetics and photographic memory: developing
biotechnological solutions and pushing the boundaries between science and art

L. Larrondo', V. Rojas’, V. Delgado, P. Canessa?, C. Olivares-Yafiez'

'Departamento de Genética Molecular Y Microbiologia, Millennium Nucleus for Fungal Integrative and
Synthetic Biology, Pontificia Universidad Catolica de Chile, Santiago, CHILE, 2Centro De Biotecnologia
Vegetal, Facultad De Ciencias Biologicas, Universidad Andres Bello, Santiago, CHILE

Abstract: The filamentous fungus Neurospora crassa perceives and responds to blue light through a
transcriptional heterodimer named White Collar Complex (WCC). One of its components, WC-1,
possesses a LOV (Light Oxygen Voltage) domain capable of detecting blue wavelengths, which
promotes a conformational change that leads to dimerization, resulting in strong transcriptional
activation, in a light-intensity dependent manner. In order to design and improve optogenetic switches
that can be utilized in other organisms as orthogonal controllers, we have been exploring the dynamics
of light responses in this fungus. Thus, through the development of Neurospora-based optogenetic
switches we have successfully implemented a blue-light responding transcriptional system in
Saccharomyces cerevisiae. Therefore, in yeast, now we can efficiently induce gene expression over 1000-
fold and control biotechnological relevant phenotypes such as flocculation by switching on/off the lights.
We have also adopted optogenetic approaches to further delve into Neurospora’s circadian and light-
responses. In doing so, we were able to genetically program 2D-images in this organism. Thus, we can
project a photograph on top of a Neurospora carrying a luciferase reporter under the control of a light
responsive promoter and obtain back a bioluminescent pattern mimicking the original image. Thus, we
have established a live canvas in which images are genetically processed and reconstituted with real-
time dynamics. Such technology not only allows studying light-responses with great resolution, but also
provides a powerful artistic substrate. Remarkably, since the live canvas circuit is integrated in the
Neurospora circadian regulatory network, the fungus reproduces on subsequent days -in a circadian
manner- the image that it had originally “seen”, creating an eidetic (photographic) memory effect. Such
phenomenon, based on local discrete phase changes, not only will provide new insights on phase
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responses, but it also allows for the opportunity to ponder on concepts such as vision and memory.
MIISSB and FONDECYT 1171151 and HHMI International Research Scholar grant.

S$14-6 Identification of genes involved in fruiting body induction in Coreopsis

cinerea

Y. Sakamoto', S. Sato', T. Nakazawa?, K. Osakabe?, H. Muraguchi*

'Department of Bioresource Sciences, lwate Biotechnology Research Center, Iwate, JAPAN, 2Graduate
School of Agriculture, Kyoto University, Kyoto, JAPAN, 3Graduate School of Technology, Industrial and
Social Sciences, Tokushima University, Tokushima, JAPAN, “Department of Biotechnology, Akita
Prefectural University, Akita, JAPAN

Abstract: Light and nutrient are crucial environmental factors influencing fungal sexual reproduction.
Gene expressions influenced by such environmental factors in Coprinopsis cinerea were investigated.
Blue light induces simultaneous hyphal knot formation in mycelia grown on low glucose (0.2%) media,
but not in mycelia grown on high glucose (1%) media in C. cinerea. Many hyphal knots are visible in arc
near the edge of the colony one day after a 15min of blue light stimulation. These suggest that blue light
accelerates hyphal knot induction in nutrient limiting condition. Trascriptome (Super-SAGE) analysis
revealed that gene expression after light exposure divided into at least two major stages. In the first
stage, genes coding for fasciclin (fas7), cyclopropane-fatty-acyl-phospholipid synthases (cfs7 and cfs2),
and putative lipid exporter (nod1) are highly expressed at 1h after light exposure in the mycelial region
where the hyphal knot will be developed. It is reported that the cfs7 mutated strain was defected in
fruiting body development. These genes were up-regulated by blue light, and notinfluenced by glucose
condition and mating. These results suggest that although some of the genes are critical for induction
of the hyphal knots, they are not sufficient for hyphal knot development. In the second gene expression
stage, genes encoding galectins (cgl/1-3), farnesyl cysteine-carboxyl methyltransferases, mating
pheromone containing protein, nucleus protein (ich7) and laccase (lcc) are specifically upregulated at
10-16 h after blue light exposure when the mycelia are cultivated on low glucose media. These might
be involved in building architecture of hyphal knot or signal transduction for further fruiting body
development. These results contribute to the understanding of the effect of environmental factors on
sexual reproduction in basidiomycetous fungi.

Symposium Session 15:
A Big Puzzle to Assemble: Using Taxonomy to Unravel Ecology and Biogeography

of Ectomycotthizal Symbiosis in the Tropics
M. A. Neves and A. M. Vasco-Palacios

S$15-1 Mycorrhizal associations of Pseudomonotes tropenbosii (Dipterocarpaceae)

in tropical rain forests of Colombia, Amazonia

A. M. Vasco-Palacios', A. E. Franco-Molano?, T. Boekhout?

"Mycology, Fundacién Biodiversa Colombia, Bogota, COLOMBIA, ?Biology, Taxonomy and Ecology of
Fungi, Universidad of Antioquia, Medellin, COLOMBIA, 3Yeast Research, Westerdijk Fungal Biodiversity
Institute, Utrecht, NETHERLANDS

Abstract: Dipterocarpaceae is an important tree family in Paleotropics that form ectomycorrhizal (EcM)
symbiosis with fungi and it has been hypothesized that dipterocarps have been partnered in this
mutualistic association prior to the separation of Gondwana. Two species of trees have been recently
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described from Neotropical ecosystems, Pakaraimae dipterocarp from Guyana and Venezuela, and
Pseudomonotes tropenbosii from Colombia. We documented the EcM fungal diversity in a terra-firme
forest with the endemic dipterocarp Pseudomonotes tropenbosii in the lowlands of Colombian
Amazonia by collecting fruit bodies and by using rDNA sequence analysis of root material for
identification of both fungal and plant symbionts. We addressed whether the fungal EcM community
associated with P. tropenbosii exhibited spatial differences and if the fungal community revealed similar
composition that other Neotropical hosts. A total of 83 species of EcM macrofungi were identified based
on morphology-based techniques. These taxa represented 16 families and 27 genera. The most
abundant families were Boletaceae (7 genera; 13 species), Clavulinaceae and Russulaceae (13 species).
Fifteen species constituted new reports for Colombia and at least 18 species found in the study area
new to science. Two of those have recently been described as Austroboletus amazonicus, Sarcodon
colombiensis and others belong to genera such as Russula, Coltriciella, Coltricia, and Amanita. Species
richness detected from 200 fragments of mycorrhizal roots tips revealed 34 species-level (ITS
sequences). Seven species were detected three or more times such as Craterellus cinereofimbriatus,
Uncultured Cortinarius 866root, Uncultured Tomentella 1452root and Uncultured Sebacina sp. 8. The
hosts identified were P. tropenbosii, Coccoloba sp. and other plants not reported as EcM hosts as for
example Brosimun, Ipomoea and Protium. Differences were observed in the composition of the EcM
fungal community for 3 populations of P. tropenbosii in Colombia Amazonia. Most of the fungal species
documented in this study have also been found in symbiotic associations with other legume or
dipterocarp species from geographically distant forests located in Brazil, French Guyana, Guyana and
Venezuela. The distribution of some fungal species that were previously considered restricted to the
Guiana Shield was extended to P. tropenbosii forests in Colombia. The result highlights the low
specificity of EcM fungi in relation to their host plants in Neotropical lowland forests. It is important to
address further studies in understanding how factor such as forest structure, size of the host plants
patches, host distributions and edaphic factors may drive the structure of the EcM fungal communities
in Neotropical ecosystems.

S$15-2 African ectomycorrhizal communities, diversity of three vegetation types

compared, focusing on Russulaceae

E. De Crop', T. A. Semenova?, J. Nuytinck®, J. Geml®, A. Verbeken'

'Biology, Ghent University, Gent, BELGIUM, 2Ecology and Evolutionary Biology, Kansas Biological
Survey, Lawrence, KS, USA, 3Naturalis Biodiversity Center, National Herbarium of the Netherlands,
Leiden, NETHERLANDS

Abstract: Ectomycorrhizal (ECM) fungi play a major role in tropical and subtropical African forest
ecosystems, where many trees, often growing on N- and P-poor soils, completely depend on these
associations. Based on above-ground biodiversity records, Russulaceae are the dominant group of ECM
fungi in tropical African ecosystems, followed by Boletales and Cantharellaceae. The first soil diversity
studies, however, show that Thelephoraceae follow Russulaceae in below-ground species richness. Sub-
Saharan Africa is characterized by three vegetation types dominated by ECM associations: Central
African Guineo-Congolian rainforests, West African Sudanian woodlands and East African Zambezian
Miombo woodlands. Little is known concerning composition and distribution of ECM fungal
communities in these vegetation types. We studied ECM fungal diversity of rainforest in Cameroon,
Sudanian woodland in Togo and Miombo woodland in Zambia. Root tips were sampled in multiple plots
per vegetation type and lonTorrent was used to sequence the [TS2 region from the root tips. Our results
confirm Russulaceae as dominant ECM group below-ground in all three vegetation types, followed by
Sebacinaceae and Thelephoraceae. ECM fungal community composition is strongly correlated with
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edaphic factors, with many fungi occurring in either woodland (high pH, together with low C, N and
organic material) or rainforest (low pH, together with high C, N and organic material). ECM community
composition thus differed amongst the three vegetation types, with the main regions of overlap
occurring in the riparian forests in between the vegetation types. It is difficult to draw conclusions on
species richness based on metagenomic sequences. Due to the absence of a taxonomical reference
framework for most fungal groups, the majority of operational taxonomical units (OTU'’s) could only be
identified on genus level (>50%) or higher (>15%). This makes it difficult to see trends in species
composition between vegetation types. Only for the milkcap genus Lactifluus (Russulaceae), for which
we constructed a solid taxonomical framework over the years, most OTU's could be identified on species
level and more detailed conclusions on above- versus below-ground species richness could be drawn.

S$15-3 Ectomycorrhizal fungal communities associated with Oreomunnea mexicana

show high beta diversity at local and regional scales in Central America

A. Corrales’, R. Garibay-Orijel?, C. Alfonso-Corrado?®, G. Williams-Linera®* C. L. Ovrebo?®, R. Clark-
Tapia®, J. W. Dalling®, B. L. Turner’, M. A. Jusino®, C. Truong?, A. B. Mujic®, M. E. Smith®

"Facultad de Ciencias Naturales Y Matemaéticas, Universidad del Rosario, Bogotad, COLOMBIA, ?Institute
of Biology, Universidad Nacional Auténoma de México UNAM, Mexico City, MEXICO, 3Institute of
Environmental Studies, Universidad de la Sierra Juérez, Ixtlan de Juarez, MEXICO, “Institute of Ecology
INECOL, Xalapa, MEXICO, *Department of Biology, University of Central Oklahoma, Edmond, OK, USA,
¢Department of Plant Biology, University of lllinois at Urbana-Champaign, Urbana, IL, USA, ’Smithsonian
Tropical Research Institute, Panama City, PANAMA, ®Plant Pathology, University of Florida, Gainesville,
FL, USA

Abstract: Oreomunnea mexicana (Juglandaceae) is an ectomycorrhizal (ECM) tree distributed from
Mexico to Panama. This species forms monodominant stands in tropical montane forests between 1000
and 1900 m a.s.l. Recent studies of O. mexicana in Panama indicate that this species is associated with a
diverse community of ECM fungi, but this tree has been studied at only a few sites. We collected fruiting
bodies and root tip samples from eight localities (four in Panama and four in Mexico) to elucidate the
effect of geographic location, soil fertility, precipitation, temperature, and host abundance on the ECM
fungal communities associated with O. mexicana. Fungal fruiting bodies were preserved and ITS
sequences were generated for molecular identification. In addition, ECM roots were sampled from 60
O. mexicana trees (40 trees in Mexico and 20 in Panama) and the fungal communities were assessed
based on Illumina ITS1 sequencing. We sequenced 874 ECM fruiting bodies and preliminary results
suggest a high a diversity of ectomycorrhizal fungi with approximately 360 OTUs. Of these, 17 OTUs
were shared between sites in Mexico and Panama. Fungal diversity in O. mexicana roots based on
lllumina sequencing was high, with approximately 4000 OTUs (97% OTUs cutoff and all OTUs > 10
reads) with 1541 belonging to ECM genera. Alpha diversity of both the root-associated fungi and the
ECM fungi were higher in Mexico than in Panama, consistent with a previously documented global
pattern of decline in species richness of ECM fungi towards the equator. This lower species diversity of
ECM fungi in Panama could be associated with a lower species richness and abundance of ECM plant
species in the surrounding forests. Beta diversity was high at both regional and local scales with a
significant turnover of fungal species. At a local scale, B-diversity was higher in Panamanian O. mexicana
populations, with species composition changing rapidly over a short geographical distance. These
results are consistent with previous findings based on Sanger sequencing where high B-diversity was
found with O. mexicana in sites with contrasting soil fertility. Permutation tests determined that total soil
nitrogen was the environmental variable that significantly explained the most variation of both the total
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root-associated fungal community and the ECM community. However, total soil nitrogen was also highly
correlated with total soil carbon (98%). This is the first study to focus on the variation of ECM communities
associated with a tropical tree at both regional and subcontinental scales. This work supports the
hypothesis that soil nutrient availability is the main factor structuring local ECM fungal communities and
that ECM fungal communities are less species rich towards the equator.

S$15-4 Ectomycorrhizae in the Neotropical dry forest: mycobionts, new hosts and

morphology
J. Alvarez Manjarrez, R. Garibay-Orijel, A. U. Solis Rodriguez
Botanica, Instituto de Biologia, UNAM, Ciudad de Mexico, MEXICO

Abstract: Neotropical dry forest extends from Northern Mexico to Colombia, Brazil, and Peru, also
including Caribbean islands. This ecosystem is imperiled by the land use change to agriculture or
grazing. Plants and their symbionts from this forest have adaptations to resist long dry periods. Our main
objective was to detect the ectomycorrhizal hosts and their mycobionts by sampling roots, fruitbodies
and soil, and describe their interactions. We sampled roots from two places from the Mexican Pacific
coast, Jalisco and Oaxaca. The roots were dissected and all the ectomycorrhizae (ECM) morphotypes
were separated for anatomical observations and sequencing. We also sampled fruitbodies and soil,
amplified ITS region, and sequenced by Sanger and Illumina respectively. To identify the photobiont,
we amplified rbcl, matK and trnL regions from the ECM. We found that ECM were restricted to particular
plant genera, such as: Achatocarpus, Coccoloba, Guapira, Pisonia (Caryophyllales), and also some
legumes, for example Lonchocarpus. These plants are frequent to scarce in the forest, none of them
forms patches. From 19 ectomycorrhizal fungal species we amplified from roots, 18 were notin NCBI or
UNITE data bases. ECM fungi belonged to Clavulina, Inocybe, Membranomyces, Russula, Sebacina,
Thelephora, Tremelloscypha, Tomentella. We have described three new species including their
fruitbodies and mycorrhizal associations: Thelephora versatilis, T. pseudoversatilis and Tomentella
brunneoincrustata (Thelephoraceae). Illumina sequences found 121 ectomycorrhizal species as
propagules in the soil. Tremelloscypha sp. was the most frequent on root-tips, forming fruit bodies and
also in soil sequences. The ECM morphotypes were monopodial and rarely ramified, with a wide range
of colors (whitish to dark hyphae), mantle with contact exploration type to mantle with abundant
rhizomorphs. Coccoloba, Guapira and Pisonia morphotypes developed a paraepidermal Hartig net,
however Achatocarpus does not form Hartig net. Under dry periods, ECM from Coccoloba have
incomplete mantles, covering just some parts of the root. Our results showed that ECM fungi are mostly
specific, its hosts are scarce in the forest, the ectomycorrhizal fungi are probably endemic, their
morphotypes do not present the "typical" ectomycorrhizal characteristics and these vary depending on
host and environmental conditions.

$15-5 Linking fungal community functions to forest dynamics: a geographical
gradient of fungal community and wood decay in pine logs, and its possible effects

on forest regeneration
Y. Fukasawa'?
'Graduate School of Agricultural Science, Tohoku University, Miyagi, JAPAN; ?Biosciences, Cardiff

University, Cardiff, UNITED KINGDOM

Abstract: The decay process of dead wood is crucial for biodiversity in forest ecosystems. Wood decay
types, traditionally categorized into white, brown, and soft rots, are the consequences of fungal decay
activities and strongly affect biotic communities inhabiting dead wood, including tree seedlings. Given
that fungal community is affected by climatic conditions, it is important to evaluate the occurrence
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patterns of the decay types along a geographical range to understand forest dynamics in wide spatial
scale. In 30 sites covering a latitudinal gradient in Japan, | examined the effects of environmental
variables on fungal community and the occurrence of wood decay types in logs of Pinus densiflora.
Fungal community detected by 454 pyrosequencing showed significant associations with mean annual
temperature (MAT) and annual precipitation. Among the wood decay types, the frequency of brown rot
was negatively correlated with latitudinal gradient and that of soft rot was positively correlated with MAT.
In contrast, white rot was negatively correlated with MAT. Incubation experiments using 36 isolates of
17 basidiomycetes obtained from pine dead wood showed that hyphal growth rates of brown rot fungi
were significantly higher than that of white rot fungi in warm conditions (25-35°C), whereas growth rates
were not different between white and brown rot fungi in cool conditions (5-20°C). These results
suggested that activity of brown rot fungi is more prominent in the warmer lower-latitude areas than in
the cooler higher-latitude areas in pine log decomposition in Japan. | also examined the effects of wood
decay type on seedling densities of 14 tree species growing on pine logs and found that responses to
brown rotted wood was considerably different among tree species. For example, seedling densities of
Cryptomeria japonica, Chamaecyparis obtusa, Clethra barbinervis, and Rhus trichocarpa were positively
associated with brown rot, whereas seedling density of Pinus densiflora was negatively associated with
brown rot. Furthermore, survival and growth rates of Cryptomeria japonica seedlings also showed
positive associations with brown rot. These results suggested that functional diversity in wood decay
fungi could induce niche separation among seedling species on dead wood and affect forest
regeneration.

$15-6 Grammar and syntax: Decoding the language of mutualistic vs. pathogenic

signaling during plant-microbe interactions
J. M. Plett
Hawkesbury Institute for the Environment, Western Sydney University, Penrith NSW, AUSTRALIA

Abstract: All interactions between living organisms are governed by communication, be this the
exchange of simple chemicals to proteins to complex vocalizations. In the interaction between plants
and microbes we can identify hundreds of communication signals using multi-omic approaches. What
these lists do not tell us, however, is the function or specificity of these signals within a specific symbiotic
interaction. This gap in our knowledge can be addressed by studying the mechanistic activity of these
molecules and the context within which they operate. Within the study of human-human communication,
language is bound by grammar and syntax: the rules governing the general use of language and the
finer study of how sentences are put together, respectively. Therefore, by characterizing microbial
signals, such as when they are produced, the signaling cascades that they operate within, and their
targets within the host organism, we may begin to understand the “grammar” and “syntax” of plant-
microbe communication. In this talk, | will cover our work into identifying the proteomic and
metabolomic signals used by mutualistic and pathogenic fungi during the interaction with their host
plant. Further, | will go into work studying their modulation and the pathways that they effect. | will
specifically focus on two model interactions: the mutualistic symbiosis between Pisolithus and
Eucalyptus and contrast this with the pathogenic symbiosis betweenArmillaria and Eucalyptus. By
comparing these two systems, | will conclude with our current theories upon how contrasting microbial
lifestyles may communicate differently with their hosts and how perception of these different
“languages” by the plantimpacts the ultimate fate of the interaction.
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Symposium Session 16:

IMC/ISHAM Human Pathogenic Fungi, Taxonomy and Global Emergence
J.F. Meis and A. Lorenz

S$16-1 Genetic diversity and phenotypic variability in the emerging fungal pathogen

Candida auris

G. Bravo Ruiz', Z. Ross?, S. Stoichkova', N. A. R. Gow?, A. Lorenz?

"Medical Research Council Centre for Medical Mycology (MRC-CMM), University of Aberdeen,
Aberdeen, UNITED KINGDOM, ?Institute of Medical Sciences (IMS), University of Aberdeen, Aberdeen,
UNITED KINGDOM

Abstract: Candida auris has been identified as a medically relevant, drug-resistant fungus only in 2009,
and is thus a rare example of a completely new pathogenic microbe emerging in the spotlight of global
health care. Its emergence and population structure are unusual in many respects (according to current
research four distinct geographical clades can be discerned). Because of the recent emergence of C.
auris, its life cycle and general biology is still enigmatic. Inferences from research on the widely-studied
C. albicans are not always transferable to C. auris, because of the large evolutionary distance between
them. Research in our laboratory and by other groups indicate that C. auris and C. albicans display
substantial difference in their cell biology. To provide a better understanding of the phenotypic diversity
of C. auris - which, ultimately, will enable the Medical Mycology community to progress research into
novel diagnostics and therapies - our laboratory studied the cellular and chromosomal features of a
series of C. auris strains representing the four main geographical clades to understand its genome
organization and variation on a species-wide level. Genome size measurements and electrophoretic
karyotyping revealed C. auris to be a haploid species (in line with whole-genome sequencing by us and
other groups). C. auris isolates have a plastic karyotype containing 5-7 chromosomes with substantial
chromosome number and size variation, both within and between geographical clades. This plasticity
of karyotypes within a clade was somewhat unexpected considering the uniformity of C. auris on a DNA
sequence level belonging to the same geographical clade. This indicates that genome rearrangement
on a chromosomal level potentially is a mechanism C. auris employs to generate genetic diversity during
adaptation to environmental challenges. We are interested in how diversity is generated in C. auris and
how it affects fundamental features, including growth and stress response, and clinically relevant traits,
such as virulence and drug resistance. Recent experiments on C. auris phenotypic diversity between
clinical isolates in terms of cell morphology and stress response will be discussed.

S$16-2 Global emergence of the pathogenic yeast Candida auris

E. Johnson
Mycology Reference Laboratory, Public Health England (PHE) Bristol, UNITED KINGDOM

Abstract: Most human systemic yeast infections are endogenous in origin and until recently fungal
outbreaks involving yeast species were rare and involved small numbers of patients in single units. The
emergence and global spread of the pathogenic yeast Candida auris, first recognised in 2009, has been
unprecedented; there have now been nosocomial candidaemia outbreaks in high intensity care settings
on five continents reported in a relatively short timescale. There are four recognised clades of Candida
auris, each of which is associated with emergence and initial subsequent spread in a defined
geographical area; the first reported Japanese clade, a South Asian clade, a South African clade and a
South American clade. However, with global travel and migration now commonplace several different
clades have been found circulating in other countries such as the UK and the USA suggesting multiple
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independent introductions. Mortality rates as high as 60% associated with deep-seated Candida auris
infection have been reported in some countries, although attributable mortality is often hard to establish
in the high intensity care settings in which most outbreaks have been reported. Candida auris often
displays drug resistance, most often to fluconazole but many strains are also resistant to other azoles
and sometimes several different antifungal classes. In addition to a worrying innate drug resistance
profile, drug resistance also appears to develop quite readily on therapy. This yeast has a propensity to
spread from patient to patient and to persist in the environment and index cases are often associated
with multiple cases of colonisation of patients in adjacent areas, sometimes leading to subsequent
infections. Even with rigorous infection control measures outbreaks have been difficult to control. This
talk will discuss some of the findings on the biology, pathogenicity, biofilm formation and resistance
mechanisms of this emerging pathogen.

$16-3 Using whole genome sequencing to elucidate the origins and timeline of

Cryptococcus gattii species complex emergence in North America
S. R. Lockhart
Mycotic Diseases Branch, Centers for Disease Control and Prevention, Atlanta, GA, USA

Abstract: Cryptococcus gattii species complex (SC) is a group of at least four species of Basidiomycete
yeasts that are common in the environment in tropical and subtropical regions. A recent increase in
surveillance for the SC allowed more frequent recognition of C. gattii SC as the cause of human disease
in temperate environments as well. In the last two decades C. gattii SC has emerged as a major pathogen
in the temperate Pacific Northwest (PNW) of North America. The origin and timeline of this emergence
was elucidated using lllumina whole genome sequencing (WGS) and SNP calling. Using a worldwide
collection of C. deuterogattii isolates it was shown that the origin of the emergence of this species in the
PNW was most likely the Brazilian Amazon rainforest. Using Bayesian Evolutionary Analysis by Sampling
Trees (BEAST) it was shown that the North American introduction and emergence most likely happened
within the last 100 years and that there were at least three separate introductions. The PNW emergence
of C. deuterogattii served as the baseline for analysis of C. gattii sensu stricto in the Southeastern United
States. Although less frequently encountered clinically, BEAST analysis showed that the introduction of
C. gattii in the Southeastern US likely took place thousands of years ago as opposed to a hundred years
ago for C. deuterogattii in the PNW.

$16-4 Maldi-Tof MS for the identification of filamentous fungi; implications for the

clinical lab

M. Hendrickx', P. Becker!, D. Stubbe', A.C. Normand?, R. Piarroux?

"Mycology and Aerobiology, Sciensano, Brussels, BELGIUM, 2Institut Pierre Louis D'epidémiologie et
de Santé Publique, Pierre and Marie Curie University, Paris, FRANCE

Abstract: Though important advances have been made over the past decades at the level of
identification of filamentous fungi, it remains quite a challenge. Taking into account that the number of
patients at risk for invasive fungal disease (IFD) is increasing and that superficial dermatophyte infections
of skin and nails are affecting about 25% of the world’s population, there is a need for reliable, fast and
cost-effective identification methods. Species-level identification is critical for correct patient treatment,
and it is generally accepted that a rapid diagnosis, coupled to the early onset of the appropriate
treatment, leads to a better patient outcome. Matrix Assisted Laser Desorption lonization Time of Flight
Mass Spectrometry (MALDI-TOF MS) has already been widely used in the clinical routine for the
identification of bacteria and yeasts. Its implementation for the identification of molds has been delayed,
due to several reasons. Because of their tough cell wall, a protein extraction protocol needs to be
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applied, and the heterogeneity of the cultures implies that cultivation and sample processing have to be
standardized as much as possible. Furthermore, extended reference spectra databases have been
lacking. In the frame of the BCCM/IHEM collection of biomedical fungi, and in collaboration with French
colleagues, we have developed an in house reference spectra database consisting of 1913 strains,
belonging to 938 species and 246 genera. This database is currently, to the best of our knowledge, the
largest reference spectra database in the world. This database has been challenged in different clinical
settings for its capacity to identify clinical isolates, including closely related species and dermatophytes.
Based upon this database, MALDI-TOF MS has moreover been implemented in the routine of the
BCCM/IHEM quality control (ISO17025 accreditation). The same set of strains has been used for the
development of an online MALDI reference spectra database. This online tool is freely available, and
was validated with clinical isolated from Belgium and France. It is now routinely used by many other
laboratories throughout the world. In conclusion, MALDI-TOF MS is a fast, reliable and cost effective
method for the identification of filamentous fungi, which van successfully be implemented in a clinical
routine setting.

$16-5 Global emerging azole resistance in Aspergillus fumigatus: one health and
the environment

J. F. Meis
Medical Microbiology and Infectious Diseases, Canisius Wilhelmina Hospital, Nijmegen, NETHERLANDS

Abstract: Azole antifungals play an important role in the management of fungal infections. However, in
the last decade azole resistance in Aspergillus fumigatus has been increasingly reported and this is
potentially complicating the effective management of these diseases. Started as a clinical rarity in the
last decade of the 20th century, less than 15 years later the potential problem of resistance in Aspergillus
infections has been recognized on all continents. The higher mortality rates observed in patients with
invasive aspergillosis caused by azole resistant A. fumigatus pose serious challenges to the mycologist
for timely identification of resistance and appropriate therapeutic interventions. The 'TRas/L98H’
mutation in the cyp57TA gene of A. fumigatus, which is associated with azole fungicide use is still
responsible for most multi-azole resistance seen in many European and Asian countries. Azole-resistant
isolates carrying this mutation have been reported from both patients and the environment. Further,
several newly emerging resistance mutations are recognized with "TR4s/Y121F/T289A, conferring high
voriconazole and variable itraconazole MICs, being now the second most common. Many more
resistance mutations associated with environmental selection such as 'TR53" and TR92/Y121F/T289A" are
being described adding to the emerging problem. Environmental screening and routine antifungal
susceptibility testing of clinically significant isolates should be considered in order to develop guidelines
for local and national purposes. Considering that azole antifungal drugs are the mainstay of (oral)
therapy, especially for chronic invasive and allergic aspergillosis, emergence of resistance will have
profound impact on healthcare. This presentation highlights the global development of resistance in A.
fumigatus and the associated impending clinical treatment problem.

$16-6 Risk factors of vulvo-vaginal candidiasis and antifungal susceptibility pattern
of Candida species isolated from women of reproductive age group
L. M. E. Maghari-Capio

College of Humanities and Sciences, De La Salle Health Sciences Institute, Dasmarinas City, Cavite,
PHILIPPINES

Abstract: Vulvo-vaginal candidiasis (VVC) is a widespread inflammatory condition of female genital tract
and most encountered problem that affects a large fraction of women in a population. The condition is
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caused by numerous microorganisms involving yeast. This study was conducted to examine the risk
factors of vulvo-vaginal candidiasis and to evaluate the in-vitro sensitivities of the isolated Candida
species to six antifungal agents. Vaginal, endocervical and urine samples were taken from consenting
women. Patients completed a questionnaire assessing the clinico-demographic and risk factors of
candidiasis. Standard microbiological techniques such as Lactophenol Cotton Blue Stain, Germ Tube
Technique, chlamydospore formation, wet mount and culture were used to analyse the samples.
Frequency, percentile and chi- square tests were performed. From a total of 86 respondents, less than
one third (30.23 %, 26) were from the outpatient charity department and 69.77 %, 60 came from the
outpatient private physician’s clinic. Respondents between 41 and 45 years old had the highest
frequency of Candida infection (9, 28.12%). Majority of the respondents positive for candidiasis were
married. Out of 32 respondents, two (6.25%) had sexual contact with someone having candidiasis. C.
krusei was isolated from patients who had sexual contact with the same sex. A total of three (9.37%)
patients had multiple sex partners. There were 11 (34.37 %) Candida species isolated from patients with
history of candidiasis in the family. Vaginal and labial itchiness and abnormal discharges showed the
highest distribution for Candida species. Antifungal susceptibility testing revealed that eighty (88.33%)
out of the 96 species isolates were susceptible to amphotericin-B, 38 (39.58%) to Griseofulvin, 72
(75.00%) to Sporonox, 21 (21.88%) to Nizoral, 15 (15.63%) to Diflucan and 78 (81.25%) to Nystatin. The
results of the study revealed that sexual activities and high level of reported risk behavior contributed to
the development of VVC also this finding support literatures that antifungal prescription should be only
given once the proper identification of the Candida species has been performed.Furthermore,
improperly prescribed antifungal agents may lead to drug resistant.

Symposium Session 17:
Rhizobiomes - Their Interactions with the Hosts and Functions in a Changing

Environment
A. Jumpponen, C. Kuske, and A. Porras-Alfaro

S$S17-1 Root endophyte-mediated manipulation of plant responses to pathogen
attack

A. Zuccaro, H. Rovenich, G. Langen, D. Sarkar

Ceplas, Botanical Institute, Cologne, GERMANY

Abstract: In order to address how plant-fungal interactions in natural soil shape and are shaped by local
and systemic responses to beneficial and pathogenic root associated fungi a reductionist approach
which takes advantage of a gnotobiotic natural soil-based split root system was established.
Phenotyping, cytological and transcriptional analyses during barley infection with the root rot fungal
pathogen Bipolaris sorokiniana, and colonization with the beneficial root endophyte Serendipita
vermifera showed remarkably distinct responses of the host. Whereas the root endophyte only
marginally affected the expression of plant genes, 2741 host genes were deregulated by pathogen
infection. The presence of the root endophyte significantly reduced pathogen infection and disease
symptoms increasing host resistance rather than tolerance against the pathogen without markedly
altering plant response at the transcriptional level.The pathogenic fungus utilized secondary
metabolites to antagonize the beneficial fungus whereas the root endophyte employed proteins with
hydrolytic activities to parasitize the other fungus, including a chitinase with a CBM5-12 carbohydrate-
binding domain found specifically in Agaricomycotina and chitinolitic bacteria. The identified
sebacinoid mycoparasitic genes from soil confrontations are not induced in planta during tripartite
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interaction, suggesting that the two fungi are not in direct contact inside the root and niche
differentiation might occur. Systemic and local plant responses indicate that a plant component is
involved in the increased resistance to the pathogen other than priming.

S$17-2 Fungal rhizobiomes of foundation grasses shift across the North American

Great Plains

S. L. Fox', J. Rudgers?, A. Porras-Alfaro?, J. Herrera®, A. Chung?®, D. Kent?, A. Jumpponen'

'Biology, Kansas State University, Manhattan, KS, USA, 2Biology, University of New Mexico,
Albuguerque, NM, USA, 3Biological Sciences, Western lllinois University, Macomb, IL, USA, “Biology,
Mercy College, Dobbs Ferry, NY, USA, *Biology, Utah State University, Logan, UT, USA

Abstract: Roots and their surfaces host diverse microbial communities. These rhizobiomes are currently
attracting vast interest as a resource for designing microbial consortia that could be harnessed to
improve restoration and revegetation success, and to improve yields while minimizing inputs in
agricultural systems. Such efforts seem justified as the rhizobiomes are intimately associated with plant
tissues, have the potential to regulate plant performance, and may be able to modify the host
phenotypes and environmental tolerances. However, before such designed, synthetic consortia can be
exploited, research to characterize the communities and - particularly - their stable or core members is
mandatory. In the course of an ongoing collaboration, we investigated the biogeography of the fungal
rhizobiomes associated with foundation grasses (Andropogon gerardii (big bluestem), Bouteloua
eriopoda (black grama), B. gracilis (blue grama), B.dactyloides (buffalo grass), and Schizachyrium
scoparium (little bluestem) across latitudinal gradients within the North American Great Plains. Our
primary goal was to gain a deeper understanding of the relative importance and ranking of climatic,
edaphic, geographic and host traits on the diversity and composition of the fungal rhizobiome. To do
this, we sampled twelve individuals of each of the five grass species from 24 sites spanning across a N-
S and W-E gradients in south and south central US. Our data indicate a host grass species effect amongst
the grasses, and a distinct latitudinal interaction as driver for the fungal rhizobiome. In terms of the
environmental drivers, pH tended to be the strongest predictor, highlighting the edaphic controls of
rhizobiomes. This study improves our understanding of the compositional drivers of fungal rhizobiomes
associated with these foundation grasses, permitting a better prediction of compositional community
shifts in changing environments.

S$17-3 CANCELLED

S$17-4 Deciphering grassland dark septate endophyte functions: Insights from
Periconia macrospinosa genomics, transcriptomics and proteomics

K. Mandyam', A. Kazarina', A. Nanjundaswamy’, B. Vaisyil?, D. Schmitt?, V. Kapatral?
'Agriculture, Alcorn State University, Lorman, MS, USA, ?lgenbio Inc., Chicago, IL, USA

Abstract: Plants are associated with a suite of microbial symbioses, with roots offering a unique niche
for fungal endophytes. Among root fungal symbionts, dark septate endophytic (DSE) fungi are common,
sometimes abundant but enigmatic with poor clarity on their functional roles. Biogeographical
distinctions likely exist in DSE communities from forests and grasslands, with North American and
European grasslands predominantly represented by Periconia macrospinosa. To understand their
endophytic roles, recently the genome of dark septate P. macrospinosa and Cadophora isolated from
Festuca vaginata from semi-arid European grassland were sequenced. To further comprehend DSE
functional roles, the objectives of this study were to i) compare the North American P. macrospinosa
genome with that of the European P. macrospinosa; ii) gain insights into P. macrospinosa global
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proteome profiles; and iii) gain insights into Periconia transcriptomics under grass symbiosis. Periconia
was isolated from a stand of Freedom Giant Miscanthus cultivated in Lorman, Mississippi and was
confirmed to be a DSE. We hypothesized that despite the geographical distinctions and diverse grass
hosts, P. macrospinosa associated with grasses would have similar functional roles. Periconia genome
was sequenced using lllumina and PacBio platforms. Our Periconia genome was determined to be ~
53.5 MB in size with 45% GC content. At least 12,059 ORFs with 9,086 ORFs with introns were identified
and nearly 35% of the ORFs were assigned functions. As expected, several plant cell wall degrading
enzymes (PCWDEs) like cellulases (12 ORFs), amylases (2 ORFs), pectin esterase (1 ORF), tannase (2
ORFs), laccase (6 ORFs) were identified along with several sugar transport systems such as maltose,
lactate, sucrose, maltose, xylose isomaltose, palatinose, etc. However, ORFs for lignin peroxidase,
manganese peroxidase, glyoxal oxidase were not observed. For global proteomic profiling, label free
quantitative (LFQ) profiling using UPLC-MS/MS was used. For DSE gene expression insights,
transcriptomic studies were performed on symbiotic-Periconia ten days post inoculation with Miscanthus
sinensis. Periconia macrospinosa genomics, expression and proteomes data will be discussed to draw
big picture inferences regarding DSE symbiosis.

S$17-5 Fungal community analysis of adventitious rooting systems in canopy soils of
Acer macrophyllum using the Minlon Nanopore Sequencer

K. K. Mafune', K. Vogt', D. Vogt', B. Godfrey?

1School of Environmental and Forest Sciences, University of Washington, Seattle, WA, USA,
’Department of Biology, University of Washington, Seattle, WA, USA

Abstract: The temperate rainforests of Western Washington are known for their temporally stable old-
growth forests and unique ecosystem processes, including seasonal rainfall regimes. In recent years,
they have been experiencing more seasonal extremes, including wetter winters and drier summers.
Canopy soils, which form on tree branches from mossy epiphytic mats intercepting literfall and
decomposing over time, are prevalent throughout these ecosystems. Some of the old-growth tree
species have adapted to the presence of canopy soils by growing adventitious roots into this organic
soil horizon. The aim of this research is to elucidate the role of fungi associating with adventitious roots
in old-growth Acer macrophylum trees. Preliminary DNA and microscopy/imaging analyses suggest that
these adventitious roots have adapted to form a diversity of fungal root associates that differ from those
found in the forest floor rooting networks. Soil microclimatic and nutrient data suggests that canopy and
forest floor characteristics are significantly different (p<.05), and there are hotspots of available P and N
in the canopy soil environment. Soil microclimate and available nutrients could both be factors
influencing fungal community structure. Preliminary DNA analysis was performed by cloning and Sanger
sequencing, and although highly accurate, only some inferences on the identity of fungi associating with
canopy roots could be made. Due to the cryptic nature of fungi and the paucity of information regarding
fungi in canopy soils, a protocol was created to approach fungal community analysis using Oxford’s
high-throughput Minlon Nanopore Sequencer. The Minlon approach was selected based on the
technology’s potential to provide long-read barcoded libraries (~1,500 bp). DNA was extracted from
adventitious and forest floor root-tips of six A. macrophylum trees from two old-growth forest stands,
using OPS Diagnostics Synergy 2.0 Plant Extraction Kit. Based on the ability to amplify species from
Ascomycota, Basidiomycota, and Glomeromycota, primers ITSTF-KYO and a variant of LR3, with custom
tails respective to Oxford’s 1D barcoding protocol, were selected for PCR. Following PCR, individual
root-tips were assigned a unique barcode, pooled together, and the barcoded library was loaded into
the Minlon for sequencing. The Minlon Sequencer ran overnight, returning ~800,000 fungal sequences.
Currently, we are working on an efficient workflow to filter, process, and analyze the entire library of
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long-read sequences. Subsets of this data form a healthy amount of OTUs from Ascomycota,
Basidiomycota, and Glomeromycota, and return identities that match as high as 95% in the NCBI and
UNITE databases. Results from this fungal community analysis, and the potential capability of the Minlon
Nanopore Sequencer being a sufficient approach to fungal community analysis will be reported.

S$17-6 A functional assessment of root-endophytic fungal diversity in non-

mycorrhizal plants
J. Macia-Vicente, K. Glynou, S. H. Kia
Institute of Ecology, Evolution and Diversity, Goethe University Frankfurt, Frankfurt am Main, GERMANY

Abstract: Root-endophytic fungi are ubiquitous and abundant in terrestrial plants, likely playing roles in
plant health and productivity. They are frequently considered key drivers of ecosystems' function and
promising tools for agriculture, but important knowledge gaps on their ecology limit the understanding
of their place in ecosystems, as well as their exploitation. Fungal endophytes are phylogenetically and
functionally diverse, therefore, unraveling their trophic lifestyles, theirimpacts on plant fitness, and their
taxonomy may help infer their various ecological roles. We sought to gain insight into the evolution and
functional diversity of these fungi through a comparative study of their traits, and by providing
quantitative linkages between sets of traits and endophytes’ community ecology. Using both high-
throughput sequencing and cultivation methods, we assessed the fungal diversity within roots of non-
mycorrhizal plants across Europe to evaluate differences in host-dependency and distribution between
cultivable and non-cultivable endophytes. The samplings enabled the assembly of a collection of ca.
2,500 isolates, representing the majority of dominant endophytic lineages, and their subsequent
characterization using multilocus genotyping; measurements of morphological, physiological, and
chemical traits; and bioassays with different hosts to determine their impacts on plant growth. We found
a consistent dominance of root-endophytic communities by few cultivable fungal taxa, implying that
facultative plant associations are pervasive in the core fungome of non-mycorrhizal roots. Dominant
fungal lineages displayed different ecological preferences and complementary sets of traits, suggesting
niche partitioning as an important driver of the assembly of root-endophytic communities. Experiments
in which roots were co-inoculated with representative isolates supported this hypothesis by showing
little interaction between endophytes. In conclusion, root-endophytic fungi are not functionally
homogeneous, but instead form communities where a partitioned exploitation of niches takes place.
Our findings enable to postulate hypotheses about the potential ecological roles of different endophytic
groups, although they are not specific in attributing particular functions. Further approaches to assess
the implication of fungi in specific symbiotic processes will be discussed.

Symposium Session 18: Oral History for Mycology

M. Blackwell and R. Samson

S$18-1 Interview
L. Boddy
Biomedical Building, Cardiff School of Biosciences, Cardiff, UNITED KINGDOM

S$18-2 Interview

D. Hawksworth
Department of Life Science, The Natural History Museum, London, UNITED KINGDOM
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$18-3 Interview
J. W. Taylor
Department of Plant and Microbial Biology, University of California, Berkeley, USA

Symposium Session 19:

Home Life: The Mycobiomes of Built Environments
J.W. Bennett and J. Gilbert

$19-1 Unveiling the mycobiota of indoor environments

R. A. Samson’, K. A. Seifert?

'Applied and Industrial Mycology, Westerdijk Fungal Biodiversity Institute, Utrecht, NETHERLANDS,
2Biodiversity (Mycology and Microbiology), Ottawa Research and Development Centre, Agriculture and
Agri-Food Canada, Ottawa, CANADA

Abstract: For many decades, fungi in indoor environments received much attention and many
mycological studies considered the implication of these on the health of the built environment. Our
knowledge of these fungi used to be based on traditional techniques by such as culturing on agar media
and in some cases direct microscopy. For many years, the mycobiota was considered to be known. New
culture-independent sampling methods led a broader view of the diversity of the indoor mycobiota. A
study investigating the mycobiota of settled house dust from the built environmentin 12 countries using
pyrosequencing resulted in 190.000 ITS sequences and from the same samples, about 8000 isolates
were obtained by dilution to extinction. This demonstrated that the built environment possesses a much
higher fungal diversity than expected. Many taxa were newly described and would have never been
discovered using traditional methods. Combining these strains with others, isolated during ongoing
studies of the indoor environment in Asia and Europe, and re-examination of type strains of many
moulds previously considered synonyms of broadly defined species, led to monographic treatments of
important genera of important indoor fungi. In this presentation, several examples will be discussed.
The implication and significance of the high biodiversity and the occurrence of many moderately
xerophilic species in dry environments will be discussed.

$19-2 A different suite: The assemblage of distinct microbial communities in
poorly-maintained public housing

. Sylvain

Department of Plant and Microbial Biology, University of California, Berkeley, CA, USA

Abstract: A limited number of studies have used high-throughput sequencing technologies to assess
the impact of water-damage on microbial communities in residential buildings. In this study we used
amplicon sequencing and quantitative-PCR to evaluate fungal communities in a condemned public
housing project in the San Francisco Bay Area. With this data we asked whether broad fungal
compositional differences could be detected in units with visible mold when compared to units with no
visible mold or the outdoors. We found distinct fungal communities in units with visible mold,
characterized by lower diversity and predominance of taxa previously reported with water-damaged
building materials. The distinction between outdoor microbial communities, units with no visible mold,
and units with visible mold, shows that insufficient building maintenance can drastically shift the
assemblage of fungi indoors.
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S$19-3 The mycobiota and healthy buildings - challenges and solutions
U. Thrane
Danish Building Research Institute, Aalborg University Copenhagen, Copenhagen, DENMARK

Abstract: The quality of the indoor environment is very important and affects our daily life and well-
being, whether it is at home, at work, at institutions or any other building that we use. The indoor
environment is very complex and many individual parameters act together to a given quality. One of the
parameters that - for good reasons - have been central for decades is the mycobiota. The fungi, that
thrive in the built environment whether we like it or not. A specific focus has been on the molds that do
not destroy the physical strength of a building, but have a severe effect on human health. The body of
knowledge within this theme is overwhelming, but still it is impossible to synthesize all the data into
error-free operations and solutions. There are too many gaps, and new gaps are discovered on a regular
basis. A main reason is that mycology is in the midst of a booming technological development. The
classical mycological philosophies (values) are being challenged by a massive data-driven wave that has
moved mycology into the information-age. Especially the rapid developing DNA technologies have
changed the mycological systematics from being phenotypic based to mainly phylogenetic based. In
addition, many analyses are more objective than former time's very subjective judgements of phenotypic
traits. The resolution between taxonomic entities has also improved dramatically, which means that the
number of fungal species are increasing. Often old broad species are split into several new narrower
circumscribed species. For the built environment, this means that the number of species detected are
increasing by validated identifications. Good. The drawback is that the phenotypic traits - the
functionality - are missing, meaning no information on the mycobiota and its effect on human health, or
no explanation why it is exactly these species that are present. The way forward to improve this situation
is a holistic approach using available powerful computational capabilities. A multi-disciplinary
characterization of the fungal phenotypes that should also cover their physiological, ecological and
metabolic traits should interact with the modern taxonomic schemes and the DNA sequence databases
used by consensus analyzes to obtain a true picture of the fungal species. This will generate a deeper
understanding of the fungal organism in itself, how the fungal communities develop in the built
environment, and fungal interaction with building users and the effect on human health. The holistic
approach will lead to guidelines for remediation and prevention of unwanted mold growth in the built
environment. Furthermore, the improvement of technical installations in our buildings that monitor and
regulate the physical environment, energy consumption etc. will give us a unique opportunity for a true
big-data based understanding of indoor quality with a focus on molds and healthy homes.

$19-4 Flooring tile eating fungi

S. Masaphy', L. Zabari?, I. Lavi®

'Food Sciences, Tel Hai College, Kiryat Shmona, ISRAEL, 2Applied Mycology, MIGAL, Galilee Research
Institute, Kiryat Shmona, ISRAEL

Abstract: Fungi are known for their degradation abilities, mainly of organic matter. However, there are
increasing evidences of their role in mineral materials deterioration as well including building materials.
We have investigated the possible involvement of fungi in the efflorescence phenomenon of floor tiles
inside building. Fungi were isolated from efflorescence site and their abilities of degradation and use of
the tile materials were studied in axenic culture. The efflorescence was seen as salt migration on top of
a tile with a needle-like re-crystallization on the surface. Three black molds fungi were isolated from the
site. The fungi were shown to have selective growth and stone dissolution of the different tile fractions
(dolomite, calcite or calcite-apatite mineral) in low-nutrition medium. The growth of the fungi in the
presence of the stones fraction, and the dissolution the fraction was accompanied by production and
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release of organic acids into the culture medium. The fungi were able to use the dissolved tiles materials
as nutritient sources. This indicates that fungi may contribute to the natural physio-chemical process of
efflorescence.

$19-5 Synergistic interactions facilitate establishment of opportunistic black yeast
Exophiala dermatitidis in dishwasher biofilm communities

J. Zupan¢i¢', P. K. Raghupathi?, M. Burmolle?, S. J. Sorensen?, N. Gunde-Cimerman'

'Department of Biology, University of Ljubljana, Biotechnical Faculty, Ljubljana, SLOVENIA,
2Department of Biology, University of Copenhagen, Copenhagen, DENMARK

Abstract: Extreme habitats are not only limited to natural environments, but also exist in manmade
systems, for instance, household appliances such as dishwashers. Research on dishwasher microbiome
started in 2011 with the discovery that black yeast, especially opportunistic Exophiala dermatitidis,
colonizes rubber seals of domestic dishwashers. This global phenomenon attracted even more attention
with the isolation of other fungal human opportunistic pathogens from dishwashers, such as Candida
parapsilosis, Exophiala phaeomuriformis, Aureobasidium melanogenum, Fusarium dimerum and
Saprochaete clavata. Due to the emphasis on fungi, the bacterial community of dishwasher remained
initially unexplored. To address this issue, bacterial and fungal diversity in biofilms isolated from rubber
seals of 24 different household dishwashers was investigated using next-generation sequencing.
Microbiome resulted in bacterial genera such as Pseudomonas, Escherichia, and Acinetobacter, known
to include opportunistic pathogens that were represented in most samples. The most frequently
encountered fungal genera belong to Candida, Cryptococcus, and Rhodotorula, also known to include
opportunistic pathogenic representatives. This study also showed how specific abiotic conditions of the
dishwashers impact the abundance of microbial groups and the interkingdom and intrakingdom
interactions in these biofilms. The age, usage frequency, and hardness of incoming tap water of
dishwashers had the most significant impact on bacterial and fungal community compositions. Candida
spp., found with the highest prevalence (100%) in all dishwashers, is probably the first colonizers in new
dishwashers. In mixed bacterial-fungal biofilms, early adhesion, contact, and interactions were vital in
the process of biofilm formation. Mixed complexes of bacteria and fungi provide a preliminary biogenic
structure for the establishment of biofilms. Pairwise correlations in tested microbiomes showed that
certain bacterial and fungal groups co-occur. Evaluation of fungal abundance per 1 cm? of rubber seals
revealed the highest levels for E. dermatitidis, followed by E. phaeomuriformis and C. parapsilosis.
Isolation of cultivable bacterial and fungal strains and further screening tests showed which bacterial
species gain in biomass by incorporating E. dermatitidis in the biofilm and thus contribute to its
promotion and abundance. The significance of our research is in identifying the microbial composition
of biofilms formed in a broadly used household appliance, in describing how diverse abiotic conditions
affect the composition of mixed fungal bacterial microbiota, and which key members were represented
in early colonization.

$19-6 More than just a funky smell
J. W. Bennett
Plant Biology, Rutgers University, New Brunswick, NJ, USA

Abstract: Following the flooding that ensued in New Orleans after Hurricane Katrina, my home became
a lush habitat for mold. They grew on almost every surface and they generated an overpowering smell.
Subsequently, my laboratory has pioneered the use of genetic model organisms to study the
physiological effects of VOCs produced by filamentous fungi isolated from indoor environments,
especially those affected by flooding. The toxigenic potential of these fungal VOCs has been explored
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in Drosophila melanogaster, Arabidopsis thaliana and Saccharomyces cerevisiae with a focus on 1-octen-
3-ol, the most common odorant produced by molds and mushrooms and a major component of the
musty odor found in water-damaged indoor spaces. At certain concentrations, 1-octen-3-ol is neurotoxic
in Drosophila melanogaster and inhibits seed germination in Arabidopsis. Using a lethal concentration
of vapors of 1-octen-3-ol, we screened a yeast knock out library. Over 90 resistant strains were isolated
and classified using the Saccharomyces Genome Database. The most statistically significant biological
processes were endosomal transport (24.2%), protein targeting (20.9%) and proteolysis involved in
cellular protein catabolic process (17.6%). This ubiquitous fungal metabolite is more than “just a funky
smell.” It mediates many cellular processes and is important in intraspecific and intraspecific
communication.

Symposium Session 20:

Gondwana Reunited! Fungal Biogeography in the Southern Hemisphere
M.E. Smith and C. Truong

S$20-1 Australasian truffle-like fungi: patterns of richness, evolution and
diversification

T. Lebel', M. Castellano?, J. Cooper®, K. Hosaka*, R. E. Halling®, D. Orlovich®, D.E.A. Catcheside’
'Science Division, Royal Botanic Gardens Victoria, Melbourne, Victoria, AUSTRALIA, 2Forest Service, US
Department of Agriculture, Corvallis, OR, USA, Biodiversity & Systematics, Landcare Research Co.,
Lincoln, NEW ZEALAND, “Department Botany, National Museum of Nature and Science, Ibaraki, JAPAN,
>Institute of Systematic Botany, New York Botanical Garden, Bronx, NY, USA, ¢Department Botany,
University of Otago, Dunedin, NEW ZEALAND, “College of Science and Engineering, Flinders University,
Adelaide, AUSTRALIA

Abstract: Truffle-like fruit body forms have evolved independently at least 59 times from aboveground
ancestors in most major fungal lineages. They can be found in a broad range of habitats, are important
food sources for native mammals, and functionally significant as mycorrhizae or saprotrophs. Australasia
is a global diversity hotspot, with over 400 described, and a further 500-800 estimated species in 55
genera. Extreme variation in truffle-like fruit body forms make it difficult to determine ancestors or sister
taxa without supporting molecular data, and large gaps in phylogenetic and distribution data make
estimating patterns of evolution and diversification problematic. Phylogenetic analyses were conducted
for exemplars of all known Australasian truffle-like genera, utilising existing and novel sequence data, to
provide an updated classification of global application, and fill gaps in phylogenetic data. Fifty ‘known
novel’ taxa were also included: seven endemic Australasian genera in the Hysterangiales and Boletales,
the first recorded truffle-like species in Lactifluus, and 10-12 species of Lactarius. This data formed the
basis for several different lines of enquiry. Cryptic diversity -- Three widespread species from
different lineages were examined in an attempt to look at biogeographic patterns. However, all three
taxa turned out to be species complexes, in every case going from one to more than seven species.
Some of which have highly restricted known distributions, and plant host associations. Diversification

of evolution -- The Hysterangiales, Russulales, and Bolbiteaceae are diverse lineages in Australasia,
with particularly high levels of truffle-like genera and species richness. We refined molecular clock
analyses of the timing of emergence of truffle-like forms and rates of diversification. The Hysterangiales
is still one of the oldest lineages with truffle-like forms appearing early on, while Russulales is
intermediate in timing of emergence of truffle-like forms. Significant gaps still exist for Australasian
mushroom-like sister taxa in the Russulales lineage. Acquisition of truffle-like habit -- We are
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sequencing the genomes of 14 sister pairs of truffle + mushrooms, and comparing expression of genes
both between species pairs and within species pairs to identify those associated with morphological
development and the origins of animal attracting odours. Three of the truffle taxa are ‘secotioid’ or more
mushroom-like in habit. Incomplete phylogenies and luck of the draw with fruiting and seasonality,
means the closest possible species pairs have been sampled.

S20-2 Biogeographical patterns of southern sequestrate Agaricomycetidae

F. Kuhar!, M. E. Smith?, C. Truong?, A. B. Mujic?, R. Healy?, T. Niskanen*, G. M. Martin®, G. Furci®, P.
Sandoval’, P. B. Matheny?, D. Pfister’, E. Nouhra'!

'Ciefap, CONICET, Esquel, ARGENTINA, 2Plant Pathology, University of Florida, Gainesville, FL, USA,
3Instituto De Biologia, Universidad Nacional Auténoma de México (UNAM), Mexico City, MEXICO,
4|dentification And Naming, Kew Royal Botanic Gardens, Richmond, Surrey, UNITED KINGDOM,
>Ciemep, CONICET UNPSJB, Esquel, ARGENTINA, La Reina, Fundacién Fungi, Santiago, CHILE, "Sgo
Herbarium, Museo Nacional de Historia Natural, Santiago, CHILE, 8Ecology And Evolutionary Biology,
University of Tennessee, Knoxville, TN, ?Organismic and Evolutionary Biology, Harvard University,
Cambridge, MA, USA, "Laboratorio de Micologia, Instituto Multidisciplinario de Biologia Vegetal,
Universidad Nacional de Cérdoba, Ciudad de Cordoba, ARGENTINA

Abstract: Truffle-like fungi form a heterogeneous group of diverse origin and they are common in
temperate ectomycorrhizal (ECM) forests worldwide. The Nothofagaceae forests are restricted to the
southern hemisphere and host a high diversity of fungi that are symbiotically associated with a relatively
low number of related tree species. This unusual richness includes genera where the transition to
hypogeous or subhypogeous forms is known to have occurred many times in their evolutionary history.
Different degrees of hymenium exposure, stipe reduction, and loss of forcible spore discharge occur in
many lineages of sequestrate ECM fungi in southern temperate forests. Among the hypothetical driving
forces of this process are the adaptation to mycophagy, the closeness of the inoculum reservoir to the
roots, and an increased resistance to drought or other climatic stressors. Since these factors are the
result of biogeographical processes (climate changes, distribution of ECM hosts, and mycophagous
animals), different selective pressures might explain differences in the sequestration process. Lineage
specific traits in fungi of restricted distribution are an alternative explanation to biogeographical
selective pressures leading to sequestration. Here we use newly generated sequences from Patagonian
specimens within the Agaricomycetidae to examine the phylogenetic component of sequestration and
compare it to biogeographic, climatic, and geologic influences. We discuss the influence of alternative
hosts (e.g. Myrtaceae spp.) as well as hypotheses regarding putative historical host shifts and their
implications on the evolution of sequestrate fungi.

S$20-3 Comparing ectomycorrhizal fungal communities from Neotropical and

Paleotropical monodominant forests: vicariance, dispersal, or both?

R. Koch', B. Dentinger?, T. W. Henkel®, M.C. Aime'

'Botany and Plant Pathology, Purdue University, West Lafayette, IN, USA, 2Collections, Natural History
Museum of Utah, University of Utah, Salt Lake City, UT, USA, ®Department of Biological Sciences,
Humboldt State University, Arcata, CA,USA

Abstract: Compared to temperate and boreal ecosystems, little is known about ectomycorrhizal (EM)
fungal diversity and evolution in tropical rainforests. For instance, it remains unknown whether tropical
EM fungi have a common ancient origin, or have codispersed with their EM host plants and subsequently
evolved. Tropical EM fungal communities with a common, ancient origin should exhibit similar
structures, in terms of generic and species richness, in regions now separated by Gondwanan break up.
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Conversely, if tropical EM fungi have codispersed with their host plants, then the generic and species
richnesses may vary between now-separated Gondwanan EM communities. To address these questions,
we intensively examined two northern Gondwana EM fungal communities now separated for ~100
million years. Monodominant forests of Dicymbe corymbosa in the South American Guiana Shield and
Gilbertiodendron dewevrei in Central Africa were the targets of our sampling efforts. These closely
related EM host plant species of the Fabaceae subfam. Detarioideae form ecologically similar forest
types in both regions. Multi-year matched sporocarp and root tip sampling was conducted in three plots
in both forest types. Sporocarps and root tips were sequenced at the fungal barcode and clustered at a
97% sequence identity threshold. Preliminary results suggest that while EM fungal generic richness and
composition is similar at both sites, the species diversity is much higher in the Gilbertiodendron forests.
Such results lend early support to an Africa to South America plant/fungal codispersal hypothesis.
Phylogeographic analyses and divergence dating of target EM fungal clades will also be discussed.

S$20-4 Southern Gondwanan fungi associated with Nothofagaceae in Patagonia

C. Truong', A. B. Mujic?, R. Healy?, N. Kraisitudomsook?, F. Kuhar®, A. W. Wilson*, M. Sanchez-Garcia®,
G. Furci®, P. A. Sandoval-Leiva’, D. Pfister?, E. Nouhra’, P. B. Matheny'?, M. E. Smith?

'Instituto de Biologia, Universidad Nacional Auténoma de México (UNAM), Mexico City, MEXICO, ?Plant
Pathology, University of Florida, Gainesville, FL, USA, 3UNPSJB, Centro de Investigacion y Extension
Forestal Andino Patagdnico (CONICET), Esquel, ARGENTINA, “Sam Mitchel Herbarium of Fungi, Denver
Botanic Gardens, Denver, CO, USA, °Biology Department, Clark University, Worcester, MA, USA, La
Reina, Fundacion Fungi, Santiago, CHILE, Museo Nacional de Historia Natural de Chile, Santiago,
CHILE, 80Organismic and Evolutionary Biology, Harvard University, Cambridge, MA, USA, °Laboratorio
de Micologia, Instituto Multidisciplinario de Biologia Vegetal, Universidad Nacional de Cérdoba, Ciudad
de Cordoba, ARGENTINA, "Ecology and Evolutionary Biology, University of Tennessee, Knoxville, TN,
USA

Abstract: Current understanding of fungal biodiversity is particularly limited in South America, yet
global studies have identified many unique fungal lineages that are presentin the Southern Hemisphere
but absent from other regions. The ectomycorrhizal tree family Nothofagaceae is one striking example
of vicariance associated with the final breakup of Southern Gondwana (part of the supercontinent that
included South America, Antarctica and Australia) and the onset of Antarctic glaciation at the
Eocene/Oligocene boundary (ca. 32 mya). However, conflicting evidence suggests that long-distance
dispersal or migration has continued long after the fragmentation of Southern Gondwana. As expected
from previous studies, we detected strong biogeographic connections between South America and
Australasia within many ectomycorrhizal fungal lineages collected in our biodiversity assessment of the
Patagonian region (Chile and Argentina). We traced the most recent common ancestors of several
southern temperate lineages of Basidiomycota and Ascomycota using dated phylogenies built from
nuclear ribosomal loci ITS and LSU as well as RPB2 and EF1-alpha markers. We tested alternative
hypotheses of vicariance or long distance-dispersal while taking into account the spore dispersal
abilities, responses to disturbance, and whether taxa are early or late successional in Nothofagaceae
forests. We also tested whether taxa with sequestrate fruiting bodies are more likely to have a restricted
distribution and show evidence of a Southern Gondwanan origin. Our global approach using
basidiomycete and ascomycete fungi with various life-history strategies will highlight common patterns
for ectomycorrhizal fungi in the Patagonian region.
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S$20-5 Out of Africa: the evolutionary history of the milkcap genus Lactifluus

(Russulaceae) explored

E. De Crop', J. Nuytinck?, A. Verbeken'

'Research Group Mycology, Department of Biology, Ghent University, Ghent, BELGIUM, 2Naturalis
Biodiversity Center, National Herbarium of the Netherlands, Leiden, NETHERLANDS

Abstract: Compared with other groups of macro-organisms, the evolutionary histories of most groups
of fungi are still largely unknown. Fungal molecular phylogenies, which serve as the base of evolutionary
history reconstructions, are often incomplete. Fungal fossils are scarce, which makes it hard to make
accurate estimates of divergence times. Furthermore, observed distribution patterns are often difficult
to explain. Many ectomycorrhizal fungi display disjunct distribution patterns that might be explained by
vicariance or long-distance dispersal events. The ectomycorrhizal milkcap genus Lactifluus
(Russulaceae) is mainly represented in the tropics and is characterized by a high genetic variability
combined with a conserved morphology, which is supported by the occurrence of cryptic species
complexes and species with isolated phylogenetic positions. The genus displays disjunct distributions
and is characterised by many evolutionary divergent lineages in sub-Saharan Africa. In this study, we aim
to construct a global phylogeny of the genus Lactifluus, reconstruct its evolutionary history and test
whetherit has originated in the Afrotropics. We carried out an extensive global sampling and assembled
a dataset of 1306 Lactifluus collections. A four-gene molecular phylogeny was constructed and
compared with morphological data. Species delimitation was performed using the GMYC method in R.
Divergence times were estimated in BEAST, using a secondary calibration procedure on a dataset
containing species from several Basidiomycota orders. Biogeographical ranges were inferred using
BioGeoBEARS in R. Our molecular phylogeny confirms the monophyly of Lactifluus and supports the
division of the genus into four subgenera. Due to an extensive sampling, ten new clades are discovered,
which highlight the high diversity in this genus. The traditional infrageneric classification is only partly
maintained and nomenclatural changes are proposed. Morphological synapomorphies were verified for
five characteristics and appear important at different evolutionary levels. Species delimitation resulted
in 369-461 possible Lactifluus species, of which the majority are Asian and African species. Only 162 of
these species are already described. Our dating analysis estimated the origin of the Russulaceae in the
early Cretaceous and its major genera, Lactifluus, Lactarius and Russula, originated near the mid-
Cenozoic. Biogeographical analyses indicated an Afrotropical origin for Lactifluus to be most likely, with
multiple on-land migrations and long-distance dispersal events to other continents.

S$20-6 Insight into the origin of fungi in Antarctica: Case studies in endemic and
bipolar lichenized species
|. Garrido-Benavent', S. Pérez-Ortega?, A. De Los Rios'

'Biogeochemistry and Microbial Ecology, National Museum of Natural Sciences-CSIC, Madrid, SPAIN,
2Mycology, Royal Botanical Garden-CSIC, Madrid, SPAIN

Abstract: Conditions for terrestrial life in Antarctica are frequently described as being amongst the most
extreme and challenging on Earth. Coping with these conditions, fungi have been shown to be one of
the most diverse elements of the Antarctic biota, with approx. 1350 species listed so far. Among fungi,
species associating symbiotically with an autotrophic partner (i.e. lichens) show a high diversity, with
about 550 species (ca. 2.8% of all known species worldwide). They constitute the most conspicuous
component of terrestrial macrobiota even in areas considered analogs for Mars because of their cold
and dry climate and topography, such as the McMurdo Dry Valleys (Victoria Land, Continental
Antarctica). From a biogeographic perspective, more than a third of the current Antarctic lichen diversity
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is shared with the Arctic and Sub-Arctic regions (bipolar distribution). Long-distance dispersion has been
commonly invoked to explain this strikingly disjunct distribution pattern, but it is still unknown whether
those species originated in or arrived to Antarctica. Similarly, there is also a considerable percentage of
endemic Antarctic lichens (ca. 33%) whose origin some authors claimed to be ancient, pre-dating the
last glaciations, which implies that these species may have taken refuge in ice-free areas. We selected
several phylogenetically-unrelated species of both endemic and bipolar lichen-forming fungi to
determine which historical processes may be responsible for the contemporary geographical
distribution of alleles. Molecular data from several markers were obtained and analyses included the
inference of genetic clusters based on mixture and admixture models, exploration of genealogical
relationships between haplotypes, estimation of divergence times and evaluation of migration models
under a Bayesian framework. Herein, through these phylogeography analyses, we provide evidence for
the colonization of Antarctica in the Pleistocene by some bipolar species, and point to endemics as long-
term inhabitants of this continent.

Symposium Session 21:
Resolving Uncharacterized Symbiotic Relationships: The Delicate Balance from
Mutualist to Parasite

S$21-1 Plant symbiotic status of species in Archaeorhizomycetes
A. Rosling
Ecology and Genetics, Uppsala University, Uppsala, SWEDEN

Abstract: In 2011, the class Archaeorhizomycetes was described from one cultured species and
environmental sequences representing over hundred OTUs as proxies for species. Since then one more
species has been cultured and described but estimates based on publicly available sequences at the
time suggest that the class encompass close to 500 species. Both described representatives of the class
have been isolated from surface sterilized root tips of coniferous forest trees. Both grow on various
carbon sources and based on pine root colonization experiments they appear to be non-pathogenic.
No mycorrhizal structures have yet been observed in colonized roots. Enhanced root growth and
branching has been observed in Arabidopsis thaliana when grown with either of the two species.
Together these results suggest that both Archaeorhizomyces finlayi and Archaeorhizomyces borealis are
facultative root endophytes. But what does this tell us about the un-cultured species in the class? Analysis
of below ground compartment specialisation in A. thaliana grown in natural soils demonstrated that
three Archaeorhizomycetes OTUs were significantly enriched in the rhizosphere compartment rather
than in endosphere and bulk soil belonged to. Using UNITE species hypothesis we can learn more about
the distribution and habitats of these species, while continuing to develop A. thaliana as a model to
identify plant host association of un-cultured Archaeorhizomycetes. There are several challenges in
resolving ecological roles of uncultured fungal species. Firstly, the delamination of environmental
species itself is crucial but not uncontroversial. Secondly defining and testing ecological roles of non-
cultured fungi is challenging. In this presentation | will discuss some approaches taken in my group to
disentangle the ecological role of species in Archaeorhizomycetes, including preliminary comparative
genome analysis. Using long amplicon PacBio sequences from soil samples representing three distinct
soil layers at a well-studied field site in Sweden we delimitated thirteen distinct groups of sequences and
propose that these represent phylogenetically distinct species. One of these being A. finlayi. By
comparing the ITS region of the long reads with short read sequences from metabarcoding studies at
the site we concluded that species sampling was exhaustive. Based on the distinct chemical
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characteristics of different soil horizons we propose that these represent different habitats for soil fungi.
We analysed distribution of the thirteen species across three soil horizons as a proxy for species specific
niche preference. This analysis supported that the phylogenetic species represented ecologically
distinct species. Because rare species have few observations only eleven of the species were firmly
supported. In accordance with earlier observations A. finlayi was associated with the mineral B horizon
and we conclude that closely related species had rather similar distribution. Our approach demonstrates
that it is possible to delaminate fungal species using environmental data alone but the absence of type
material may limit the relevance of formally naming species based on such data. However,
communication and scientific progress in the field of environmental mycology is severely hampered by
the lack of names. | think environmental species need names but these should be distinguishable from
those associated with biological type material.

S$21-2 Host specificity of fungal endophytes uncovers their biodiversity and ecology
R. Oona', A. Apigo’, J. Sarver', R. Salas-Lizana?
'Ecology, Evolution, and Marine Biology, University of California Santa Barbara, Santa Barbara, CA,

USA, 2Departmento de Biologia Comparada, Universidad Nacional Autonoma de Mexico, Mexico City,
MEXICO

Abstract: Current estimation of fungal biodiversity of 1.5 million species is considered a vast
underestimate by many scientists because we have a limited understanding of the diversity of fungi living
inside plants. Foliar fungal endophytes (FFE) ubiquitously and asymptomatically inhabit the
photosynthetic tissues of all plant phyla, but their biodiversity is only beginning to be fully uncovered
with recent advances in high-throughput sequencing. Their ecological roles remain elusive without
detailed studies of their natural history. Here we intensively sampled diverse plant communities across
a latitudinal gradientin North America while focusing specifically on evergreen pine hosts and their host-
specific endophytes. We utilize a collection of cultures in conjunction with high-throughput sequencing
to examine previously unexplored patterns of host specificity that help estimate regional diversity and
assign potential ecological roles to host-specific endophytic species. We test hypotheses that consider
climate and plant-host specialization as causative mechanisms of FFE species diversification with
multivariate community and phylogeographic analyses that control for spatial, temporal, and
environmental effects previously known to bias species diversity patterns. We show that fungal diversity
measured per plant can give qualitatively different biodiversity patterns than when diversity is measured
per plant community. Furthermore, we demonstrate how a robust measure of host specificity requires
both standardized and intense sampling per plant community. The implications of high host-specificity
in the temperate forests and low host-specificity in the tropics on the estimation of alpha, beta and
gamma diversity of fungal endophytes will be discussed. Ongoing work will highlight the
complementarity of intensively sampling the whole plant community with deep sequencing of single
host species to understand the biotic and abiotic influences of fungal endophyte diversification and their
ecologies.

S$21-3 Evaluating the capabilities of commensal Sporidiobolales yeasts as a
bioprotective agent against the establishment of harmful microbes on Romaine
lettuce

H. Urbina and M.C. Aime
Botany and Plant Pathology, Purdue University, West Lafayette, IN, USA

Abstract: The agricultural relevance of commensal yeasts inhabiting the phylloplane of leafy green
vegetables is still poorly understood. Our current research describing the culturable and total fungal
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communities associated with Romaine lettuce reported that basidiomycetous yeasts in Sporidiobolales
and Tremellales are the most common fungal groups found in this broadly consumed vegetable. We
also discovered that a single undescribed species, the sister of Sporobolomyces roseus (S. cfr. roseus),
was constantly present in the majority of lettuce plants examined. Here, we present preliminary results
of greenhouse experiments designed to evaluate the capabilities of S. cfr. roseus as a bioprotective
agent against the establishment of fungal pathogens on Romaine lettuce. All of the experiments were
conducted in a BL-2 biosecurity green house, where lettuce seedlings were grown in 12 h photoperiod.
First, we demonstrated that S. cfr. roseus is not an inhabitant of lettuce grown under greenhouse
conditions. Second, we demonstrated successful colonization of the lettuce phylloplane by S. cfr. roseus
and it did not induce any antagonistic immune response in the host. Third, in co-inoculation
experiments, we found that the well-known plant pathogen Botrytis cinerea significantly did not induce
necrosis on lettuce leaves when seedlings were previously inoculated with S. cfr. roseus. In sum, our
results suggested that S. cfr. roseus could be used as a protective agent against the establishment of
fungal pathogens on lettuce. The inoculation of commensal red yeasts to leafy green vegetables may
also increase the nutritional value of pro-vitamin A, a compound obtained from the digestion of the
carotenoid pigments present in vacuoles in the Sporidiobolales yeasts.

S$21-4 Factors correlated with invasive success in Moniliophthora roreri
J. R. Diaz-Valderrama and M. C. Aime
Botany and Plant Pathology, Purdue University, West Lafayette, IN, USA

Abstract: Moniliophthora roreri is the causal agent of frosty pod rot of cacao (FPR). FPR is a disease that,
since the 1950's, has progressively and severely invaded cacao growing areas from almost all of Latin
America but has not yet reached the major world cacao producing regions of Brazil, West Africa and
Southeast Asia. This situation makes M. roreri one of the most threatening plant pathogens in the world.
The fungus belongs to the Marasmiaceae (Agaricales, Basidiomycota) and no evidence of sexual
reproduction has ever been found for this fungus. We have conducted a population genetic study in
South America and found that the countries harboring the highest allelic diversity are Colombia and
Ecuador, where the first reports of FPR took place. Despite this diversity, thus far we have found that only
two clonal lineages appear to be responsible for the majority of invasive FPR. A single clonal lineage is
responsible for FPR in Peru and Bolivia, while invasion of this disease throughout Central America,
Mexico and Jamaica, was accomplished by another clonal lineage. The factors that contributed to the
overall success of these two clones remain unknown, although we have previously determined that they
carry separate mating types. In this study, we generated genomic, transcriptomic and comparative
culture data to examine the characteristics correlated with the invasive success in this fungus. These and
other factors that may explain the overall success of these two clonal lineages will be discussed.

S$21-5 The surprising ecological versatility of Mycena s.s.

C. B. Harder', E. Thoen', S. S. Botnen', I. Skrede', A. Kohler?, E. Morin?, S. Miyauchi?, I. Grigoriev?, K.
Barry?, A. Kuo?, K. Labutti®, A. Lipzen®, T. Niskanen?, T. Von Bonsdorff’, B. Dima*, H. Weitz®, E. Hesling’,
S. Jarvis®, E. A. Hobbie?, A. F. S. Taylor’, F. Martin?, H. Kauserud'

"Department of Biosciences, University of Oslo, Oslo, NORWAY, ?Interactions Arbres/Microorganismes,
INRA, Champenoux, FRANCE, 3Joint Genome Institute, U.S. Department of Energy, Walnut Creek, CA,
USA, “Department of Biosciences (Plant Biology), University of Helsinki, Helsinki, FINLAND, °Botany,
Finnish Museum of Natural History, University of Helsinki, Helsinki, FINLAND, ¢School of Biological
Sciences, Cruickshank Building, University of Aberdeen, Aberdeen, UNITED KINGDOM, ’The James
Hutton Institute, University of Aberdeen, Aberdeen, UNITED KINGDOM, 8Centre for Ecology and
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Hydrology, Lancaster University, Lancaster, UNITED KINGDOM, Earth System Research Center,
University of New Hampshire, Durham, NH, USA

Abstract: Mycena sensu stricto is one of the largest genera in Agaricales, comprising over 500 species,
many of which are widespread and commonly found in all types of habitats across all climate zones. They
are quantitatively important litter and wood debris decomposers. Traditionally, they have been
uniformly described as saprotrophs, and the genus contains several very broad generalist species such
as Mycena epipterygia and M. pura growing nearly everywhere, needle litter specialists (M. rosella) and
hardwood specialists (M.haematopus). In addition there are extreme specialists like M. belliae that only
grows on dead Phragmites stalks. However, recent research has suggested that Mycena members may
have a biotrophic or symbiotic relationship with ericoid plants. Here, we combine several lines of
evidence, including datamining of high-throughput amplicon ITS sequences from plant roots, stable
isotope signatures of fungal communities and whole genome sequencing - to construct a new and
detailed picture of the evolution and nutrition of Mycena. A large datamining study of ITS1 and ITS2
amplicons from roots from Betula, Salix, Pinus, Cassiope, Bistorta, Dryas and Arctostaphylos from
temperate and Arctic latitudes showed that Mycenas can be found in often significant quantities inside
living plant roots, from 2-4% of the total sequence count in temperate Pinus silvestris up to 20-50% in
Arctic Cassiope tetragona, with apparently higher frequencies towards higher latitudes. We then
surveyed the stable isotope ratios ('3C/2C and ">N/™N) of fruit bodies of Mycena taxa compared to
available host plants and other present known saprotrophic and mycorrhizal taxa at five selected
locations (three from temperate Scandinavia and two from subarctic/arctic Norway). We find no Mycena
species that convincingly displayed the combination of relative *C depletion and >N enrichment which
could suggest with a mycorrhizal lifestyle, but some that do have a relative *C depletion, consistent with
obtaining carbon from a living source. This suggests that some Mycena do have an opportunistically
biotrophic, but not mutualistic, lifestyle, which is also in line with recent (unpublished) co-cultivation
studies of Mycena and Betula pendula. Finally, we are currently assembling full genomes from 23
Mycena species, 16 of which are complete. Their genome sizes are surprisingly variable, ranging from a
moderate size of ~40 Mbp in highly specialised M. belliae to over 120 Mbp in generalist M. epipterygia
and up to a very large 4-500 Mbp for several Arctic Mycena species. Several genomes show evidence of
transposable element overload, which is mainly known from biotrophic mushrooms and associated
genetic bottlenecks. Taken together, our results show Mycena s.s. to be ecologically diverse with a much
higher adaptive versatility than traditionally believed.

S$21-6 Differences in nutrient utilization ability of orchid mycorrhizal fungi from

widely and narrowly distributed sebacinoid orchid species in Australia

F.T. Oktalira and C. Linde?

'Ecology and Evolution, Research School of Biology, The Australian National University, Acton,
AUSTRALIA, 2Ecology and Evolution, Research School of Biology, The Australian National University,
Canberra, AUSTRALIA

Abstract: The interaction between orchid and mycorrhizal fungi is undeniably crucial in orchid
establishment and recruitment. The ability of orchid mycorrhizal fungi to access soil nutrient sources for
their growth is also worth noting. This is not only critical for their own survival in soil, but also contribute
to orchid survival and growth and subsequently contribute in determining orchid distribution ranges
and population size. One of the fungal genera that many Australian orchids are associated with is
Serendipita. Serendipita lineages are widespread across Australia and associate with many genera, both
widespread and restricted orchid species. We hypothesise that mycorrhizal fungi from widely and
narrowly distributed orchid species will differ in their ability to utilize nutrient sources. Furthermore, we
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expect fungi from eastern and Western Australia to differ in their nutrient utilizing abilities because of
edaphic differences. To effectively test this hypothesis, we tried to determine the diversity of mycorrhizal
partners across the orchid’s distribution range (multiple geographical ranges). Therefore, our study
approaches multiple geographical ranges that represent orchid biodiversity hotspots in Australia by
using Serendipita fungi as a model. Mycorrhizal fungi representing Australian sebacinoid orchid genera
were isolated from widely distributed species: Caladenia flava, Caladenia tentaculata, Eriochillus
cucullatus, Glossodia major, Elyteranthera brunonis, Cyrtostylis reniformis and Microtis unifolia, and
narrowly distributed species: Caladenia atrovespa and Caladenia procera. The accessibility of specific
nutrients encompassing carbon sources (monosaccharide, disaccharide, polysaccharide), nitrogen
sources (inorganic and organic) and organic phosphorus sources was assessed by comparing dry
biomass of orchid mycorrhizal fungi in vitro. The knowledge obtained from this study will improve our
understanding of the ecological implications of the differences in nutrient utilisation by orchid
mycorrhizal fungi. Furthermore, nutrient utilization patterns of mycorrhizal fungi might shed light on the
orchid distribution patterns.

Symposium Session 22:

Bringing Awareness of Fungi - for Teachers and the General Public
M.-A. Neves and M. Menolli

$22-1 Re-discovering the forgotten kingdom: An undergraduate course in fungal

biology
E. A.B. Aitken and E. Czislowski

School of Agriculture and Food Sciences, The University of Queensland, St. Lucia, Queensland,
AUSTRALIA

Abstract: In 2017, we re-introduced Fungal Biology as a dedicated 3™ level undergraduate course in
the BSc program at The University of Queensland (UQ) in Australia. Although courses covering fungi as
plant pathogens are continually taught at UQ, given the relevance of such to the state’s agricultural
industries, it has been two decades since a mycology course was in the BSc program. Small enrolments
and economic rationalism sealed the fate of the previous course. The Intention Fungal Biology was
squeezed back into the crowded course offerings in the BSc program by running it in the “summer
semester.” The summer (“third”) semester is an optional intensive teaching period run over December
and January, generally, when academics in Australia would prefer to be dedicating time to research,
writing grants or going on vacation. However, there is increasing demand from undergraduates to take
on courses during this period to: 1) fast track their degrees; 2) reduce the intensity over the two standard
teaching semesters; or 3) catch up for deficiencies in their previous semesters. Having decided on the
summer semester the next step was to attract students. For this purpose, the theory was taught online,
reducing the need for attendance for the entire summer break. A practical component was still
considered essential and this was run in two intensive blocks: two days in mid-December and two days
in mid-January. The course had no pre-requisites with the aim of enticing students from all disciplines.
What Actually Happened -- For the online theory material, voiceovers were recorded onto each
PowerPoint slide, and the subsequent presentations were converted into mp4 files and made available
in weekly sets of five instalments. The use of a laptop with an interactive screen enhanced the ability to
animate the PowerPoint slides. Thirty topics were made, each with a resultant playing time between 20
to 40 minutes. A teaching grant allowed for employment of a student to conduct interviews with experts
in a range of fields including taxonomy, industrial fermentation and herpetology. The resultant video
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vignettes were interspersed within the PowerPoint presentations. Weekly online quizzes kept the
students on track with their studies. Running the practical component over the wetter period of the year,
allowed for an abundant supply of fungal fruiting bodies for development of identification skills. We
were also very fortunate in luring the taxonomists from the State Herbarium who freely gave their time
during these classes. Who Actually Enrolled -- Although some non-scientists started the course, after the
first tutorial those without a grasp of biology withdrew; the key factor was asking the question if they had
heard of meiosis. Otherwise, we did attract a diverse range of scientist from budding medical students,
ecologists to chemists. Future Years -- A mass online delivery mode has been considered but that would
require a higher degree of audio visual presentation. In the meanwhile, 30 young people know a lot
more about fungi than they did previously.

$22-2 Fungi and parataxonomy in the Neotropics: Bringing the 3.8 million figure to

within reach
D.S.Newman', P. Kaishian', G. L. Robledo?
'Environmental and Forest Biology, SUNY College of Environmental Science and Forestry, Syracuse, NY,

USA, 2Laboratorio de Micologia, Universidad Nacional de Cérdoba, Instituto Multidisciplinario de
Biologia Vegetal-CONICET, Cérdoba, ARGENTINA

Abstract: Of the conservatively estimated 3.8 million species of fungi, only some 120,000 have been
described to science. The vast majority of the remaining species are widely considered to reside in the
tropics. At the current rate of species description in the kingdom, it will take mycologists approximately
4000 years to describe them all. One way to increase the rate at which fungi are described is
parataxonomy. First conceived in the 1980s by biologist Daniel Janzen, parataxonomy is a system of
labor division for use in biodiversity research, in which the "rough sorting" tasks of specimen collection,
documentation, preservation and field identification are conducted by primarily local, less specialized
individuals, thereby alleviating the workload for the "alpha" or "master" taxonomist. On a continent as
politically volatile, environmentally threatened and colonially scarred as Latin America, the
parataxonomist has the added benefit of being able to navigate complex cultural and socioeconomic
realities in a way which so-called "westerners" with academic biology backgrounds may not be
equipped to address. This presentation looks at a contemporary interpretation of the parataxonomic
model in Neotropical mycology with a focus on the Andean-Amazonian region, with examples of the
bidirectional flow of data along the "taxonomic food chain", along with a summary of the past, present
and future of mycological education in Bolivia; one of the most biodiverse and least mycologically
understood countries on earth.

$22-3 Fun activities for teaching fungi
M.-A. Neves', N. Menolli Jr.2
'Botanica, Universidade Federal de Santa Catarina, Florianopolis, BRAZIL, 2Campus So Paulo,

Departamento de Ciéncias da Natureza e Matemética (DCM) / Biologia, Instituto Federal de Educacéo,
Ciéncia e Tecnologia de S&o Paulo (IFSP), Sdo Paulo, BRAZIL

Abstract: Fungal biology is a topic often neglected in high school and undergraduate courses in Brazil,
mainly because the time in the official curriculum dedicated to work on fungi is very short, but also
because most activities proposed are based on traditional lectures and laboratory format often using
examples from other parts of the world. We will present examples of alternative resources to teaching
mycology that we are using in undergraduate and graduate courses in Santa Catarina and in Sdo Paulo
to increase the interest in fungi. Mycology is taught at the beginning of the second year of the Biological
Sciences undergraduate course at Universidade Federal de Santa Catarina (UFSC) in Florianépolis,
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South Brazil. The semester is divided into two modules (phycology and mycology) and there are eight
weeks to each module. To broaden the understanding of the undergraduate students on different topics
on mycology, online tools are one source of information that is wide and diverse. For instance, the Index
Fungorum and Tree of Life websites are used to work on morphological diversity and to build a tree
based on a list of taxa provided. They are also asked to 1) choose a topic related to any aspect of fungi
to present a seminar; and 2) develop a post to be published on the social media. One approach includes
websites or blogs that have been built by mycologists (such as Tom Volk’s Fungus of the Month and the
Cornell Mushroom Blog) that are used as an inspiration for the students to build their own activities,
trying to bring to their own reality. The possibility to search for a free fungal topic among a large variety
of interesting fun facts results in students reading more than what is expected within the time frame they
have. In Sdo Paulo, Southeast Brazil, as part of the Biological Sciences undergraduate course and the
Masters course in Science and Mathematics Teaching at Instituto Federal de Sdo Paulo (IFSP), the
students have created supporting materials for high school teachers. The topics in mycology are usually
selected based on the students’ interest from previous questions during the classes or on previous
searches that have pointed out poorly addressed subjects in high school textbooks. During these
activities the students produced materials on: 1) edible mushroom cultivation; 2) fungal diversity and
phylogeny; and 3) history and use of antibiotics. The preliminary search on textbooks and the topics of
interest to high school students have contributed to broaden the subject topics available for teachers.
This talk will present materials done by the students from S&o Paulo (IFSP) and some of the best and
more creative results presented over the last two years by the students from Santa Catarina (UFSC). We
will also discuss how the students have been impacted with the last discoveries in the field of mycology
and how the proposed activities could support high school and undergraduate teachers.

$22-4 Learning, coloring and respecting mushrooms - a coloring book to acquaint

children and adults to the fungi
R. Maziero
Comitato Scientifico, Gruppo Micologico Milanese, Segrate, ITALY

Abstract: Collecting edible wild mushroom is a very popular practice, especially in Italy where the
consumption of “porcini” (Boletus spp.) as well as other species is very common. Unfortunately, many
toxic species are also consumed by mistake and this results every year in several cases of serious
intoxications and even death. Most of the times these toxic mushrooms are confused with the edible
ones, which underlines the importance of at least a basic knowledge of fungi to avoid this dangerous
mistake. The main target of this coloring book is the introduction of children (and also adults) to the most
common mushrooms and toadstools presentin their local forests. After a preamble where the main parts
of a mushroom are described with also some details about its ecological role, a brief explanation of the
coloring technics is given as well as the definition of the symbols of edibility/toxicity present for each
species. The main part of the book is represented by mushrooms drawings with their amazing shapes
and the indications of their fascinating colors in nature. Each figure has also a short comment to help a
rapid macroscopic recognition, the scientific and the popular names and the indication of its
edibility/toxicity. A special remark is done for the deadly poisonous ones. Besides there are information
for the importance of submitting wild mushrooms to the control of an expert before consuming and the
recommendation for children and elderly people to avoid eating mushrooms. The Fungi Kingdom is not
properly studied in the school and teachers can use this simple instrument to help children to learn
about these fascinating organisms in a ludic and funny way.
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S$22-5 Lessons learned from mycological educational outreach programs for biology

and environmental science teachers

K. E. Green', K. A. Hanser?, S. Mozley-Standridge?, L. S. Phillips!, M. Phillips*, M. A. Cubeta?, H. V. T.
Cotter?

'College of Education, North Carolina State University, Raleigh, NC, USA, ?2Department of Entomology
and Plant Pathology, North Carolina State University, Raleigh, NC, USA, ®Department of Natural
Sciences, Middle Georgia State University, Cochran, GA, USA, “Florida Museum of Natural History,
University of Florida, Gainesville, FL, USA

Abstract: Since 1967, the Larry F. Grand Mycological Herbarium (NCSLG) at North Carolina State
University has served as a valuable resource for taxonomic research, student education and information
for state and federal regulatory agencies concerned with identification of new and invasive fungal
species. With support from the National Science Foundation Advancing Digitization of Biodiversity
Collections and Thematic Collections Network Macrofungi and Microfungi Consortium Programs, teams
of educators and scientists associated with NCSLG have conducted educational outreach workshops for
biology and environmental high school science teachers for the past 10 years. Over this timeframe,
workshops have evolved to better communicate and transfer mycological knowledge to diverse,
underrepresented, and target populations of teachers serving low socioeconomic students. Workshops
were established based on the premise that high school teachers have limited time to teach about fungi
as isolated taxonomic units. These workshops provided a conceptual framework that empowered high
school science teachers to promote greater student initiative and leadership in formulating research
questions that encouraged use of inquiry-based, experiential learning investigations. In recent years,
workshops were expanded to include opportunities for graduate and undergraduate students, pre-
service, and middle school teachers. Teachers who participated in the workshops created activities that
aligned with applicable learning frameworks and national and state science teaching standards for use
in their classrooms. In this presentation, we will discuss lessons learned through years of workshop
implementation and iteration with a focus on challenges associated with workshop evaluation,
expansion, recruitment, subject matter content, and sustainability. The development of successful
mycological educational outreach-related activities can foster and strengthen linkages between
mycologists and society while increasing public awareness of the value of mycological collections and
research.

S$22-6 Empowering new investigators by allowing grad students to choose their

own research projects
T. Volk

Biology, University of Wisconsin-La Crosse, La Crosse, WI, USA

Abstract: Master of Science students in my lab at the University of Wisconsin-La Crosse have worked on
a variety of interesting fungal projects. Whenever possible, | like to have my graduate students choose
their own projects, to make sure they're working on something they like and are invested in. Of course,
there are a few constraints placed on their choices; their projects have to involve fungal topics that |
know something about, or that | am interested in learning about. | have a pretty broad background in
mycology, so the choices for my twenty-three Master of Science students have been really quite
expansive, including systematics, biodiversity, ecology, mutualism, medical mycology, public health,
proteomics, molecular biology, drug discovery, chemistry, heavy metals, and even hardcore nuclear
physics. | have (what | now consider) the luxury of having an MS program, so experiments do not
necessarily need to “work” for the student to get a degree”. Students can take a chance on something
interesting; sometimes the results are spectacular and sometimes they are not. This choosing of projects
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turns out to be great for students’ future careers, since they learn to make hypotheses, develop their
project, learn the techniques necessary to perform their experiments, and analyze their own results (all
with my help, of course). Students come away with great knowledge of how to do original research. |
had hoped that by the time | was ready to retire that these topics would have all blended into a coherent
research program, but that now seems unlikely to happen.

Symposium Session 23:

Metagenomics: Whole Fungal Genomes from Complex Samples
C. Quandt and J. Stajich

S$23-1 Single cell genomics leads us to a better understanding of the evolution of
arbuscular mycorrhizal fungi

M. Montoliu-Nerin', C. Bergin?, B. Ellis", H. Johannesson?®, A. Rosling’

'Department of Ecology and Genetics, Evolutionary Biology Centre, Uppsala University, Uppsala,
SWEDEN, 2Department of Cell and Molecular Biology, Uppsala University, Uppsala, SWEDEN,
3Department of Organismal Biology, Uppsala University, Uppsala, SWEDEN

Abstract: Arbuscular Mycorrhizal Fungi (AMF) form symbiotic interactions with over 80% of the land
plants. Despite this wide-spread interaction, little is known about the biology of the AMF. The study of
AMF has been challenging because of the difficulties in obtaining clean and efficient cultures for DNA
extraction. Up-to-date, only one species has been sequenced, and multiple questions remain unsolved,
including their life cycle, karyosis, and genomic signatures of their long co-evolution with host plants.
We have adapted the method of single cell genomics to obtain genomic data from single nuclei of AMF
species that were never studied before. Single spores are crushed and nuclei are stained and isolated
individually using the Fluorescence-activated Cell Sorting (FACS). Then, multiple nuclei are amplified
and sequenced with Illumina. Several new assemblies are being finalized and | will be presenting
comparative genomics results.

S$23-2 Endogonales genomes reveal imprints of ectomycorrhizal lifestyle

Y. Chang', A. Desird?, G. Bonito?, I. Grigoriev?, A. Clum?, A. Lipzen?, J. Spatafora’

'Botany and Plant Pathology, Oregon State University, Corvallis, OR, USA, 2Plant, Soil & Microbial
Sciences, Michigan State University, East Lansing, MI, USA, *Joint Genome Institute, US Department of
Energy, Walnut Creek, CA, USA

Abstract: Endogonales (Mucoromycotina) is the only known non-Dikarya ectomycorrhizal (ECM) order
of fungi, representing one or multiple origins of the ECM lifestyle outside Dikaryon. Recent discovery of
the mycorrhizal association between Endogonales fungi and liverworts and hornworts has led to the
hypothesis that Endogonales were one of the earliest mycorrhizal partners with land plants and played
an important role in the terrestrialization of land plants. In this study we applied shotgun sequencing to
four Endogonales isolates from sporocarp tissue. The metagenomic sequence data was first binned
using the combination of oligonucleotide-composition-based and BLAST-based methods. During the
binning process we identified a large number of Mollicutes-related endobacteria (MRE) sequences in
genome of three isolates, consistent with the observation that many Endogonales species harbor MREs.
The sizes of the four Endogonales genomes vary from 90 megabases (MB) to 240 MB, much larger than
an average fungal genome. The expansion of Endogonales genome size is due to extensive proliferation
of transposable elements, which has been observed in many other ECM genomes. In addition, like most
ECM fungi, Endogonales has low diversity and low copy numbers of genes coding plant-cell-wall-

Symposium Sessions ¢ Wednesday, July 18, 2018 90



degrading-enzymes (PCWDEs) in its genome. This is consistent with the notion that ECM lifestyle
requires small number of PCWDEs to avoid damaging host plant cells and eliciting host plant defense.
Our dating analysis estimated that Endogonales originated in lower Cretaceous, much later than the
origin of Glomyeromycotina and the origin of land plants, suggesting that Endogonales were unlikely
the first mycorrhizal partner of land plants and that association between Endogonales and plants was
established later in evolutionary history of land plants.

S$23-3 Genome assembly of the fungus Leucoagaricus gongylophorus cultivated by

the ant Atta colombica using long-read MinlON sequences
P. W. Kooij
Comparative Plant and Fungal Biology, Royal Botanic Gardens, Kew, Richmond, UNITED KINGDOM

Abstract: Assembling heterogenous (two very different sets of chromosomes) or polyploid (more than
two sets of chromosomes) genomes can be challenging, but in a fast-developing world, new techniques
and software are regularly developed. Leaf-cutting ants cultivate a polyploid fungus with an average of
7 different genomes which has proven to be difficult to assemble using regular short-read genome
sequencing. In this study, | used the Oxford Nanopore Technologies MinlON to produce long-read
sequences. | then used a series of different software packages to assemble genomes from long-read
sequences (CANU and Nanopolish) as well as software to deal with heterogeneous and polyploid
species (Redundans). The quality of the assemblies was tested by extracting a core set of single-copy
genes using BUSCO. With this, | developed a pipeline to assemble fungal genomes accurately using
long-read sequences. The resulting genome assembly is an improvement of the one currently available
and gives new insights into this intriguing mutualism between ants and fungi. Furthermore, | was able to
fully assemble the fungal mitochondrial genome with a high coverage (£4000X), which can be used to
both understand the mechanistic of this fungus, but which can also be used for more accurate
phylogenetic analyses. In conclusion, | was able to show cost-efficient methods and a pipeline to
accurately assemble fungal genomes that can be used for a wide variety of analyses.

S$23-4 scgid, a bioinformatic tool for scaffold binning and genome prediction from
metagenomic sequencing libraries

K. Amses and T. Y. James

Department of Ecology and Evolutionary Biology, University of Michigan, Ann Arbor, MI, USA

Abstract: A kind of dark matter within the kingdom, “uncultured” fungi remain largely inaccessible in
the context of genomic studies in the age of next-generation sequencing. Resistance to axenic culture
techniques makes acquisition of sufficient input tissues for whole-genome sequencing a nearimpossible
endeavor for these fungi. To circumvent these obstacles, extraction techniques that incorporate non-
specific amplification steps can be used to generate sufficient final DNA concentrations from low input
materials (single-cell genomics). The nature of these non-specific amplification steps makes sequencing
libraries generated in this way especially prone to contamination originating from either the
environment or the laboratory. There are a variety of post hoc bicinformatic methods available to
attempt to eliminate contamination from these sequencing libraries. All of these methods involve
binning of genome assembly scaffolds into target and non-target bins, which can be used to call a final
genome draft. Interestingly, when confronted with the same data set, each of these different methods
can call a very different final genome. This ambiguity and disagreement among methods seems to be
dataset-dependent in such a way that no one method is always conservative or always liberal in its
inclusion or exclusion of a scaffold from the final genome draft. This issue poses a major issue to the
identification of high-confidence final genomes of uncultured fungi and hinders downstream analyses
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incorporating them. To address this, we propose the use of a consensus-based approach leveraged
toward determining which final bin a scaffold belongs in. Building upon past work and theory developed
and implemented by other authors, the python-based bioinformatic tool scgid uses three distinct
binning methods that bin scaffolds based on independent sets of characteristics. From these three
drafts, a final, high-confidence consensus genome draft can be called by majority rule, minimizing
contamination while maximizing inclusion of target sequences at the intersection of all three
independent methods. This tool should prove useful to genome sequencing efforts in uncultured
organisms across the tree of life where the goal is extraction of a high-confidence genome from
moderately metagenomic sequencing libraries.

S$23-5 Era of the living dead: Resurrecting fungal genomes from fungaria with

metagenomics

B. Dentinger’, P. Avis?, T. Niskanen?, K. Liimatainen®, L. M. Suz*

"Natural History Museum of Utah and School of Biological Sciences, University of Utah, Salt Lake City,
UT, USA, 2?Biology, Indiana University Northwest, Gary, IN, USA, 3Identification and Naming, Kew Royal
Botanic Gardens, Richmond, Surrey, UNITED KINGDOM, *Comparative Plant and Fungal Biology, Royal
Botanic Gardens, Kew, Richmond, UNITED KINGDOM

Abstract: Fungaria are the most mycologically diverse places on the planet and harbor a wealth of
potential genetic data for phylogenetics, comparative genomics, taxonomy, and nomenclature. Yet, little
molecular exploitation of this diversity has been realized. Until recently, this lack of development was
due to technical challenges in harvesting genetic data from poorly preserved specimens where nucleic
acids suffer from mild to severe degradation. High throughput DNA sequencing technologies that utilize
short fragments has, in theory, largely overcome this technical impediment, yet progress in liberating
these molecules from fungaria has been slow. Here, we show how shotgun sequencing of fungarium
specimens, including type specimens from Charles Peck and others, is essentially a metagenomics
problem where whole genome coverage of target taxa can yield profound information to generate
robust phylogenetic hypotheses, anchor scientific names, and possibly provide high resolution
information for comparative genomics, such as biosynthetic gene clusters. The fungarium genomics era
has the potential to solve myriad puzzles resulting from our current state of knowledge of fungal
diversity, including the enduring predicament posed by application of old names through type
authentication, establishing its quintessence in contemporary science by breathing new life into the
ancient and recent dead.

S$23-6 Metagenomic strategies for inferring biological aspects of fungal

endosymbiont systems

J. K. Uehling', J. Vélez?, F. Dietrich®, C. Schadt?*, J. Labbé?, G. Bonito? R. Vilgalys®

'Plant and Microbial Biology, UC Berkeley, Berkeley, CA, USA, ?Biosciences Division, Oak Ridge National
Laboratory, Oak Ridge, TN, USA, *Molecular Genetics & Microbiology, Duke University, Durham, NC,
USA, “Plant, Soil and Microbial Sciences, Michigan State University, East Lansing, MI USA, *Biology, Duke
University, Durham, NC, USA

Abstract: As we approach our goal of sequencing 1,000 fungal genomes it is becoming evident we will
need to include DNAs from sporocarps, fungi in obligate symbioses, and fungal taxa with bacterial
endosymbionts to sample genomic diversity across the Kingdom. These systems represent unique
opportunities to study fungal evolution, and to develop comparative ‘~omic’ pipelines that lend insights
to hypotheses about how symbioses are initiated and evolve. Obligate, long-term, co-evolved fungal
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endosymbionts and their hosts are one example of a study system poised to propel evolutionary
questions in mycology in new directions. Our research group has been investigating fungal bacterial
symbioses using Mortierella elongata (Mortierellomycotina, Mucoromycota) and bacterial
endosymbiont Mycoavidus cysteinexigens (Burkholderiales). However, fungal endosymbiont
interactions and other fungal symbioses are challenging to study for the following reasons. First,
genomes must be extracted from metagenomic sequencing efforts requiring novel pipelines and
creative quality checks to avoid assembly artifacts. Second, several fungal endosymbiont hosts belong
to the former zygomycetes, a group of early diverging fungi lacking homology to current fungal model
genetic systems, driving need for next generation annotation strategies and pipelines. Lastly, deriving
testable, functional hypotheses about symbiotic interaction mechanisms from these complex data sets
will require innovative approaches. We have developed metagenome sequencing and computational
sorting, transcriptomics, metabolomics, and volatomics for studying fungal endosymbiont interaction
dynamics in the Mortierella-Mycoavidus system. Challenges and insights from these endeavors will be
discussed.
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Symposium Session 24:

Applications and Molecular Aspects of Mycoparasitic Fungi
S. Zeilinge and M. Karlsson

S$24-1 Unraveling the mycoparasitic interaction between Trichoderma atroviride

and a fungal prey

S. Zeilinger', L. Atanasova’, A. Lichius', H. Bazafkan', V. Speckbacher!, M. Schenk’, R. Schuhmacher?,
M. Doppler?, M. Marchetti-Deschmann?

'Department of Microbiology, University of Innsbruck, Innsbruck, AUSTRIA, 2Center for Analytical
Chemistry, IFA - Tulln, University of Natural Resources and Life Sciences (BOKU) Vienna, Tulln, AUSTRIA,
3Institute of Chemical Technologies and Analytics, TU Wien (Vienna University of Technology), Wien,
AUSTRIA

Abstract: Mycoparasitic species of the fungal genus Trichoderma are among the most successful
biofungicides in today’s agriculture although our understanding of the exact molecular mechanisms of
their activity still is fragmentary. The biological control of fungal plant diseases by Trichoderma includes
direct antagonism of phytopathogenic fungi by mycoparasitism. This mycoparasitic attack comprises
pre-contact sensing of the prey followed by activation of “molecular weapons” such as cell wall-lytic
enzymes, secondary metabolites, and infection structures finally resulting in attack and killing of the prey
fungus. We used the strong mycoparasite Trichoderma atroviride as a model to study the mycoparasitic
fungus-fungus interaction. Investigation of the early interaction stages employing T. atroviride labeled
with fluorescent CRIB (Cdc42/Rac1-interactive binding) reporters revealed a switch between positive
and negative chemotropism in the mycoparasites’ hyphae during the pre-contact sensing phase, a
behavior indicative of a stress response probably triggered by prey-derived substances. Accordingly,
secondary metabolites released by both interaction partners could be visualized in the interaction zone
by mass spectrometry imaging pointing to a chemical cross-talk between Trichoderma and the prey
fungus. Our data support the current model of pre-contact prey sensing; consequently, the receptors
and signaling pathways that are involved in sensing and in governing the mycoparasitic attack are of
special interest. As indicated by our studies, T. atroviride relies on signaling via the Gpr1 G protein-
coupled receptor as well as MAP kinase and TOR kinase pathways for triggering the mycoparasitic
response in the presence of a fungal prey.

S$24-2 The multi-role of Trichoderma harzianum Cerato-platanin Epl-1 protein

during fungal, pathogen and plant host interaction
R. Nascimento Silva
Biochemistry and Immunology, University of Sdo Paulo, Ribeirao Preto, BRAZIL

Abstract: Trichoderma is well known for the ability of some species to act as i) important biocontrol
agents against phytopathogenic fungi; ii) biofertilizers; iii) increasing tolerance of plants to biotic and
abiotic stresses; and iv) inducer of plant defense responses via the production and secretion of elicitor
molecules. Proteins of the Cerato-platanin (CP) family are released during the early developmental
stages of filamentous fungi. They can act as elicitors and induce defense responses in plants. In this
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study, we analyzed the effects of the Trichoderma harzianum Epl-1 protein in the interaction process with
the phytopathogen Botrytis cinerea and with tomato and common bean plants in short and long periods
after Trichoderma strains inoculation. The results showed that T. harzianum Epl-1 protein affected the
eliciting 1) B. cinerea virulence genes; 2) tomato defense-related genes; 3) the activation of the primer
effectin tomato plants; 4) the interaction at the first stage of tomato roots colonization; and 5) the growth
promotion of bean plants.

S24-3 Trichoderma and the plants: beyond a simple biocontrol strategy
E. Monte, M. E. Morén-Diez, C. Nicolés, M. B. Rubio, R. Hermosa

Spanish-Portuguese Institute for Agricultural Research (CIALE), University of Salamanca, Salamanca,
SPAIN

Abstract: Soil fungi belonging to the ascomycete genus Trichoderma have the potential to provide
environmental-friendly biocontrol of plant diseases. Biochemical and molecular genetic studies have
clearly related the mycoparasitic behaviour of Trichoderma against phytopathogenic fungi and
oomycetes with the secretion of chitinases, glucanases and proteases with the cell wall degrading
activity. In addition, Trichoderma proteases can also hydrolyze nematode cuticles and eggs and inhibit
enzymes produced by the pathogens to penetrate the plant. Comparative genome sequence analysis
of biocontrol species of Trichoderma has revealed that the mycoparasitic activity in the rhizosphere
facilitates the formation of endophytic associations and the evolution of positive interactions with plants,
supporting the application of Trichoderma strains as plant biostimulants in agriculture and forestry. In
this sense, it has been observed worldwide that, as a general rule, the Trichoderma positive impact is
more apparent in plants subjected to some stress. Early transcriptomic responses of Trichoderma
colonizing tomato roots have shown that genes related to the formation of infection structures in plant
tissues resulted upregulated, and once the hyphal root attachment has already taken place, nutrient
uptake and carbohydrate metabolism would be limited by plant defenses. This means that Trichoderma
is capable of overcoming plant defense responses during the initial stages of the interaction, when the
early systemic defense responses would not be reaching its full potential, allowing Trichoderma an
intercellular apoplastic colonization. As a result, Trichoderma exerts beneficial effects on plants in terms
of improvement or maintenance of soil productivity, increased percentages and rates of seed
germination, nutrient uptake, growth promotion, alleviation of adverse effects caused by environmental
damage and systemic defense stimulation against abiotic stress and pathogen attack, without the need
of establishing any contact with the invader. Trichoderma-primed plants that have a priming memory
are able to react more rapidly and more adequately when challenged by a stressor. We have recently
observed that tomato progeny inherit resistance to pathogens linked to plant growth induced by
Trichoderma, without compromising the level of defense.

S$24-4 Investigating the genetic basis of biocontrol in the mycoparasitic fungus

Clonostachys rosea through functional genomics
M. Karlsson, M. Broberg, M. Brandstrom Durling, M. Dubey, D. Funck Jensen
Forest Mycology and Plant Pathology, Swedish University of Agricultural Sciences, Uppsala, SWEDEN

Abstract: Biological control of plant diseases holds great promise for replacing chemical pesticides in
future food production, as part of integrated pest management. The mycoparasitic fungus Clonostachys
rosea is an efficient biological control agent under field conditions for a variety of plant diseases on
agricultural crops. In order to improve our understanding of critical components of the mycoparasitic
lifestyle of C. rosea, we sequenced the genome of C. rosea strain IK726 using lllumina/PacBio
technology. Comparative genomics revealed a significant increase in the number of certain ABC-
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transporters, MFS-transporters, proteases, polyketide synthases, cytochrome P450 monooxygenases,
pectin lyases and GMC oxidoreductases compared with other Hypocrealean fungi. Interestingly, the
increase of membrane transporter gene number in C. rosea was primarily associated with efflux drug
resistance transporters. Necrotrophic mycoparasites such as C. rosea are assumed to have broad host
range with little specificity. However, transcriptomic analyses revealed that C. rosea responded with both
common and specific gene expression during interactions with the plant pathogenic species Botrytis
cinerea and Fusarium graminearum. In agreement with the data on increased gene copy numbers, the
majority of the regulated genes were predicted to encode proteins involved in membrane transport,
biosynthesis of secondary metabolites and carbohydrate-active enzymes. Whole-genome re-
sequencing of 63 C. rosea strains followed by genome wide association studies of phenotypic variation
related with biocontrol of Fusarium diseases on wheat further identified several membrane transporters,
proteases and one polyketide synthase to be associated with biocontrol. Finally, gene deletion studies
confirmed the involvement of several ABC-transporters, MFS-transporters and polyketide synthases in
in vitro antagonism or biocontrol in C. rosea. In summary, our data emphasize the role of antibiosis in
determining the outcome of biocontrol interactions. Efflux membrane transporters appear to play an
important role in the biology of C. rosea, by providing tolerance towards secondary metabolites
produced by the fungal prey or C. rosea itself.

S$24-5 Ampelomyces mycoparasites in action - improved visualization of a

biocontrol fungus by Agrobacterium-mediated transformation

M. Z. Németh', A. Pintye’, M. Gorfer?, A. N. Horvath', G. M. Kovacs', L. Kiss®

'Centre for Agricultural Research, Hungarian Academy of Sciences, Martonvasar, HUNGARY,
2Bioresources, Austrian Institute of Technology, Tulln, AUSTRIA, 3Centre for Crop Health, University of
Southern Queensland, Toowoomba Queensland, AUSTRALIA

Abstract: Powdery mildew fungi (Erysiphales) are obligate biotrophic plant pathogens, infecting around
10,000 dicot species and also some members of the Poaceae. Important crops, including wheat, barley,
grapevine, apple and a number of cultivated and ornamental plants, are amongst the major targets of
powdery mildew fungi. Pycnidial fungi belonging to the genus Ampelomyces are commonly found in
powdery mildew colonies in the field, and some selected strains have been developed as biocontrol
agents of different powdery mildew species. To improve visualization of the interaction between
Ampelomyces spp. and their mycohosts, we produced GFP expressing Ampelomyces transformants
with Agrobacterium-mediated transformation using Agrobacterium tumefaciens strain AGL1 carrying a
plasmid with the hygromycin resistance and GFP genes. Transformants were selected on hygromycin-
containing medium and were checked for fluorescence after being grown in culture. Growth
characteristics and mycoparasitic activity of transformants were measured and compared to those of the
wild type. Selected transformants were used in mycoparasitic tests using five different powdery mildew
species. In these experiments, sporulating powdery mildew colonies were inoculated with spore
suspensions of transformants. We have also conducted persistence tests, in which experimental plants
were inoculated first with GFP expressing transformants, and one week later with powdery mildew
conidia. The transformation method was effective as several transformants emerged on the selective
medium and exhibited strong green fluorescent signal. Transformants were genetically stable as they
emitted strong green fluorescence after several subculturing in the absence of selective pressure. Most
transformants did not differ in growth characteristics and mycoparasitic activity from the wild type. In
mycoparasitic tests we observed extensive intracellular colonization of powdery mildew hyphae,
conidiophores and conidia; intracellular Ampelomyces hyphae, as well as pycnidia and conidia
produced in powdery mildew structures exhibited strong green signals when examined with
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fluorescence microscopy. In persistence tests Ampelomyces germinated on plant leaves in the absence
of their mycohosts, and parasitized powdery mildew colonies as soon as these were available on the
inoculated leaves. This work showed that Ampelomyces is amenable to Agrobacterium tumefaciens-
mediated transformation and the commonly used heterologous marker and reporter genes like
hygromycin resistance and GFP can be efficiently used. Transformation with GFP is useful for improving
direct observation of this interfungal parasitic relationship. Our persistence tests demonstrated that
Ampelomyces strains can act as biocontrol agents even if the target pathogen infects plants one week
after Ampelomyces application. This work was supported by a grant of the Hungarian Research,
Development and Innovation Office (NKFIH NN100415), a grant of the Austrian-Hungarian Action
Foundation (?06u16) and Janos Bolyai Research Fellowship to AP.

S$24-6 Ancestral state reconstruction and the occurrence of the killer-toxin

phenomenon in the Cystobasidiomycetes
P. P. Parra and M. C. Aime
'Botany and Plant Pathology, Purdue University, West Lafayette, IN, USA

Abstract: Pucciniomycotina is a subphylum with a high diversity in terms of habitat and life history
strategies that include plant parasites, animal associates (including opportunistic human pathogens),
saprobes and antagonists of other fungi. Antagonistic interactions can occur through: 1) direct physical
contact between two fungi, i.e., mycoparasitism; or, 2) the production of killer toxins and other agents
(known as the killer-toxin phenomenon). Killer toxins are the less studied of these two types of
interactions, yet may play a significant role in the development of community structure in natural
environments. The killer-toxin phenomenon was first described in Saccharomyces cerevisiae and has
been more extensively studied in ascomycetous yeasts, while in Basidiomycota only 50 yeast species
have been reported as producers of killer toxins, including a few species in the Cystobasidiomycetes. In
this class, direct physical antagonistic interaction which is associated with sexual states has been
reported in species of Cystobasidium, Naohidea, Cyphobasidium and Occultifur. On the other hand, the
killer-toxin phenomenon which mainly occurs between the yeast stage of the fungi and other organisms
has only been reported in Cystobasidium minutum, C. pallidum and Hasegawazyma lactosa. We
hypothesize that the common ancestor to Cystobasidiomycetes is a mycoparasite that also produced
killer toxins. To test this hypothesis, we evaluated the presence of killer toxins for 54 strains belonging
to 24 species of Cystobasidiomycetes (including 14 species new to science). A sensitive strain was
allowed to grow for 24h on media containing 0.3% yeast extract, 0.3% malt extract, 0.5% peptone, 1.0%
glucose, and 2.0% agar, supplemented with 0.003% methylene blue and pH 4.2. Each strain in the
Cystobasidiomycetes tested for killer activity was also incubated for 24h on Yeast Malt agar and
inoculated by making a single streak on the plate containing the sensitive strain. Cultures were evaluated
every 24h for 5 days for the presence of an inhibition zone with no growth. In addition, we constructed
a resolved phylogeny for the class based on six loci (ITS-including 5.8 rDNA, LSU rDNA, SSU rDNA, and
the protein coding genes RPB1, RPB2, TEFa) to determine the evolutionary origins of mycoparasitism
through ancestral character reconstruction.
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Symposium Session 25:

Fungal-Bacterial Interactions and Functions of the Fungal Metaorganism
S. Olsson and T. Pawlowska

$25-1 Interactions between ectomycorrhizal fungi and bacteria in boreal forests

R. D. Finlay', S. Marupakula', Z. Fahad’, E. Bolou-Bi?, A. Ekblad?, C. Miller?, C. Héschen?, I. Kégel-
Knabner!, S. Mahmood'

'Forest Mycology and Plant Pathology, Upsala BioCenter, Swedish University of Agricultural Sciences,
Uppsala, SWEDEN, 2lees Paris, Université Paris Est Créteil, Creteil, FRANCE, 3School of Science and
Technology, Orebro University, Orebro, SWEDEN, “Research Department Ecology and Ecosystem
Management, Lehrstuhl fiir Bodenkunde, Technical University of Munich, Freising, GERMANY

Abstract: In boreal forest ecosystems, trees allocate photosynthetically derived C to symbiotic
ectomycorrhizal fungi that mobilise N and P from organic substrates, as well as base cations and P from
mineral substrates. The mycorrhizal mycelium increases the nutrient absorbing surface area of the host
plant root systems and provides a direct pathway for translocation of carbon to micro-environments in
the soil. The continuous provision of energy-rich C compounds powers the mobilisation and uptake of
nutrients by the mycelium and, together with its large surface area, creates an important potential niche
for bacterial growth and colonization, as well as interactions with other fungi. However, the underlying
mechanisms and functional significance of these microbial interactions are still poorly understood.
Recent progress in understanding the functioning of ectomycorrhizal fungal mycelia and their
associated bacteria will be reviewed, drawing on results from field and laboratory-microcosm
experiments, profiling of fungal and bacterial communities using high-throughput sequencing, analysis
of single root-tip microbiomes and measurements of stable and radioactive isotopes. DNA sequencing
and stable isotope signatures of '*C and >N suggest that distinct, functionally specialised communities
of bacteria and fungi exist in different mineral and organic substrates. Patterns of bacterial colonization
of rock surfaces successively colonized by lichens, mosses and finally, by tree roots and ectomycorrhizal
fungi, reveal communities successively enriched by taxa from the families Bradyrhizobiaceae,
Mycobacteriaceae and Planctomycetaceae. Studies of bacterial microbiomes associated with single root
tips colonized by different ectomycorrhizal fungi have revealed that taxonomically distinct communities
of bacteria develop with time and that even roots colonized by closely related ectomycorrhizal species
within the same genus have distinct bacterial microbiomes in unfertilized soil. Fertilization with N
removes this specificity and reduces bacterial diversity, particularly in B horizon soil. These effects may
be related to changed patterns of assimilate allocation and mycelial turnover but the functional
implications of the observed results need to be unraveled by further experiments. Stable isotope
probing (SIP) enables the identification of active microbial taxa with access to different pools of carbon
and "3C-RNA SIP of microbial communities decomposing dead fungal mycelium revealed minimal
involvement of ectomycorrhizal fungi, supporting the idea that ectomycorrhizal fungi benefit from
organic matter decomposition primarily through increased nitrogen mobilization rather than through
release of metabolic C. Additional SIP studies are currently in progress, however, using ""N-labelled
organic substrates and plants labelled with 3CO; , with the intention of identifying the dominant
microbial taxa allocating C to different organic and mineral substrates. Several recent studies suggest
that ectomycorrhizal fungi are the dominant drivers of silicate weathering and may influence global CO,
levels on geological time scales. Little is known about the detailed mechanisms or organisms driving
long term carbon sequestration in organic and mineral substrates but we have recently observed the
formation of biogenic amorphous mineraloids at sites of active mineral weathering and on-going studies
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are in progress combining SIP with nano-scale secondary ion mass spectrometry (NanoSIMS) to visualise
spatial patterns of carbon sequestration in different substrates.

S$25-2 Distribution and population structure of endobacteria in arbuscular

mycorrhizal fungi at North Atlantic dunes

O. A. Lastovetsky', E. Ahn?, S. J. Mondo?, K. H. Toomer?, A. Zhang?, L. M. Johnson?, T. E. Pawlowska?
'Graduate Field of Microbiology, Cornell University, Ithaca, NY, USA, ?School of Integrative Plant
Science, Cornell University, Ithaca, NY, USA, 3Cornell Statistical Consulting Unit, Cornell University,
Ithaca, NY, USA

Abstract: Arbuscular mycorrhizal fungi (AMF, Glomeromycotina), in addition to forming symbioses with
the majority of land plants, harbor vertically transmitted endosymbiotic bacteria ‘Candidatus
Glomeribacter gigasporarum’ (CaGg) and ‘Candidatus Moeniiplasma glomeromycotorum’ (CaMg).
CaGg is a nonessential mutualist of AMF, whereas the lifestyle of CaMg is unknown. To start unraveling
the interactions between AMF and their endosymbionts in nature, we examined diversity and
distribution of AMF-associated endobacteria in North Atlantic dunes at Cape Cod, MA. Of nearly 500
foredune AMF isolates surveyed during a systematic study, 94% were classified as the Gigasporaceae.
2% of all AMF isolates harbored CaGg, and 88% contained CaMg. CaGg was found only in the
Gigasporaceae, whereas CaMg was present in Gigasporaceae, Acaulosporaceae, and
Diversisporaceae. Incidence of CaGg across AMF was not affected by any of the environmental
parameters measured, whereas distribution of CaMg in one of the hosts was impacted by plant density.
CaMg populations associated with AMF individuals displayed high levels of genetic diversity but no
evidence of gene flow, suggesting that host physical proximity is not sufficient to facilitate horizontal
transmission of CaMg. Lastly, in addition to a novel lineage of CaGg, we discovered Burkholderia-related
bacteria previously not known to associate with Glomeromycotina, and likely living inside AMF. They are
closely related to free-living Burkholderia and endobacteria of other Mucoromycota fungi. Collectively,
we conducted the first ecological study of AMF-associated endobacteria and assessed their diversity
and population structure.

S$25-3 Mortierellomycotina are excellent living tools to understand the role of
Mycoplasma-related endobacteria and the functioning of their interaction with

Mucoromycota

A. Desird’, P. Misztal?, N. Vande Pol’, G.M.N. Benucci', D. Jones?, A. Goldstein?, R. Roberson?, G. Bonito'
'Department of Plant, Soil and Microbial Sciences, Michigan State University, East Lansing, MI, USA,
2Department of Environmental Science, Policy and Management, University of California, Berkeley, CA,
USA, ®Department of Biochemistry and Molecular Biology, Michigan State University, East Lansing, M,
USA, “School of Life Sciences, Arizona State University, Tempe, AZ, USA

Abstract: Fungi can interact with a myriad of organisms, from animals to plants, but also bacteria, other
fungi and viruses. Some of these interactions, such as fungal-plant mutualisms, are well-known and have
been investigated for a long time. In contrast, only in the last few years has the study of bacterial-fungal
interactions blossomed, riding a wave of increasing interest by the scientific community. Bacteria
engage in various types of symbiotic associations with fungi, ranging from cooperation to antagonism.
These symbioses occur at different levels, with bacteria living inside fungal cells representing the most
intimate interaction. Bacterial endosymbionts can be widely found in early-diverging fungi of
Mucoromycota, among them Burkholderia-related (BRE) and Mycoplasma-related endobacteria (MRE).
BRE represent the best-studied fungal endobacteria and show behavioral shifts from mutualist to weak
pathogens. On the contrary, the knowledge on MRE lifestyle is much more limited. Here, we report
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about the existence of a new bacterial-fungal symbiosis that involves MRE and Mortierellomycotina
fungi. We carried out a large-scale screening of hundreds of Mortierellomycotina strains searching for
MRE. We used a combination of microscopy, molecular phylogeny, next-generation sequencing and
gPCR. We detected MRE within the mycelium of Mortierellomycotina fungi and their presence
demonstrates that MRE distribute across the whole Mucoromycota phylum, where they may have lived
in the common ancestor. We cleared MRE from their fungal hosts, obtaining a unique experimental
system whereby pairs of isogenic fungal lines, with and without MRE, can be employed for comparative
functional studies. Cured lines devoid of MRE showed fast growth and improved biomass production.
Our data demonstrate that the fungal host experiences some fitness costs in accommodating its
endosymbionts and, therefore, provides the first functional insight into the lifestyle of MRE. Our findings
suggest that MRE may be antagonistic to their hosts and adapted to a non-lethal parasitic lifestyle in the
fungal mycelium. Additional measurements aimed at exploring chemotypic and metabolomic variations
across different fungal pairs are expected to provide novel insights into the ecological and evolutionary
role of MRE within fungi. Mortierellomycotina offer a unique opportunity to expand the knowledge on
MRE and pave the way for potential applications for controlling and using Mucoromycota in agriculture
and industry.

S$25-4 Endofungal bacteria - new insights into bacterial-fungal coexistence

A. Lohberger', F. Palmieri?, S. Bindschedler?, G. L. House®, A.E.K. Dichosa?®, D. F. Rodrigues*, H. N.
Nguyen?, J. F. Challacombe?, J. D. Young?®, P. S. G. Chain?, E. Verrecchia', P. Junier?

TLaboratory of Biogeosciences, Institute of Earth Surface Dynamics, Lausanne, SWITZERLAND,
2Laboratory of Microbiology, Institution of Biology, Neuchatel, SWITZERLAND, ®Bioscience Division, Los
Alamos National Laboratory, Los Alamos, NM, USA, “*University of Houston, Civil and Environmental
Engineering, Houston, TX, USA, ®School of Engineering, Vanderbilt University, Nashville, TN, USA

Abstract: Interactions between bacteria and fungi have likely evolved during the 600 million years
history of terrestrial fungi. This has resulted in bacteria and fungi coexisting in various modern
microhabitats and establishing interactions ranging from mutualism to antagonism or neutral
coexistence. Such interactions can directly or indirectly impact higher trophic levels, as well as nutrient
cycling. Moreover, the interaction between fungal-bacterial interacting partners is dynamic and can
rapidly change in response to changes in environmental factors. The same is true for interactions
occurring at the cellular level. Bacteria and fungi in close physical contact show relationships ranging
from random coexistence to nearly total physiological interdependency. The most intimate relationship
yet described consists in bacteria colonizing inner hyphae (endobacteria). In this study, we have
investigated the diversity of both endobacteria and bacteria firmly attached to hyphae in fungal strains
collections (c.a. 130 fungal strains). Amplicon sequencing of the 16S rRNA gene was used to identify
bacterial species in DNA extracted from individual fungal cultures. We have discovered that
endobacteria are much more frequent than previously assumed. Moreover, they seem to appear equally
distributed in the phyla Basidiomycota, Ascomycota and Zygomycota, and also occur in the distinct
phylogenetic lineage of the eukaryotic fungus-like Oomycota. In addition to this, we have started to
investigate the rules underpinning this close association. In particular, under environmental conditions
affecting negatively the fitness of the fungal host (e.g. temperature, biocides, and poor nutrient supply),
we have observed for several fungal models that this tight relation turns to a loose coexistence. Defining
the conditions triggering changes in the type of interaction between both partners are key to understand
the dynamics of bacterial-fungal interactions. Such a discovery is essential for a better definition of the
general mechanisms behind these interactions and their role in microbial ecosystem functioning.
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S$25-5 Microbiomes in decaying Picea abies logs: Forest management versus
locality effects

D.S. Lu', H. Kauserud', J. Norden?, S. S. Botnen', S. Maurice'

Section for Genetics and Evolutionary Biology, Department of Biosciences, University of Oslo, Oslo,
NORWAY, ?2Oslo Department, Norwegian Institute for Nature Research, Oslo, NORWAY

Abstract: The decomposition of dead wood and the resulting nutrient recycling depend on the activity
of fungi that has evolved unique enzymatic toolkits. There is also a rich community of bacteria in
decaying wood with tentative significant functions. Itis well known that forest management practices are
important for the maintenance of the diversity of wood decomposing fungi: leaving substrate has a
positive effect, whereas forest fragmentation has negative impacts. In this study, we assessed the fungal
and bacterial community in downed Picea abies logs in differentially managed forests across
environmental gradients in order to identify the major factors structuring these communities. A total of
270 sawdust samples from the interior of 45 P. abies logs were sampled from 3 different landscapes in
southern Norway. Within each landscape a cultured forest, a mature or old forest with absence of our
red-listed polyporoid focal species, as well as an old growth forest with the presence of our focal species
were included. The samples were meta-barcoded by sequencing ITS2 and 16S amplicons of the samples
on the lllumina MiSeq platform. Key environmental variables were collected to infer the drivers of the
bacterial and fungal communities using ordination methods. We observed a strong biogeographic
structuring of the fungal communities and a weaker structuring of the bacteria, while forest management
apparently had more limited effects. The co-occurrence pattern of certain taxa of bacteria and fungi
were mapped and inferred to reveal potential interactions between them.

S$25-6 Endohyphal bacteria modulate transcriptional and metabolic phenotypes of
fungi

J. Spraker’, J. Shaffer?, D. Baltrus', M. Traxler®, A.E. Arnold’

'School of Plant Sciences, University of Arizona, Tucson, AZ, USA, ?Division of Biological Sciences,
University of California San Diego, La Jolla, CA, USA, *Department of Plant and Microbial Biology,
University of California, Berkeley, CA, USA

Abstract: Fungi are ubiquitous inhabitants of plant tissues and are major drivers of plant and ecosystem
health through symbiotic and saprotrophic contributions to nutrient cycles. Interactions between
bacteria and fungi can have drastic impacts on fungal phenotypes such as growth, metabolism, and
development and thus may alter plant-fungal interaction dynamics. Bacteria that inhabit intracellular
space of fungi (endohyphal bacteria, or EHB) can influence fungal phenotypes relevant to interactions
with plant tissues. In some cases, these symbioses are facultative and the bacteria are transferable,
providing new opportunities to compare the genetic and chemical interactions of EHB and their fungal
partners in isolation, in natural associations, and in novel partnerships. We evaluated chemical and
biological traits of facultative EHB and their impacts on fungal development, metabolism, and
transcriptional dynamics. Using liquid chromatography coupled to high-resolution mass spectrometry
(LC-HRMS) we assessed the impact of diverse EHB on a focal fungal endophyte, Pestalotiopsis sp. 9143
(P9143). Comparative metabolic analyses showed that association with EHB induced a unique metabolic
profile. The native EHB of P9143, Luteibacter mycovicinus, induced a unique metabolic profile
containing an analog of the antifungal compound, pestalotether. To evaluate impacts of EHB on fungal
gene expression we carried out culture-based phenotypic studies and conducted RNA-seq studies with
the lllumina HiSeq platform. We found evidence for a significant alteration in the fungal transcriptional
profile and confirm that several primary and secondary metabolic genes are differentially regulated
when P9143 and L. mycovicinus are grown in association vs. in isolation. These chemical and phenotypic
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shifts are potentially important to a competitive lifestyle in plant tissues and illuminate how intimate
microbial symbioses may drive polymicrobial interactions. Ongoing work is aimed at analyzing which
bacterial genes contribute to the endohyphal lifestyle and elucidating their role in modulating fungal
phenotypes and metabolism, especially those that may influence interactions with plant hosts or co-
occurring fungi in leaf tissue.

Symposium Session 26:

ICTF Symposium Expanding the Taxonomic Context of Genome Sampled Fungi
C. Schoch and N. Zhang

S$26-1 Genome wide analysis of the transition to pathogenic lifestyles in

Magnaporthales fungi

N. Zhang', G. Cai?, D. Price’, J.A. Crouch?, P. Gladieux*, B. Hillman', C.H. Khang®, M. Lebrun®, Y. Lee’, J.
Luo', H. Qiwd, D. Veltri?, J. H. Wisecaver'?, J. Zhu®, D. Bhattacharya®

'Plant Biology, Rutgers University, New Brunswick, NJ, USA, 2Crop Production and Pest Control Research
Unit, USDA-ARS, West Lafayette, IN, USA, *Mycology and Nematology Genetic Diversity and Biology
Laboratory, USDA-ARS, Beltsville, MD, USA, “BGPII, University of Montpellier, INRA, CIRAD, Montpellier,
FRANCE, *Department of Plant Biology, University of Georgia, Athens, GA, USA, ¢SPE, INRA, Thiverval-
Grignon, FRANCE, ’Center for Fungal Genetic Resources, Plant Genomics and Breeding Institute,
Research Institute of Agriculture and Life Sciences, Seoul National University, Seoul, REPUBLIC OF
KOREA, 8Department of Ecology, Evolution and Natural Resources, Rutgers University, New Brunswick,
NJ, USA, “National Institute of Allergy and Infectious Diseases (NIH), Rockville, MD, USA, '°Department
of Biochemistry, Purdue University, West Lafayette, IN, USA

Abstract: The rice blast fungus Pyricularia oryzae (syn. Magnaporthe oryzae, Magnaporthe grisea), a
member of the order Magnaporthales in the class Sordariomycetes, is an important plant pathogen and
a model species for studying pathogen infection and plant-fungal interaction. In this study, we
generated genome sequence data from five additional Magnaporthales fungi including non-pathogenic
species, and performed comparative genome analysis of a total of 13 fungal species in the class
Sordariomycetes to understand the evolutionary history of the Magnaporthales and of fungal
pathogenesis. Our results suggest that the Magnaporthales diverged ca. 31 million years ago from other
Sordariomycetes, with the phytopathogenic blast clade diverging ca. 21 million years ago. Little
evidence of inter-phylum horizontal gene transfer (HGT) was detected in Magnaporthales. In contrast,
many genes underwent positive selection in this order and the majority of these sequences are clade-
specific. The blast clade genomes contain more secretome and avirulence effector genes, which likely
play key roles in the interaction between Pyricularia species and their plant hosts. Finally, analysis of
transposable elements (TE) showed differing proportions of TE classes among Magnaporthales
genomes, suggesting that species-specific patterns may hold clues to the history of host/environmental
adaptation in these fungi.

S$26-2 Phylogenomics link changes in genome architecture and population structure
to ecological shifts in Neurospora

C. Hann-Soden’, L. Montoya', P. Gladieux?, A. L. Romero-Olivares?, K. Treseder?, J. W. Taylor'

'Plant and Microbial Biology, University of California, Berkeley, CA, USA, ?Biologie et Genetique des
Interaction Plante-parasite, INRA, Montpellier, FRANCE, *Natural Resources and the Environment,
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University of New Hampshire, Durham, NH, USA, “Ecology and Evolutionary Biology, University of
California, Irvine, Irvine, CA, USA

Abstract: How does a species' ecology affect its evolutionary trajectory? We seek to answer this question
by studying the evolutionary trends of the diverse model Ascomycete genus, Neurospora. Within
Neurospora there have been at least nine separate transitions from sexual outbreeding to clonal selfing.
Additionally, there has been a transition from a soil and/or dung habitat to a plant and fire associated
habitat. Concomitant with this habitat shift has been the evolution of asexual spores. Finally, we describe
a new species of conidiating Neurospora that appears to have reverted back to a soil/dung habitat. We
analyzed a collection of 181 Neurospora genome sequences from across North America, including
populations that vary based on sexual mode, asexual sporulation, and habitat. We found that the
transition from sexual outbreeding to clonal selfing leads to a drastic increase in the rate of genomic
rearrangements, while the transition to a plant-based habitat (and concomitant evolution of asexual
spores) led to reduced diversity within populations. Interestingly, a transition from sexuality to asexuality
has not been found within the plant-associated clade. Our study illustrates the profound effects
transitions in reproductive systems and habitat can have on the pace and potential for evolution.
Furthermore, combined with existing knowledge, we begin to construct a mechanistic model for the
four-way interaction between sex, habitat, genome architecture, and population structure.

S$26-3 Comparative genomics of host-specialized populations of Corynespora
cassiicola causing emerging diseases reveals differences in necrotrophic effector

genes
M. Brewer and L. Sumabat
Plant Pathology, University of Georgia, Athens, GA, USA

Abstract: Numerous plant-pathogenic fungi secrete necrotrophic effectors, also known as host-selective
toxins, that are important determinants of pathogenicity and virulence. Corynespora cassiicola is a
destructive fungal pathogen causing emerging target spot epidemics on crops in the southeastern U.S.
Populations of C. cassiicola from cotton, soybean, and tomato have recently been determined to be host
specialized. We hypothesize that variation in necrotrophic effectors underlies specificity. The
necrotrophic effector cassiicolin was previously identified as a toxin and virulence factor of C. cassiicola
causing Corynespora Leaf Fall of rubber tree. Among isolates of C. cassiicola, cassiicolin was encoded
by 6 cas gene variants, named cas’ through casé. To identify variation among putative necrotrophic
effector genes in C. cassiicola causing outbreaks in the southeastern U.S. we conducted comparative
genomic analyses of 12 C. cassiicola genomes, with 4 each from cotton, soybean and tomato from
different regions of the southeastern U.S. The genomes were compared with the reference genome of
C. cassiicola (Corcal) from rubber tree. The genomes were assembled de novo and searched for known
cas, Tox, and other homologs of effector-encoding genes. Putative secondary metabolite synthetic
clusters were identified using antiSMASH. Three cas variants were identified among the 12 genomes;
however, no cas genes were identified among the genomes of the tomato isolates. Of the four genomes
from soybean isolates, 2 contained only casé, one contained only cas2, and one contained both cas2
and casé variants. The genomes of the four isolates from cotton all contained both cas2 and a new,
previously undescribed variant we named cas?. Interestingly, we identified the genes of the biosynthetic
gene clusters for zearalenone and T-toxin in all 12 genomes of the isolates from the U.S., yet they were
not present in the genome of the rubber isolate. The presence of different T-toxin genes varied among
the 12 genomes depending on the host of origin; however, all 4 isolates from cotton contained the 9
genes identified as being involved in T-toxin production in Bipolaris maydis. In C. cassiicola, the T-toxin
genes showed synteny with B. maydis; however, they were clustered in a single locus. Studies are
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underway to determine if C. cassiicola isolates from the three host specialized populations causing
epidemics synthesize T-toxin and if it is involved in pathogenicity or virulence. Knowledge of the
evolution and variation in necrotrophic effectors of host specialized populations is critical in
understanding the genetic basis of specificity and disease emergence of C. cassiicola causing target
spot of cotton, soybean, and tomato in the southeastern U.S.

S$26-4 Phylogenomics of suborder Agaricineae (Basidiomycota)

T. Niskanen', K. Liimatainen’, J. Kim?, N. Johansson', M. Ainsworth', P. B. Matheny?, B. Dentinger?, E.
Gaya?

Identification and Naming, Royal Botanic Gardens, Kew, Richmond, Surrey, UNITED KINGDOM,
2Comparative Plant and Fungal Biology, Royal Botanic Gardens, Kew, Richmond, Surrey, UNITED
KINGDOM, 3Ecology and Evolutionary Biology, University of Tennessee, Knoxville, TN, *Natural History
Museum of Utah & Department of Biology, University of Utah, Salt Lake City, UT, USA

Abstract: The evolutionary history of Fungi is still largely unknown. In this era of genomics, we are no
longer limited by the amount of data available to resolve many of their relationships and generate new
knowledge. Agaricales is the largest order of mushroom-forming Fungi. The suborder Agaricineae,
containing mainly the brown and darker spored Agaricales, was recently shown to be monophyletic.
However, the relationships within the suborder remain still largely unresolved. The group includes many
important ectomycorrhizal and saprotrophic fungi, as well as edible and commercially relevant
mushrooms, such as species of Agaricus. The aim of this study was to generate a robust and well-
supported phylogeny of the suborder using genome-wide DNA sequence data. Shallow whole genome
sequencing was used to create sequence data of 26 species of Agaricineae. In addition, genomic data
of 11 previously published species was obtained from GenBank and JGI databases. Together, these 37
species cover all major families of the group. Selected based on previous studies, 211 single copy genes
were extracted from the dataset and used for phylogenomic analysis. Previously published sequence
data (ITS, nrLSU, nrSSU, RPB1, RPB2, TEF1) of 250 species was combined with the genomic dataset to
produce the most extensive phylogeny of the group up to date. Our results will enable a more stable
classification of the group. They will also bring knowledge on the evolution of mycorrhizal and
saprotrophic lifestyles within the group. Other evolutionary patterns will also be discussed.

S$26-5 ZyGolife: Evolutionary genomics and phylogenetic classification of

zygomycete fungi

J. Spatafora’, Y. Chang', J. F. Tabima', Y. Wang', J. Stajich?

'Botany and Plant Pathology, Oregon State University, Corvalis, OR, USA, 2Plant Pathology, University of
California, Riverside, CA, USA

Abstract: To address longstanding questions in zygomycete evolution, we have initiated a large
collaborative project - ZyGolife - to sequence and analyze genomes across the taxonomic diversity of
zygomycete fungi. This project is in collaboration with the Joint Genome Institute and the 1000 Fungal
Genome Project, which seeks to sequence genomes across the fungal tree of life, and to date we have
sequenced more than 100 zygomycete genomes. Phylogenetic analyses of genome-scale data reject
the monophyly of zygomycetes and support the recognition of two phylum level clades, Mucoromycota
and Zoopagomycota. Zoopagomycota is sister group to Mucoromycota and Dikarya and comprises
three subphyla including Entomophthoromycotina, Kickxellomycotina and Zoopagomycotina. It is
characterized by associations and interactions with animals and other fungi, septate hyphae, and asexual
reproduction by conidia and merosporangia. Mucoromycota also comprises three subphyla including
Glomeromycotina, Mortierellomycotina and Mucoromycotina. It is characterized by associations with
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plants, plant-based nutrition, coenocytic hyphae, and asexual reproduction by sporangia. We will
discuss evolution of these traits, phylogenomic analyses of corresponding genomic features (e.g.,
CAZymes, secretome), impacts on classification, and estimates of geologic origin in the context of
eukaryotic evolution and colonization of terrestrial ecosystems.

S$26-6 Leveraging single-cell genomics to expand the Fungal Tree of Life

S.R. Ahrendt’, A. Quandt?, D. Ciobanu?®, A. Clum?, A. Salamov?, B. Andreopoulos?, J. Cheng?, T. Woyke?,
A. Pelin®, B. Henrissat®, G. L. Benny®, M. E. Smith®, T. Y. James?, |. GrigorieV'

'Plant and Microbial Biology, University of California, Berkeley, CA, USA, 2Ecology and Evolutionary
Biology, University of Michigan, Ann Arbor, MI, USA, 3Joint Genome Institute, US Department of Energy,
Walnut Creek, CA, USA, “Centre for Innovative Cancer Research, Ottawa Hospital Research Institute,
Ottawa, Ontario, CANADA, *Architecture et Fonction ees Macromolécules Biologiques, Umr 7857 Cnrs,
Aix-Marseille University, Marseille, FRANCE, ¢Plant Pathology, University of Florida, Gainesville, FL, USA

Abstract: Bridging the knowledge gap between the approximately 100,000 described fungal species
and the estimated 5 million total fungal species will require novel approaches for studying fungi. One
major challenge is that many fungal species have not been isolated into pure culture, yet these
uncultured species represent most of the observed diversity in environmental DNA amplicon surveys.
This issue is exacerbated in the early-diverging fungal lineages, which comprise numerous biotrophic
and generally microscopic groups. Recent advances in whole genome sequencing from single cells
promise to overcome major challenges in analyzing the genetic makeup of this unknown diversity at a
high throughput scale by eliminating bottlenecks imposed by cultivation requirements and workflows.
Here we expand our understanding of uncultured lineages of fungi by using our newly developed
single-cell genome sequencing pipeline to analyze the genomes of eight uncultured fungal species,
seven of which belong to early-diverging lineages. We show that although there is a large variation in
genome assembly and gene space recovery (6-88%) from each single amplified genome (SAG),
combining data of multiple SAGs from the same species yields estimated genome recoveries of at least
90%. Using even incomplete genomes derived from individual single cells, our phylogenomic analyses
provide robust placement for these unsampled lineages on the fungal tree of life, including the
previously difficult to place lineages such as Dimargaris cristalligena and Blyttiomyces helicus. Analysis
of genomes from single cells allows us to detect polymorphic nucleotides as heterozygous sites and to
infer that multiple early-diverging species and the ancestor of fungi was likely diploid. Nearly complete
single-cell genomes facilitated comparative genomic analyses, such as investigation of common
metabolic deficiencies and characterization of mycoparasitism-related gene family expansions.
Additionally, we discovered the first known instance of hydrophobins outside of the Dikarya in the
chytrid Caulochytrium protostelioides. These results show that single-cell genomics holds great promise
in facilitating fungal phylogenomics, genetically exploring cryptic biology, characterizing nutritional
modes and ecological diversity, and discovering novel genes.
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Symposium Session 27:

Polyextremotolerant fungi in natural and urban extreme environments
N. Gunde-Cimermann and L. Muggia

S$27-1 Hot, Cold, or Salty? Comparative genomics of halophiles from hot and cold

deserts.

J. E. Stajich’, C. Coleine?, C. Gostincar® N. Pombubpa', T. Kurbessoian', J. Zupancic?, P. Zalar®, Gunde-

Cimerman?, L. Zucconi?, S. Onofri4, L. Selbmann?

'Department of Microbiology and Plant Pathology, University of California, Riverside, CA, USA,
’Department of Ecological and Biological Sciences, University of Tuscia, Viterbo, ITALY, Department of
Biology, University of Ljubljana, Biotechnical Faculty, Ljubljana, SLOVENIA

Extreme environments may permit survival for only specialized and adapted life forms. The majority of
fungi which colonize cold Antarctica rocky deserts, the hot Mojave desert biological crusts, or
hypersaline salterns are from a few phylogenetic lineages. Some of the most common groups isolated
by culturing and amplicon sequencing are meristematic and black yeast ascomycetes of the order
Chaetothyriales (class Eurotiomycetes) and class Dothideomycetes. We sought to ask if these fungi
demonstrate signatures of genetic adaptation to these environments with limited water availability, high
UV radiation, or extreme temperature ranges. We have sequenced and compared genomes of strains
from extreme and mesophilic environments to test if gene or functional domain content distinguishes
extremophile. Comparison of the halophilic Hortaea werneckii to an Antarctic isolate of Hortaea
thailandica revealed few changes that distinguish these species. Examination of the broader trends in
gene content among some of these Dothideomycetes using our sequencing of Cryomyces and
Rachicladosporium strains will be presented. In addition, we will report culturing and comparison of
genomes of Chaetothyriales fungi including Knufia/Phaeococcomyces/Sarcinomyces isolated from
Mojave desert biological crusts and Exophila mesophila from Antarctica. Finally, a population genomic
study on the halophilic Hortaea werneckii characterized variation in ploidy and tests as to whether whole
genome duplication or hybridization explains genome size differences among strains will be presented.

S$27-2 Fungi in human-made water-environments

A. D.Van Diepeningen

Bu Biointeractions and Plant Health, Wageningen University and Research, Wageningen,
NETHERLANDS

Abstract: It is surprising how little we know about the fungal microbiome of human-made water
environments that include for instance our drinking water systems and swimming pools. Cleaning
regimes and for instance chlorination levels are especially directed at bacterial contaminations. For
drinking water just one country has rules for maximum levels of fungal contamination, but this is only
tested when the water has a dark or brown color or smells wrong. In this presentation both densities of
fungal contaminations and species composition in the fungal populations of different human-made
water-environments in the Netherlands are studied and compared to studies done in other countries. In
general, fungal density and diversity are assessed based on colonies isolated using different (semi)
selective media and culturing conditions and fungal identification based on molecular characterization
of barcoding regions like the ITS region. For drinking water both surface water and groundwater can be
used, each resulting in a different signature of present species, but generally in low numbers. Season
has an impact on observed numbers and species. Besides the observation of generalist fungal species
also water- specific lineages are observed, that include low numbers of opportunistic (black) fungal
species. However, especially in chlorinated pool water -probably after human contact - numbers of
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opportunistic pathogens dramatically increase. Some rarely observed pathogenic species prove be
common inhabitants of these chlorinated pools.

S$27-3 Bass Becking was right: Polar fungi in refrigerators, tropical in dishwashers
P. Zalar, J. Zupandi¢, M. Novak Babi¢, C. Gostincar, L. Perini, N. Gunde Cimerman
Department of Biology, Biotechnical Faculty, University of Ljubljana, Ljubljana, SLOVENIA

Abstract: People in developed countries spend most of their time indoors, either in their homes or at
work. They are thus exposed to a variety of microorganisms that can survive selectively in indoor
environments despite of applied hygiene measures and sanitation procedures. Household appliances
running at high or low temperatures and with detergents accommodate selective conditions leading to
the enumeration of microorganisms that are specifically adapted to these conditions. Indoor mycobiota
comprises either air-borne, mostly filamentous fungi inhabiting surfaces of walls and household
appliances, or water-born yeasts or filamentous fungi in tap water or bathroom, kitchen and other
household appliances, like dishwashers, washing machines and refrigerators. Recent studies of wet and
hot indoor niches using culturable and unculturable approaches, have revealed the occurrence of a
diversity of yeast species from the genera Debaryomyces, Meyerozyma, Pichia, Saccharomyces and
Yarrowia, as well as opportunistic pathogenic yeast species from genera Candida, Naganishia and
Rhodotorula, and the black yeast Aureobasidium and Exophiala. From cold household devices, used to
preserve food, like refrigerators and freezers, also an array of other fungi was found, many of them being
food unrelated and being often detected in Arctic environments. Prevailing filamentous fungi are from
genera Cladosporium, Penicillium, Aspergillus, Exophiala and Aureobasidium, while yeasts belonged to
genera Candida, Debaryomyces, Naganishia, Cryptococcus, Vishniacozyma and Dioszegia. The main
characteristics enabling all these fungi to colonize specified domestic environments include production
of extracellular polysaccharides, ability to grow on cleaning agents, tolerance to high or low
temperatures, high salt concentrations, and alkaline pH. These selected and enriched species can form
surface biofilms, and can become causal agents of infections. The way of entry of all these fungi to indoor
environments are via air and water. Drinking water, which is typically not accredited for fungi, often
contains propaguels of opportunistic human pathogens that can cause (sub)cutaneous and catheter-
related infections and infections of respiratory and urinary tract. They belong to genera such as
Exophiala, Rhinocladiella, Candida and Rhodotorula. The species diversity from all above listed indoor
environment is described on the basis of advanced culture dependent and DNA-based NGS techniques.

S$27-4 Lichen symbioses as a niche for extremotolerant fungi
M. Grube', F. Fernandez-Mendoza', E. Banchi?, L. Muggia?
TInstitute of Biology, University of Graz, Graz, AUSTRIA, ?Life Sciences, University of Trieste, Trieste, ITALY

Abstract: Fungi living on lichens (lichenicolous fungi) have since long been studied but there is still little
comparative information about their unseen diversity. We studied the whole diversity of lichen-
associated fungi using a metabarcoding analysis of the internal-transcribed-spacer regions (ITS). We
collected thalli with and without infections of specific lichenicolous fungi. The majority of the detected
OTUs represented fungi of the two classes Dothideomycetes and Eurotiomycetes. Many of the fungi are
also known form other niches and included rock-inhabitant and extremotolerant lineages. We assigned
some of the sequences to morphologically characterized lichenicolous fungi and also assessed their
potential asymptomatic presence in lichen thalli. Shared fungal composition in the thalli varied among
differentlichen species and did not correlate with externally visible fungal infections. In fact, microscopic
data, culture-based approaches, and high throughput sequencing revealed discordant pictures of
mycobiome diversity. Moreover, we find variation in diversity estimates depending on the primers used,
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with particular biases in the detection of Basidiomycota. Preliminary co-culture experiments reveal a
potential of some extremotolerant lichen-inhabiting fungi to form interactions with the algal partner of
the host.

S$27-5 Subterranean Fungi: Diversity within the Soudan Iron Mine in Northern
Minnesota

B. Held', C. Salomon?, R. Blanchette'

'Department of Plant Pathology, University of Minnesota, St. Paul, MN, USA, 2Center for Drug Design,
University of Minnesota, Minneapolis, MN, USA

Abstract: Mines and caves are unusual biomes containing unique fungi and are greatly understudied
compared to other environments. These studies focus on the Soudan Mine in Tower, MN, an iron ore
mine that closed in 1963 after operating for 80 years. The mine has 27 levels and is 714 m deep.
Although mines can be nutrient poor, there are areas in the Soudan mine with large quantities of
wooden timbers. This wood was used during the mining operations and now serves as carbon source
for fungi and other microorganisms. We sampled the mine to explore fungal diversity with the goal to
investigate taxa that tolerate heavy metals for potential bioprocessing technologies as well as bioactive
molecules for drug discovery and possible biocontrol for white nose syndrome (WNS) of bats. Fungi
were cultured from samples and the ITS region was sequenced for identification and phylogenetic
analysis. Results show Ascomycota are the dominating fungi followed by Basidiomycota and
Mucoromycota. Out of 175 identified taxa 124 belong to the Ascomycota and 26 and 25 to
Basidiomycota and Mucoromycota, respectively. There are also 49 taxa that do not match well (<97%
BLAST GenBank identity) with described fungal species. Examples of the most commonly isolated fungi
are: Ascomycota: Scytalidium sp., Mariannaea comptospora, Hypocrea pachybasidioides, Oidiodendron
griseum and Pochonia bulbillosa; Basidiomycota: Postia sp., Sistotrema brinkmannii, Calocera sp.,
Amylocorticiellum sp.; Mucoromycota: Mortierella parvispora, M. gamsii, M. hyaline, M. basiparvispora
and Mortierella sp. llumina high throughput sequencing was also used on samples of wood from several
levels of the mine and showed that Ascomycota was dominant, including a sample with high copper
concentrations. A phylogenetic analysis of identified Pseudogymnoascus sp. from the mine shows that
they are closely related to P. destructans (the causal agent for WNS). Culture studies indicate they are
present over extensive areas in the mine. Rhizomorphs of Armillaria sinapina were also found throughout
the mine. The mine environment, with the presence of high levels of heavy metals, complete darkness
and nutrient poor areas, is an extreme environment for fungi. One Ascomycota, Cadophora sp., and two
Basidiomycota, Amyloathelia sp. and Jaapia argillacea, discovered in the mine are similar to genera
isolated by the authors in other extreme environments. However, phylogenetic analysis shows
differences in species between these environments. Many of the mine fungi have heavy metal tolerance,
others show possible use for biological control of WNS. Cadophora sp. was also found to produce new
compounds named soudanones. Results indicate this subterranean environment hosts unusually diverse
fungi, many of them not found in above ground environments.

S$27-6 Hidden depths: Fungi in permafrost soils and a test of the paleosymbiosis
hypothesis in high latitude boreal forests

N. Day', C. Dieleman?, G. Thorn?, K. Dunfield*, M. Turetsky?, J. Baltzer'

'Biology, Wilfrid Laurier University, Waterloo, CANADA, ZIntegrative Biology, University of Guelph,
Guelph, Ontario, CANADA, 3Biology, Western University, London, Ontario, CANADA, “School of
Environmental Science, University of Guelph, Guelph, Ontario, CANADA
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Abstract: Fungi are fundamental for driving ecosystem processes of carbon and nutrient cycling, and
are particularly important in carbon-rich boreal forests. Studies have demonstrated strong vertical
stratification of mycorrhizal and saprotrophic communities in boreal forest soils and permafrost.
Although much of the subarctic boreal forestis underlain by permafrost(ground perennially below 0°C),
changing climate and increased wildfire activity has led to concerns about permafrost thaw and
subsequent impacts on nutrient cycles, carbon emissions, and forest regeneration; processes in which
fungi play central roles. In addition, the recently posited paleosymbiosis hypothesis suggests that there
may be viable propagules in deep soils that could form effective mutualisms. These propagules could
become important in boreal forests with projected drought, requiring deeper penetration of plant roots
or repeated extreme wildfire events exposing mycorrhizas in deep soil layers. Northwestern North
America is disproportionately impacted by climate change so gaining information on fungal taxa in soil
layers can help us understand how ecosystems may function in the future. Our aim is to understand the
function of fungi in different soil layers of boreal forest soils across regions. Our first objective is to
describe fungal communities at different depths of boreal forest soils, including permafrost, and relate
them to biogeochemical cycles (N, C) during permafrost thaw from sites with different fire histories in
the Northwest Territories, Canada, and Alaska, USA. Our second objective is to test the paleosymbiosis
hypothesis by determining the presence of viable ectomycorrhizal propagules from different depths
and assessing their colonisation and growth impacts on seedlings. We collected 12 soil cores from active
layer to deep permafrost soils from spatially distributed locations with different fire histories throughout
subarctic boreal forests in our study region. Preliminary analyses of surface soils showed that fungal
community structure was related to soil moisture, suggesting that changes in soil moisture due to
permafrost thaw and/or climate change could have large impacts on fungal communities and
subsequent biogeochemical cycling. We will present results on fungal community structure from
[llumina sequencing of the active, permafrost, and deep permafrost layers. We will also present results
from growth chamber experiments inoculating tree seedlings with soil from each depth to identify viable
ectomycorrhizal propagules. Our study provides information on how the initial structure of fungal
communities impacts C and N cycling in thawing permafrost soils, and survivability of ectomycorrhizal
propagules from in deep soil layers.

Symposium Session 28:
Integrative Approaches to Understanding the Diversity and Function of the

Boletatles
N. Nguyen and H. Liao

S$28-1 An Overview of bolete systematics: Attention to details
R. Halling
Institute of Systematic Botany, New York Botanical Garden, Bronx, NY, USA

Abstract: The taxonomy and systematics of Boletes has a long history. For much of that time, concepts
of genera and species were based on morphological features and ecological preferences displayed by
taxa in the Northern Hemisphere - primarily Europe and North America. Increased exploration of the
tropics, southern hemisphere, and other under explored/remote areas has revealed previously
undocumented complexity that has challenged existing taxonomic concepts. The application of
contemporary technologies and methodologies has shifted the paradigm of bolete classification. The
use of cladistic approaches to analyze DNA sequences via powerful computational tools has
fundamentally changed bolete systematics from an alleged artificial system to one that is deemed less
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subjective based on hypotheses of evolutionary descent. Our recent efforts with the latter approach
have resulted in a proliferation of taxonomic hypotheses; some withstanding further testing, others not.
A verifiable framework is needed within which the details of morphology, sequence data, biogeographic
and ecological factors can be evaluated.

S$28-2 Functional and evolutionary genetics of zinc tolerance in the ectomycorrhizal

fungus Suillus luteus
J. Ruytinx, L. Coninx, J. V. Colpaert
Centre for Environmental Sciences, Hasselt University, Diepenbeek, BELGIUM

Abstract: Suillus luteus is a cosmopolitan fungal species, symbiotically associated with pine trees. In
primary successions of pines this species is abundant and involved in seedling establishment. On
severely metal-contaminated soils, metal tolerant S. luteus populations evolved by natural selection.
Tolerant individuals effectively protect their host tree from metal toxicity on these soils. However, the
molecular and genetic mechanisms underlying adaptive metal tolerance in S. luteus are unknown. We
hypothesize that tolerance phenotypes are due to an adaptation in the common metal homeostasis
network. By comparative and functional genetics, we identified several S. luteus genes encoding
transporters involved in metal homeostasis. One of these transporters, SIZnT2, a CDF family transporter
exhibits a differential gene expression among Zn-tolerant and Zn-sensitive phenotypes. The difference
in expression level seems to be due to an extensive gene multiplication and differences in cis-regulation.
Analyzing natural populations, tolerance phenotype is correlated with SIZnT2 gene copy number and
associated with particular promoter genotypes. SIZnT2 is predicted to be localized on the tonoplast and
to move Zn from the cytoplasm into the vacuole. Comparative genomics of different isolates
representing distinct metal tolerance phenotypes is ongoing to identify the genetic loci associated with
adaptive Cd and Cu tolerance. Altogether results of this study will be valuable to select ectomycorrhizal
genotypes to support restoration of metal polluted soils.

S$28-3 Phylogenomics of the Boletaceae using generic level sampling and low
coverage whole genome sequencing

B. Dentinger’, R. E. Halling?, T. W. Henkel®

"Natural History Museum of Utah and School of Biological Sciences, University of Utah, Salt Lake City,
UT, USA, ?Institute of Systematic Botany, New York Botanical Garden, Bronx, NY, USA, *Department of
Biological Sciences, Humboldt State University, Arcata, CA, USA

Abstract: Boletaceae is one of the largest and most successful families of ectomycorrhizal fungi. Despite
their ubiquitous presence in ECM communities worldwide and high scientific interest among
taxonomists, a robust intrafamilial phylogeny that implicates unequivocal generic level clades has
remained frustratingly elusive. Bolete genera were traditionally defined based on morphology of north
temperate taxa, but such character packages are ill-suited for the wealth of tropical species, many of
which are new to science. Recent multigene phylogenetic analyses that included taxa from
undersampled regions have revealed discrete terminal clades emerging from a largely unresolved
backbone, a result that has persisted since the first Boletaceae phylogenies appeared in the 1990s. This
pattern may reflect a recent evolutionary radiation or may be an artifact of inadequate phylogenetic
resolution from too few genes and/or incomplete taxon sampling. Despite this lack of resolution
between clades, this pattern has resulted in a proliferation of new genera, with more than 1/3 of current
generic names having originated within the last eight years. This study attempts to reconcile generic-
level classification with improved phylogenetic resolution from a molecular dataset generated using low
coverage whole genome sequencing from ~100 species of Boletaceae, representing exemplars of most
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of the 65 currently accepted genera. Additional overlooked or undescribed taxa from tropical Africa and
South America are included. Phylogenetic hypotheses and their implications for taxonomy and
biogeography will be discussed.

S$28-4 Environmental adaptation in Suillus brevipes (Boletales)

S. Branco', K. Bi?, H. Liao3, P. Gladieux?, H. Badouin®, C. Ellison®, N. N. Ngyuen’, R. Vilgalys®8, K. Peay’, J.
W. Taylor™, T. D. Bruns'®

"Microbiology and Immunology, Montana State University, Bozeman, MT, USA, 2Computational
Genomics Resource Laboratory, University of California, Berkeley, CA, USA, 3Soil and Water Sciences,
University of Florida, Quincy, FL, USA, “Biologie et Genetique des Interaction Plante-parasite, INRA,
Montpellier, FRANCE, *Biometrie and Biologie Evolutive, Universite Lyon 1, Villeurbanne, FRANCE,
®Department of Genetics, Rutgers University, Piscataway, NJ, USA, "Tropical Plants and Soil Sciences,
University of Hawaii, Honolulu, HI, USA, 8Biology, Duke University, Durham, NC, USA, “Department of
Biology, Stanford University, Stanford, CA, USA, "®Department of Plant and Microbial Biology, University
of California, Berkeley, CA, USA

Abstract: Recent advancements in sequencing technology allowed to better address the patterns and
mechanisms involved in fungal environmental adaptation by identifying putative adaptive genes and
providing a framework to further investigate the genetic basis of adaptation. Here, we report on ongoing
studies investigating the physiological and genomic basis of environmental adaptation in species of the
genus Suillus brevipes (Boletales). Whole genome scans in this widespread pine-associated species
from across North America showed signatures of positive selection and genomic sites significantly
associated with climate regimes and soil chemistry. Gene ontology enrichment analyses highlighted
genes involved in transmembrane transport of substances and helicase activity that are potentially
involved in both salt tolerance and cold stress response. We unveiled genomic regions underlying
fungal adaptation and established links between phenotypes and genotypes, contributing for
understanding how environmental conditions shape evolution.

$28-5 Mualistic coevolution mediating species and population level biodiversity of

ectomycorrhizal fungi

H.-L. Liao', S. Branco?, N. Nguyen?®, P. Kennedy*, C. Hsu', K. Chen', A. Kuo®, K. Barry®, I. Grigoriev®, D.
Hoyt’, R. Tappero?, R. Vilgalys’

'Soil and Water Sciences Department, University of Florida, Quincy, FL, USA, 2Microbiology and
Immunology, Montana State University, Bozeman, MT, USA, 3Department of Tropical Plant and Soil
Sciences, University of Hawaii at Manoa, Honolulu, HI, USA, “Department of Plant and Microbial Biology,
University of Minnesota, St. Paul, MN, USA, °JGI, Walnut Creek, CA, USA, ®Fungal Program, US
Department of Energy Joint Genome Institute, Walnut Creek, CA, USA, ’Environmental Molecular
Sciences Laboratory (EMSL), Richland, WA, USA, 8NSLS-Il, Brookhaven National Laboratory, Shirley, NY,
USA, ?Biology, Duke University, Durham, NC, USA

Abstract: Species of the ectomycorrhizal bolete genus Suillus exhibit strong host-specific associations
with members of the conifer family Pinaceae, suggesting a long history of fungal-plant coevolution with
different species of pines, larches, and Douglas fir. Suillus species are often prominent members of the
early successional ectomycorrhizal community of forests, and play a key role in their establishment,
growth, spread, and ecosystem function. Using genomics-based approaches, we are developing the
Suillus-Pinaceae symbiosis as a model for the study of ectomycorrhizal fungal diversity and function.
Genome sequencing of over 50 Suillus species is underway to facilitate the study of the molecular
evolutionary history of the entire genus for the first time. Using whole-genome sequencing, we are also

Symposium Sessions ¢ Friday, July 20, 2018 111



examining finer-scale patterns of divergence within several globally distributed species (S. brevipes, S.
luteus) using population genomics. To address molecular mechanisms involved in Suillus-Pinaceae
coevolution we are using combined ‘omics-based approaches to study the genome-wide expression of
interacting plant and fungal symbionts at several levels including (a) mycorrhizal compatibility
interactions across a phylogenetically broad range of Suillus-Pinaceae species pairings (b) within-
species variation (S. brevipes-Pinus spp.) across geographic and host ranges. RNA-Seq data is being
used to estimate expression and diversity of global genes involved in fungal-host plant crosstalk
(effector-receptor interaction), zinc uptake, symbiosis maintenance and C/N/P allocation. Our study
indicates the genetic elements required for Suillus-plant crosstalk underwent very recent genome
evolution. This implies that genetic coevolution has potential to affect both within- and across-species
diversity. The research outcomes will have the significant impact on expanding the theory of mutualistic
coevolution and allow us to predict the effects of host-driven biological diversity on ecosystem function.

S$28-6 Host range and specificity of ectomycorrhizal genus Suillus with different

Pinaceae hosts

A.Rojas', Y. Ke', K. Hameed', H. V. Cotter', H. Liao?, N. Nguyen?, P. Kennedy?, R. Vilgalys'

'Biology, Duke University, Durham, NC, USA, ?Soil and Water Sciences Department, University of Florida,
Quincy, FL, USA, 3Department of Tropical Plant and Soil Sciences, University of Hawaii at Manoa,
Honolulu, HI, USA, “Department of Plant and Microbial Biology, University of Minnesota, St. Paul, MN,
USA

Abstract: Though many species of ectomycorrhizal fungi are often reported to exhibit host specificity
with different plant taxa, experimental evidence is often lacking and the mechanisms controlling
mycorrhizal compatibility are still largely unknown. One well-known example of host specificity is the
bolete genus Suillus that forms ectomycorrhizae (ECM) almost exclusively with members of the conifer
family Pinaceae. Many species of Suillus spp. are reported to only occur only in association with certain
genera and subgenera of Pinaceae including Pinus subgenera Strobus and Pinus, Larix, Picea, Abies, or
Pseudotsuga. Using basidiospore-seedling bioassays, we addressed the host-range and specificity of 98
collections of Suillus representing 37 morpho-species from 25 different locations across North America
for their ability to form ECM with diverse host species of Pinaceae. Basidiospore suspensions (5 x10°
spores/mL) were used to inoculate seedlings of 10 different Pinaceae host genotypes. Inoculated plants
were grown in the Duke Phytotron under controlled conditions (20°C, 16h/8h day/night, with regular
overhead watering) and assessed for growth and mycorrhizal colonization after 180 days. Identity of
Suillus spp. forming ECM was confirmed by PCR and by culturing of ECM-colonized root tips. Most
Suillus species collected under a given species of Pinus also formed ECM with other species of the same
host, though with different levels of colonization. Suillus spp. collected under Larix and Pseudotsuga
showed high specificity for their original host, however, some strain had limited cross-compatibility with
Pinus sylvestris. Overall, colonization levels were lower on Larix and Pseudotsuga with respect to the
Pinus hosts included in the study. Using multilocus sequence genotyping, both dikaryotic and
monokaryotic cultures were isolated from ECM root tips, suggesting that haploid mycelia are capable
of forming persistent ECM.
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Symposium Session 29:

Fungi in a Changing Environment
L. Boddy and H. Kauserud

S$29-1 Macroecology analyses of millions of fruit body records: Environmental

drivers of phenology and species assemblies across Europe

C. Andrew’, E. Heegaard?, R. Halvorsen®, T. W. Kuyper?, J. Heilmann-Clausen®, I. Krisai-Greilhuber®, C.
Bassler’, S. Egli®, A. C. Gange’, K. Hgiland'®, P. M. Kirk'", B. Senn-Irlet’?, L. Boddy'3, U. Blintgen', H.
Kauserud'®

'Forest Dynamics, Swiss Federal Institute for Forest, Snow and Landscape Research, Birmensdorf,
SWITZERLAND, 2Forestry and Forest Resources, Norwegian Institute of Bioeconomy Research, Fana,
NORWAY, 3Natural History Museum, University of Oslo, Oslo, NORWAY, “Department of Environmental
Sciences, Wageningen University, Wageningen, NETHERLANDS, °Evolution and Climate, Center for
Macroecology, Copenhagen, DENMARK, °Department of Systematic and Evolutionary Botany,
University of Vienna, Vienna, AUSTRIA, 'Department of Conservation and Research, Bavarian Forest
National Park, Grafenau, GERMANY, 8Walddynamik, Mykorrhiza, Swiss Federal Research Institute WSL,
Birmensdorf, SWITZERLAND, ?School of Biological Sciences, University of London, Surrey, UNITED
KINGDOM, 'Section for Genetics and Evolutionary Biology, University of Oslo, Oslo, NORWAY,
" Jodrell Laboratory, Royal Botanic Garden, Surrey, UNITED KINGDOM, '?Biodiversity and Conservation
Biology Research Unit, Swiss Federal Institute for Forest, Snow and Landscape Research WSL,
Birmensdorf, SWITZERLAND, "*Biomedical Building, Cardiff School of Biosciences, Cardiff, UNITED
KINGDOM, "Department of Geography, University of Cambridge, Cambridge, UNITED KINGDOM

Abstract: Fungal species occurrence observations are increasingly available for scientific analyses
through citizen science projects and the digitization of museum records, rendering new and large-scale
ecological resources. When combined with open-source data, there is unparalleled potential for
addressing new questions in fields such as fungal ecology, biogeography, macroecology and global
change biology. We have assembled a pan-European mycological meta-database (ClimFun) that has
been integrated with open-source environmental and species traits data. Initially 7.3 million unique
fungal species fruit body records, spanning nine countries, were processed and assembled into 6 million
records of more than 10,000 fruiting species. We will here present results from two studies where we
utilize the data. In the first, we assess the phenology of fungal fruiting at a European scale and relates
the phenology to climate variability and the seasonality of fungal fruiting. Mean annual temperature is
ubiquitously important, and more so for autumnal fruiting fungi. Spring fruiting fungi, especially
ectomycorrhizal fungi, are additionally responsive to primary productivity. There is significant likelihood
that further climatic change, especially in temperature, will impact fungal fruiting patterns atlarge spatial
scales. In a second study we identify the major geographical and environmental gradients structuring
fungal assemblages throughout Europe for two main nutritional modes, saprotrophic and
ectomycorrhizal fungi. For both nutritional modes, mean annual temperature correlated most with the
first gradient identified that structured assemblages. Soil organic carbon was the highest correlate of
the second compositional gradient for ectomycorrhizal fungi, likely an indicator of vegetative- and pH-
related covariance. In contrast, a pollution gradient was of secondary importance for saprotrophic fungi,
reflected in a high correlation with nitrogen deposition. The highest rates of compositional change in
fungal assemblages by time (1970-1990 versus 1991-2010) suggest targeting higher latitudes and
altitudes for a better understanding of fungal dynamics related to climate change. We suggest further
examination of the ranges and dispersal abilities of fungi to assess responses to global change and to
aid fungal conservation.
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S$29-2 Using species distribution models to inform conservation translocations
J. L. Allen
Biodiversity, Swiss Federal Institute WSL, Birmensdorf, SWITZERLAND

Abstract: Rates of environmental change can outpace the ability of species to migrate or adapt. When
this happens, it can lead to local extirpation, or even extinction in extreme cases. Conservation
translocations, moving individuals of a species to bolster existing populations, reintroduce them, or
establish populations in new areas, are important methods for rescuing species from extirpation or
extinction. In this presentation | will discuss the utility of translocation for lichen conservation, with a
particular emphasis on the role that species distribution modeling (SDM) can play in the process. | will
present three case studies. The first study focuses on high-elevation endemics in the southern
Appalachian Mountains of eastern North America. | used SDMs to predict how suitable habitat may shift
for target species in the coming century. The results suggested that most of the distributions for all target
species would be lost within their current ranges. | then set up a small transplant study to determine if it
would be possible to consider conservation translocations as a method to rescue these species, again
using SDMs to select suitable sites to establish the transplants. Unfortunately, most of the transplants
failed due to the artificial substrate not withstanding climatic conditions in the study area. The second
case study focused on whole coastal lichen communities threatened by sea-level rise. In this study SDMs
were built for 193 species and used to determine where the greatest diversity and threats were
concentrated in the region. This information was then used to guide the establishment of a whole-
community lichen transplant on the edge of being lost to sea-level rise. The third case study is on a single
species, Usnea angulata, which has been extirpated from the majority of its range in eastern North
America. Transplants of over 50 individual thallus fragments were established at Highlands Biological
Station to establish an ex situ source population that can be harvested sustainably to re-introduce the
species throughout its historical range. The transplanted thallus fragments are growing quickly,
averaging 2-3 cm of length increase every 6 months. Now that the ex situ source is established, SDMs
will be used to select sites for reestablishing populations that are suitable now, and will continue to be
suitable even as the climate changes in the coming century. All of these studies illustrate the utility of
SDMs for conservation translocations, and provide examples to discuss decision making, risk
assessment, and measurements of success in planning and executing conservation translocations.

$29-3 Fungal community dynamics following bark beetle infestation in Wyoming
coniferous forests

L. T. A. Van Diepen
Ecosystem Science and Management, University of Wyoming, Laramie, WY, USA

Abstract: Bark beetle (Dendroctonus spp.) outbreaks have impacted large areas in the Western United
States in the past decade, resulting in large-scale conifer forest mortality. In these regions, the presence
of bark beetles changed from endemic to epidemic levels because of increased mean winter
temperatures and changes in precipitation patterns caused by climate change. Upon tree death, there
is a change in plant-derived inputs via a large one-time needle drop and reduced root inputs, resulting
in altered soil conditions. To understand how bark beetle induced changes in plant-derived inputs affect
soil fungal community dynamics and associated biogeochemical cycling, a study was conducted in bark
beetle affected coniferous forests in Southeastern Wyoming. Soil samples from healthy tree clusters
were compared with infested and dead tree clusters. Impacts on fungal community dynamics were
determined by measuring extracellular enzyme activities and sequencing the fungal community. Our
study demonstrated increased extracellular enzymatic activity and turnover of the fungal community in
dead compared with live stands. Specifically, lignin degrading enzyme activities were increased in
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infested tree clusters, while (hemi)cellulose degrading enzymes were only increased in the dead clusters
compared to the healthy tree clusters. Furthermore, dead stands had lower proportional abundances of
ectomycorrhizal fungi (ECM) as well as a relative increase in saprotrophic taxa compared to the healthy
clusters. Taken together, our findings indicate significant changes in the structural and functional
dynamics of the soil fungal community, which is correlated with changes in overall biogeochemical
cycling, and could have large impacts on forest regeneration following large-scale disturbances caused
by climate change.

S$29-4 Mycorrhizal fungal necromass decomposition under altered environmental

conditions

P. Kennedy', C. Fernandez', S. Mundra?, L. N. Morgado?, K. Heckman*, H. Kauserud®

"Department of Plant And Microbial Biology, University of Minnesota, St. Paul, MN, USA, ?Biosciences,
University of Oslo, Oslo, NORWAY, 3Section for Genetics and Evolutionary Biology (EVOGENE),
Department of Biosciences, University of Oslo, Oslo, NORWAY, “Northern Research Station, United
States Forest Service, Houghton, MI, USA, *Section for Genetics and Evolutionary Biology Department
of Biosciences, University of Oslo, Oslo, NORWAY

Abstract: More carbon (C) is stored globally in soils than in the biotic and atmospheric pools combined.
Given the large fluxes of C entering the soil through fungal necromass (i.e. dead biomass) and their
substantial contribution to soil organic matter, understanding the decomposition dynamics of these
fungal inputs represents a critical gap in our current knowledge of global climate change. With regard
to intrinsic factors, it is now well recognized that, like plant materials, the biochemical composition of
fungal hyphae is a very strong predictor of mass loss. Compared to the decomposition of plant materials,
however, the effect of extrinsic (i.e. environmental conditions) factors on fungal necromass
decomposition remains poorly characterized. In this presentation, we will present the results of our
incubation of four different types of mycorrhizal fungal necromass in the SPRUCE warming experiment
in a boreal peatland in Minnesota, USA. Over the past two years, we have characterized rates of mass
loss of each necromass type, the microbial decomposer community present on the different types of
necromass as well as the chemical composition of their remaining residues. Collectively, this work
provides fundamental new insights about the dynamics of fungal necromass decomposition and its role
in soil C sequestration under altered environmental conditions.

$29-5 Tipping-point in C storage related to mode of N cycling across the arctic

tundra-to-forest transition

K. E. Clemmensen', A. Michelsen?, S. Hallin’, R. D. Finlay’, B. Lindah[®

'Forest Mycology and Plant Pathology, Swedish University of Agricultural Sciences, Uppsala, SWEDEN,
2Biology, University of Copenhagen, Copenhagen, DENMARK, 3Soil and Environment, Swedish
University of Agricultural Sciences, Uppsala, SWEDEN

Abstract: Shrubs and trees are currently increasing in tundra areas across the Arctic, a response linked
to recent climate warming. Ecotones between forests, dominated by ectomycorrhizal trees, and
heathlands, dominated by ericoid mycorrhizal dwarf shrubs, are naturally found in transitions towards
arctic and alpine zones, and may be used as space-fortime substitution to reflect long-term
consequences of arctic greening on ecosystem level processes such as nitrogen (N) circulation and
carbon (C) sequestration. Here, we present results from a subarctic-to-alpine ecotone from mountain
birch forest to heath tundra in northern Sweden. We aimed to test the hypothesis that increasing
abundance and activity of ectomycorrhizal fungi with increasing shrubs and trees would lead to faster N
cycling through soil pools, and consequently lower C sequestration. We found a strong positive
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coupling between tree abundance and ectomycorrhizal fungal growth, both of which were negatively
coupled with C sequestration. By DNA-barcode sequencing, we identified a shift in dominance from
root-associated ascomycetes (mostly ericoid mycorrhizal) in the heath to cord-forming ectomycorrhizal
fungi (mostly Cortinarius and Leccinum spp.) in the forest. Higher C/N-ratios, lower inorganic N levels
and lower abundance of functional genes reflecting inorganic N cycling in the forest suggested
prevalence of organic N cycling by ectomycorrhizal fungi here. We also transplanted organic substrates
between forest and heath to investigate the decomposition capacity of microbial communities. Heath
humus decomposed faster than forest humus, irrespective of incubation site, suggesting that the large
carbon sink in the heath was not driven by low quality of the organic matter. Furthermore, when tree
roots and ectomycorrhizal fungi - but not ericoid roots and associated fungi - were excluded, incubated
sample mass increased, suggesting sustained belowground input, but decreased decomposition rate.
Taken together our data suggest that the lower C sequestration rate in forest despite the larger litter
inputs here is a consequence of more efficient ectomycorrhizal nutrient mining from organic pools and
associated soil Closs. In contrast, when stress-tolerant ericoid mycorrhizal plants and fungi, as in heaths,
dominate soil processes, decomposition is slower and more, relatively good quality organic matter
accumulates. Our results support the idea that the presence and relative decomposition capacity of
mycorrhizal fungi, rather than different litter input quantities or qualities, determine long-term carbon
sink strength across northern ecosystems. Such direct coupling between tree production and humus
decomposition via mycorrhizal fungal communities is important to include in models predicting future
C balance of the region, as the globally important soil C stocks may amplify atmospheric warming
potential considerably if released through decomposition.

$29-6 Fungal community shifts along a fire severity gradient in a boreal forest

L. Pérez Izquierdo’, K. E. Clemmensen?, B. Lindahl’

'Department of Soil and Environment, SLU, Uppsala, SWEDEN, 2Forest Mycology and Plant Pathology,
Swedish University of Agricultural Sciences, Uppsala, SWEDEN

Abstract: Boreal forest soils store a major fraction of the global terrestrial carbon. However, fires are
pervasive disturbances that may critically trigger the carbon loss from these forest soils and in turn,
influence the soil microbial communities with important outcomes over carbon dynamics of northern
ecosystems. Here, we assessed the fire impacts on fungal communities, fungal transformations of
organic matter and soil nutrients on an ecological gradient in fire severity. The study is part of a larger
collaborative venture to investigate ecosystem recovery after the Véastmanland fire in 2014, the largest
Swedish forest fire in modern times. We sampled 25 and 7 plots stablished in burned (differing in fire
severity damage) and un-burned areas respectively. Subplots subjected to logging and non-logging
treatments were in turn established in each burned plot. As expected, the fire greatly affected the fungal
community composition, with a negative effect on fungal biomass. On the other hand, the tree logging
after the fire reduced the pine root biomass affecting the fungal community structure but not the fungal
biomass. Our preliminary results suggest that the survival of Pinus sylvestris root biomass, indicative of
fire severity, is one the major drivers of fungal communities, especially for ectomycorrhizal fungi and
those from the group Leotiomycetes and Saccharomycetes. Gaining knowledge about post-fire
ecosystem processes and fungal dynamics will contribute to a better understanding of fire ecology and
succession of Boreal forests.
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Symposium Session 30:
Biology of the Fungal Pigmentation: Advances and Perspectives of the Study of

Melanin in Fungi
C.P. Taborda and M.C. Saparrat

S$30-1 Proteomic screening of the black rock fungus Knufia chersonesos for the

identification of polyester degrading enzymes

D. Tesei', F. Quartinello?, D. Ribitsch?, G. Gubitz?, K. Sterflinger’

'Department of Biotechnology, VIBT Extremophile Center, University of Natural Resources and Life
Sciences, Vienna, AUSTRIA, ?Institute for Environmental Biotechnology, IFA Tulln, University of Natural
Resources and Life Sciences, Tulln an der Donau, AUSTRIA

Abstract: Understanding the molecular basis for survival in stress tolerant species goes hand in hand
with the search for metabolites, compounds, and macromolecules playing a role in mechanisms of
adaptation and being, at the same time, of possible biotechnological interest. The constant search for
new products by the industry has indeed shifted the attention to extremophilic and extremotolerant
organisms as potential producers of compounds with novel and unusual characteristics and functional
activities under life-threatening conditions. Reflecting this tendency, the objective of the present study
is to deepen the knowledge on ecophysiology and systems biology of black fungi - a group of
ascomycetes considered as among the most resistant Eukaryotes know to date - as well as to detect
species possessing polymer degradation ability. Hence, the extremotolerant rock-associated species
Knufia chersonesos and its nonmelanized spontaneous mutant, whose degradation skills have been
revealed by preliminary studies, were chosen for a proteomic-based screening towards polyesterases.
Induced cultures - characterized by the addition of the biodegradable polyester poly(1,4-butylene
adipate-coterephthalate) (PBAT) to the growth media - and control cultures were analysed by HPLC to
determine the polymer hydrolysis. Both whole PBAT film and milled were tested. The induction was
performed both in rich (2% malt extract, ME) and minimal medium (0.2% ME) aiming to test K
chersonesos ability to use PBAT as its sole carbon source. HPLC/MS identification and quantitation of
the hydrolysis products terephtalic acid (Ta), mono(4-hydroxybutyl) terephthalate (BTa) and bis(4-
hydroxybutyl) terephthalate (BTaB) indicated the presence of esters-hydrolyzing enzymes in the
secretome of both strains and under induction with both whole and milled PBAT film. Ta was detected
as the most abundant hydrolysis product, thus denoting degradation of PBAT to the smallest building
block, especially in culture supernatants from minimal medium, resulting in up to 2-fold higher
concentrations as compared to the other experimental conditions. Polymer hydrolysis was detected also
when exposing un-induced growth media to the polymer, up to 70°C . Label-free shotgun proteomics
and protein profiling showed largest differences in secretome composition and protein levels between
minimal and reach growth medium. While at the optimal condition of growth an abundant and diverse
set of proteins was detected growth on minimal medium lead to secretion of mostly carboxylic esterases.
Our results on the extracellular proteome of K. chersonesos demonstrate that the culture supernatant
has hydrolytic ability when grown in standard media and when PBAT is added to the media. In
conclusion, these analyses of polyester degrading activity show that the proteomic screenings of an
organism’s extracellular proteome can aid the identification of novel polyesterases.

Symposium Sessions ¢ Friday, July 20, 2018 117



S$30-2 Analysis of melanin as a virulence factor is differentially produced in related

species of the dimorphic fungi Paracoccidioides spp.

E. C. P. Emidio’, M.E. Uran?, C. P. Taborda'

'Department of Microbiology, Institute of Biomedical Sciences, University of Sdo Paulo, Sdo Paulo,
BRAZIL, 2Faculty of Medicine, University of Antioquia, Medellin, COLOMBIA

Abstract: Paracoccidioidomycosis (PCM) is a granulomatous systemic mycosis, whose etiological agents
are dimorphic fungi of the genus Paracoccidioides. Melanin production by various fungi interferes in the
mechanism of pathogenesis, and the same is observed in paracoccidioidomycosis. After analysis of
melanin production by P. lutzii isolates (Pb01,Pbé6, EDO1,Pb1578and Pb8334) and P. brasiliensis
isolates (Pb60855, Pb18 and Pbcao), we verified the ability of macrophages to phagocytose the highly
virulent isolate Pb18, and the high and low producers of melanin isolates, Pb60855 and Pb01,
respectively. Phagocytosis assay was carried out with C57BL/é mice peritoneal macrophages that were
challenged with antibodies/complement-treated or untreated yeast cells. Results showed that the
presence of high concentrations of melanin reduced significantly the percentage of phagocytosed
untreated Pb60855 and Pb18 yeast cells when compared to Pb01 isolate. SDS-PAGE protein and
enzymatic profiles, including laccase activity, of the isolates Pb18, Pb60855 and Pb01 were also
analyzed. The isolated Pb01 produced fewer proteins than Pb18 and Pb60855 in the tested conditions,
as well as the laccase enzyme activity was reduced in isolate Pb01. Molecular phylogenetic studies have
indicated two distinct clades among the genus Paracoccidioides: the lutzii clade containing P. lutzii
species and the brasiliensis clade that harbors five phylogenetic cryptic species (S1a, S1b, PS2, PS3,

and PS4) that were recently reclassified as formal species: P. americana (PS2), P. restrepiensis (PS3), P.
venezuelensis (PS4) and P. brasiliensis sensu strictu (S1a and S1b). Our study included a representative
isolates from each new formal species, that gives a differential production of melanin, lacasse, proteins
and enzymatic profiles that could be explain the virulence among them. We conclude that the presence
of lower concentrations of melanin and the reduced production of protein/enzymes by P. lutzii Pb01
isolate can be related to the augmented phagocytosis of these yeast cells by macrophages in vitro,
explaining the reduced virulence of this isolate in vivo, in front of the other spices. Suggesting that there
may be a differential expression of the virulence factors according to species that should be better
studied.

S$30-3 What do fungal melanins do?
J. D. Nosanchuk
Medicine and Microbiology and Immunology, Albert Einstein College of Medicine, Bronx, NY, USA

Abstract: Melanins are complex polymers that are synthesized by members of all biological kingdoms,
making them one of the great natural pigments. Despite the abundance of melanins in our planet's
biomass, there remains a great deal of mystery surrounding this pigment. Fungi produce and utilize
melanins in the environment and during disease conditions. Ongoing studies have revealed remarkable
structural characteristics of this enigmatic pigment and have uncovered intriguing associations of
melanin to fungal virulence. In this session, we will review what we know about fungal melanin and were
this knowledge is taking us.
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S$30-4 Fungal melanins of human pathogenic fungi: Updates and challenges in cell

biology

M. Menezes Lyra Da Cunha

Nucleo Multidisciplinar de Pesquisa Ufrj-xerém, Divisdo Biologia, Universidade Federal do Rio de
Janeiro, Rio de Janeiro, BRAZIL

Abstract: Melanins are dark pigments ubiquitous in nature. Fungal melanins are insoluble polymers that
have a crucial role in protecting the cell against environmental stressors. In infection models and in vitro
experiments those pigments are related to virulence and survival of several fungi, regardless of
biosynthetic pathway taken to produce melanin. Among the metabolic pathways described in fungi, the
dihydroxynaphthalene and the DOPA pathway are the most studied, but others, including non-canonical
pathways, have also been described. After several advances in spectroscopy and crystallography, and
over 20 years of extensive research on melanins in Aspergillus fumigatus, Cryptococcus neoformans and
other medically important black fungi, melanin’s structure is still unsolved. In fungi, those polymers are
ultimately located on the cell wall. Once thought to be synthesized exclusively in the cytoplasm, today
is discussed the participation of secretory vesicles on the melanization of C. neoformans and attributed
to melanosomes, evidenced in Fonsecaea pedrosoiand other fungi, the synthesis and storage of
melanin. Our long-term goal has been to unravel the structural and cellular roles of fungal melanins.
State of the art techniques of electron microscopy have been used for the comprehension of melanin’s
participation in fungal cell biology and structure. In F. pedrosoi, for example, transmission electron
microscopy showed from the synthesis of melanin inside organelles (melanosomes) to the 3D map of
iron associated to melanin by energy filtered transmission electron tomography. Recently, an
international consortium revealed the genome annotation and analysis of melanin producing fungi (e.g.
Sporothrix schenckii complex). Those studies revealed the putative ORFs related to melanin synthesis
pathways in several fungal species. Such information is of extreme value and might lead the way,
together with new transformation techniques, to a new era of melanin studies in fungi with new models
and the elucidation of cellular mechanisms. The importance and cellular role of fungal melanins is
getting clear. New data and discussion regarding its location on the cell is currently an important topic
about melanized fungi and its research should be encouraged to understand its cellular mechanisms
related to structure and virulence. Financial support: CNPq, FAPERJ, CAPES and UFRJ.

S$30-5 Melanins from the fungus Pseudocercospora griseola and their properties

M. C. N. Saparrat

Instituto de Fisiologia Vegetal (INFIVE), Universidad Nacional de La Plata (UNLP)-CCT-La Plata-Consejo
Nacional de Investigaciones Cientificas y Técnicas (CONICET), La Plata, ARGENTINA

Abstract: Pseudocercospora griseola is the causal agent of angular leaf spot (ALS) of common bean. It
has undergone parallel coevolution with its host and two major groups have been defined, “Andean”
(P. griseola f. griseola) and “Mesoamerican” (P. griseola f. mesoamericana). The aim of this study was to
analyze comparatively the melanins synthesized by selected representatives of each group. Melanins in
P. griseola f. griseola isolate S3b and P. griseola f. mesoamericana T4 were isolated and characterized.
Melanin-like pigment derived from the isolate S3b and the T4 one was isolated with a total yield of 1.66
+0.64 and 4.07 £ 0.89 mg of melanin per g of dry biomass, respectively. The physicochemical properties
and antioxidant activities of these two melanins were investigated. Although both melanins had similar
spectroscopic and redox properties, T4 melanin powder showed lower UV-visible absorption than that
from S3b, whose content in active phenolic groups was dependent on the size of the sample. Therefore,
melanin deposition is differential in mycelium walls of both isolates, which might explain the
physiological behaviours of representatives belonging to two major intraspecific groups of P. griseola.
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S$30-6 Mushrooms reveal dark color adaptation to cold environments

F.-S.Krah', U. Blintgen?, H. Schaefer', C. Andrew?, L. Boddy?, J. Diez*, S. Egli®, R. Freckleton®, A. Gange’,
R. Halvorsen®, E. Heegaard’, A. Heideroth'®, C. Heibl'®, J. Heilmann-Clausen'', K. Hgiland'’, H.
Kauserud'?, P. Kirk'®, I. Krisai-Greilhuber', J. Miller'®, J. Norden'?, T. Kuyper'®, P. Papastefanou', B.
Senn-Irlet’, C. Bassler'®

'Rg Biodiversity of Plants, Technical University of Munich, Freising, GERMANY, 2Department of
Geography, University of Cambridge, Cambridge, UNITED KINGDOM, *Biomedical Building, Cardiff
School of Biosciences, Cardiff, UNITED KINGDOM, “Department of Botany and Plant Sciences, University
of California, Riverside, CA, USA, *Walddynamik, Mykorrhiza, Swiss Federal Research Institute WSL,
Birmensdorf, SWITZERLAND, ¢Department of Animal & Plant Sciences, University of Sheffield, Sheffield,
UNITED KINGDOM, ’School of Biological Sciences, University of London, Surrey, UNITED KINGDOM,
8Natural History Museum, University of Oslo, Blindern, NORWAY, °Fr. A. Dahlsvei 20, Norwegian Institute
of Bioeconomy Research, Fana, NORWAY, "°Department of Conservation and Research, Bavarian Forest
National Park, Grafenau, GERMANY, ""Evolution and Climate, Center for Macroecology, Copenhagen,
DENMARK, '?Section for Genetics and Evolutionary Biology, University of Oslo, Oslo, NORWAY,
3Mycology Section, Royal Botanic Gardens Kew, Surrey, UNITED KINGDOM, '“Department of
Systematic and Evolutionary Botany, University of Vienna, Vienna, AUSTRIA, "™Department of Soil
Quality, Wageningen University, Wageningen, NETHERLANDS, '¢Land Surface-atmosphere
Interactions, Technical University of Munich, Freising, GERMANY, 'Biodiversity and Conservation
Biology Research Unit, Swiss Federal Institute for Forest, Snow and Landscape Research WSL,
Birmensdorf, SWITZERLAND

Abstract: Coloration affects the fitness of organisms, e.g. via changes in thermal properties. Although
color has been extensively studied in animals and plants, the role of color in mushrooms, the
reproductive organs of many fungi, is unknown. We use citizen-science data consisting of 739 European
grid cells with 3,054 fungal species, 3.2 million observations, 29,490 color samples and a mega-
phylogeny to show that mushroom assemblage color lightness increases with temperature, meaning
that assemblages are darker in cold than in warm climates. Our findings suggest that thermal adaptation
via dark mushrooms facilitates reproduction of fungal species and the maintenance of populations that
drive carbon and nutrient cycling in cold environments. We thus propose the ‘thermal pigmentation
hypothesis’, stating a thermal-adaptation of mushroom-forming fungi.

Symposium Session 31:

Experimental Approaches to the Conservation of Rare Fungi
G. Griffith and R. Yahr

S$S31-1 eDNA and DNA metabarcoding in fungal conservation
G. W. Griffith and A. P. Detheridge
IBERS, Aberystwyth University, Aberystwyth, Wales, UNITED KINGDOM

Abstract: The profile of fungal conservation in Europe has steadily increased over recent decades and
by now several sites have legal protection based on the distinctive/rare macrofungal populations which
inhabit them. Fungi inhabiting nutrient-poor grasslands, including waxcaps (Hygrophoraceae), fairy
clubs (Clavariaceae), are particularly threatened due to habitat loss. For certain habitats in the UK,
surveys of fungal diversity can be a requirement for EIA (Environmental Impact Assessment) in planning
applications or proposals for agricultural intensification. When such surveys are required, there can often
be costly delays (until fruiting season), and the ephemeral nature of macrofungal fruiting can require
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several site visits. We have deployed a DNA metabarcoding approach for the assessment of grassland
fungi. This work has involved the generation of additional rDNA barcode sequences from ‘local’
reference specimens. To date this approach has been used in the determination of planning
applications, the notification of Sites of Special Scientific Interest and also in the prosecution of
landowners who have undertaken unauthorised land improvement. By use of several well-studied sites
where extensive fruitbody survey data exists, it has also been possible to ground-truth the data from
NextGen Sequencing analyses. Our success in this venture has also been enhanced through a ‘Citizen
Science’, involving amateur mycologists not only in the collection and verification of reference samples
but also in the process of DNA barcoding.

S$31-2 Increasing success of pitch pine restoration in the Albany Pine Bush Preserve
using suilloid fungi

T. R. Patterson, T. R. Horton

Environmental and Forest Biology, SUNY ESF, Syracuse, NY, USA

Abstract: The goal of this research is to provide tools for restoring pitch pine stands at the Albany Pine
Bush Preserve (APBP) using local ectomycorrhizal fungi (EMF). Restoration efforts in the APBP focus on
removing invasive black locust, reintroducing periodic fires, and reestablishing pitch pine. Restoration
of pitch pine by forest managers has had varied success in different areas of the pine bush, but the
factors affecting restoration failures are not clear. Soil fungi and their below-ground mycorrhizal
interactions may be influencing restoration success. Most terrestrial plants depend in some way on
mycorrhizal fungi for establishment, growth, and survival. Pitch pines and the invasive locust both require
fungal partners, but the specific fungi they associate with are mutually exclusive. Research has shown
that a lack of EMF compatible with pine can hinder their establishment, but that the presence of Suilloid
fungi (EMF in the genera Suillus and Rhizopogon) is sufficient to enable invasion of pines into
uncolonized areas. To investigate potential use of EMF to improve restoration at the APBP a factorial
field experiment is underway. Pitch pine seedlings inoculated with either live or autoclaved Suilloid
spore slurries were planted into sites either never invaded by black locust or that recently had black
locust trees mechanically removed. After four months in the field a significantly greater proportion of
seedlings treated with live spores (0.76, SE 0.06) have survived than those inoculated with autoclaved
spores (0.48, SE 0.03; ANOVA p = 0.003, df = 1,8). No differences in survival were observed between
the non-invaded sites and those with recent black locust removal (p = 0.425, df = 1,8) and no interaction
between inoculation and site was found. Pitch pine seeds from the APBP were planted into live, dried
soils collected from each site type in a laboratory soil bioassay to investigate the EMF inoculum present
in soils of each site. Seedlings will be harvested and the fungi on the ectomycorrhizal root tips identified
with molecular methods. The soil bioassay selects for resistant propagules, a trait of Suilloid fungi, which
are expected to be present in soils from both site types. Roots of field seedlings will also be harvested
to compare to those of the bioassay. Field seedling roots from the non-invaded pine stands are expected
to have a greater diversity of EMF than bioassay seedlings grown in either soil and field seedlings from
the black locust removal sites, indicating greater diversity of EMF in non-invaded sites and the potential
for association through existing hyphal networks.
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S31-3 Protecting the invisible - identifying proxy indicators for landscape-scale
arbuscular mycorrhizal fungal conservation

B. Chaudhary', G. Cuenca?, N. C. Johnson?

'Department of Environmental Science and Studies, DePaul University, Chicago, IL, USA, 2Centro de
Ecologia, Instituto Venezolano de Investigaciones Cientificas, San Antonio de los Altos, VENEZUELA,
3Department of Biological Sciences and School of Earth Sciences and Environmental Sustainability,
Northern Arizona University, Flagstaff, AZ, USA

Abstract: Mycorrhizas are among the most common symbioses on Earth, impacting plant community
structure and ecosystem functioning, yet little landscape-scale data linking arbuscular mycorrhizal (AM)
fungal diversity to biotic and abiotic properties exist to inform conservation. Furthermore, practitioners
rarely possess the resources or taxonomic expertise to characterize AM fungal diversity at large spatial
scales, resulting in a lack of evidence-based conservation strategies. Recent work has called for
symbioses among mycologists and conservationists to develop approaches for fungal conservation. We
examined AM fungal diversity in tropical and temperate locations and identified potential drivers of
species distributions and diversity for use as proxy indicators in biodiversity conservation. AM fungal
communities were documented at 60 sites in the Colorado Plateau in southwestern United States and
La Gran Sabana in southeastern Venezuela. Communities of plants and AM fungi and abiotic variables
were measured along 50-m transects in three vegetation types (shrublands, forests, and traditional
agricultural fields). Model selection and multivariate analyses were used to evaluate environmental
predictors of AM fungal diversity and community structure. AM fungal species richness (a diversity) and
community structure, but not among-site turnover (B diversity), differed between tropical and temperate
locations; only 15% of taxa were present in both locations. In unmanaged sites, AM fungal richness was
not correlated with plant richness, but instead predicted by soil pH and temperature (temperate) or
precipitation and latitude (tropics). The structure of AM fungal communities was influenced by plant
identity but not plant diversity in both locations. Traditional, sedentary Hopi agriculture influenced AM
fungal communities on the Colorado Plateau, but Pemén shifting slash-and-burn agriculture did not alter
AM fungal communities at La Gran Sabana. At both locations, AM fungal community structure was linked
to soil texture and nitrogen. Our study demonstrates similarity between tropical and temperate regions
in the biotic and abiotic drivers of landscape-scale AM fungal species distributions. Soil and climate as
well as plant community types may serve as proxy indicators of AM fungal communities for use in
conservation planning to preserve the ecosystem functions and services of mycorrhizas. As a result,
conservation plans that incorporate gradients in pH, soil texture, climate and habitat heterogeneity may
be more effective at preserving AM fungal diversity.

S$31-4 Reproductively contrasting lichen-fungi as an experimental model for

conservation under climate change
R. Yahr, R. Belinchon, S. Eaton, C. J. Ellis
Science, Royal Botanic Garden Edinburgh, Edinburgh, UNITED KINGDOM

Abstract: The climate change risk to biodiversity can be characterised by measuring both ‘exposure’
and 'vulnerability’. Bioclimatic models are now widely used to quantify a species’ exposure, i.e. the extent
to which suitable climate space might decline or shift under global change, for a given species and
region. Vulnerability is less well explored, and, given a species exposure, it addresses coping
mechanisms such as evolutionary adaptation, acclimation, or dispersal allowing migration in response
to a shifting climate. This study takes two ecologically similar but reproductively-contrasting lichens -
Nephroma laevigatum and N. parile - and examines key aspects of their climate vulnerability for a steep
climatic gradient in Scotland (oceanic-to-continental climates). We show evidence of genetic structure
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related to climatic setting, consistent with local population adaptation, and pointing to gene flow as a
consideration in management for climate change. We challenge a widely held assumption on species
dispersal (distance determined by propagule size) that may be disrupted by at the establishment phase
by facilitation effects and the role of photobiont sharing in the lichen symbiosis. We also ask whether the
nature of the lichen symbiosis could allow acclimation to different climatic settings (spatial, or temporal
under climate change), through photobiont selectivity and switching. We provide an overview of the
lichen as a model for understanding how close species interactions can affect our understanding of
climate change risk, and suggest future research directions.

S$31-5 Using species distribution models to inform conservation translocations
J. Allen
Biodiversity, Swiss Federal Institute WSL, Birmensdorf, SWITZERLAND

Abstract: Rates of environmental change can outpace the ability of species to migrate or adapt. When
this happens, it can lead to local extirpation, or even extinction in extreme cases. Conservation
translocations, moving individuals of a species to bolster existing populations, reintroduce them, or
establish populations in new areas, are important methods for rescuing species from extirpation or
extinction. In this presentation | will discuss the utility of translocation for lichen conservation, with a
particular emphasis on the role that species distribution modeling (SDM) can play in the process. | will
present three case studies. The first study focuses on high-elevation endemics in the southern
Appalachian Mountains of eastern North America. | used SDMs to predict how suitable habitat may shift
for target species in the coming century. The results suggested that most of the distributions for all target
species would be lost within their current ranges. | then set up a small transplant study to determine if it
would be possible to consider conservation translocations as a method to rescue these species, again
using SDMs to select suitable sites to establish the transplants. Unfortunately, most of the transplants
failed due to the artificial substrate not withstanding climatic conditions in the study area. The second
case study focused on whole coastal lichen communities threatened by sea-level rise. In this study SDMs
were built for 193 species and used to determine where the greatest diversity and threats were
concentrated in the region. This information was then used to guide the establishment of a whole-
community lichen transplant on the edge of being lost to sea-level rise. The third case study is on a single
species, Usnea angulata, which has been extirpated from the majority of its range in eastern North
America. Transplants of over 50 individual thallus fragments were established at Highlands Biological
Station to establish an ex situ source population that can be harvested sustainably to re-introduce the
species throughout its historical range. The transplanted thallus fragments are growing quickly,
averaging 2-3 cm of length increase every 6 months. Now that the ex situ source is established, SDMs
will be used to select sites for reestablishing populations that are suitable now, and will continue to be
suitable even as the climate changes in the coming century. All of these studies illustrate the utility of
SDMs for conservation translocations, and provide examples to discuss decision making, risk
assessment, and measurements of success in planning and executing conservation translocations.

S$31-6 Investigating the distribution and population sizes of the endemic

macrolichen Cladonia submitis
J. R. Hoffman
Institute of Systemic Botany, New York Botanical Garden, Bronx, NY, USA

Abstract: The considerable biodiversity of lichens, their ecological value, and their sensitivities to
pollution and habitat degradation, are all well-known and understood. However, little attention has been
given to lichen conservation, and the vast majority of species remain poorly studied in terms of their
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population sizes, genetics or conservation management. To date, the IUCN red list only lists eight lichen
species, only two of which are protected under the U.S. endangered species act (ESA). Many lichen
species are data deficient, and cannot be properly assessed without further study. One such species,
Cladonia submitis (or Beach Broccoli), was proposed for risk assessment by the IUCN. However, the
eastern North American endemic macrolichen lacked population size data or up-to-date distribution
information, with many historical sites not revisited in several decades. As a result, the assessment was
tabled until such data could be obtained. | will present the results of population surveys for the rare
species in the core of its range, the pine barren and sand dune habitats of New Jersey, Long Island (New
York) and Cape Cod (Massachusetts). Revisiting sites of historical herbarium records and seeking out
new, previously unidentified populations in other areas, a comprehensive view of C. submitis
populations, and how they have changed over time, has facilitated an IUCN risk assessment of species.

Symposium Session 32:
Boosting Diversity in Mycology
D. Haelewaters and the MSA Diversity Committee

S$32-1 Diversity in Mycology

S. Branco' and E. Vellinga?

"Microbiology and Immunology, Montana State University, Bozeman, MT, USA, 2Department of Plant
and Microbial Biology, University of California, Berkeley, CA, USA

Abstract: Strong gender and racial biases in STEM fields are prevalent and well documented.
Underrepresented groups face implicit and explicit hurdles in career progression, hampering access to
positions of power, and leading to lower wages and low retention rates. As data for such biases in
mycology were virtually inexistent, we investigated gender balance in the Mycological Society of
America (MSA) by compiling numbers on membership, officers and awards. We found male dominance
in membership, officer positions (with 30% female presidents in the last 20 years), and non-student
awards (including the most prestigious MSA award, granted to 55 male and 5 female mycologists).
Notably, gender was near balanced in student membership and student awards. These results catalyzed
the creation of the Diversity and Inclusion Committee, aiming at fostering diverse and inclusive
participation in all MSA activities. This active and diverse committee compiles data on the composition
of MSA membership, provides recommendations for an equitable and inclusive environment in the
society and conducts outreach to foster participation of all MSA members.

S$32-2 Diversity in the Mycological Society of America

T.E. Cheeke', S. Branco?, D. Haelewaters®, D. O. Natvig®, M. Maltz®, S. A. Cantrell®, M. J. Cafaro’, G. May®
'School of Biological Sciences, Washington State University, Richland, WA, USA, 2Microbiology and
Immunology, Montana State University, Bozeman, MT, USA, 3Organismic and Evolutionary Biology
(OEB), Harvard University, Cambridge, MA, USA, “Biology, University of New Mexico, Albuquerque, NM,
USA, NM, *Department of Plant Pathology and Microbiology, UC Riverside, Riverside, CA, USA, ¢Biology,
Universidad del Turabo, Gurbo, PUERTO RICO, "Biology, University of Puerto Rico, Mayaguez, PUERTO
RICO, 8Department of Ecology, Evolution and Behavior, University of Minnesota, St. Paul, MN, USA

Abstract: Increased awareness of systematic biases across the Sciences, Technology, Engineering and
Mathematics (STEM) has fueled calls for action across scientific disciplines. In a recent analysis of gender
equality within the Mycological Society of America (MSA), Branco and Vellinga found evidence of gender
bias, both in serving officers and awards. At the time of the Branco and Vellinga report, there was no
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information on other aspects of diversity (e.g. race, age, professional status) within the MSA, as
membership demographic information had never before been collected. Following the publication of
this report, the MSA created a Diversity and Inclusion Committee with the goal of identifying and
implementing specific actions to counteract potential biases pertaining to diversity within the society.
The committee is made up of male and female MSA members, international, and
Lesbian/Gay/Bi/Trans/Questioning (LGBTQ) mycologists from across academic rank, including
graduate students, postdocs, and faculty. To better understand the demographic make-up of MSA the
first membership assessment was conducted in 2016. In an anonymous online survey, MSA members
were asked to provide responses to questions in the following categories: gender, age group,
professional status, race, ethnicity, citizenship, sexual orientation, disability, family status, and annual
income. Each question included a ‘choose not to answer’ option so members were free to answer (or
not answer) any number of questions. Fillable text boxes were also included so members could generate
their own responses or elaborate on their response to each question. The response to the survey was
positive, with over 330 MSA members participating. Results show areas of relative high diversity within
the MSA (e.g. international membership, LGTBQ members) but also highlight areas that could be
improved. For instance, although gender ratios tended to be fairly balanced among students, gender
bias became more pronounced in the more academically advanced categories. The survey also revealed
that although MSA is made up of members from at least 15 different countries, there is low racial diversity
within the society, reflecting known trends in the STEM fields. Because only specific actions to counteract
diversity biases can make MSA more inclusive, the MSA Diversity and Inclusion Committee developed a
set of best practices to be incorporated into the MSA Manual of Operations. For example, when MSA
committees are identifying potential speakers to invite for annual meetings, best practices suggest that
committees should strive for balance among disciplines, and diversity in gender, race, and ethnicity. An
emphasis on providing professional development opportunities to a wide diversity of scientists could
be critical for the long-term sustainability of the society. MSA members who are successful professionally
will be more likely to maintain active membership, and moving forward, could help to improve
recruitment and retention of a diversity of students and professionals within the society.

S$32-3 Expanding your niche: Latin American mycologists working abroad
R. Gazis
Plant Pathology, University of Florida, Homestead, FL, USA

Abstract: Diversity is a multidimensional concept that, among other aspects, entails age, religion, race,
ethnicity, gender and gender identity, and work experiences. Even though this concept is not new,
academic and non-academic research institutions have relatively recently implemented policies to
assure diversity is reflected in their hiring processes, promoting the recruitment of professionals with
diverse backgrounds. In this way, research organizations are acknowledging that diversity contributes
to the richness of the environment for teaching and research. Bringing more diversity into science
creates a wider variety of views and experiences that can greatly benefit research and education. Even
with these efforts put in place, the agricultural sciences, which includes mycology and plant pathology,
is still considered a male dominated field with positions traditionally filled by scientists with very specific-
and usually applied- research experience. Fortunately, as more institutions recognize the value of
diversity, changes are happening and scientists with diverse social, cultural, and intellectual
backgrounds are having more opportunities of employment. As a Latin American mycologist, the
journey to a stable position has not been easy. | obtained my graduate degrees from American
institutions, but conducted most of my research in tropical countries. Moreover, | had dedicated most of
my research to answer “basic research” questions. Due to the current low funding rates, experienced by
most scientific communities, accessing to resources and/or stable research positions has become a
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challenge and a source of frustration for many early career researchers. In this talk, | would like to discuss
the topic of diversifying our job search approaches and exploring opportunities within applied
agricultural fields. In particular, | would like to share my recent experiences running a small plant
diagnostic clinic and developing an integrated research and extension program at a land-grant
university affiliated research and education center. Plant diagnostics can be a very rewarding and
creative career path with direct positive impacts on the community we live in and on the livelihood of its
inhabitants. Agriculture is still the dominant economic activity and income source in many regions, even
in developed nations, thus working on solving problems directly associated to this industry makes these
jobs relevant and on high demand.

$32-4 LGBT+ in STEM, a must-have conversation

D. Haelewaters' and A. L. Romero-Olivares?
'Organismic and Evolutionary Biology (OEB), Harvard University, Cambridge, MA, USA, ?Natural

Resources and the Environment, University of New Hampshire, Dover, NH, USA

Abstract: Of the approximate 361.1 million people living in the US, 3.5% identify as part of the LGBT
spectrum. Of the 332 MSA members who participated in our 2016 Diversity Survey, 43% identify as
female, 56% as male, and 1% as trans. Of those surveyed, 11% identify as LGBTQ. The question is
whether we are doing enough to welcome those who identify as LGBT+ within the STEM fields, more
specifically, mycology - which are still dominated by cisgender persons. There are many terms to
describe persons who identify themselves as other than heterosexual or gender conforming. One
umbrella-term is LGBTQQIAAP, which stands for lesbian, gay, bisexual, transgender, queer,
questioning, intersex, asexual, allies, pansexual, or polysexual. Here we choose to use LGBT+. Gender
identity and sexuality should not matter in the sciences, where instead we should focus on formulating
research questions, designing experiments, collecting and analyzing data, publishing results and
training students. But they still do. To gain more understanding of current trends on LGBT+ in STEM, an
online survey was initiated in 2018 and circulated by membership email, on email listservs and through
social media networks. The following questions were posed: Do you feel that you can be open about
your sexual orientation and/or gender identity in your academic department or professional workplace?
Did or will your being LGBT+, or your gender identity, affect your career decisions? Have you had
negative reactions from colleagues about your being LGBT+ or because of your gender identity? Have
you ever felt that your being LGBT+ or your gender identity has played a role in missing out on academic
or outreach opportunities, assignments, or chances to move forward in your career? Have you had any
positive reactions from colleagues about your being LGBT+ or because of your gender identity? Have
you ever observed harassmentin your work environment dealing with someone else's sexual orientation
or gender identity? Do you have STEM role models who are open about being LGBT+ or their gender
identity? Have there been times when being LGBT+, or gender non-conforming, felt isolating in your
career, academic department, or professional societies? Would you appreciate an LGBT+ social event
and/or mentoring session at conferences to promote networking? Would you appreciate a
spokesperson within academic conferences to assist with being out and building a professional career
as LGBT+? Participants answered yes or no and were requested to elaborate on their answers. A final
question was added: How do you feel in your work environment? In their answer, participants selected
one of five options from “very comfortable” to “very uncomfortable,” and again were requested to
elaborate. Altogether, this work will reveal the challenges and perspectives of the LGBT+ in STEM and
will provide insights on potential efforts and opportunities that the science community can adopt to
create a more inclusive STEM environment, particularly within the MSA.
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S$32-5 Recognizing and addressing unconscious bias
C. Adams
Plant and Microbial Biology, University of California, Berkeley, CA, USA

Abstract: The scientific method is an organized process for experimentation, used to explore
observations and answer questions about the natural world. This method of inquiry aims to be as
objective as possible, but the humans conducting research are not themselves immune to bias. Both
within scientific culture and beyond, stereotypes about what a ‘typical’ scientist looks like can result in
unconscious bias. Unconscious bias, also called implicit bias, is defined as prejudice in favor of or against
one thing, person, or group compared with another, usually in a way considered to be unfair.
Unconscious bias has been to reduce bias and its effects. In this talk, | will briefly discuss how stereotypes
harm people and impact productivity, and then explain how exposure to stereotypes results in
unconscious bias. | will share a number of peer-reviewed studies documenting how different types of
unconscious bias impacts diversity, equity and inclusion in STEM. | will then provide evidence-based
techniques to reduce unconscious bias and limit its effects. | will conclude with a few approaches for
mycologists to reduce unconscious bias in themselves and guidance on how best to intervene when
others speak or act with bias.

Symposium Session 33:

Fungal Pan-Genomes
C. Schardl and C. Wang

S$33-1 Genetic mechanisms generating population level variation in secondary

metabolism

R. Olarte!, D. Showalter', J. Menke?, Y. Huang', S. A. Rehner?, J. Spatafora®, K. E. Bushley'

Plant and Microbial Biology, University of Minnesota, Saint Paul, MN, USA, 2Cargill Incorporated,
Minneapolis, MN, USA, *Mycology and Nematology Genetic Diversity and Biology Laboratory, USDA-
ARS, Beltsville, MD, USA, “Botany and Plant Pathology, Oregon State University, Corvallis, OR, USA

Abstract: Fungal secondary metabolite core genes including nonribosomal peptide synthetases,
polyketide synthases, terpenes, and alkaloids are among the most rapidly evolving of fungal gene
families. These core secondary metabolite genes are often co-localized in the genome with accessory
genes involved in modifying the backbone product, forming secondary metabolite biosynthetic clusters
(SMBC). The rapid evolution of both core secondary metabolite gene families and SMBCs is thought to
be in response to selective pressures in the environment and may enable fungi to adapt to new
environments or result in rapid host-shifts. We investigate the population genomic variation of
secondary metabolite core genes and clusters in two insect pathogenic fungi, the beetle pathogen
Tolypocladium inflatum and the wide host-range insect pathogen and endophyte Beauveria bassiana.
Using Pac Bio single molecule real time sequencing, we sequenced six geographically diverse strains of
T. inflatum to investigate the role of genome rearrangement in generating diversity in secondary
metabolism. For the previously sequenced NRRL8044 strain we also used a Hi-C chromosome mapping
approach to improve the chromosomal level assembly and provide support for rearrangement events.
The nearly complete chromosomal assemblies produced using these methods have allowed
investigation of fine-scale evolutionary genetic mechanisms contributing to the rapid evolution of
secondary metabolite genes and clusters, including transposition, duplication/deletion, cluster
rearrangement, and horizontal transfer in cluster evolution. Similarly, using lllumina technology, we have
sequenced ten strains of B. bassiana and several outgroup Beauveria species (B. brongniartii, B. asiatica,
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and B. australis) to analyze the evolution of secondary metabolite clusters and other genes involved in
host-interactions (e.g. G-protein coupled receptors, small cysteine-rich secreted proteins). Specifically,
we investigate population level variation in secondary metabolism with potential roles in virulence. The
results of our analysis shed light on the role of secondary metabolites in shaping the interaction of these
fungi with distinct hosts and conversely on host-interactions in shaping the evolution of secondary
metabolism.

S$33-2 The origin and genome evolution of the wild and domestic populations of

yeast from Far East Asia
S. Duan, P. Han, Q. Wang, F. -Y. Bai

State Key Laboratory of Mycology, Institute of Microbiology, Chinese Academy of Sciences, Beijing,
CHINA

Abstract: The yeast Saccharomyces cerevisiae has been an essential component of human civilization
and used worldwide for baking, brewing, distilling and winemaking for thousands of years. However,
the diversity, origin and evolutionary history of both the wild and domestic populations of the yeast
remain elusive. Here we employed a total of 106 wild S. cerevisiae isolates from diversified natural
sources including primeval forests and 160 domestic isolates from various fermentation processes
including traditional fermented foods from countryside in China. We performed phenotypic profiling,
sporulation and flow cytometry analyses, and high coverage genome re-sequencing in the natural ploidy
of the isolates. Based on phylogenomic analysis, we identified 10 wild and 12 domestic lineages
including the oldest lineage of the species. The genetic diversities of both the wild and domestic
populations of the species in China are much higher than those revealed in other regions of the world,
supporting the Far East Asian origin hypothesis of the species. The domestic lineages which are all
heterozygous share a single ancestor which was probably formed by outcrossing between diverse wild
lineages which are all homozygous. The domestic isolates evolved into two major groups adapting to
solid- and liquid-state fermentation, respectively, and share elevated maltose utilization ability, no
matter maltose is present or not in their living environments. The data imply that the domestic
population of S. cerevisiae might originate from an ancestor initially adapting to maltose-rich niches
rather than fruit. The sporulation efficiency and spore viability of domestic isolates were much lower than
those of wild isolates, explaining the maintenance of heterozygosity of the domestic population. We
found consistent expansion and contraction of genes in domestic lineages, acquisition of new traits
through lineage specific introgression and horizontal gene transfer, and metabolic remodeling for
adapting to specific fermentation environments. Our integrated phenotypic and genomic analyses
based on a set of S. cerevisiae isolates representing the largest genetic diversity of the species
documented so far show a nearly panoramic view of the evolutionary history of S. cerevisiae and provide
new insights into the origin and domestication of the species.

S$33-3 Population genomics and the evolution of virulence traits in Cryptococcus
neoformans

C. Desjardins’, S. Sykes', J. Rhodes?, C. Giamberardino®, C. Yu3, J. Tenor®, M. Fisher?, J. Perfect®, C.
Cuomo'

Infectious Disease and Microbiome Program, Broad Institute (MIT & Harvard), Cambridge, MA, USA,
2Global Infectious Disease Analysis, Imperial College London, London, UNITED KINGDOM, ®Division of
Infectious Diseases, Department of Medicine, Duke University Medical Center, Durham, NC, USA

Abstract: Cryptococcus neoformans is an opportunistic fungal pathogen of enormous clinical
importance. To characterize the population diversity, subdivisions, and the level of genetic exchange of
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C. neoformans var grubii, we sequenced the genomes of over 400 diverse isolates. While our data
supports the three previously identified lineages (VNI, VNII, and VNB), phylogenetic analysis highlighted
a deep, non-recombining split in VNB (VNBI and VNBII) and that VNI was further subdivided into three
distinct clades, two of which were globally distributed and one of which was restricted to sub-Saharan
Africa. Despite the higher prevalence of MATa isolates in VNB compared to VNI, we find similar levels
of linkage disequilibrium in VNI, VNBI and VNBII. While we did not detect recombination between
lineages based on genome wide comparisons, we identified introgressions (5 to 260 kb) in all pairwise
combinations of VNI, VNBI, and VNBII as recipient and donor. Notably, some haploid isolates show more
widespread hybrid ancestry of multiple lineages, including isolates that appear to have originated from
recent interbreeding. Excluding hybrid isolates and recombinant regions of other isolates impacts
estimates of the timing of VNI global dispersal and of VNBI and VNBII diversification. By assembling and
annotating multiple isolates of VNI, VNII, and VNB, we find that gene content is highly conserved, with
few examples of lineage-specific genes. Rapidly evolving genes between the lineages include
transcription factors and transferases, many of which have been implicated in virulence or oxidative
stress resistance. To evaluate how selective pressures in the environment coincidentally adapted C.
neoformans for human virulence, we focused on a set of clinical and environmental VNB isolates from
sub-saharan Africa. We found that the VNBII group was enriched for clinical samples relative to VNBI,
while phenotypic profiling of sequenced isolates demonstrated that VNBI isolates were significantly
more resistant to oxidative stress and more heavily melanized than VNBII isolates. Lack of melanization
in both lineages was associated with loss-of-function mutations in the BZP4 transcription factor. A
genome-wide association study across all VNB isolates revealed sequence differences between clinical
and environmental isolates in virulence factors and stress response genes. Inositol transporters and
catabolism genes, which process sugars present in plants and the human nervous system, were
identified as targets of selection in all three lineages. These data highlight the complex evolutionary
interplay between adaptation to natural environments and opportunistic infections, and that

S$33-4 Pan genome analysis of Epichloé typhina, a pathogen of several grasses and

a mutualist of a few

N. Moore', C. L. Schardl?, A. Ellis?, J. W. Jaromczyk', A. Leuchtmann?*, C. A. Young?®

'Computer Science, University of Kentucky, Lexington, KY, USA, 2Plant Pathology, University of Kentucky,
Lexington, KY, USA, 3Mathematics and Statistics, Eastern Kentucky University, Richmond, KY, USA,
“Institute for Integrative Biology, ETH Zurich, Zurich, SWITZERLAND, °Forage Improvement Division,
Noble Research Institute, Ardmore, OK, USA

Abstract: Epichloé species (Clavicipitaceae, Hypocreales) are systemic symbionts of cool season grasses
(Poaceae subfamily Podideae), some of which are strictly seed-borne (vertical transmission), whereas
others can produce stromata that disrupt host seed production (choke disease) and, following
heterothallic mating, give rise to airborne ascospores for horizontal transmission. Epichloé typhina is a
choke pathogen of Brachypodium pinnatum, Dactylis glomerata, Holcus lanatus, Lolium perenne, Poa
nemoralis, Poa trivialis, Puccinellia distans and other grasses, but of these it is apparently capable of
vertical transmission only in Poa nemoralis and P. distans. The species is also phylogenetically
indistinguishable from Epichloé sylvatica, strains of which can be either horizontally transmitted choke
pathogens or nonpathogenic, vertically transmitted symbionts of Brachypodium sylvaticum. A feature of
Epichloé species is their production of bioprotective alkaloids that deter insect and, in some cases,
mammalian herbivores. Four classes of Epichloé alkaloids are known: aminopyrrolizidines (e.g., lolines),
ergot alkaloids (e.g., ergovaline), indole-diterpenes (e.g., lolitrems) and pyrrolopyrazines (e.g.,
peramine). Genes for each class are typically arranged in a cluster, and the genes or entire clusters
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typically exhibit presence-absence polymorphism, giving a wide diversity of alkaloid profiles. Thus, in
the context of the E. typhina pan-genome, the alkaloid biosynthesis genes are accessory genes, and part
of the accessory (a.k.a., “flexible”) genome, in contrast to the core genome of genes present in all
genomes of the species (e.g., housekeeping genes). In published pan-genome analyses of bacteria,
indications are that the accessory genome may have many times more genes than the core genome. We
have begun a similar investigation of the E. typhina/ E. sylvatica pan-genome. A total of 21 genomes
from hosts listed above were sequenced and annotated with FGENESH and MAKER, and arranged into
putative orthologous groups (OGs) with OrthoMCL followed by COCO-CL. In the process, filters for
minimum length and maximum A-T content were used to minimize the inclusion of spurious gene calls,
although itis likely that some actual genes were also removed by those filters. With a 55% AT maximum
and aligned gene lengths of at least 50 amino acid positions, we identified 10,901 OGs with genes
shared between at least two genomes. Of these, the core contained 6377 OGs that were shared
between all genomes, leaving 4524 accessory OGs. In addition, there were 7818 singletons, identified
in no more than one sequenced genome, to give a total of 18,719 genes. Although spot checks suggest
that the filters were reasonably effective, we will further assess these and other filtering approaches.
Then, we will apply rarefaction, capture-recapture and binomial mixture models to estimate the pan-
genome size. Further we will assess how the number of genomes sequenced affects the estimation of
the total pan-genome size.

S$33-5 Life-history traits coupled with population genomic analyses provide insights

into fungal dispersal

S. Maurice', J. Norden?, J.H. Sgnstebg’, I. Skrede', E. Heegaard?, H. Kauserud'

'Department of Biosciences, University of Oslo, Oslo, NORWAY, ?Oslo Department, Norwegian Institute
for Nature Research, Oslo, NORWAY, 3Forestry and Forest Resources, Norwegian Institute of
Bioeconomy Research, Fana, NORWAY

Abstract: Fungi have different life-history traits, which may result in highly variable population genetic
structure across species. Polypore fungi producing conspicuous fruiting bodies with measurable species
traits may serve as good candidates to elucidate fundamental life-history processes such as dispersal.
The aim of this study was to investigate the manner and degree in which life-history traits are affecting
both spatial genetic structure and in the long-term demographic history of fungi. We compared
population genetic statistics among eleven polypore species, using large SNP datasets generated from
RAD sequencing. The eleven species with different life-history traits are phylogenetically, geographically
and demographically comparable. Traits, related mainly to reproduction and dispersal have a significant
influence on the degree of inbreeding among various species. Species producing perennial fruit bodies
exhibited higher levels of inbreeding compared to species with ephemeral fruit bodies. Hence,
producing short-lived fruit bodies, possibly coupled to quicker life cycles and faster population turnover,
seems associated with lower inbreeding. In correspondence with these observations, species with
perennial fruit bodies showed signs of local-scale spatial genetic structuring, implying limited dispersal
capacity. Spatial population genetics analyses inferred from recent haplotype coancestry, revealed
isolation by distance within the population, with variable response among species. Most of the species
have undergone a similar demographic history, showing sign of expansion in the population sizes, likely
coupled with the co-migration of their host substrate Picea abies after the last glaciation. One rare
species, Amylocystis lapponica, showed a divergent demographic history, with signatures of a
population contraction. Further ecological and evolutionary genomics features of the 11 non-model
fungal species will be presented.

Symposium Sessions ¢ Friday, July 20, 2018 130



S$33-6 Global genomic survey of Nothophaeocryptopus gaeumannii, causal agent of
Swiss needle cast disease of Douglas-fir

J. B. Tanney and R. C. Hamelin

Faculté de Foresterie, de Géographie et de Géomatique, Université Laval, Quebec City, CANADA

Abstract: Nothophaeocryptopus gaeumannii (Mycosphaerellaceae, Mycosphaerellales) causes Swiss
needle cast disease (SNC), one of the most damaging foliar diseases of Douglas-fir in its native coastal
range. Stomatal occlusion by N. gaeumannii pseudothecia impede needle gas exchange, causing
chlorosis and decreased needle retention. In severe cases, infected trees exhibit sparse crowns and
significantly reduced volume growth. Since the 1980s, SNC has become an important emerging forest
disease in the Pacific Northwest and in plantations worldwide. Increased disease incidence and severity
are attributed to a changing climate that favors the proliferation of pseudothecia and forest
management practices, such as the establishment of Douglas-fir plantations in the Sitka spruce zone. As
a component of the CoAdapTree project, we are assessing the genomic diversity of N. gaeumannii
populations to assess temperature and pathogenic adaption and develop models to predict the future
distribution of populations under climate change scenarios. Approximately 900 N. gaeumannii strains
were isolated or acquired from natural or planted Douglas-fir across a large geographic range, for
example from Alaska to New Mexico, Europe, and New Zealand. Preliminary results are presented from
the analysis of 100+ N. gaeumannii genomes, including insight into mating-type loci, lineage
divergence, and population structure.

Symposium Session 34:

Threatening Fungal Plant Pathogens for Tropical Countries - Acting Before the Foes
Arrive
E.S. Mizubuti and M.A. Dita-Rodriquez

S34-1 Genetic investigation of the causal agent of South American Leaf Blight of

rubber tree: contribution to risk mitigation and disease management.
E. S. Mizubuti
Fitopatologia, Universidade Federal de Vicosa, Vigosa, BRAZIL

Abstract: Acting before foes arrive should consider (at least) a three-layer intervention scheme:
preventing pathogen from entering disease-free areas, preventing pathogen establishment, and
eradication. One of the most dreadful disease to rubber tree plantations is South American Leaf Blight
(SALB) caused by Pseudocercospora ulei (formerly, Microcyclus ulei). This fungus is indigenous to the
Amazon region in South America and can completely wipe out plantations in the humid tropical climate
regions. Fortunately, the pathogen is not present in Asia, where more than 90% of the world supply of
natural rubber comes from. Nevertheless, the environmental conditions of that region are highly
favorable to SALB epidemics. It is anticipated that if SALB gets in Asia, there will be a major impact in
the international trade of natural rubber and all manufactured products derived from this commodity.
The three-layer strategy aforementioned requires knowledge about the basic biology of the pathogen.
Despite its potentially huge negative impacts, SALB is a somewhat neglected disease and the lack of
basic information about P. ulei is notorious. A research program was set aiming at generating
information that can be useful for the full implementation of molecular epidemiology studies of SALB.
For instance, preventing pathogen entrance depends on the correct identification of the fungus, which
in turn needs correct taxonomy and classification. Using molecular phylogenetics, different stages of the
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life cycle were analyzed and the pathogen was re-classified as Pseudocercospora ulei,
Mycosphaerellaceae. Preventing pathogen establishment can be effectively accomplished by planting
resistant host plants, but durability of the resistance is a key aspect that deserves special care. Successful
eradication programs usually acting on the early stages of disease introduction, while the restricted
geographic distribution of a recently established population can be more affected by mitigation actions.
Population genetics can be an interesting approach to generate most of the information to support
these actions. Isolates of P. ulei from the Amazon and other regions were genotyped using SSR markers
and the impacts of recombination, gene flow, selection and mutation were assessed as well as how the
population is structured. These topics related to pathogen identification, population genetics and the
molecular epidemiology of SALB are going to be discussed in regards to the three-layer strategy for
disease-free areas and also for disease management where SALB occurs.

S34-2 The evolution of and diversity in the banana Fusarium wilt fungus Fusarium

oxysporum f. sp. cubense

A. Vilijoen', L. Mostert!, L. Ma?

'Department of Plant Pathology, Stellenbosch University, Matieland, SOUTH AFRICA, 2Department of
Biochemistry and Molecular Biology, University of Massachusetts, Amherst, MA, USA

Abstract: Plant vascular wilts, caused by soil-borne pathogenic fungi, pose serious threats to agricultural
productivity. Fusarium oxysporum, an ascomycete fungus, is known to cause vascular wilt in more than
100 plant species, including economically important crops. As a strictly asexual fungus, the
diversification of F. oxysporum is believed to be the result of mutations, possibly parasexuality, and/or
lateral gene-transfer. The race designation of the banana Fusarium wilt fungus F. oxysporum f. sp.
cubense (Foc), which groups strains selective to a specific cultivar or group of cultivars is, however,
unresolved. This is due to the small number of differential cultivars used and the effect of temperature
on host susceptibility. Vegetative compatibility group (VCG) analysis was thus used to measure diversity
in the fungus. It also resolved uncertainties about the origin and global spread of the fungus. The VCG
procedure is tedious and based on the recognition of mutated individuals, which does not reflect
genetic relatedness among isolates. DNA-based methods, therefore, were used in recent years to study
the relatedness of individuals and the evolution of the banana wilt fungus. They showed that VCG
analyses often overestimated diversity in Foc due to minor mutations in vic or het loci of strains that are
in fact clonal. However, collections of Foc in Asia and Africa also showed that the Fusarium wilt fungus
have more clonal lineages than originally anticipated. The polyphyletic nature of Foc suggests that at
least two host specialization events occurred after the domestication of bananas. One event lead to the
development of Foc races 1 and 2 strains (pathogenic to non-Cavendish bananas), and the other to the
development of Foc race 4 strains (pathogenic to Cavendish bananas). Phylogenomics further revealed
distinct horizontal gene transfer events occurred in Foc races 1 and 2, and Foc race 4, respectively. Foc
TR4, a group of isolates affecting Cavendish banana in the tropics, also forms a monophyletic lineage
distinct from other Foc race 4 strains, seemingly with more recent and independent lateral gene transfer
events that may have occurred more than once. An understanding of the evolution and diversity in Foc
could assist in developing molecular markers for rapid strain identification, assist quarantine authorities
to prevent the introduction of foreign strains into new banana-producing areas, and allow the rapid
screening of banana varieties for resistance against all forms of the pathogen.
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S34-3 Pathogenicity Factors in Fusarium oxysporum f.sp. cubense
E. Czislowski, S. Fraser-Smith, |. Zeil-Rolfe, E. A. B. Aitken
'School of Agriculture and Food Sciences, University of Queensland, St. Lucia, Queensland, AUSTRALIA

Abstract: Fusarium oxysporum is a ubiquitous soil borne fungus which can exist as a saprophyte,
endophyte or as a pathogen. As a pathogen it consists of numerous host specific forms (formae
speciales) causing vascular wilt or “ yellows” on a range of plant species including significant crops such
as tomato, banana, ginger, cotton and strawberry. In banana, F. oxysporum f.sp. cubense (Foc) is
responsible for Fusarium wilt, also known as Panama disease, which in the mid-20t" century destroyed
vast plantations of the then cultivar of trade, Gros Michel. That initial Gros Michel-infecting strain of the
fungus is now known as race 1, as worldwide the banana industry faces a new threat from an apparent
different race of Foc known as Tropical Race 4 (TR4) to which the now dominant cultivar of trade,
Cavendish, is highly susceptible. It is the ability of the fungus to persist in the soil, as a saprophyte or via
its long-lived resting spores (chlamydospores), which makes it particularly problematic; once present in
a plantation it is not possible to eradicate Foc. Thus, quarantine, along with the application of stringent
on-farm biosecurity, are the only effective control measures and for that purpose, an efficient diagnostic
is required. As stated previously, F. oxysporum exists in many forms including as a saprophyte so it is
critical for diagnostics that the pathogenic form can be distinguished. F. oxysporum, and more
specifically races of Foc, can be identified by culture techniques where mutants are induced in metabolic
pathways and subsequent paired for complementation to identify specific vegetative compatibility
groupings (VCGs). Within a VCG, isolates are assumed to be clonal, or at least closely related. A number
of VCGs have been associated with race 1 of Foc however, for TR4 it seems that VCG 01213/16 is the
dominant Cavendish-infecting pathotype. Based on published work on the Fusarium-tomato
pathosystem we have sought to establish the Secreted in Xylem (SIX) gene profile of various VCGs and
thereby races of Foc. SIX genes were first identified by reverse genetics from peptides present in the
xylem of Fusarium-infected tomato plants. Using whole genome sequencing, we have identified nine of
the previously 14 published SIX genes to be present in Foc. However, we have observed consistent
sequence variation, which has allowed the identification of homologues in most of the SIX genes
identified. For instance, SIX1 exhibited eight different homologues based on SNP analysis across the 24
VCGs of Foc, with homologue SIXT1i being unique to TR4 and phylogenetically quite distinct from the
other eight SIXT homologues found within the VCGs of Foc. Whereas SIX9 has a highly conserved
sequence across all Foc isolates tested. Our study showed evidence of horizontal gene transfer
occurring within Foc, with TR4 hypothesised to have arisen in such a manner. Additionally, the SIX gene
analysis has allowed identification of targets in the genome that can be used in the development of a
specific molecular diagnostics for TR4 and indeed each of the different VCGs of Foc.

S34-4 The threat of Fusarium tropical race 4 to Latin American and Caribbean

bananas: the challenges of anticipatory actions

M. Dita-Rodriguez' and C. Staver?

'Embrapa Mandioca e Fruticultura, Brazilian Agricultural Research Corporation-Embrapa, Jaguariuna,
BRAZIL, 2Sustainable Production Systems, Bioversity International, Montpellier, FRANCE

Abstract: Bananas, although not originating in the Western Hemisphere, are an important food and
income crop in many Latin American and the Caribbean (LAC) countries. About 20 million tons of
bananas (64% of production) are locally consumed in LAC every year and seven countries of the region
belong to the top-10 exporting nations globally. Fusarium wilt (FW), caused by Fusarium oxysporum f.
sp. cubense (Foc) has been historically a major threat for this crop in LAC. In the 1950s, Foc race 1
devastated the banana export trade, forcing the substitution of the susceptible cultivar Gros Michel by
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resistant Cavendish cultivars, which are now planted in over million hectares globally. Unfortunately,
Cavendish along with numerous other cultivars is susceptible to a new Foc strain, tropical race 4 (TR4),
identified in the 1980s in Asia. TR4 has destroyed over 100.000 ha of Cavendish in Asia and in the past
five years has spread into additional countries in Asia, the Middle East and Africa. TR4 was recognized
as a major threat to bananas in LAC in 2007 and since then many preventive actions have been
implemented both at national and regional levels. A regional contingency plan was launched by OIRSA
(Regional Plant Protection Organization) in 2013 is still the only regional plan for TR4 worldwide.
Decreed as quarantine pestin almost all the banana production countries in LAC, initiatives towards TR4
exclusion, such as increased border control and traveler alerts, but national readiness is highly variable
across the continent. We discuss the risks of the spread of TR4 to LAC and identify priorities to improve
response capacities from farm, national, regional and global perspectives.

S34-5 Intercontinental collaborative research significantly enhances our

understanding of an invasive pine needle pathogen

l. Barnes', M. Wingfield", R. E. Bradshaw?

'Genetics, Forestry and Agricultural Biotechnology Institute (FABI), Pretoria, SOUTH AFRICA, ?Institute
of Fundamental Sciences, Massey University, Bio-Protection Research Centre, Palmerston North, NEW
ZEALAND

Abstract: Dothistroma needle blight (DNB) is one of the most important foliar disease of pines world-
wide. The disease became well known in the 1960s when outbreaks caused significant growth reduction
and mortality in exotic pine plantations in several Southern Hemisphere countries. Recent changes in
climate, and the abundant availability of susceptible hosts, have led to a succession of devastating DNB
epidemics throughout the Northern Hemisphere on native and non-native hosts. The growing global
importance of DNB prompted the formation of a collaboration of scientists through the European COST
Action FP1102: DIAROD: Determining Invasiveness And Risk Of Dothistroma. With the overarching
research themes of biosecurity and risk, the participants of DIAROD, consisting of 160 scientists from 41
countries, developed a research plan based on the disease triangle aiming to address issues concerning
the pathogen (defining the current disease distribution), environment (factors influencing the risk of
DNB) and host (resistance and susceptibility). This very successful COST Action culminated in a series of
reviews and original research articles in a special issue of Forest Pathology on Dothistroma. This
presentation will highlight aspects of this research and show how this collective network of forest
pathologists has expanded our knowledge on a pathogen of international concern. It will also show, at
leastin the case of DNB, how this network has gone along way in answering the call to establish “a better
coordinated global strategy to manage pest and diseases”.
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Symposium Session 35:

Fungi as Biocontrol Agents for Sustainable Agriculture
C. Wang and R.S. St. Leger

S$35-1 Microbial competition within the context of entomopathogenic fungi and

infection of their insect hosts
N. Keyhani
Department of Microbiology and Cell Science, University of Florida, Gainesville, FL, USA

Abstract: Ascomycete (Hypocrealean) insect pathogenic fungi, including Metarhizium and Beauveria sp.
are capable of infecting and killing a wide range of insect host insects. These fungi are able to overcome
the formidable array of insect defenses that include the cuticle waxy-layer and various levels of insect
humoral and innate immune systems. In order to complete its life-cycle the fungus must sporulate on
the insect cadaver to produce the next generation of fungal cells, and development on the dead insect
has been recognized as an important and discrete part of the infection stage. One hitherto unexplored
aspect of the infection process, however, are the roles insect associated as well as other environmental
microbes may play in affecting the infection process. Competing (antagonistic) and/or assisting (i.e.
facilitating infection) microbes may be present on the insect cuticle surface, within the insect gut, and
potentially in specialized insect microbe hosting structures. Endogenous insect microbes that can
impact insect (immune) defenses may also be found within cells, and include a wide array of facultative
and/or obligate exo- and endo-symbionts. These microbes contribute critical functions to their insect
hosts including providing essential compounds, mediating development, facilitating nutrient
acquisition, and potentially proving defense against other microbes; the latter via production of
antimicrobial compounds. In turn, there is accumulating evidence that insect pathogenic fungi can
exploit or suppressing host microbes via mechanisms including the production of antimicrobial
compounds whose expression is controlled as part of the developmental program in the insect cadaver.
The insect microbiome and its interactions with fungal insect pathogens represents a new frontier that
add to the complexity of the environmental interactions that occur and can provide explanations for why
there are such large discrepancies between laboratory and field assays, where often the former are very
successful whereas the latter are not. In addition, cues for the production of a set of fungal secondary
metabolites likely involves competitive interactions with other microbes for completion of the fungal life-
cycle on the insect cadaver.

$35-2 Contribution of nematophagous Hirsutella spp. in the suppressive soil of
soybean cyst nematode

X. Liu", M. Xiang', S. Chen?

1State Key Laboratory of Mycology, Institute of Microbiology, Chinese Academy of Science, Beijing,
CHINA, ?Southern Research and Outreach Center, University of Minnesota, Waseca, MN, USA

Abstract: Soybean cyst nematode (SCN), Heterodera glycines, is a devastating pest of the soybean
(Glycine max) worldwide. Continuously monoculturing soybean generally resulted in SCN
suppressiveness which has been reported in a number of locations. We have conducted the studies on
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SCN suppressive soils for more than two decades. Hirsutella rhossiliensis and H. minnesotensis have
been found to be the dominant parasites of SCN juveniles in the USA and China respectively. Both
Hirsutella species have been demonstrated to correspond to the SCN suppressiveness in suppressive
soils. OWVT-1, a strain of H. rhossiliensis isolated from the suppressive soil in a field in Waseca,
Minnesota, USA, has resulted in more than 90% control efficiency for SCN in greenhouse trial and has
showed a density dependent parasitism with SCN density. However, field trial by inoculation of Hirsutella
species into the soils did not obtain stable suppression of SCN. Recently, a comparative analysis of
microbiomes in suppressive soil and conducive soil has revealed that more microbes are involved in the
SCN-suppressive soil. The detail analysis showed that a bacteria in Chitinophaga specifically responded
to the SCN suppressiveness. Based on our study, we hypothesize that both Hirsutella spp. as key
biocontrol agents (characterized by dominant parasites and density-dependent parasitism) and
Chitinophaga spp. as the functional microbes are contributed to the SCN suppressive soil.
Comprehensive understanding of suppressive soils can provide novel strategies for successful control
of soil-borne disease.

S$35-3 Ergot alkaloids in bioactive Metarhizium species
C. E. Leadmon, J. K. Tyo, A. M. Macias, M. T. Kasson, D. G. Panaccione
Plant and Soil Sciences, West Virginia University, Morgantown, WV, USA

Abstract: Ergot alkaloids are important agricultural and pharmaceutical chemicals. Publicly available
genomic sequence data indicate that fungi in the genus Metarhizium have the capacity to produce
lysergic acid-derived ergot alkaloids; however, the accumulation of ergot alkaloids in these fungi has
not been experimentally demonstrated. Metarhizium species colonize soil, roots of many plants, and
insects. Because of these properties, some Metarhizium species are used as biocontrol agents. We
investigated Metarhizium species grown under different conditions for accumulation of ergot alkaloids
by high performance liquid chromatography (HPLC) with fluorescence detection. Metarhizium
anisopliae and Metarhizium flavoviride were cultured saprotrophically on three different media: corn
meal agar, malt extract agar, and sucrose yeast extract agar. Accumulation of ergot alkaloids varied by
medium and fungus. Metarhizium flavoviride did not accumulate ergot alkaloids on any of these culture
media. Metarhizium anisopliae accumulated large quantities of the ergot alkaloids lysergic acid a-
hydroxyethylamide (LAH), ergine, ergonovine and chanoclavine-l on sucrose yeast extract agar, lesser
quantities on malt extract agar, and none on corn meal agar. The identities of the alkaloids were
confirmed by mass spectrometry. Interestingly, M. anisopliae secreted over 80% of its alkaloid yield into
the medium, whereas the ergot alkaloids of most ergot alkaloid-producing fungi are retained in their
hyphae. Metarhizium robertsii and M. brunneum were cultured only on sucrose yeast extract agar; M.
brunneum produced the same profile of ergot alkaloids as M. anisopliae, but ergot alkaloids were not
detected in saprotrophically cultured M. robertsii. We also investigated the accumulation of ergot
alkaloids under the ecologically relevant conditions of mutualistic growth on plant roots and parasitic
growth in infected insects. We inoculated roots of corn (Zea mays), bean (Phaseolus vulgaris), and
Medicago truncatula with M. anisopliae and M. flavoviride, and no ergot alkaloids were produced by
either fungus on any of the plants. Larvae of the insect Galleria mellonella were inoculated with spore
suspensions of M. anisopliae, M. flavoviride, M. brunneum, and M. robertsii. Each of the four species
produced ergot alkaloids in infected larvae. The mean concentration of LAH (the most abundantly
accumulating ergot alkaloid) in M. anisopliae-infected larvae was 154 uM, a concentration that was 300-
fold greater than the concentration observed in sucrose yeast extract medium. The data demonstrate
that several Metarhizium species have the ability to produce ergot alkaloids of the lysergic acid amide
class and that production of ergot alkaloids is tightly regulated and associated with insect colonization.
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S$35-4 Metarhizium and plants: the symbiosis is mutual
R. J.St. Leger and B. Lovett
Department of Entomology, University of Maryland, College Park, MD, USA

Abstract: First discovered on insect cadavers, Metarhizium spp. are best known as insect killing fungi;
however, the ability of these fungi to form epiphytic interactions with plant roots likely contributes to
their abundance in soils world-wide. Genomic and molecular techniques have revealed that the early
ancestors of the genus Metarhizium were plant symbionts, which took on an insect killing lifestyle
providing insect-derived nitrogen to the plant in exchange for carbon. This hypothesis has generated a
plethora of promising avenues of research investigating commonalities and distinctions between these
two lifestyles. These fungi have further demonstrated the capacity to specialize variously with insect and
plant hosts. Root colonizing Metarhizium strains are now known to promote plant growth by mechanisms
that include killing insects, making nutrients available, increasing stress resistance and producing
growth-promoting plant hormones. Field trials have confirmed that the ability to adhere to root surfaces
plays an important part in maintaining Metarhizium population size, and that their endophytic and
entomopathogenic lifestyles can be decoupled experimentally. The same molecular and genomic tools
developed to probe and manipulate Metarhizium spp. to better kill insects are quickly laying the
foundation for development of these fungi as comprehensive plant-growth promoters.

S$35-5 Phenotypic analysis of nematode-trapping fungi using mathematical

methods
G. Vidal Diez De Ulzurrun and Y. -P. Hsueh
Institute of Molecular Biology, Academia Sinica, Taipei, TAIWAN

Abstract: Nematode-trapping fungi are unique organisms able to live both as saprophytes and
parasites. These fungi switch their behavior according to the available nutrients and the environmental
conditions and during their predator stage they develop complex trapping devices able to immobilize
and kill nematodes that are subsequently consumed. Moreover, nematode-trapping fungi are able to
sense their prey and adjust their parasitic behavior to the amount and location of nematodes.
Nematode-trapping fungi are particularly important for biocontrol since many nematodes species are
plant, animal or human parasites. Even though nematode-trapping fungi are widely spread, they often
fail to establish in agricultural soils and their nematode-killing ability in nature is insufficient to control
nematode populations. Therefore, in order to use nematode-trapping fungi as biocontrol agents we
need to find nematode-killing efficient fungal strains and to fully understand the fungus-nematodes
dynamics. Unfortunately, the lack of techniques able to efficiently quantify the phenotypical
characteristics of nematode-trapping fungi hinders the study of these dynamics. In response, we
propose the use of innovative and multidisciplinary approaches combining mathematical and biological
techniques for the study of nematode-trapping fungi. More specifically, the use of image analysis
techniques to study the phenotype and the morphological characteristics of different nematode-
trapping fungal strains. By means of images we are able to, among others, follow fungal growth over
time, track the changes triggered by the presence of nematodes on the mycelium and evaluate the
trapping efficiency of different nematode-trapping fungal strains. Ultimately, resulting in detailed
comparisons of several fungal features among different fungal strains allowing us to find stronger strains
with enhanced colonization ability and nematode-killing activity. In summary, this research will
contribute to the use of nematode-trapping fungi as biocontrol agents against parasitic nematodes.
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S$35-6 Molecular and chemical strategies employed by insect biocontrol fungi to

counteract host immune defenses
C. Wang
Shanghai Institute of Plant Physiology and Ecology, Chinese Academy of Sciences, Shanghai, CHINA

Abstract: Insect pathogenic fungi such as Metarhizium spp. and Beauveria bassiana have been
developed as environmentally friendly biocontrol agents against different insect pests. Phylogenetic
analysis revealed that fungal entomopathogenicity is polyphyletic, so similar expansions of insect cuticle
degrading proteases and chitinases reflect a convergent evolution during the arms race of fungus-insect
interactions. Relative to the advances in understanding fungus-plant interactions, the mechanisms of the
molecular pathogenesis of entomopathogenic fungi are rather limitedly understood. In particular, the
machinery of effector-mediated inhibition of host immunity has not been well established in fungus-
insect interactions. We found that the divergent LysM proteins are presentin animal pathogens. By using
the insect pathogen B. bassiana as a model, we revealed that two of 12 encoded LysM protein genes
are required for full fungal virulence against insect hosts to deregulate insect immune responses and
protect fungal cells from chitinase hydrolysis. For M. robertsii, a collagen-like protein can camouflage
cell wall components for evading host immunity. In addition, in vivo metabolomics analysis revealed the
dynamics of small molecules were produced by both the fungi and insect hosts during fungal invasion
of hosts. In particular, the small molecules such as the cyclodepsipeptide destruxins produced by M.
robertsii and dibenzoquinone oosporein by B. bassiana could be deployed by the fungus to inhibit host
immune responses to facilitate fungal infection. The understanding of fungal molecular pathogenesis
can facilitate the development of cost-effective mycoinsecticides.

Symposium Session 36:

Fungal Sexual Development and Exploitation
P. Dyer and U. Kiick

S$36-1 Fungal genome and mating system transitions facilitated by chromosomal

translocations involving intercentromeric recombination
J. Heitman
Molecular Genetics and Microbiology, Duke University, Durham, NC, USA

Abstract: Cryptococcus neoformans is a pathogenic basidiomycete fungus present in the environment
globally that infects immunocompromised humans causing significant morbidity/mortality.
Cryptococcus gattii is a related pathogen, more geographically restricted and causing fewer infections
but often in healthy individuals. Two pathogenic species are recognized, but seven distinguishable
species populate this monophyletic pathogenic species complex. The pathogens are embedded within
two broader species groups (sensu stricto, sensu lato), which are saprobic, insect, or plant/tree
associated and not animal pathogens. The sensu stricto complex includes the Cryptococcus pathogenic
species complex and three additional species: Cryptococcus amylolentus, Filobasidiella depauperata,
and Tsuchiyaea wingfieldii. The sensu lato complex includes Kwoniella mangrovensis, Kwoniella
botswanensis, Cryptocococcus heavenensis, and others. How pathogenesis evolved is being addressed
via comparative genomics employing Illumina, PacBio, and Nanopore sequencing supported by
chromoblot analysis. This enables complete genome assembly, revealing genes/gene sets unique to
pathogens, or particular pathogenic lineages, higher order genomic architecture, specific chromosomal
loci such as centromeres and telomeres, and chromosome number alterations. We discovered extant
sexual cycles and defined mating-type loci for multiple species. By comparing chromosome-wide
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complete genome assemblies, we find the genome of the closest nonpathogenic sibling species,
Cryptococcus amylolentus, has 14 chromosomes like C. neoformans/C. gattii, but with extensive
translocations and many intrachromosomal rearrangements (inversions, transpositions). We defined an
extant tetrapolar sexual cycle for C. amylolentus, and found evidence the MAT loci are genetically linked
to large regional repetitive centromeres of their host chromosomes (Ch. 10, 11). This supports models
in which inter-centromeric recombination may have contributed to drive chromosomal translocations
and transition from an ancestral tetrapolar outcrossing saprobic state to the derived pathogenic bipolar
configuration. Similar types of inter-centromeric chromosomal translocations are present in the C.
neoformans/C. gattii genomes, those of other species in the complex, and also Candida species,
suggesting this is a general mechanism of genome rearrangement. Remarkably, other species analyzed
have fewer chromosomes, in some cases as few as three, providing insights into origins and evolution
of saprobic and pathogenic karyotypes. These findings contribute to show recombination involving
repeats within centromeres can occur to impact evolutionary trajectories during mating-type locus
evolution and speciation.

S$36-2 Proteome diversification by A-to-lI RNA editing in fungal sexual development
l. Teichert!, T. Dahlmann’, B. Blank-Landeshammer?, M. Nowrousian', A. Sickmann?, U. Kueck’
TAllgemeine Und Molekulare Botanik, Ruhr-University Bochum, Bochum, GERMANY, 2Bioanalytik,
Leibniz-Insitut fir Analytische Wissenschaften-ISAS-e.V., Dortmund, GERMANY

Abstract: RNA editing occurs post-transcriptionally and leads to transcripts that differ in sequence from
their template DNA. Adenosine (A) to inosine (I) RNA editing is common in metazoa and was recently
detected in filamentous fungi. In contrast to metazoa, A-to-l editing in fungi occurs mostly within protein-
coding sequences. During translation, | is interpreted as guanosine (G), effectively leading to A-to-G
changes in amino acid codons, causing amino acid variation in the encoded proteins. In the filamentous
ascomycete Sordaria macrospora, we found A-to-I RNA editing to be linked to the sexual phase and to
be mostly absent from sterile mutants. Editing leads to putative amino acid changes in 361 “edited in
fruiting body formation” (EFD) proteins, 47 of which show an extended C-terminus due to RNA editing
of the stop codon to a tryptophan codon (stop-loss). Peptides from these C-terminal extensions were
identified by mass spectrometry, and synthetic peptides were used to quantify DNA-encoded and
extended protein isoforms. This approach revealed that the abundance of extended proteins increases
in late sexual development, similar to the edited RNA. Focusing on EFD2 for further analysis, we found
that the efd2 gene has a role in ascospore formation. Ascospores of Aefd2 were smaller on average, but
had a bigger size distribution than wild type ascospores. In addition, 5 % of Aefd2 asci harbored seven
spores instead of eight spores, with one spore being significantly bigger than the others. The efd2
transcript undergoes stop-loss editing, and we performed functional analysis with the native allele, a
stop allele that cannot be edited, and an edited allele with a mutation of the stop codon to a tryptophan
codon. Our results indicate that the non-edited efd2 respective the DNA-encoded EFD2 protein isoform
has an important role in ascospore formation. However, the extended EFD2 isoform may have a role in
ascospore germination. GFP-tagged EFD2 localized to the cytoplasm in vegetative cells, but to the
nucleus in ascospores, and editing was necessary, but not sufficient for this localization. Though the
distinct role of single editing events needs further investigation, our results show that editing leads to
the diversification of the proteome, which may be a prerequisite for the massive cellular reorganization
during ascus and ascospore formation.
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S$36-3 Regulation of mating mechanism and sexual development by mating type
loci in the homothallic ascomycetes Fusarium graminearum and Chromocrea

spinulosa

S.-H.Yun' and B. G. Turgeon?

"Medical Biotechnology, Soonchunhyang University, Asan, REPUBLIC OF KOREA, 2Plant Pathology and
Plant-microbe Biology Section, Cornell University, Ithaca, NY, USA

Abstract: Fungi employ one of two mating tactics for sexual reproduction: self-sterile/heterothallic
species can mate only with a genetically distinct partner while self-fertile’homothallic species do not
require a partner. In ascomycetes, sexual reproduction is controlled by master regulators encoded by
the mating-type (MAT) locus. The architecture of MAT differs in heterothallic versus homothallic species;
heterothallics carry one of two forms (MAT1-1 or MAT1-2) per nucleus, whereas most homothallics carry
both MAT forms in a single nucleus. Here, we describe mating mechanisms controlled by MAT loci in
two homothallic filamentous ascomycetes, Fusarium graminearum and Chromocrea spinulosa
(Trichoderma spinulosum). The former, which is causal agent of Fusarium head blight in cereal crops,
employs a true homothallic mating strategy, while the latter exhibits both homothallic and heterothallic
behavior and self-fertile strains produce progeny cohorts that are 50% homothallic, 50% heterothallic.
Sequencing of the MAT region of homothallic and heterothallic strains of C. spinulosa revealed that both
carry an intact MATT-1 locus, but homothallic strains have a second version of MAT with the MAT1-2
locus closely linked to MAT1-1. In the second MAT version, the MAT1-1-1 open reading frame is split
into a large and small fragment and the truncated ends are bordered by 115bp direct repeats (DR). The
MAT1-2-1 gene and additional sequences are inserted between the repeats. By MAT manipulations, we
discovered that self-fertility is achieved by DR-mediated loss of MAT1-2 from most homothallic nuclei
and subsequent inter-nuclear recognition between the resulting two, unevenly present, nuclear types in
a common cytoplasm. To gain a comprehensive understanding of the regulation of sexual development
in F. graminearum, we employed in-depth and high-throughput analyses to examine the target genes
controlled transcriptionally by two-linked MAT loci (MAT1-1, MAT1-2). A total of 1,245 differentially
expressed genes (DEGs) among all of MAT gene-deletion mutants included genes mainly involved in
metabolism, cell wall organization, cellular response to stimuli, cell adhesion, fertilization, development,
chromatin silencing, and signal transduction. Targeted deletions of 106 DEGs revealed 25 genes that
were specifically required for sexual development, most of which were regulated transcriptionally by
both the MAT1-1 and MAT1-2 loci. Taken together with the other analyses, we propose a regulatory
pathway for MAT-mediated sexual development, in which both MAT loci may be activated by several
environmental cues, and then control the expression of at least 1,245 target genes during sexual
development via regulatory cascades and/or networks involving several downstream transcription
factors and a putative RNA interference pathway. These investigation using two different homothallic
species provide new insights into our understanding of regulation of mating mechanisms underlying
homothallism and subsequent sexual developmental processes by the MAT loci in filamentous
ascomycetes.

S36-4 Exploitation of fungal sexual reproduction for strain improvement in the food

industry

P. Dyer', S. S. Swilaiman', H. Darbyshire!, M. Novodvorska', S. Hewitt!, J. Whittaker', R. Johnson?
'School of Life Sciences, University of Nottingham, Nottingham, UNITED KINGDOM, ?Research, Quorn
Foods, North Yorks, UNITED KINGDOM

Abstract: Fungi are used widely for the production of various foodstuffs either as an edible ingredient
themselves, or being used to produce metabolites that are key ingredients within foodstuffs. There is
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therefore continued demand for strain improvement for such fungi for example to produce novel flavour
profiles, to increase health benefits of fungal foodstuffs, and to increase metabolite yield. A difficulty has
been that many of the fungi used in the food industry have classically only been known to reproduce by
asexual reproduction, limiting opportunities to exploit the sexual cycle to generate novel genetic
variation with the possibility of improved genotypes among the offspring. However, recent advances in
understanding of mating-type (MAT) gene structure and occurrence, together with improved in vitro
methods for inducing sexual cycles, has allowed the discovery of sexual cycles in a series of fungal
species previously considered to be asexual organisms. These approaches have now been applied to
asexual fungi used in the food industry. Results will be presented relating to how the discovery of MAT
genes, characterisation of idiomorph structure, and manipulation of in vitro conditions in certain
‘asexual’ fungal species has been used to induce sexual cycles under laboratory conditions. A
combination of GC-MS ‘electronic nose’ and LC-mycotoxin testing has then allowed the identification of
sexual offspring with new, highly desirable, flavour profiles.

S$36-5 A network of MAP-Kinase pathways and transcription factors regulates cell-

to-cell communication and cell wall integrity in Neurospora crassa
M. S. Fischer, V. W. Wu, N. L. Glass
Plant and Microbial Biology, University of California, Berkeley, CA, USA

Abstract: Maintenance of cell integrity and cell-to-cell communication are fundamental biological
processes. Filamentous fungi, such as Neurospora crassa, depend on cell-to-cell communication to
locate compatible cells, coordinate the process of cell fusion, and maintain a robust hyphal network.
Shortly after the asexual spores germinate, these genetically identical germlings will collaborate to
establish a new colony by engaging in communication that drives chemotropic growth and ultimately
results in cell fusion and the formation of a multinucleate syncytium. The signal(s) and receptor(s) remain
elusive, but two MAP-Kinase pathways are essential for communication and fusion in N. crassa. The
MAK?1 pathway, also known as the Cell Wall Integrity pathway, receives input from cell wall sensors and
coordinates the processes that maintain the integrity of the cell wall during growth, fusion,
environmental fluctuations, or external attack from agents such as cell-wall-targeting drugs. The MAK2
pathway is homologous to the pheromone response pathway in Saccharomyces cerevisiae. The
pheromones and pheromone receptors are not involved in asexual germling communication, but we
hypothesize that the MAK2 pathway functions downstream of a different receptor that mediates
germling communication. Previous studies have demonstrated several points of cross-talk between the
MAK1 and MAK2 pathways, which is likely necessary for coordinating chemotropic growth toward a
specific extracellular signal, and then mediating the precise process of cell fusion. Canonical MAP-Kinase
pathways begin with signal reception and end in a transcriptional response. Two transcription factors,
ADV1 and PP1, are essential for germling communication and fusion. PP1 is the evolutionarily conserved
target of MAK2, while ADV1 is less conserved and less well studied. To identify the transcriptional targets
of ADV1 and PP1, we did RNAseq on Aadv1, App1, and Wildtype germlings in addition to DNA-Affinity
Purification sequencing (DAPseq). DAPseq is a new high-throughput in vitro method for identifying
transcription factor binding sites on native gDNA. In an effort to elucidate the MAPK-TF regulatory
network, we constitutively expressed each transcription factor in each upstream MAPK deletion mutant.
Our data show that MAK1 functions upstream of adv1 (independently of pp1), while MAK2 functions
upstream of both transcription factors and is required to activate (or de-repress) PP1. PP1 is necessary
for transcription of advl, and then ADV1 is the primary regulator of the genes required for
communication, fusion, and post-fusion non-self-recognition. Both PP1 and ADV1 regulate transcription
of several genes that are necessary for growth. Our experimental data indicate that PP1 and ADV1 likely
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also regulate genes important for maintaining cell wall integrity, and we hypothesize that the catalytic
activity of MAK2 is also necessary for maintaining cell wall integrity. Follow-up experiments will
investigate the role of MAK2, ADV1, and PP1 in regulating the response to specific cell wall stresses.
Collectively, our data demonstrate that the MAK1-ADV1 and MAK2-PP1 pathways form a tight regulatory
network that maintains cell wall integrity and responds to cell-to-cell communication.

S$36-6 MpkB MAP kinase is required for sexual development but not for mycotoxin

production in Aspergillus nidulans and Aspergillus flavus
S.-C. Jun, B. Zhu, K. -H. Han, J. -H. Kim
Department of Pharmaceutical Engineering, Woosuk University, Wanju, REPUBLIC OF KOREA

Abstract: Mitogen-activated protein kinase (MAP kinase) pathways regulate growth, development and
stress responses in most of eukaryotes. Aspergillus nidulans MpkB MAP kinase has been known to
coordinate sexual development as well as secondary metabolism, including sterigmatocystin (ST). In this
study, however, the results of the TLC analysis of wild type and mpkB deletion mutants (AmpkB) showed
that the mpkB gene did not affect the ST production and ST related gene expression especially in veA*
genotypes. In the veA* background, ST production of AmpkB, AmkkB and AmpkBAmkkB mutants were
similar with wild type. Furthermore, MpkB constitutive activation or inactivation mutants also showed no
significant effect on the ST production. Some genes required for ST production (aflR, stcE and stcU) were
constitutively expressed in each mutant, but, interestingly, ST production of mpkB and mkkB mutants
was remarkably delayed in the veA 1 background, suggesting that the ST production is affected primarily
by the veA gene. Similarly, in Aspergillus flavus, MpkB ortholog AflmpkB mutant couldn’t produce any
sclerotia, but it produced aflatoxin B1 normally. Taken together, the mpkB gene alone does not affect
the expression of genes involved in mycotoxin production such as ST in A. nidulans or aflatoxin B1 in A.
flavus, indicating that the signaling of MpkB MAP kinase and mycotoxin production were governed by
independent pathways.

Symposium Session 37:

Fungal Communities and the Functioning of Forest Ecosystems
P. Baldrian and B. Lindahl

S$37-1 Functional diversity of forest microbiomes and their consequences
H. Liao
Soil and Water Sciences Department, University of Florida, Quincy, FL, USA

Abstract: The forest mycobiome includes generalist as well as specialist fungi that interact with their
plant hosts to regulate host physiology and ecosystem processes. To better understand the molecular
biology of forest-microbial interactions, we are using integrated approaches (transcriptomics,
metabolomics, proteomics) to investigate how forest trees interact with their symbiotic fungi, using soil-
bioassays which examine belowground genetic interactions between trees with their symbiotic
(generalists and specialist) microbiomes. The questions we ask include: (a) What environmental factors
are responsible for shaping the composition and function of the forest microbiomes in different plant
species and over time? (b) What kinds of molecular-signaling strategies are used by fungal generalists
and specialists during interaction with their tree hosts? (c) How do these dynamic changes in turn affect
plant development and ecosystem process? Metatranscriptomic studies employing RNA-seq reveal
that: (1) Plant species can manipulate the assembly of their root specialist community (especially
ectomycorrhizal fungal species) (2) Symbiotic fungal generalists (e.g. Mortierella) use similar strategies
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to interact and confer beneficial effects to a broad variety of host species. Fungal specialists (e.g. Suillus
and Rhizopogon) use different genetic mechanisms to interact with their specialized hosts (specific
species of Pinus) and non-host (other Pinus species and Populus). Our studies also demonstrate how the
underground mycelial highway used by fungal specialists (the so-called wood-wide web) supports
communication and nutrient reallocation among different species of neighboring plants. Our
metatranscriptomic studies reveal how symbiotic fungi use dual strategies to benefit both host and non-
host plant species. Because root-associated microbiomes provide their host plants with limiting nutrients
(nitrogen) and help to reallocate plant carbon to soil, these molecular-informed mechanistic studies also
provide new insights for understanding microbial-plant-soil interactions which help to maximize those
functions for forest ecosystem processes and sustainability.

S$37-2 Dynamic fungal landscapes and their consequences
K. Peay
Department of Biology, Stanford University, Stanford, CA, USA

Abstract: Symbioses between plants and fungi can fundamentally alter the structure of ecosystems,
from their species diversity to rates of nutrient cycling. Yet, how differences in the prevalence of
symbioses arise are unclear. If co-variation in plant and fungal distributions are primarily determined by
abiotic factors then symbioses should exert little independent control over ecosystem structure. We
examined biotic determinants of biogeochemical cycling, and microbial community structure and
function, in a coastal landscape where historical patterns of vegetation transition are known, allowing us
to eliminate abiotic determinism. We found that alternative stable states in fungal community structure,
functional traits, and ecosystem processes emerged under different plant species. Greenhouse studies
further demonstrated that plant selection of fungi is central to emergence of these alternative states and
occurs independent of soil abiotic conditions. Moreover, we show that transition between states is highly
dependent on the presence of a small set of ruderal symbionts that are rare in mature systems but act
as keystone species. Because differences between these alternative states can be directly linked to plant-
fungal symbioses, independent of initial conditions, our results suggesting that biotic feedbacks
between symbiotic fungi and plants play a foundational role in the diversity and function of soils.

S$37-3 Fungi and the dynamics of forest ecosystems

P. Baldrian

Laboratory of Environmental Microbiology, Institute of Microbiology of the CAS, Prague, CZECH
REPUBLIC

Abstract: Globally, forests represent highly productive ecosystems that act as carbon sinks where soil
organic matter is formed from residuals after biomass decomposition as well as from rhizodeposited
carbon. Fungi are especially important in those forest habitats where decomposition of plant organic
matter takes place: in the deadwood and litter and in soil, where they represent the necessary symbionts
of trees and other plants, responsible for providing their hosts with nutrition. In temperate forests, fungi
significantly contribute to the turnover of organic matter in litter and sail, reflecting the seasonality of
tree activity across the warm and cold periods of the year by adopting their growth and utilization of C
compounds. Transcription profiling indicates fast turnover of fungal biomass in summer together with
decomposition of lignin and cellulose, probably primed by nutrient supply from trees to ectomycorrhizal
and other fungi. In winter, utilization of reserve compounds including trehalose and glycogen represents
an important source of carbon. Overall, fungal activity, especially the activity of ectomycorrhizal fungi
that is dependent on tree photosynthesis decreases in winter and this season is characteristic by higher
contribution of bacteria to the overall soil activity. Forest ecosystem development, ranging from
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successional stand development to the short-term response to disturbances such as tree harvesting or
insect outbreaks all represent processes that affect and are affected by fungi. Importantly, fungi are also
important contributors to soil organic matter accumulation due to the large annual production of hyphae
that serve as resources for other soil organisms and represent thus an important component in the forest
food web. The bilateral dependence between trees as dominant primary producers and fungi as their
symbionts and dominant decomposers appears to define the important role of these organisms and
their interactions in the functioning of forest ecosystems.

S$37-4 Sequencing the mycobiome of boreal forest soils

B. D. Lindahl', J. Kyaschenko', K. Varenius?, K. E. Clemmensen?, A. Dahlberg?, J. Stendahl’
'Department of Soil and Environment, Swedish University of Agricultural Sciences, Uppsala, SWEDEN,
’Department of Forest Mycology and Plant Pathology, Swedish University of Agricultural Sciences,
Uppsala, SWEDEN

Abstract: Boreal forest soils store significant amounts of organic carbon and nutrients, but drivers of
decomposition and soil fertility are poorly understood, contributing uncertainty in global models of
climatic feedbacks. We systematically sampled soil DNA from the entire latitudinal range of Swedish
boreal forests and assessed fungal communities by sequencing ITS markers. Predictors of organic
matter accumulation in the topsoil were evaluated by statistical modelling, combining fungal community
data with climatic, edaphic and productivity parameters. Fungal community composition was identified
as the principal determinant of organic matter accumulation, with a positive impact of an
ectomycorrhizal Piloderma species but a negative impact of other ectomycorrhizal species within the
genus Cortinarius. Stress tolerant ascomycetes were associated with larger organic stocks. Organic
matter accumulation increased with declining pH and tree biomass, but these effects seemed to be
indirect and mediated by their interplay with fungal communities. Our findings highlights the regulatory
importance of soil fungi in boreal ecosystems. The results contribute correlative support for the idea that
certain ectomycorrhizal fungi and stress tolerant ascomycetes that are poor decomposers drive organic
matter accumulation, but that other ectomycorrhizal species (e.g. in the genus Cortinarius) are efficient
decomposers that counteract organic matter accumulation. Intense forestry has large effects on fungal
communities and indirectimpacts on organic matter turn-over is to expect. Potentially, forestry may have
a positive effect on below-ground carbon storage, but there is a major risk that long-term soil fertility is
under threat.

S$37-5 Globally distributed beetles drive fungal colonization of dead wood and may

slow down, rather than facilitate, wood decomposition

J. Skelton!, M. A. Jusino?, P. Carlson', K. Smith3, A. Loyd, M. T. Banik?, D. L. Lindner?, J. M. Palmer?, J.
Hulcr!

'School of Forest Resources and Conservation, University of Florida, Gainesville, FL, USA, 2Plant
Pathology, University of Florida, Gainesville, FL, USA, 3Southern Institute of Forest Genetics, USDA Forest
Service, Saucier, MS, USA, *Center for Forest Mycology Research, United States Forest Service, Madison,
WI, USA

Abstract: Wood comprises the vast majority of standing biomass in forest ecosystems, but
decomposition of its complex structural elements is mostly limited to specialized decay fungi.
Thousands of species of wood-boring bark and ambrosia beetles in the weevil subfamilies Scolytinae
and Platypodinae seek stress chemicals released by dying trees. They often colonize the wood before
the tree has died. The beetles introduce commensal and mutualistic fungal symbionts whose extensive
hyphal networks absorb, concentrate, and deliver the diffuse labile nutrients from the wood to the next
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generation of beetles. Inturn, the beetles are effective vectors of fungal spores to fresh woody resources.
Forover a century, these relationships have been textbook examples of drivers of decay and the turnover
of forest biomass. But does this paradigm really make sense? Beetle symbionts are typically saprotrophic
Ascomycota that cannot degrade the complex structural components of wood, but can compete with
other fungi for more labile resources. We examined a new hypothesis; that bark and ambrosia beetles
actually slow the decay process by introducing competitors that exclude or hamper degradation by
decay fungi. This hypothesis was supported by DNA and RNA-based community sequencing and
culture-based data. A field survey and experiments using beetle exclosure cages revealed significant
effects of bark beetles on fungal community assembly and decomposition of mature loblolly pine tree
trunks. The beetles vectored a consortium comprised of many diverse Ascomycota taxa. Infestation by
bark and ambrosia beetles tripled fungal diversity. Infested pines were dominated by non-decaying
Ascomycota species, and there was a significant negative correlation between the abundance of beetle
galleries and the loss of woody biomass. We then conducted competition assays on both agar-based
and wood-based media to characterize competitive interactions between beetle-associated fungi and a
common wood decay fungus, and their effects on decomposition. Our results suggest that the role of
bark and ambrosia beetles in forest ecosystems is more complex than previously envisioned. By
introducing diverse consortia of non-decay fungi which compete with decay fungi, the beetles may
suppress the decomposition of wood. Bark and ambrosia beetles are abundant and ubiquitous in forests
globally and our results provide a better understanding of their important role in global carbon and
nutrient economies.

S$37-6 Biogeochemical and ecological drivers of fungal biogenic weathering in

Patagonian temperate rainforests

C. Marin', J. Boy?, A. Dechene?, F. Matus?®, M. Opik?, R. Godoy'

"Instituto de Ciencias Ambientales Y Evolutivas, Universidad Austral de Chile, Valdivia, CHILE, 2Institute
of Soil Science, Leibniz Universitdt Hannover, Hannover, GERMANY, 3Center of Amelioration and
Sustainability of Volcanic Soils, Bioren-ufro, Universidad de La Frontera, Temuco, CHILE, *Plant Ecology
Laboratory, University of Tartu, Tartu, ESTONIA

Abstract: Biogenic weathering is the process by which rocks are directly orindirectly degraded by biota.
In old forests, biogenic weathering is performed mainly by mycorrhizal hyphae, as they have energy
from photosynthesis and can access weatherable surfaces. An inverse relationship between the edaphic
bioavailability of nutrients and the degree of biogenic weathering is expected, since the latter is
energetically costly, as it involves processes of chelation, complexolysis, redoxolysis, metal precipitation
and thigmotropism. These processes involve the releasing of essential nutrients in plant nutrition (P, Ca,
K, Mg, Na). North-Patagonian temperate rainforests experience extreme environmental conditions, as
high precipitation, soil-nutrient limitation and regular natural disturbances. These forests are located
within two mountain systems (Andes and Coast mountains), whit different geological history, soils and
biogeochemistry. The main difference, is that the soils of Coast mountains are more physically and
chemically weathered than most of the Andes. These forests have three types of vegetation with two
mycorrhizal dominance types: Nothofagus spp. forest (dominated by ectomycorrhizal trees, EM),
Valdivian and native coniferous forests (dominated by arbuscular mycorrhizal trees, AM). There is little
information about the biogeochemical and ecological factors influencing biogenic weathering in these
forests. Specifically, we wanted to answer three questions, which are non-specific for Patagonian forests:
what is the relationship between physicochemical weathering (i.e. stand age) and biogenic weathering?,
what is the relationship between the forest nutrient economy (i.e. nutrient cycles, soil nutrient availability,
plant nutrients) and biogenic weathering?, and finally, which mycorrhizal types are more efficient at
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biogenic weathering? To answer these questions, we selected 13 pristine temperate rainforests in five
national parks at the south of Chile -both EM and AM forests in both Andes and Coast mountains, where
we installed test minerals in situ (muscovite, biotite), which after a year of exposure were analyzed
through confocal laser microscopy (percentage of mineral colonization). We also measured the
ecosystem nutrient economy: soil chemical analysis, roots and leaves nutrients, and with a resin system
(Self Integrating Accumulator) we measured the forests’ nutrient input by precipitation and its leaching.
Using Illumina sequencing of the fungal ITS2 region we determined the whole soil fungal communities.
We founded that biogenic weathering was most significant in the middle age stands, this is, when
ecosystems were not too young (physical and chemical weathering takes places in these ecosystems)
and not too old (nothing left to be weathered). As expected, we found an inverse relationship between
soil nutrient availability and the degree of biogenic weathering, but this and the former results were
dependent on: the nutrient inputs, i.e. some nutrients were sufficiently supplied by precipitation (which
was also reflected on plant nutrients), and the dominant mycorrhizal type of the forest, as EM-dominated
forests always were more efficient at biogenic weathering than AM-dominated forests. In conclusion,
biogenic weathering, a process mainly done by mycorrhizal fungi, is an important form of nutrient input
to the ecosystems, and as such, should be taken into account in future nutrient modeling.
Acknowledgements: CONICYT, Austral University of Chile, EarthShape Project (DFG).

Symposium Session 38:

Fungal Extracellular Vesicles
J.D. Nosanchuk

S$38-1 What are fungal extracellular vesicles and do they impact pathobiology?

J. D. Nosanchuk', D. Zamith-Miranda’, E. Nakayasu?, L. Nimrichter?

"Medicine, Microbiology & Immunology, Albert Einstein College of Medicine, Bronx, NY, USA,
2Biological Sciences Division, Pacific Northwest National Laboratory, Richland, WA, USA, *Microbiology,
Federal University of Rio de Janeiro, Rio de Janeiro, BRAZIL

Abstract: Fungal extracellular vesicles (EVs) are lipid-bilayered structures that are released by diverse
species. EVs are generated by more than one mechanism and vesicular transport enables the export of
large molecules across the complex cell wall of fungi. EVs contain proteins, lipids, and polysaccharides,
many of which are linked to virulence. In this session, we will first review current knowledge on fungal
EVs. We will then describe the use Histoplasma capsulatum as a model to study EVs and show how host
immune molecules can modify fungal responses. Our data demonstrates that cell wall-binding antibody
can directly modify protein loading in vesicles as well as fungal metabolism. Moreover, this process is
differentially and dynamically regulated by antibody in a concentration dependent manner. EV biology
is clearly associated with the homeostatic maintenance of the fungal cell and can be modified in
response to external factors, including host-pathogen interactions.
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S$38-2 In-depth multi-omics analysis reveal the production of platelet-activating
factor by the pathogenic fungus Histoplasma capsulatum

E. Nakayasu', H. M. Heyman', D. Zamith-Miranda?, M. C. Burnet', S. Couvillion', E. Bredeweg?, X. Zheng",
E. M. Zink', J. Kyle', J. Zucker', J. Teuton', S. Baker', S. H. Payne', E. Baker', J. Nosanchuk?

'Biological Sciences Division, Pacific Northwest National Laboratory, Richland, WA, USA, ?Department
of Microbiology and Immunology, Albert Einstein College of Medicine, New York, NY, USA,
3Environmental Molecular Sciences Laboratory, Pacific Northwest National Laboratory, Richland, WA,
USA

Abstract: Lipids are major components of biological membrane, energy storage molecules and cell
signaling transducers. Therefore, not surprisingly, lipids play major function in host-pathogen
interactions and are frequently targeted for drug development. Seeking to better understand the
function of lipids in fungal pathogenesis and identify potential drug targets, we performed a
comprehensive analysis of the lipid metabolic pathway of Histoplasma capsulatum yeasts and
extracellular vesicles. In-depth proteomic and lipidomic analyses of H. capsulatum yeasts were
performed and integrated into a metabolic map, comprising of 5 major lipid metabolic pathways and
19 lipid classes, being 371 lipid species detected in yeasts and 104 in extracellular vesicles. Of notice,
the analysis showed that unlike Saccharomyces cerevisiae, H. capsulatum is unable to produce
mannosylinositolphosphoceramides, but synthesizes glycosylceramides. The analysis also showed that
H. capsulatum produces analogs of platelet-activating factor (PAF), a potent regulator of the human
immune response. The structural information of the H. capsulatum PAF was further validated by tandem
mass spectrometry, ion mobility and liquid chromatographic analyses. We also tested if the H.
capsulatum PAF could stimulate the production of cytokines by treating macrophages with yeast lipids
fractionated by liquid chromatography. The lipid fraction potently activated the production of the
cytokines interleukin-10 and tumor necrosis factor alpha, which was abolished by the PAF receptor
antagonist WEB 2086. Overall, our approach led to the identification of a biologically active lipid in H.
capsulatum.

$38-3 Galectin-3 impacts Cryptococcus neoformans infection through direct
antifungal effects

F. Almeida', J. Wolf?, M. L. Rodrigues®, A. Casadevall*

'Department of Biochemistry and Immunology, University of Sdo Paulo, Ribeirao Preto, BRAZIL,
2Department of Microbiology and Immunology, Albert Einstein College of Medicine, New York, NY,
USA, 3Instituto de Microbiologia Paulo de Goes, Universidade Federal do Rio de Janeiro, Rio de Janeiro,
BRAZIL, *Department of Molecular Microbiology and Immunology, Johns Hopkins Bloomberg School of
Public Health, Baltimore, MD, USA

Abstract: Cryptococcus neoformans is an encapsulated fungal pathogen that causes cryptococcosis,
which is a major opportunistic infection in immunosuppressed individuals. Mammalian B-galactoside-
binding protein Galectin-3 (Gal-3) modulates the host innate and adaptive immunity, and plays
significant roles during microbial infections including some fungal diseases. Here we show that this
protein plays a role also in C. neoformans infection. We find augmented Gal-3 serum levels in human
and experimental infections, as well as in spleen, lung, and brain tissues of infected mice. Gal-3-deficient
mice are more susceptible to cryptococcosis than WT animals, as demonstrated by the higher fungal
burden and lower animal survival. In vitro experiments show that Gal-3 inhibits fungal growth and exerts
a directlytic effect on C. neoformans extracellular vesicles (EVs). Our results indicate a direct role for Gal-
3 in antifungal immunity whereby this molecule affects the outcome of C. neoformans infection by
inhibiting fungal growth and reducing EV stability, which in turn could benefit the host.
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S$38-4 Plasma membrane dynamics in the interplay between exocytosis and
endocytosis in fungal hyphae.
S. Bartnicki-Garcia, R. R. Mourifio-Pérez

Microbiology, CICESE Scientific Center for Research & Higher Education of Ensenada, Ensenada,
MEXICO

Abstract: The apical growth of fungal hyphae is an ideal place to study the relationship between the two
primary processes that determine plasma membrane dynamics, its generation by exocytosis and its
recycling by endocytosis. Both processes can be neatly imaged by confocal microscopy and fluorescent
markers and are located in close proximity, exocytosis in the apex itself and endocytosis in the
immediate subapical region. While the role of exocytosis is self-evident, the need for endocytosis is not.
In fact, the very existence of endocytosis in mycelial fungi was long questioned but finally proven to exist
convincingly. Whereas the amount of exocytosis can be calculated geometrically from values of hyphal
diameter and vesicle cycle, estimating endocytosis poses a greater challenge. A mathematical approach
led to the prediction that the amount of exocytosis required for plasma membrane growth alone was
insufficient to account for cell wall growth and extracellular enzyme secretion, resulting in an excess of
plasma membrane formation. To measure this excess, we devised a method to estimate endocytosis
experimentally by photobleaching the subapical endocytic collar of hyphae of Neurospora crassa
tagged with Lifeact-GFP. Accordingly, we determined that about 4% of the plasma membrane
generated by exocytosis was endocytosed. Seemingly, exocytosis and endocytosis operate in tandem.
By removing excess plasma membrane, endocytosis allows exocytosis to have the intensity needed to
sustain the rapid growth rate and abundant enzyme secretion typical of fungal hyphae.

S$38-5 Insights from Candida auris and Candida albicans extracellular vesicles

D. Zamith-Miranda', H. M. Heyman?, R. J. Cordero3, A. Casadevall®, E. Nakayasu?, J. D. Nosanchuk'
"Medicine, Microbiology and Immunology, Albert Einstein College of Medicine, Bronx, NY, USA,
2Biological Sciences Division, Pacific Northwest National Laboratory, Richland, WA, USA, *Department
of Molecular Microbiology and Immunology, Johns Hopkins Bloomberg School of Public Health,
Baltimore, MD, USA

Abstract: Extracellular vesicles (EV) are lipid-bilayered organelles released by many types of cells,
including bacteria and mammalian cells and as recently described, by fungi. Pathogenic fungi take
advantage of EV release, to secrete virulence factors associated with pathogenesis and immune evasion,
thus these organelles can be a target of drug development. Candida auris is an emerging fungal
pathogen described in 2009 after being isolated from a patient in Japan. Since its description, some
outbreaks have been reported across the globe, and recently in US. C. auris bloodstream infections led
to mortality in 30 to 60% of the cases in hospitals, and a common feature among the strains isolated so
far, is a remarkable resistance against at least one class of antifungals, and in some cases to the three of
them. Our aim was to evaluate if Candida auris releases EV and if these structures could have a role in
the pathogenesis. In order to evaluate these points, we first addressed the EV release by C. auris, and
then these EV were submitted to lipidomic and proteomic analyses to identify novel targets and
mechanisms of disease. Our findings to date demonstrate significant differences in the characteristics
and content of EVs from C. auris and other pathogens, including C. albicans. C. auris EV secretion may
be associated with the pathogenesis of this emerging fungus.
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S$38-6 Dissecting the melanin unit in Cryptococcus neoformans
R. Vij, E. Camacho, A. Casadevall, R. J. Cordero,

Molecular Microbiology And Immunology, Johns Hopkins Bloomberg School of Public Health,
Baltimore, MD, USA

Abstract: In the presence of catecholamines, Cryptococcus neoformans forms a melanin coat around
the cell body that protects it against human immune defenses. Beyond its contribution to infection,
melanin can protect Cryptococcus against lethal doses of ionizing radiation (i.e. X-ray, gamma, and
particulate) and mediate a radiation energy transduction process that supports fungal growth. The
melanin coat is formed by a network of granules deposited and organized as concentric layers
surrounding the inner cell wall. The synthesis of cryptococcal melanin is believed to occur intracellularly
within spherical vesicular bodies or fungal ‘'melanosomes’. One hypothesis is that ‘melanosome’
represents the fundamental unit of the melanin coat. In this study, we have isolated and characterized
melanin granules actively secreted to the culture media during melanization. Preliminary analyses
indicate that secreted melanin granules share biochemical and biophysical properties with cell wall-
associated melanin. Secreted melanin granules are highly monodispersed nanoparticles with 30-60 nm
in hydrodynamic diameter, interesting colloidal properties, and fractal appearance. Further studies aim
to dissect the structure and composition of the melanin granules to understand their biogenesis,
deposition at the cell wall and molecular mechanisms of melanin-mediated energy transduction. The
secretion of melanin granules to the extracellular environment also implies a potential role for these
particles as immunomodulators during cryptococcal infection which may also apply to other melanotic
fungal pathogens.

Symposium Session 39:

Ethnomycology: Scientists and Shaman on Historic and Current Uses of Fungi
A. Blanchette and N. K. Ishikawa

S$39-1 The historic and current ethnomycology of Egypt and Middle East countries
A. M. Abdel-Azeem
Botany Department, Suez Canal University, Faculty of Science, Ismailia, EGYPT

Abstract: Egypt is considered the cradle of mycology. Ancient Egyptians documented the use of fungi
on walls and pillars of temples, within hieroglyphic texts, ear studs and medical prescriptions since 5619
B.C. Ancient Egyptians believed that some mushrooms were plants of immortality and called them “a
gift from the God Osiris” and symbolized as Was, Djed pillar of Osiris, and ankh (crux ansata). Egyptian
pharaohs proclaimed mushrooms to be food reserved only for royalty; common people were not even
allowed to touch them. The Pharaohs of ancient Egypt believed they had magical powers. Egyptian
crowns (white and triple) were inspired from the primordia of Psilocybe cubensis. The most ancient
historical use of truffles probably originated prehistorically in the mideastern and North African cradles
of civilization. Species of desert truffles (Terfezia, Tirmania and Phaeangium) probably served to the
Pharaohs. Better descriptions of the kind of desert truffles that the pharaohs of Egypt may have
consumed, along with an ancient version of traditional truffle preparations still popular in North Africa
and the Middle East, can be found in the Bible. In the seventh century Prophet Muhammad peace, be
upon him (ples 4de &) JLa) said a hadith to his followers “Truffles are a part of manna and its juice is healing
for the eyes”. This study consists of a survey focusing on the knowledge, use and ethnomycological
practices of mushrooms and desert truffles among the native people of the Middle Eastern countries.
The presentation will highlight their application in traditional medicine in this part of the world. This work
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also explores the biology and ecology of truffles in the Middle East, their importance in fragile desert
ecosystems, assess their conservation status and effects of various cultivation practices on sustaining
truffle populations. General management principles and considerations to sustain this valuable fungal
resource will be discussed.

S$39-2 Ethnomycological documentation of the historical region of Mazovia, Poland
M. A. Kotowski
Institute of Applied Biotechnology, University of Rzeszéw, Rzeszéw, POLAND

Abstract: The research on traditional knowledge of wild mushroom uses in the Mazovia region is the
first research that undertakes complex ethnomycological analysis of entire region laying in one of
European countries. The field research based on cooperation with local communities enables the
acquisition of new and direct information on the present list of collected mushroom species, the level of
local knowledge about Central Poland’s mycobiota, species’ ecology and their actual protection. The
research bases on interviews conducted in evenly dispersed locations defined by previously prepared
village grid. The high sample size, over 700 interviews with residents of 38 Mazovian villages, will enable
to authenticate the acquired information and statistically eliminate borderline and improbable results.
The main objectives of research are to create list of mushrooms collected by people living in this region,
find rare and protected mushroom species used by local communities and to acquire information about
the purpose, methods and extent of their use. In the context of forestry, the study enables the acquisition
of new information about the exploitation of mushrooms as an important part of non-wood forest
products. Moreover, assignment of local names to proper taxonomic nomenclature will help in further
analysis of local reports related to species composition of mycobiota. So far, after near 700 interviews,
more than 60 different taxa were recorded as used for consumption purposes among people living in
the Mazovia region.

S$39-3 The aesthetics of mushrooming in the Tundra and Taiga: Perspectives from

Alaska and the Russian Far East

S. Yamin-Pasternak' and I. Pasternak?

'Department of Anthropology and Institute of Northern Engineering, University of Alaska Fairbanks,
Fairbanks, AK, USA, 2Department of Art and Institute of Northern Engineering, University of Alaska
Fairbanks, Fairbanks, AK, USA

Abstract: This presentation draws on the ethnographic material gathered in the course of twenty years
of the authors' research on the harvest and use of fungi in northern Alaska and Chukotka, Russian Far
East. We share insight from the Yupik maritime communities whose ancestral beliefs regarded
mushrooms as ears of the tundra spirits, Chukchi reindeer herders for whom mushrooms are reindeer
food or “reindeer drugs,” recent Russian and Ukrainian immigrants who are adapting the longstanding
mushrooming traditions of their homelands to the landscapes and seasons of the Arctic and Subarctic
environments, and members of the Alaskan settler populations who in their vast majority are novices to
the experience of the “quiet hunt.” We discuss the roles of the fungi currently regarded as the core
subsistence species in facilitating the social and environmental adaptation for each of these groups in
the time of vast and rapid change. Among the featured examples are various uses of multiple varieties
of fleshy mushrooms and chaga (sclerotia of Inonotus obliquus). Through a framework we have
developed by integrating a set of analytical approaches from the fields of cultural anthropology and
contemporary art, we examine the aesthetic relationships that the Alaskan and Chukotkan communities
hold integral to the contemporary human-fungi interactions. We also reflect on the impact of our efforts
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as educators, which include teaching a university course in ethnomycology conducting extensive
outreach in communities and among diverse groups of foragers and hobbyists.

S$39-4 Historic uses of polypores as symbols of supernatural power
R. Blanchette
Department of Plant Pathology, University of Minnesota, St. Paul, MN, USA

Abstract: Forest fungi have been used for traditional medicine and other cultural purposes for
thousands of years. Documentation of how various fungi have been historically is often difficult to obtain
but natural history museum collections have proven to be a rich source of information. Many museums
have fruiting bodies of fungi used by the Indigenous People of North America in the 19" and early 20t
centuries along with collection notes indicating their use. Objects made from these fungi are also
accessioned providing important ethnological information. The Indigenous People of the North
American used many different types of polypores. Before knowledge that illness had biological causes,
fungi were being used to treat the sick. In addition to their use as medicine, many tribes used them in
an array of art forms that were made to represented symbols of supernatural power. These objects were
an important part of the Shaman’s paraphernalia that was used during ceremonies and rituals to
influence the beliefs of the community. The fruiting bodies of Laricifomes officinalis were used by the
Indigenous People of the northwest Pacific coast and carved into spirit figures or made into masks. Since
sickness was considered to be brought about by supernatural forces, the shaman applied a spiritual
remedy using polypores that they considered to have unworldly powers. We now know that the fungus
selected for their use has medicinal value. The Plains Indians of North America used a different fungus,
Haploporus odorus, as a symbol of spiritual power. The fruiting bodies of this fungus, with an
exceedingly fragrant anise-like aroma, was used by the Blackfoot, Blood, Cree and other northern plains
tribes for protection against illness. It was also a component of medicine bundles and was used to
ornament scared robes, necklaces and other cultural properties. Modern day Native American healers
continue to use this fungus in ceremonies to purify the air and to call helpful spirits to eliminate harmful
influences. In other regions of the world, various polypores were similarly used as symbols of spiritual
power. Masks made from the fruiting bodies of Ganoderma species were used in the Middle Hills region
of the Nepal Himalayas in rituals to cure the sick and were displayed in the rafters of village huts to ward
off evil spirits, sickness and bad luck. An extraordinary necklace made from an unusual Ganoderma with
purported supernatural attributes was used in Dutch New Guinea (West Papua Province of Indonesia).
In China, polypores such as Ganoderma lucidum sensu lato, have had a long history of use in traditional
medicine and were assumed to have mystical properties. Examples of their historic uses by early
Emperors will be discussed as well as their current use as symbols of immortality, good health and good
luck.

$39-5 Yanomami ethnomycology: Knowledge valorization and income alternative

for communities of Awaris region - Roraima, Brazil

N. K. Ishikawa', D. Kopenawa?, R. M. Apiamo?, O. I. Sanuma?, M. Sanuma?, M. S. Martins®, N. Menolli Jr*
'Coordenacéo de Biodiversidade, Instituto Nacional de Pesquisas da Amazénia, Manaus, BRAZIL, ?Hay,
Hutukara Associacdo Yanomami, Boa Vista, BRAZIL, 3Isa Roraima, Instituto Socioambiental, Boa Vista,
BRAZIL, *Nucleo de Pesquisa em Micologia, Instituto de Botéanica, Sédo Paulo, BRAZIL

Abstract: The Yanomami are a largely isolated human population of about 40,000 people, living in 550
communities, in the Amazonian rainforests of Brazil and Venezuela. On the Brazilian side, the Yanomami
indigenous territory is 9,664,975 hectares of forest which was demarcated in 1992 and has been
recognized for its significance in protecting the biodiversity of the Amazon. The Yanomami people speak
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five languages and the knowledge concerning the consumption of mushrooms has been passed on
orally from generation to generation since pre-Columbian times. The scientific world first learned about
the ethnomycology of the Yanomami through some articles published in English in the 1960s and 70s
by the Brazilian Oswaldo Fidalgo and the Britain Ghilllean Tolmie Prance, respectively. In 2016, the
Awaris communities published their own book, in Sanéma and Portuguese, including about 15 species
of mushrooms that they have collected and consumed. This book is just one part of a project that
promotes and values of indigenous knowledge and the alternative production chains. The project,
launched by the Yanomami Association (HAY) and the Socioenvironmental Institute (ISA) in Brazil, has
created an unprecedented production chain for native Brazilian mushrooms which begins with the
collection of mushrooms in the Amazonian forests. The mushrooms are subsequently dehydrated in the
sun and/or smoked, packaged and marketed; until they finally arrive at renowned restaurants in the state
capitals of Sdo Paulo and Manaus. Thus, the mushrooms, that for centuries have been an important part
of the Yanomami diet, are now benefitting forest communities as a source of income for the purchase of
needed items such as machetes, knives, pots, and other household items as well as other essential items
for gardening, building, fishing, and hunting, and hence, promoting physical and cultural development
in their places of origin. A video of the Yanomami Shaman David Kopenawa will also be shown providing
a message on how the traditional knowledge about mushrooms can be used as an alternative source of
income that helps to protect and preserve the Amazon rainforest natural resources.

$39-6 Video of Shaman David Kopenava, Brazil
N. K. Ishikawa
Coordenacado de Biodiversidade, Instituto Nacional de Pesquisas da Amazdnia, Manaus, BRAZIL

Symposium Session 40:

Species Limits in the Age of Genomics
J. Taylor and W. Meyer

S$40-1 Fungal species limits: A global tree health perspective

M. Wingdfield, B. Slippers, B. Wingfield, E. T. Steenkamp

'Biochemistry, Genetics and Microbiology, Forest and Agricultural Biotechnology Institute (FABI),
University of Pretoria, Pretoria, SOUTH AFRICA

Abstract: Natural forests and plantations globally are increasingly threatened by diseases caused by
fungal tree pathogens. The driving forces behind these diseases are complex. They emerge not only
from accidental introductions of pathogens into new areas but also via host shifts and hybrisation events.
Our ability to identify species, not only in a practical manner but also one that ensures effective and
responsible quarantine is challenged. In the case of tree health, there are growing numbers of examples
of pathogens where species names are used that poorly or at least ineffectively reflect the genetic nature
of the pathogen. The “age of genomics” makes it possible to identify species to include a comprehensive
knowledge of their genetic nature. This will improve our understanding of the global pathways of
movement of tree pathogens and the quality of quarantine measures. But itis also realistic to understand
that the depth of knowledge regarding species limits will be variable in different countries of the world
and it will depend deeply on available resources to study tree pathogens.
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S40-2 A re-evaluation of species limits and distribution of the cupulate, blackish
Helvella spp. in the Nordic countries

S.B. Loken, I. Skrede, T. Schumacher
Department of Biosciences, University of Oslo, Oslo, NORWAY

Abstract: This study represents an in-depth systematic study of a species complex of small and medium-
sized cupulate-stipitate, blackish Helvella species. These species were formerly recognized as a single
(but variable) morphospecies, i.e. Helvella corium. Recently this complex has been shown to represent
a group of phylogenetic species, nested in (at least) two divergent evolutionary lineages of a broadly
defined Helvella genus. Consequently, historically, the herbarium specimens of this species complex
have for decades been stored and annotated as H. corium in the University herbaria. In the present
project we identified and re-assessed the occurrence and distribution of the true phylogenetic species
of this morphospecies complex in the Nordic countries. We examined and barcoded all material stored
under the name Helvella corium in the Nordic University herbaria (O, TRH, BG, TROM, C, S, UPS, UME,
GB). This was supplemented with fresh specimens from primarily under-studied, alpine regions of
Norway collected in 2015-2017. DNA was extracted from ca. 500 specimens of which 436 specimens
were successfully barcoded (HSP and/or RPB2). The oldest, successfully barcoded specimen was dating
back to 1888. Species limits and evolutionary relationships of the complex were re-assessed, using an
extended set of genetic markers (LSU, HSP, RPB2, EF-1a and 5.8S for 41 specimens). We performed
Maximum likelihood and Bayesian inference analyses, including molecular species delimitation with
STACEY (Beast2). Morphological characters of the individual species were subsequently re-evaluated
across the identified lineages, followed by a character state analysis. Altogether, seven phylogenetic
species were recognized: H. alpestris, H. macrosperma, H. nannfeldtii, H. alpicola, H. alpina, H.
pseudoalpina sp. nov, and H. corium. The phylogeny received high bootstrap support for a
monophyletic group consisting of H. nannfeldtii, H. alpestris and H. macrosperma, with H. alpicola as its
sister species. H. alpina, H. pseudoalpina and H. corium represented a second evolutionary lineage
separate from the other lineage by long branch length and high bootstrap support. The barcoded
specimens have been used to map the distribution of the 7 phylospecies in the Nordic countries. Of the
436 barcoded specimens, 233 represented H. corium, 76 H. nannfeldtii, 39 H. alpestris, 23 H. alpina, 14
H. alpicola, 8 H. macrosperma, and 4 H. pseudoalpina. An additional 39 misidentified Helvella corium
samples belonged to Helvella species outside the two lineages in question. H. corium is the only species
that occur at all levels along a gradient from the temperate to the boreal to the arctic-alpine biome. The
other six species seem restricted to the arctic-alpine biome, where they occupy different but overlapping
habitats. The most common alpine species in the Nordic country seems to be H. nannfeldtii, which is
assumed to have a circumpolar distribution.

S$40-3 Testing an operational approach to species delimitation in Hydnum

(Cantharellales, Basidiomycota)
R. A. Swenie and P. B. Matheny
Ecology and Evolutionary Biology, University of Tennessee, Knoxville, TN, USA

Abstract: Hydnum is a genus of edible, commercially harvested ectomycorrhizal fungi with a global
distribution. We constructed a phylogeny with ITS nucleotide sequences from North America, Europe,
Asia and Australasia that reveals 64 putative species worldwide. A three-gene phylogeny constructed
with ITS, TEF1 and RPB2 nucleotide sequences strongly supports relationships between major clades in
the genus. Recently described species of Hydnum have been circumscribed on the basis of ITS sequence
dissimilarity and morphological variation, this often microscopic in detail. However, several undescribed
clades of Hydnum are morphologically cryptic with varying amounts of ITS sequence variation. Here, we
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test an operational threshold-based species delimitation approach in Hydnum in an evolutionary
framework using a Bayesian general mixed-Yule coalescent model. In addition, we explore integrating
ecological niche modeling into species delimitation methods.

S$40-4 What clinical mycologists need for species recognition?

W. Meyer

Molecular Mycology Research Laboratory, Centre for Infectious Diseases and Microbiology, Faculty of
Medicine and Health, Westmead Clinical School, The University of Sydney; Westmead Hospital, Marie
Bashir Institute for Emerging Infectious Diseases and Biosecurity, Westmead Institute for Medical
Research, Westmead NSW, AUSTRALIA

Abstract: Fungal nomenclature is characterised by name changes, which are due to the fact that fungi
where able to have multiple names, describing different asexual and sexual morphological stages,
Article 59 of the Code of Botanical Nomenclature, as those different stages propagate independently
and thus their shared identify is not always obvious. However, based on the molecular identity of the
asexual and sexual stage of a fungus, the dual nomenclature was recently abolished. In addition, the
increase in knowledge at the morphological, biochemical and genetic level, the increasing accumulation
of strains as a result of systematic field studies, and the application of new, more discriminatory
technologies, e.g. single/multiple gene/whole genome sequencing and MALDI-TOF, recognises ever
more species-specific characteristics leading to the discovery of molecular sibling species. This has
potentially a profound effect on clinical mycology, as it directly impacts on established fungal and
disease names. Ideally, in a clinical setting, a fungal name should reflect, 1) a specific disease association;
2) inform about antifungal resistance to guide treatment decisions, 3) confirms with clear cut species-
specific characteristics (morphological, molecular, biochemical) for a fast an accurate identification of a
disease agent, and 4) reflect the true phylogenetic relationships between species. Molecular techniques
are now capable to detect minute differences, in the absence of clear species delimitation data, cut off
values and an overall lack of intra- and interspecies variation data. As such, science has to find a
compromise between scientific progress and clinical confusion. In many cases the increased information
is very helpful, e.g. in the case of antifungal resistant species, e.g. C. krusei = Pichia kudriavzeii. On the
other hand, the detection of genetic diversity does progress faster than the finding of clinical relevant
characteristics, e.g. Fusarium solani or C. neoformans/ C. gattii, which are now large species complexes,
consisting of multiple, closely related and morphologically poorly distinguishable, "cryptic" species with
similar antifungal susceptibility and currently unfinished studies to characterise the discovered genetic
differences. Here it is necessary to provide nomenclature stability and simultaneously recognise
ongoing speciation processes, by using the term “species complexes.”

S40-5 Global phylogenomics and fungal species
D. M. Engelthaler, J. Monroy-Nieto, J. Bowers
Pathogen Genomics, Translational Genomics Research Institute, Flagstaff, AZ, USA

Abstract: Comparative phylogenomics can now provide empirical understanding of the relationships
between lineages in fungal taxa. Prior to the advent of high-throughput whole genome sequencing,
speciation had been typically accomplished through a variety of morphotyping, phenotyping and
genotyping techniques. Given that such analysis is done on isolates gathered from clinical, veterinary or
environmental convenience sampling, previous methods have been limited in their abilities to
understand population structure or establish true genetic relatedness. Global, phenotypic and ecologic
diversity are required to build a full species context. Phylogenomic examinations using next generation
sequencing and bioinformatic tools are allowing for empirical high-resolution analysis of current and
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historical relationships among populations of fungi of interest. Here we analyze the genomes of
representatives of the Coccidioides and Cryptococcus species complexes and model their evolutionary
relationships. These analyses clearly identify the previously established subtypes and species and shed
light on questions regarding a number of lineages within these species that may also warrant species
designations. What is not clear is the genomic differentiation limits that actually distinguish subtypes and
species. And while comprehensive taxonomic schemes with clear variation thresholds can now be
established, diagnostic and treatment confusion may be inevitable in the move to rename identifiable
taxonomic groups.

S40-6 Species recognition: Can one type fit all applications
J. W. Taylor
Plant and Microbial Biology, University of California, Berkeley, CA, USA

Abstract: Under the Evolutionary Species Concept, fungal species have been recognized by phenotype,
mating tests and phylogenetics. Using conidial Neurospora as an example, phylogeny recognizes an
order of magnitude more species than morphology and twice as many as mating tests. Now, genomic
resequencing is revealing multiple population of interbreeding individuals within phylogenetic species.
These populations lack structure and constitute the smallest taxonomic unit above the individual. Within
species, there are no intrinsic barriers to mating among these populations, whose divergence is
estimated in 100,000s of years (doi.org/10.1073/pnas.1014971108) rather than the millions of years
required for the evolution of intrinsic mating barriers (doi.org/10.1371/journal.pgen.1002204).
Therefore, between the biological reality of populations and the biological reality of evolved, intrinsic
mating barriers, lie 3 million years where species recognition relies on phylogeny. Phylogenetic species
recognition is an approach open to interpretation and adding quantification might make is application
more uniform. The aforementioned population genomics offers a means of adding quantification to
population-species recognition by simply adding a measure of genomic divergence to the taxon name.
An example of such a measure is Nei and Li's n (http://www.pnas.org/content/76/10/5269 ). Examples
of this widely used and easily calculated measure of genetic variation will be presented
(doi.org/10.1111/mec.13417, doi.org/10.1111/mec.13132). It may come as a shock that the now
dominant method of species recognition shares little with the above-mentioned approaches, that is,
species recognition by operational taxonomic units (OTUs) recovered from mycobiomes
(doi:10.1038/nrmicro2963). Fungal OTU recognition currently relies on PCR amplification from
environmental DNA of the rDNA repeat, which is necessarily inferior to the methods mentioned above.
For example, even the most discriminating rDNA region, the internal transcribed spacer (ITS), lumps all
Neurospora species, conidial and aconidial, into one OTU. Hope for a solution to the OTU problem
comes from the recent publication of a fungal genome assembled from metagenomic data
(doi:10.1101/gr.228429.117). This approach could provide the fungal genomes needed to recognize
populations and species as described above. This approach is already being attempted with bacteria
(doi:10.1038/ismej.2017.113), and may be easier to apply to fungi, where sexual reproduction produces
discrete populations. If the history of fungal phylogenetic species recognition is a guide, technical
obstacles will be easier to overcome than political obstacles, where increased transparency and access
will be required to promote acceptance.
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Symposium Session 41:

Early Fungi That Changed the World: Phylogenomic and Fossil Evidence
M. Berbee and C. Strullu-Derrien

S41-1 Fossil evidence of early Fungi and their role in the environment

C. Strullu-Derrien'?, T. Goral®, A. R. T. Spencer?4, P. Kenrick?, J. E. Longcore®, M. Berbee?®

"Museum National d'Histoire Naturelle, Paris, FRANCE, ?Department of Earth Sciences, The Natural
History Museum, London, UNITED KINGDOM, 3imaging and Analysis Centre, The Natural History
Museum, London, UNITED KINGDOM, *Department of Earth Science & Engineering, Imperial College,
London, UNITED KINGDOM, >School of Biology and Ecology, University of Maine, Orono, ME, USA,
®Department of Botany, University of British Columbia, Vancouver, British Columbia, CANADA

Abstract: Fungi have been an important part of life on land for over 400 million years, playing crucial
roles as decomposers as well as forming mutualistic or parasitic relationships with plants and other
organisms. However direct fossil evidence of these associations is not visible before 407Ma because of
the exceptional geological conditions required to preserve cellular and subcellular detail (e.g. rapid
permineralization). Such conditions first occur in the 407 million-year-old Rhynie chert (Scotland, UK),
which represents a privileged window into the paleontological past. Our objective is to document the
early fungal diversity at this site and to understand the nature of the interactions between the fungi and
other organisms. We are working principally with historical collections of thin sections that were made
during the early part of the 20th century to document fossil plants. Now these sections have proven to
be one of the best sources of material on early fungi. We first examined the fossils with standard light
microscopy but have recently found that a combination of tools can be very effective for documenting
early fungi and fungal associations. We use light microscopy with z-stacking montage, confocal laser
scanning microscopy (CLSM) and digital 3D reconstructions obtained from the CLSM data with iso-
surfaces digitally rendered using SPIERS and animations created in Blender™. This investigative
approach allows us to characterize structures with a resolution of <1um and to compare resulting images
with relevant living groups and appropriate life history stages. Here we present an overview of our
current knowledge regarding early steps taken by fungi in conquering the land. Evidence from the
Rhynie chert shows that fungi were already diversified. Symbiotic associations (arbuscular mycorrhizae)
attributable to Glomeromycotina have long been known and have been described in both stages of the
life cycle of a Rhynie chert plant. Other plants were colonized by Glomeromycotina but did not show all
the characteristic features of symbiosis. Zoosporic fungi were diverse with Chytridiomycota occurring in
organic-rich sediments in wetter parts of the landscape while Blastocladiomycota were mostly
associated with plants or plant debris. We recently demonstrated the occurrence of multiple
colonizations of a single plant by different types of mycorrhizal fungi (Glomeromycotina and
Mucoromycotina) and described fossil Blastocladiomycota, one of which is the earliest known fungal
clade to develop hyphae, which likely served as a saprotrophic adaptation to patchy resource
availability. A fossil Chytridiomycota has also been found showing that zoosporic fungi were likely
important to the mobilisation of nutrients in early aquatic foodwebs. One of the driving forces behind
the diversity of the early fungi could be the environments encountered. In the Rhynie chert, these ranged
from terrestrial to fully freshwater and saline. This early fossil record is beginning to reveal fungal
diversity and the important roles that fungi were playing in the earliest land communities. Interest in
fossils is stimulated by our growing understanding of the diversity of modern early-diverging fungi, their
life history stages and their roles in today’s ecosystems.
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S41-2 Evolution of diverse plant penetration strategies in pathogenic fungi.

F. Trail', C. Miguel-Rojas’, Z. Wang?, J. Townsend?

Plant Biology, Michigan State University, East Lansing, MI, USA, ?Biostatistics, Yale University, New
Haven, CT, USA

Abstract: Fungal spores are responsible for initiation and propagation of a majority of biotic plant
diseases. Although spore germination is the first step in most fungal diseases, the genetics of spore
germination has never been comparatively explored across multiple fungal lineages. Here we use
comparative transcriptomics of spore germination among six fungi to determine how expression of
orthologous genes has changed during evolution. and to predict genes whose knockouts will exhibit
phenotypic differences in the spore germination and host penetration processes. We have chosen fungi
which represent different approaches to plant penetration, including penetration using melanized
appressoria, penetration through natural openings and direct penetration without melanization. To
provide a basis for comparison among species and to identify infection-specific expression patterns, we
compare transcriptional profiles during germination on a single defined medium as well as differences
during germination on hosts. We used estimations of ancestral gene expression for orthologous genes
common among all species to identify genes that undergo transcriptional shifts during the spore
germination process, as well as those that are unique to infective germination, and those that are unique
to specific fungi. Functional assays of a subset of genes exhibiting species-specific and infection-type
specific upregulation were performed to determine the roles of these genes in conidial germination of
these fungi. These experiments contribute to our understanding of how shifts in gene expression drive
the evolution of conidial germination in a wide range of fungi.

S$41-3 Reassembling the ancient molecular toolkit for cellular morphogenesis in the
Fungi

J. Dee and M. Berbee

Botany, University of British Columbia, Vancouver, British Columbia, CANADA

Abstract: Advancements in next-generation sequencing technologies and community sequencing
initiatives, pairing mycologists with sequencing institutions such as the Joint Genome Institute, have
gifted us with an unprecedented amount of sequence data from species all over the fungal tree of life
and the rest of the eukaryotic domain. We now have an opportunity to view these data through the lens
of evolution, evaluating how fungi have changed since their departure from the common ancestor that
they share with animals. Investigations of morphogenetic protein function and localization in model
yeast and hyphal fungi have provided a robust foundation for understanding the mechanisms of fungal
morphogenesis. While parallel studies of protein function and localization cannot yet be pursued in
some of the early diverging lineages including Chytridiomycota, Blastocladiomycota, and
Zoopagomycota due to the lack of a tractable genetic transformation systems in target organisms, the
first step is to identify and compare genes encoding proteins required for morphogenesis in these taxa.
Here, we took a comparative approach, reviewing literature on septins, myosins, actin and actin binding
proteins in Dikarya and other early diverging lineages. We conducted phylogenomic surveys revealing
that seven families of actin binding proteins examined existed prior to the radiation of fungal phyla.
Contrary to conventional notions of complexity in the fungi, most of the examined actin binding protein
families were just as diverse in zoosporic Chytridiomycota as in Dikarya that have been examined thus
far. While three of the actin binding genes that | surveyed here were maintained as single copy genes,
the other four gene families underwent lineage specific duplications, which may have contributed to the
evolution of morphological diversity in Chytridiomycota. In combination, phylogenetic analyses,
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molecular genetic analysis, and microscopy are beginning to tear away the curtains of time that mask
the ever-changing molecular machinery that gave rise to hyphae and multicellularity in modern fungi.

S41-4 The nature of early terrestrial communities

P. Kenrick', R. Mitchell?, C. Strullu-Derrien’, A. R.t. Spencer’, R. Garwood?

'Earth Sciences, The Natural History Museum, London, UNITED KINGDOM, 2Advanced Imaging of
Materials Facility, College of Engineering, Swansea University, Swansea, UNITED KINGDOM, 3School of
Earth and Environmental Sciences, The University of Manchester, Manchester, UNITED KINGDOM

Abstract: Life on land during the early part of the Palaeozoic Era (396-541Myrs) has been likened to
modern cryptogamic ground covers (CGCs), which today are photoautotrophic communities that grow
on the surfaces of soils, rocks and plants. They are made up of variable proportions of bryophytes,
lichens, algae, fungi and cyanobacteria, and they host various groups of animals, predominantly
arthropods. Capable of tolerating widely varying environmental regimes encompassing extremes of
aridity, temperature and UV flux, CGCs are widespread, and today they are thought to be responsible
for an estimated 7% of net primary productivity and almost 50% of nitrogen fixation globally. Our
objective is to investigate the nature of CGCs and their impacts on the environment and soil formation
during what is arguably the acme of their development. This followed the origins of land plants, recently
estimated to lie in an interval between mid-Cambrian (~515.2 Ma) and early Ordovician (~473.5 Ma),
and preceded the evolution of forest ecosystems during the mid-Devonian (~385Ma). Early plant-
bearing deposits are mostly allochthonous, so we are focusing initially on the 407 million-year-old
Rhynie cherts (Scotland, UK) because the biota is fossilised more or less in situ and the preservation of
the organisms and their associations is exceptional. As the roles of organisms in the formation of ancient
CGC soils are largely unknown, we are developing an approach to characterizing these based on
comparative analyses using modern analogues and a suite of analytical methods combining in situ
imaging using X-ray micro-computed tomography in both the laboratory and synchrotron. The Rhynie
cherts and their soil community contain many of the components of modern CGCs, including small-
stature cryptogamic plants with rhizoidal rooting systems, fungi, cyanobacteria, green algae, fungus-like
oomycetes, nematodes and a diverse community of arthropods. There is limited evidence for lichen-like
associations, but more compelling fossils have recently been documented at contemporaneous sites
elsewhere. Plant growth forms and symbiotic associations with fungi indicate that moss dominated
CGCs—and especially peat forming systems—are not the best modern analogues. Liverworts are a more
appropriate model for the plant component. Other key differences to many modern CGCs include the
absence of annelids and ants; also, absent were the most aggressive white rot lignin decomposing fungi
of the Agaricomycetes, implying that there were key differences in the recycling of soil organic carbon.
CGCs were the earliest soil forming communities and the organisms that they contained may have had
the capacity to aggregate sediments and to weather minerals and clasts. Imaging and in situ chemical
analyses of micro-dissolution features in soils and regoliths brings a novel perspective to studying early
terrestrial communities and to understanding their broader impacts on Earth systems.

S41-5 Proposal for practical classification of fungi within eukaryotes based on
monophyly and comparable divergence time, and communication of higher-level
taxa

L. Tedersoo
Natural History Museum, University of Tartu, Tartu, ESTONIA

Abstract: Much of the ecological, taxonomic and biodiversity research relies on understanding of
phylogenetic relationships among organisms. There are multiple available classification systems that all
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suffer from differences in naming, incompleteness, presence of multiple non-monophyletic entities and
poor correspondence of divergence times. These issues render taxonomic comparisons across the main
groups of eukaryotes and all life in general difficult at best. By using the monophyly criterion, roughly
comparable time of divergence and information from multiple phylogenetic reconstructions, | propose
an alternative classification system for the domain Eukarya to improve hierarchical taxonomical
comparability for animals, plants, fungi and multiple protist groups. Following this rationale, | propose
32 kingdoms of eukaryotes that are treated in 10 subdomains. These kingdoms are further separated
into 43, 115, 140 and 353 taxa at the level of subkingdom, phylum, subphylum and class, respectively
(bioRxiv 2017:240929). In Fungi, nine subkingdoms and 19 fungal phyla are proposed. The kingdom
Nucleariae (phyla Nuclearida and Fonticulida) is treated as a sister group to Fungi. In addition to widely
accepted phyla, it is proposed to adopt phylum rank to Aphelidiomycota, Basidiobolomycota,
Calcarisporiellomycota, Glomeromycota, Entomophthoromycota, Entorrhizomycota, Kickxellomycota,
Monoblepharomycota, Mortierellomycota and Olpidiomycota given their deep divergence.

S$41-6 Elucidation of the “enigma” of Aenigmatospora

Y. Degawa', N. Tanaka', H. Masumoto', K. Seto?

"Faculty of Life and Environmental Sciences, Sugadaira Research Station, Mountain Research Center,
University of Tsukuba, Ueda, Nagano, JAPAN, ?Department of Environmental Science, Faculty of
Science, Toho University, Funabashi, Chiba, JAPAN

Abstract: Sporulations of enigmatic fungus Aenigmatospora pulchra, described by Castafieda et al.
(1999), were repeatedly observed on the dungs of millipedes. When the basal part of the conidiophore
buried in the dung was gently washed in the water, the conidiophore stalk found to be connected to a
large cylindrical cell. These cylindrical cells are superficially similar in shape and size with the
arthrospores of Etenerobryus sp. (Eccrinales) inhabited in the hindgut of millipedes whose dungs harbor
A. pulchra. Based on these morphological observation, Degawa (2005) speculated that A. pulchra must
be an unknown stage of Enterobryus. However, as the results of recent careful reinvestigations, this
hypothesis was denied. Here, we report the new discoveries. In the gut of millipedes, in addition to the
genus Enterobryus, a similar shaped organism called Mononema often coexists. The genus Mononema
is a fungus-like organism described by Balbiani (1889) and now included 3 spp. growing in the foregut
of centipedes and millipedes. Lichtwardt (1986) excluded Mononema from the “Trichomycetes” and its
real taxonomnic position is uncertain. Unidentified species of Mononema was frequently detected in the
oesophagus of the field-collected millipedes individuals. Its arthrospores and the basal cylindrical cells
of A. pulchra emerged on the dung of the same individuals are similar in shape and size. When the
mature arthrospores were carefully picked up and put on the surface of plain agar, it sometimes
germinated to produce incomplete conidiophores. As a result of sequencing the partial 18SrDNA of
both of the arthrospores of Mononema and conidia of A. pulchra, they are almostidentical and belonged
to the Kickxellomycotina. These morphological observations and molecular data strongly support that
A. pulchra was an unnoticed stage of the genus Mononema of the Kickxellomycotina and not
Enterobryus. When the spore of A. pulchra was crashed under the cover glass, the endogenously
produced double-walled spore was extruded from the echinulate wall, indicating that spores of A.
pulchra are not “condia” but “unisporous sporangiole”. This feature also supports the phylogenetic
position of A. pulchra-Mononema in the Kickxellomycotina.
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Symposium Session 42:
Decipering Fungi-Archaea/Bacteria Interactions for Biocontrol of Soil-Borne

Pathogens
G. Berg and R. Grosch

S42-1 Identification of bioactive volatiles produced by sclerotia-associated bacteria
T. Cernava, G. Berg
Institute of Environmental Biotechnology, Graz University of Technology, Graz, AUSTRIA

Abstract: Plant pathogens with a wide host range such as Sclerotinia sclerotiorum (Lib.) de Bary and
Rhizoctonia solani Kihn cause extensive crop damage across the globe. Both pathogens form resilient
sclerotia during their life cycle that can persist in the soil for several years. This is aggravated by the
inefficiency of conventional fungicides against these survival structures. We explored sclerotia-
associated microbial communities on Solanum tuberosum L. to identify prevalent bacteria. Amplicon
data that was generated by 16S rRNA gene fragment sequencing indicated that the ‘sclerotiome’ of R.
solani is highly similar to the microbiome of surrounding soil. In contrast, microbial communities of the
unaffected tuber surface showed significant differences in their structure and composition. We found
that distinctive bacterial lineages were associated with both healthy and infected areas. Members of the
Flavobacteriaceae and Caulobacteraceae families were primarily detected in unaffected areas, while
Phyllobacteriaceae and Bradyrhizobiaceae were associated with the presence of sclerotia. A
complementary approach aimed at isolating natural antagonists of S. sclerotiorum delivered promising
candidates for extended interaction studies. We selected isolates that produce bioactive volatiles, which
substantially increases their inhibition range. The most efficient antagonists among Bacillus, Buttiauxella,
Enterobacter and Pseudomonas isolates were shown to emit various alkylpyrazines. Subsequent
experiments with the pure compounds confirmed their fungicidal properties. These findings provide a
solid basis for further optimizations of promising biocontrol agents. We envisage a combination of
highly active microorganisms and natural ‘boosters’ that will result in higher efficiencies of biopesticides
against fungal diseases.

S42-2 Deciphering Archaea interactions for plant health
G. Berg
Institute of Environmental Biotechnology, Graz University of Technology, Graz, AUSTRIA

Abstract: Plant holobionts are known to harbour a wide diversity of microorganisms, such as bacteria
and fungi, influencing plant nutrition, resistance to stress and fitness. Recent studies have shown that
Archaea also shape the microbiome of plants, but their functions and interactions with their hosts remain
mostly unclear. To get a broader insight into the community structure, habitat preferences and functions
of plant-associated Archaea, we studied 41 different crops and native plants by a combined approach
including 16S rRNA amplicon sequencing, whole metagenome shotgun sequencing and fluorescence
in situ hybridization confocal laser scanning microscopy (FISH-CLSM). All plants were colonized by
Archaea; we found plant species-specific diversity and abundances. The highest relative abundances
were detected in the endosphere of perennial plants, e.g. olive trees with up to 67.3% of total reads and
dwarf shrubs (Vaccinium myrthillus and V. oxycoccus, with 33.0% and 31.7% respectively). Archaea were
also found in all plant microhabitats including the spermosphere. Across all habitats, the archaeal
community structure was dominated by Euryarchaeota or Thaumarchaeota, followed by the less
abundant phylum of Crenarchaeota, except in O. europaea, where Thaumarchaeota were predominant.
On plants, we observed signatures for putative adaptation mechanisms of Archaea for their hosts,
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including those for higher chemotaxis, nutrient cycling like CO; fixation, stress response, especially
against oxidative stress, archaeon stability, and possible plant growth promotion through auxin.
Moreover, we found a strong correlation with fungal inhabitants. These findings reveal a so far
unobserved role of Archaea for plant and fungi holobionts.

S42-3 Effect of long-term farming practices on the plant and its associated

rhizosphere microbiome

R. Grosch', D. Babin?, L. Sommermann?, J. Geistlinger®, S. Windisch?, G. Neumann?, S. P. Chowdhury?®,
M. Sandmann’, K. Smalla?

TPlant-microbe Systems, Leibniz Institute of Vegetable and Ornamental Crops (IGZ), GroBbeeren,
GERMANY, 2Federal Research Centre for Cultivated Plants, Julius Kihn-Institut (JKI), Braunschweig,
GERMANY, 3Institute of Bioanalytical Sciences, Anhalt University of Applied Sciences, Bernburg,
GERMANY, “Institute of Crop Science, University of Hohenheim (UH), Stuttgart, GERMANY, *Microbe-
plant Interactions, Helmholtz Zentrum Minchen, Neuherberg, GERMANY

Abstract: Intensification and inadequate agricultural management result in substantial losses of fertility
and yield, and the accumulation of pathogens in soils. In order to maintain soil quality and health for the
future in agricultural land, the development of more extensive and sustainable farming strategies is
urgently needed. Hence, a better understanding of how agricultural management strategies affect soil
and associated rhizosphere properties is the key to propose farming strategies for high plant
productivity and plant health. We used three long-term field trials to analyze the impact of various
management strategies on soil and its associated rhizosphere microbiome under consideration of plant
productivity, plant health and the ability of the soil to suppress soil-borne pathogens. The soils of the
long-term field trials were subjected to growth chamber pot experiments with lettuce (Lactuca sativa) as
model plant. After a growth period of ten weeks, significant differences in lettuce shoot fresh mass and
microbial biomass were observed among soils depending on long-term farming strategies. The
rhizosphere exhibited different bacterial and fungal community compositions depending on soil sites
as well as on the agricultural management history (tillage practice, crop rotation, fertilization strategy) of
the soils. These factors influenced also relative abundances of distinct bacterial and fungal taxa. In
addition, the root exudation of the antifungal metabolite benzoic acid as well the expression of plant-
defense related genes was affected by farming practice. This suggests a relationship between long-term
agricultural management, soil microbiome and plant performance.

S$42-4 Impact of soil treatments on Pratylenchus penetrans densities and microbial

community composition in arable soil
L. V. Overbeek, E. Nijhuis, G. Korthals
Wageningen Plant Research, Wageningen University and Research, Wageningen, NETHERLANDS

Abstract: The impact of different soil treatments, aimed to reduce the population size of the root-lesion
nematode species Pratylenchus penetrans, on the soil microbial community composition was
investigated. It was already shown before that four of nine applied soil treatments lead to significant
reductions in P. penetrans population densities in different field plots. In our study we found a strong
positive correlation between P. penetrans densities and the number of fungal genome equivalents,
representative for total fungal biomass, in soils. It is a well-known fact that P. penetrans densities
positively correlates with the presence of the plant pathogenic fungus Verticillium dahliae in arable soils
and now we found that presence of the plant parasite positively correlates with total fungal biomass in
soil. Further, there was a negative correlation between numbers of bacterial biosynthesis genes,
responsible for production of the antifungal compounds 2,4-Diacetylphloroglucinol and Phenazine, and
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P. penetrans densities in the investigated soils. This brought us to the hypothesis that soil treatments
may impact P. penetrans densities in soil by shifting microbial (bacterial and fungal) community
compositions. We therefore compared the microbial community composition in two differently treated
and one untreated (control) soils by bacterial (16S rRNA V3 - V4 gene regions) and fungal (ITS2 region)
amplicon sequencing. Based on bacterial and fungal community compositions among individual
samples of each treatment (n=4), annually sampled over 5 consecutive years, it became clear that there
was a strong effect of ‘treatment’ on compositions of both communities by comparing both treated soils
with the control soil and the soil before application of the soil treatments. Further, soil microbial
community compositions strongly depended on the density levels of P. penetrans in these soils.
Statistically significant inverse relationships between P. penetrans densities and specific bacterial
(Arenibacter, Rheinheimeria, Stenotrophomonas) and fungal (Microascales, Mortierella) taxons were
present. Negative correlations between densities of P. penetrans on the one, and specific microbial
populations on the other hand site indicate that microbial suppression of the plant parasite may occur
in soil upon application of the treatments. However, the effect of ‘soil treatment’ on the soil microbial
community composition appeared to be only temporal and tended to fade out over time. Further, a
strong positive correlation between P. penetrans and the fungal taxon of Pleosporoceae was shown to
be present, indicating that particular microbial groups also may benefit from the presence of the plant
parasite in these treated soil. In conclusion, strong positive and negative correlations between particular
soil microbial taxons and P. penetrans were present, indicative for the fact that the applied soil
treatments had strong impact on particular soil microbial groups. The causal relationships between
specific strains belonging to these soil microbial groups and P. penetrans is something that will be
further explored in following experiments using microbial exposure test assays with P. penetrans. These
are studies that requires directed cultivation-based approaches aimed to specifically isolate the
impacted microbial groups from the treated soils.

S$42-5 The probiotic cutaneous microbiome of endangered Tennessee bats

M. Grisnik', O. Bowers', B. Jones', A. Moore', M. Wharton', J. Munafo?, D. Istvanko?®, J. Campbell?, C.
Simpson?, D. Thames?®, C. Holliday* D. M. Walker'

'Biology, Tennessee Technological University, Cookeville, TN, USA 2Food Science, University of
Tennessee, Knoxville, TN, USA, *Tennessee Wildlife Resources Agency (TWRA), Crossville, TN, USA,
4Cave and Karst Program, The Nature Conservancy, Nashville, TN, USA

Abstract: Since its introduction in 2006 into the USA, Pseudogymnoascus destructans (Pd), the fungal
agent of white-nose syndrome (WNS), has rapidly spread killing millions of bats. WNS has negatively
impacted populations of three federally listed bat species and has been predicted to have the ability to
cause extinctions in the near future. Treatment options for bats infected with Pd include anti-fungal
chemicals, volatile compounds, and naturally occurring antifungal probiotic bacteria that may be
members of the cutaneous microbiome. Studies of the cutaneous microbiome have revealed that
specific bacterial strains play dominant roles in the microbiome community, when minor fluctuations
occur in abundance of these ‘core’ microbes, it can alter immune function. The main objectives of this
research were 1) to characterize the bat, cave soil, and roost microbiome using high-throughput DNA
sequencing, 2) observe spatial variation in the structure of the cutaneous microbiome of bats, 3)
determine if the cutaneous microbiome is altered in the presence of a pathogen, and 4) to identify
potential probiotic antifungal bacterial strains with activity against Pd that are found naturally on both
the bat and in the cave ecosystem. To date we have sampled the microbiome of bats (n=95) and
corresponding soil samples (n=95) from 21 caves and compared bacterial communities using high-
throughput DNA sequencing. Results indicate that there is a significant intera