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SCHEDULE OF EVENTS

Tuesday, March 12

2:00 pm - 10:00 pm Registration Chapel

6:00 pm - 7:00 pm Dinner Crocker Hall
7:30 pm - 10:30 pm Opening Mixer Merrill Hall
Wednesday, March 13

7:30 am - 8:30 am Breakfast Crocker Hall
8:00 am — 5:00 pm Registration Chapel

8:30 am - 12:00 noon Plenary Session | Merrill Hall and Chapel

Metabolic Pathways: Cell Growth, Pathogenesis and Bioenergy Chair: Louise Glass

Robert A. Cramer Hypoxia and Mechanisms of Human Fungal Pathogenesis: To Air or Not
to Air?
Audrey P. Gasch Tackling biofuel bottlenecks through genome wide association studies in

Saccharomyces cerevisiae
Kim E. Hammond-Kosack Exploring the metabolome of cereal infecting fusaria

Bernard Henrissat Carbohydrate-active enzymes in fungal genomes
Adrian Tsang Genome-wide approaches to identify and characterize lignocellulolytic
enzymes

12:00 noon - 1:00 pm Lunch — Crocker Hall
Box lunches will be available on a first come, first served basis for meeting attendees on the deck outside of the
Administration Building.

Following lunch, the morning speakers will be available on the benches outside the administration building to
meet with students. Please allow time for students. In the event of rain, please go inside the Administration
Building.

Ad hoc Workshops — Box lunches will be available for those attending the session.
12:15 pm - 1:30 pm Fungal Genome Tools Chapel
1:30 pm - 1:45 pm One Name = One Fungus Chapel

3:00 pm - 6:00 pm Concurrent Sessions |

Cell Signaling Involved in Fungal Naweed Nagvi and Stefanie Péggeler Merrill Hall
Development and Pathogenesis

Genetics and Genomics of Interactions with Nemat Keyhani and Christian Chapel
Bacteria, Insects and Plants Hertweck

Membrane Trafficking and Molecular Vicky Sophianopoulou and Gero Heather
Organization Steinberg Fred Farr
Genome Defense, Epigenetics and RNAI Patrick Shiu and Sven Saupe Forum
Genomics and Mycorrhizae Anders Tunlid and Tom Bruns Kiln
Regulation and Comparative Genomics of Richard Wilson and Ronald de Vries Nautilus
Carbon and Nitrogen Metabolism

Education, Outreach, and Professional Steven Denison and Mimi Zolan Scripps

Development

6:00 pm - 7:00 pm Dinner Crocker Hall
7:30 pm - 10:30 pm Poster Session | and Exhibits Fireside
ODD numbered posters from 7:30 — 8:30 and EVEN numbered posters 8:30 — 9:30. Pavilion

Poster Number Topic

1-68 Biochemistry and Metabolism

69-220 Cell Biology and Development

351-353 Education and Professional Development

27th Fungal Genetics Conference | 1



Thursday, March 14

7:30 am - 8:30 am Breakfast Crocker Hall
8:30 am — 5:00 pm Registration Surf and Sand
8:30 am - 12:00 noon Plenary Session |l Merrill Hall and Chapel

Organismic Molecular Interactions Chair: Nick Talbot

Yong-Hwan Lee Large-scale Biology for Fungal Pathogenicity in Magnaporthe oryzae
Antonio Di Pietro MAPK-mediated control of infectious growth in Fusarium oxysporum
Peter Dodds Analysis of effector proteins from flax rust and wheat stem rust
Francine Govers Dissecting Phytophthora blight; making sense out of

signalling, effectors and host targets
Alexandra C. Brand Understanding directional growth in fungi

12:00 noon - 1:00 pm Lunch — Crocker Hall
Box lunches will be available on a first come, first served basis for meeting attendees on the deck outside of the
Administration Building.

Following lunch, the morning speakers will be available on the benches outside the administration building to
meet with students. Please allow time for students. In the event of rain, please go inside the Administration
Building.

12:15 pm - 1:15 pm GSA Careers Luncheon Crocker Hall
Ad hoc Workshops Box lunches will be available for those attending the sessions.

12:15 pm - 1:30 pm Neurospora Business Meeting Chapel
12:30 pm - 2:00 pm JGI Sequencing and Analysis Tools and Initiatives Merrill Hall

3:00 pm - 6:00 pm Concurrent Sessions Il

Cool Tools for Fungal Biology Miguel Penalva and Kevin McCluskey Merrill Hall
Fungi and Evolutionary Theory Hanna Johannesson and Duur Aanen Chapel
Cytoskeleton, Motors, and Intracellular Samara Reck-Peterson and Ping Heather
Transport Wang

Nucleic Acid-Protein Interactions that Impact  Michael Freitag and Mark Caddick Fred Farr
Transcription and Translation Forum
Interactions between Fungi and Animals Neil Gow and Clarissa Nobile Kiln
Fungal Volatiles and Organic Compounds as  Joan Bennett and Richard Splivallo Nautilus
Signaling Agents

Genomics and Biochemistry of Degradation Jonathan Walton and Dan Cullen Scripps

of Complex Molecules in the Environment

6:00 pm - 7:00 pm Dinner Crocker Hall
7:30 pm - 10:30 pm Poster Session Il and Exhibits Fireside
ODD numbered posters from 7:30 — 8:30 and EVEN numbered posters from 8:30 — 9:30 Pavilion

Poster Number Topic

221-350 Comparative and Functional Genomics

354-475 Gene Regulation



SCHEDULE OF EVENTS

Friday, March 15

7:30 am - 8:30 am Breakfast Crocker Hall
8:30 am — 5:00 pm Registration Surf and Sand
8:30 am - 12:00 noon Plenary Session llI Merrill Hall and Chapel

Sensing, Cell Biology and Development Chair: Michelle Momany

Meritxell Riquelme The illuminated Spitzenkorper of Neurospora crassa: tracking and tracing
secretory vesicles

Joseph Heitman Evolution of sexual reproduction: A view from the Fungal Kingdom

Michael Brunner Metabolic compensation of the Neurospora clock by a glucose-dependent
feedback of the circadian repressor CSP1 on the core oscillator

Stephen Osmani Integration of the fungal cell cycle with growth and development

Gregory Jedd A Neurospora cell-free system reconstitutes peroxisome membrane protein

synthesis and organelle-specific targeting

12:00 noon - 1:00 pm Lunch — Crocker Hall
Box lunches will be available on a first come, first served basis for meeting attendees on the deck outside of the
Administration Building.

Following lunch, the morning speakers will be available on the benches outside the administration building to
meet with students. Please allow time for students. In the event of rain, please go inside the Administration
Building.

Ad hoc Workshops Box lunches will be available for those attending the sessions.
12:15 pm - 1:30 pm FungiDB Kiln
12:15 pm - 1:30 pm Magnaporthe Comparative Genomics Chapel

3:00 pm - 6:00 pm Concurrent Sessions Il

Pathogenic Signaling via Effector Proteins Brett Tyler and Sebastien Duplessis Merrill Hall
Cell Wall, Polarity and Hyphal Tip Growth Stephan Seiler and Chapel
Ernestina Castro-Longoria

Sexual Regulation and Evolution in the Fungi  Frances Trail and Nicolas Corradi Heather

Oxidative Stress, ROS Signaling and Geraldine Butler and Barry Scott Ered Farr

Adaptation to Hypoxia Kglrum

Phylogenomics Jason Stajich and Joey Spatafora NI nt'l

Synthetic Biology Nancy Keller and Peter Punt Sau. 1us

Fungicides and Antifungal Compounds Daniele Debieu and Paul Verweij cripps
6:00 pm - 7:00 pm Dinner Crocker Hall
7:00 pm - 8:00 pm GSA Education Special Interest Group Mixer Surf and Sand
7:30 pm - 10:30 pm Poster Session lll and Exhibits Fireside
ODD numbered posters 7:30 — 8:30 and EVEN numbered posters 8:30 — 9:30. Pavilion

Poster Number Topic

476 — 639 Pathogenic and Mutualistic Interactions

640 - 688 Population and Evolutionary Genetics

714 - 741 Other Topics
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Saturday, March 16

7:30 am - 8:30 am Breakfast Crocker Hall
9:00 am — 12:00 noon Registration Surf and Sand
8:30 am - 12:00 noon Plenary Session IV Merrill Hall
and Chapel
Functional Ecology and Fungal Communities Chair: Jim Anderson
Tatiana Giraud Mechanisms allowing the formation of new fungal
pathogenic species on novel hosts, causing emerging
diseases
B. D. Lindahl The decisive role of mycorrhizal fungi as regulators of

carbon sequestration in boreal forest ecosystems

Edward J. Louis Population Genomics of Saccharomyces Yeasts:
Ecology and Adaptation

Marc-André Selosse The mycorrhizal symbiosis as a network linking plants

Eva H. Stukenbrock Unraveling speciation and specialization processes in
plant pathogenic fungi using comparative population
genomics

12:00 noon - 1:00 pm Lunch — Crocker Hall
Box lunches will be available on a first come, first served basis for meeting attendees on the deck outside of the
Administration Building.

Following lunch, the morning speakers will be available on the benches outside the administration building to
meet with students. Please allow time for students. In the event of rain, please go inside the Administration
Building.

2:00 pm - 5:00 pm Concurrent Session IV

Parallels between Fungal Pathogens of Plants Barbara Howlett and Axel Brakhage Merrill Hall
and Animals
Secondary Metabolism Gillian Turgeon and Bettina Tudzynski Chapel
Light Sensing and Circadian Rhythms Luis Larrondo and Reinhard Fischer Heather
Fungal Evo-Devo Steve Harris and Brian Shaw Fred Farr
Forum
Environmental Metagenomics Chris Schadt and Betsy Arnold Kiln
Dimorphic Transitions Anne Dranginis and Alex Nautilus
Andrianopoulos Scripps
Tropic Growth and Fusion Andre Fleissner and Nick Read
5:30 pm - 5:45 pm Poster Awards Merrill Hall and
Chapel
5:45 pm - 6:30 pm Perkins/Metzenberg Lecture: Merrill Hall and
Regine Kahmann, Max Planck Institute for Terrestrial Chapel
Microbiology
6:30 pm - 8:30 pm Closing Banquet Crocker Hall
8:30 pm - 12:00 am Closing Party featuring The Amplified DNA Band Merrill Hall
8:30 pm - 12:00 am Quiet Alternative Surf and Sand

Sunday, March 17
7:30 am - 8:30 am Breakfast Crocker Hall




GENERAL INFORMATION

Registration and Information Desk
The Conference registration desk will be open according to the following schedule:

Date Time Location

Tuesday, March 12 2:00 pm —10:00 pm Surf and Sand
Wednesday, March 13 8:00 am —5:00 pm Surf and Sand
Thursday, March 14 8:30 am —5:00 pm Surf and Sand
Friday, March 15 8:30 am —5:00 pm Surf and Sand
Saturday, March 16 9:00 am — 12:00 noon Surf and Sand

Instructions for Speakers

Please arrive 45 minutes before the beginning of your session with your USB flash drive to load your
presentation on the laptop computer. Label your presentation with your last name and presentation number,
i.e. Chenl12. You do not need to bring your laptop to the meeting room. However there will be connections for
presenters to use their own laptops. Speakers using their own laptops must have a VGA HD 15pin female output.

Poster Sessions

All posters will be displayed in the garage under the Fred Farr Forum. Please set up your poster immediately
after lunch the day of your poster session. Two authors will share a 4 x 8 poster board. All abstracts will be up
for one day. Authors of ODD numbered posters should be at their poster from 7:30 pm — 8:30 pm and authors of
even numbered posters should be at the posters from 8:30 pm —9:30 pm. Authors will present according to the
following schedule:

. Wednesday, Thursday, Friday,
Topic # Range Posters | Posters Il Posters lli
Biochemistry and Metabolism 1-68 1-68
Cell Biology and Development 69 - 220 69 -220
Comparative and Functional Genomics 221 -350 221 -350
Education and Professional Development 351-353 351-353
Gene Regulation 354 - 475 354 - 475
Pathogenic and Mutualistic Interactions 476 - 639 476 — 639
Population and Evolutionary Genetics 640 - 688 640 - 688
Other Topics 689 - 741 689 -713 714 -741

All presenters should remove their abstracts at the end of their poster session. After that time, remaining
posters will be removed and may be lost or thrown away. The meeting does not take responsibility for posters
that are not removed on time.

Internet Access
Complimentary internet access is available in the Fireside Pavilion. Instructions to connect to wifi:
1. Locate - *Network name is "Asilomar Conference"
2. Enter Network Passcode —conference - all lower case.
3. Once connected open web browser and you will be redirected to Asilomar Conference login page.
4. Enter 8690, 8691 or 8692 for the username and password

27th Fungal Genetics Conference | 5



EXHIBITS

The following companies have contributed to the support of this meeting.

Registrants are encouraged to visit the exhibits.

Bayer SAS — Bayer CropScience
14 Impasse Pierre Baizet

Lyon, France 69009

Tel: 33472 85 23 43

Email: marco.busch@bayer.com

Bayer CropScience, the subgroup of Bayer AG
responsible for the agricultural business, has annual
sales of EUR 7.255 billion (2011) and is one of the
world’s leading innovative crop science companies
in the areas of seeds, crop protection and non-
agricultural pest control. The company offers an
outstanding range of products including high value
seeds, innovative crop protection solutions based
on chemical and biological modes of action as well
as an extensive service backup for modern,
sustainable agriculture. In the area of non-
agricultural applications, Bayer CropScience has a
broad portfolio of products and services to control
pests from home and garden to forestry
applications. The company has a global workforce
of 21,000 and is represented in more than 120
countries.

Elsevier

Radarweg 29

1043 NX

Amsterdam, The Netherlands
Tel: 31 20 4853835

Email: a.helsloot@elsevier.com
Website: www.elsevier.com

Elsevier is a world-leading provider of scientific,

technical and medical information products and

services. The company works in partnership

with the global science and health communities

to publish more than 2,000 journals, including
Fungal Genetics and Biology, Fungal Biology
and Fungal Ecology. All articles are available
online through ScienceDirect.

Union Biometrica, Inc.
Tel: 508-893-3115

E-mail: dstrack@unionbio.com
Website: www.unionbio.com

Union Biometrica provides flow cytometry for
objects that are too large for traditional
cytometers, such as fungal pellets, and offers
an alternative to manual sorting. These
instruments analyze and dispense objects
based on size and fluorescent parameters.
Automating this process offers increased speed,
sensitivity, quantification, and repeatability of
experiments.

MO BIO Laboratories

2746 Loker Avenue

Carlsbad, CA 92010

Tel: 760-929-9911

Email: customercare@mobio.com
Website: www.mobio.com

MO BIO Laboratories, Inc. is a global leader in
solutions for nucleic acid purification, offering
innovative tools for research in plant biology.
Our patented Inhibitor Removal Technology®
ensures isolation of high quality, inhibitor-free
nucleic acids from even the toughest plant
samples, removing phenolics, polysaccharides
and other PCR inhibiting substances.



CONCURRENT SESSIONS SCHEDULES

Wednesday, March 13 3:00 PM-6:00 PM
Merrill Hall

Cell Signaling Involved in Fungal Development

and Pathogenesis
Co-chairs: Naweed Naqvi and Stefanie Péggeler

Abstracts for this session begin on page 29.

3:00 - 3:20

Alexander V. Michkov

Stability of a G protein alpha subunit in genetic backgrounds lacking
the G beta subunit or a cytosolic guanine nucleotide exchange factor.

3:20-3:40

Jae-Hyuk Yu

The Putative Guanine Nucleotide Exchange Factor RicA Mediates
Upstream Signaling for Growth and Development in Aspergillus.

3:40 - 4:00

Oezguer Bayram

The Aspergillus nidulans MAPK module AnSte11-Ste50-Ste7-Fus3
controls development and secondary metabolism.

4:00 - 4:20

Ines Teichert

The developmental PRO40/SOFT protein participates in signaling via
the MIK1/MEK1/MAK1 module in Sordaria macrospora.

4:20 - 4:40 Break

4:40 - 5:00

Lingi Wang

A Fungal Adhesin Guides Community Behaviors by Autoinduction and
Paracrinal Signaling.

5:00 - 5:20

JinRong Xu

Surface recognition and appressorium morphogenesis in
Magnaporthe oryzae.

5:20 - 5:40
Marie Nishimura
Plant cues promote stealth infection in fungal plant pathogens.

5:40 - 6:00
Andrea Herrmann
Unravelling the GTPase polarity complex in Claviceps purpurea.

Wednesday, March 13 3:00 PM-6:00 PM
Chapel

Genetics and Genomics of Interactions with
Bacteria, Insects and Plants

Co-chairs: Nemat Keyhani and Christian Hertweck
Abstracts for this session begin on page 32.

3:00 - 3:20

M. J. Bidochka

Endophytic insect parasitic fungi feed insect-derived nitrogen to
plants.

3:20-3:40

Rusty J. Rodriguez

Genotype-Environment Interactions and the Interplay Between
Climate Change and Plant-Fungal Symbioses.

3:40 - 4:00

Kirstin Scherlach

Chemical mediators of pathogenic and mutualistic bacterial-fungal
interactions.

4:00 - 4:20
Chengshu Wang
Comparative genomic analysis of entomopathogenic fungi.

4:20 - 4:40 Break

4:40 - 5:00

Morten Schigtt

Synergistic interactions between leaf-cutting ants and their fungal
symbiont facilitate degradation of plant substrate.

5:00 - 5:20

Charissa de Bekker

Unraveling the metabolome: how zombie ant fungi heterogeneously
control ant brains.

5:20-5:40

Artemio Mendoza

Trichoderma rhizosphere’s competency, endophytism and plant
communication: A molecular approach.

5:40 - 6:00

Markus Kinzler

Effector proteins in fungal defense against fungivorous nematodes:
Targets and functional significance.
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CONCURRENT SESSIONS SCHEDULES

Wednesday, March 13 3:00 PM—6:00 PM
Heather

Membrane Trafficking and Molecular
Organization

Co-chairs: Vicky Sophianopoulou and Gero Steinberg
Abstracts for this session begin on page 35.

3:00 - 3:20

Barbara Valent

Distinct secretion systems operate during biotrophic invasion by the
rice blast fungus, Magnaporthe oryzae.

3:20-3:40
Yujiro Higuchi
The cellular role of early endosome motility in Ustilago maydis.

3:40 - 4:00

George Diallinas

The arrestin-like protein ArtA is essential for ubiquitylation and
endocytosis of the UapA transporter in response to both broad-range
and specific signals.

4:00 - 4:20

Guido Grossmann

Escaping the hustle - zones of differential protein turnover in the
yeast plasma membrane.

4:20 - 4:40 Break

5:00 - 5:20

Samara Reck-Peterson

Whole-genome sequencing identifies novel alleles of genes required
for organelle distribution and motility in Aspergillus nidulans.

5:20-5:40

Rosa R. Mourifio-Pérez

Dynamics of exocytic markers and cell wall alterations in an
endocytosis mutant of Neurospora crassa.

5:40 - 6:00

Barry J. Bowman

“The vacuole” of Neurospora crassa may be composed of multiple
compartments with different structures and functions.

Wednesday, March 13 3:00 PM-6:00 PM
Fred Farr Forum

Genome Defense, Epigenetics and RNAI
Co-chairs: Patrick Shiu and Sven Saupe

Abstracts for this session begin on page 37.

3:00 - 3:20
Patrick K. T. Shiu
Meiotic silencing by unpaired DNA in Neurospora.

3:20 - 3:40

Zhenyu Zhang

Mechanism of quelling, a small RNA-mediated gene silencing
pathway.

3:40 - 4:00

Xuying Wang

SIS, a sex genome defense mechanism operating in Cryptococcus
neoformans.

4:00 - 4:20

Asen Daskalov

Fungi use prion folds for signal transduction processes involving
STAND proteins.

4:20 - 4:40 Break

4:40 - 5:00

Haoping Liu

Regulation of white and opaque cell-type formation in Candida
albicans by H3K56 acetylation and nucleosome assembly factors CAF-
1 and HIR.

5:00 - 5:20

Matthew Z. Anderson

Epigenetic Regulation of Subtelomeric Gene Noise in Candida
albicans.

5:20-5:40
Zachary A. Lewis
Chromatin regulation of genome stability.

5:40 - 6:00

Shinji Honda

Opposing activities of the HCHC and DMM complexes maintain proper
DNA methylation in Neurospora crassa.



CONCURRENT SESSIONS SCHEDULES

Wednesday, March 13 3:00 PM-6:00 PM
Kiln

Genomics and Mycorrhizae

Co-chairs:
Abstracts for this session begin on page 39.

3:00 - 3:20

A. Kohler

The mycorrhizal genome initiative (MGI): Identification of symbiosis-
regulated genes by using RNA-Seq.

3:20-3:40

Jaqueline Hess

Transposable element dynamics in the Amanita: insights on the
evolution of genome architecture accompanying the transition from
saprotrophic to ectomycorrhizal ecologies.

3:40 - 4:00

Alga Zuccaro

Broad compatibility in the root endophyte Piriformospora indica is
associated with host-adapted colonization strategies.

4:00 - 4:20

Anders P. V. Tunlid

Examining the saprotrophic ability of ectomycorrhizal fungi using
genomics, transcriptomics and spectroscopy.

4:20 - 4:40 Break

4:40 - 5:00

Nils OS Hogberg

Interaction between the saprotrophic fungus Serpula lacrymans and
living pine roots.

5:00 - 5:20

Stephen J. Mondo

Uncovering the evolutionary pressures shaping the Glomeromycota-
Glomeribacter endosymbiosis.

5:20 - 5:40

Alija Mujic

A draft genome of the ectomycorrhizal fungus Rhizopogon
vesiculosus: Characterization of mating system and heterozygosity
within the dikaryon.

5:40 - 6:00

H.-L. Liao

Metatranscriptomic analysis of ectomycorrhizal root clusters in Pinus
taeda: new methodologies for assessing functional gene expression in
situ.

Wednesday, March 13 3:00 PM-6:00 PM
Nautilus

Regulation and Comparative Genomics of
Carbon and Nitrogen Metabolism

Co-chairs: Richard Wilson and Ronald de Vries
Abstracts for this session begin on page 42.

3:00 - 3:20

Carl R. Fellbaum

The role of carbon in fungal nutrient uptake and transport:
implications for resource exchange in the arbuscular mycorrhiza.

3:20-3:40
Jessie Fernandez
Mechanisms of adaptation to host rice cells by the blast fungus.

3:40 - 4:00

Sylvia Klaubauf

Similar is not the same: Differences in the function of the (hemi-)
cellulolytic regulator XInR (XIr1/Xyr1) in filamentous fungi.

4:00 - 4:20

Richard B. Todd

Regulating the Aspergillus nidulans global nitrogen transcription
factor AreA.

4:20 - 4:40 Break

4:40 - 5:00

Miia R. Méakela

Transcriptional analysis of oxalate degradation in the white rot
basidiomycete Dichomitus squalens.

5:00 - 5:20

Gesabel Y. Navarro Velasco

TOR-mediated control of virulence functions in the trans-kingdom
pathogen Fusarium oxysporum.

5:20-5:40

Firoz Shah

Transcriptional regulation of peptidases and nitrogen transporters
during the assimilation of organic nitrogen by the ectomycorrhizal
fungi Paxillus involutus.

5:40 - 6:00

Michael Hynes

Regulation of glycolysis and gluconeogenesis by antisense
transcription in Aspergillus nidulans?
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CONCURRENT SESSIONS SCHEDULES

Wednesday, March 13 3:00 PM—6:00 PM
Scripps

Education, Outreach, and Professional
Development

Co-chairs: Steven Denison and Mimi Zolan
Abstracts for this session begin on page 45.

3:00-3:20

Michael Koonce

Centrosome-Nuclear Disconnect Creates Mitotic Chaos in a Closed
Mitosis System.

3:20-3:40

Claire Burns

Using Fungal Barcoding to Introduce Non-science Majors to Scientific
Research.

3:40 - 4:00

Andrea Gargas

ComGen Authentic Research Experiences (C-ARE): Fungal genetic
analysis.

4:00 - 4:20

Patricia J. Pukkila

Wearing two hats: Tips for combining commitments to research and
to university-wide initiatives in education.

4:20 - 4:40 Break

4:40 - 5:00

Virginia K. Hench

Facilitating an Interdisciplinary Learning Community Amongst
Undergraduate Research Fellows By Emphasizing Scientific Inquiry as
the Unifying Thread.

5:00 - 5:20
Relly Brandman
MOOCs: Education for Everyone.

5:20-5:40
Break into groups to discuss promises and pitfalls of online courses.

5:40 - 6:00

Panelists Relly Brandman and Heaher Hallen-Adams respond to
questions and comments from the working groups.
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Thursday, March 14 3:00 PM-6:00 PM
Merrill Hall

Cool Tools for Fungal Biology

Co-chairs: Miguel Penalva and Kevin McCluskey
Abstracts for this session begin on page 47.

3:00 - 3:20

S. E. Baker

The Environmental Molecular Sciences Laboratory molecular analysis
capabilities for fungal biology.

3:20 - 3:40

Aric E. Wiest

Development and utilization of arrayed mutant sets for yeasts and
filamentous fungi.

3:40 - 4:00

Minou Nowrousian

Sequencing-based solutions to identify and characterize fungal
developmental genes.

4:00 - 4:20

Susan Kaminskyj

Aspergillus nidulans as an experimental system to identify novel cell
wall growth and maintenance genes through identification of anti-
fungal drug resistance mutations.

4:20 - 4:40 Break

4:40 - 5:00
David L. Joly
lllumina-based genetic linkage map for wheat leaf rust.

5:00 - 5:20

Miguel Penalva

Peering into the secret-ory life of Aspergillus nidulans with a little
help from classical genetics.

5:20 - 5:40

Patricia J. Pukkila

Domains of meiotic DNA recombination and gene conversion in
Coprinopsis cinerea (Coprinus cinereus).

5:40 - 6:00

Xin Xiang

A Hook protein is critical for dynein-mediated early endosome
movement in Aspergillus nidulans.



CONCURRENT SESSIONS SCHEDULES

Thursday, March 14 3:00 PM—6:00 PM
Chapel

Fungi and Evolutionary Theory

Co-chairs: Hanna Johannesson and Duur Aanen
Abstracts for this session begin on page 49.

3:00 - 3:20

Anne Pringle

Reaching the wind: the fluid mechanics of spore discharge, and
potential for dispersal mechanisms to shape the evolution of
sporocarp and spore morphologies.

3:20 - 3:40

Jennifer L. Anderson

Neurospora tetrasperma mating-type chromosomes: Testing
hypotheses on the effects of degeneration and introgression on
performance.

3:40 - 4:00
Bart Nieuwenhuis
Nuclear arms races: sexual selection for masculine mushrooms.

4:00 - 4:20

James B. Anderson

Genome-wide mutation dynamic within a long-lived individual of
Armillaria.

4:20 - 4:40 Break

4:40 - 5:00

C. Angelard

Rapid genetic change and plasticity in arbuscular mycorrhizal fungi is
caused by a host shift and enhanced by segregation.

5:00 - 5:20

Pierre Grognet

Meiotic Drive: A Single Gene Conferring Killing and Resistance in
Fungal Spore Killer.

5:20 - 5:40

Pierre Gladieux

Cryptic population subdivision, sympatric coexistence and the genetic
basis of local adaptation in Neurospora discreta.

5:40 - 6:00
Georgiana May
Ecological context in symbioses: when is your enemy also your friend?

Thursday, March 14 3:00 PM-6:00 PM
Heather

Cytoskeleton, Motors, and Intracellular
Transport

Co-chairs: Samara Reck-Peterson and Ping Wang
Abstracts for this session begin on page 51.

3:00 - 3:20
Gero Steinberg
The molecular basis of extended dynein run-length.

3:20 - 3:40

Martin Egan

The role of microtubule-based motors in the spatiotemporal control
of autophagy.

3:40 - 4:00
Sebastian Baumann
Microtubule-dependent co-transport of mMRNPs and endosomes.

4:00 - 4:20

Flora Banuett

Role of teal and tea4 homologs in cell morphogenesis in Ustilago
maydis.

4:20 - 4:40 Break

4:40 - 5:00

Yainitza Hernandez-Rodriguez

Aspergillus nidulans septin interactions and post-translational
modifications.

5:00 - 5:20

Connie B. Nichols

Altered Ras1 trafficking impairs the pathogencity of Cryptococcus
neoformans.

5:20-5:40

Karen Stephenson

Quantification of the thigmotropic response of Neurospora crassa to
microfabricated slides with ridges of defined height and topography.

5:40 - 6:00

P. Philippsen

Dynein drives oscillatory nuclear movements in the phytopathogenic
fungus Ashbya gossypii and prevents nuclear clustering.

27th Fungal Genetics Conference | 11



CONCURRENT SESSIONS SCHEDULES

Thursday, March 14 3:00 PM-6:00 PM
Fred Farr Forum

Nucleic Acid-Protein Interactions that Impact

Transcription and Translation
Co-chairs: Michael Freitag and Mark Caddick

Abstracts for this session begin on page 53.

3:00 - 3:20

Koon Ho Wong

ChIP-seq: an inexpensive and powerful method for studying genome-
wide chromatin remodeling and transcription regulation in fungi.

3:20-3:40

Jay C. Dunlap

Regulatory Networks Governing Global Responses to Changes in Light
and Time.

3:40 - 4:00

L. F. Larrondo

Protein Binding Microarrays and high-throughput real-time reporters
studies: Building a four-dimensional understanding of transcriptional
networks in Neurospora crassa.

4:00 - 4:20
Ane Sesma
Ending messages: alternative polyadenylation in filamentous fungi.

4:20 - 4:40 Break

4:40 - 5:00

Amanda L. Misener Bloom

Post-transcriptional gene regulation contributes to host temperature
adaptation and virulence in Cryptococcus neoformans.

5:00 - 5:20

Johannes Freitag

Dual targeting of glycolytic enzymes by alternative splicing and
translational read-through.

5:20 - 5:40

Mian Zhou

Non-optimal codon usage determines the expression level, structure
and function of the circadian clock protein FREQUENCY.

5:40 - 6:00

Michael Feldbrugge

A transcriptome-wide view on microtubule-dependent mRNA
transport.
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Thursday, March 14 3:00 PM-6:00 PM
Kiln

Interactions between Fungi and Animals

Co-chairs: Neil Gow and Clarissa Nobile
Abstracts for this session begin on page 55.

3:00 - 3:20

Elaine M. Bignell

Elicitation of host damage occurs in a temporally programmed
manner during Aspergillus fumigatus infections.

3:20 - 3:40
Stuart Levitz
Exploiting innate recognition of fungi for vaccine development.

3:40 - 4:00

Jose C. Perez

Regulatory circuits governing Candida albicans proliferation in a
mammalian host.

4:00 - 4:20
Judith Berman
Dramatic ploidy change as an adaptive strategy in Candida albicans...

4:20 - 4:40 Break

4:40 - 5:00
Yen-Ping Hsueh
Nematode-trapping fungi eavesdrop on nematode pheromones.

5:00 - 5:20
Xiaorong Lin
A morphogenesis regulator controls cryptococcal neurotropism.

5:20-5:40

M. Brock

Sit and wait: Special features of Aspergillus terreus in macrophage
interactions and virulence.

5:40 - 6:00

Dawn Thompson

The mutational landscape of gradual acquisition of drug resistance in
clinical isolates of Candida albicans.



CONCURRENT SESSIONS SCHEDULES

Thursday, March 14 3:00 PM—6:00 PM
Nautilus

Fungal Volatiles and Organic Compounds as
Signaling Agents

Co-chairs: Joan Bennett and Richard Splivallo
Abstracts for this session begin on page 58.

3:00 - 3:20
Birgit Piechulla
Fungi reacting to rhizobacterial volatiles.

3:20-3:40

Seogchan Kang

Enhancement of plant growth and stress resistance by Fusarium
volatile organic compounds: A novel mechanism mediating plant-
fungal interactions.

3:40 - 4:00

Jessica C. Hargarten

The Role of Quorum-sensing Molecules in Interactions between
Candida albicans and its Host.

4:00 - 4:20
Vong shian Simon Ip Cho
Innate Immunity in Fusarium graminearum.

4:20 - 4:40 Break

4:40 - 5:00

Lea Atanasova

The Trichoderma reesei polyketide synthase gene pks1 is necessary
for yellow-green pigmentation of conidia and is involved in the
establishment of environmental fitness.

5:00 - 5:20

Richard Hung

Semiochemicals and signaling: plant responses to Trichoderma
volatile organic compounds.

5:20 - 5:40

El Ghalid Mennat

Identification of chemoattractant compounds from tomato root
exudate that trigger chemotropism in Fusarium oxysporum.

5:40 - 6:00
Richard Splivallo
The mixed fungal and bacterial origin of truffle aroma.

Thursday, March 14 3:00 PM-6:00 PM
Scripps

Genomics and Biochemistry of Degradation of
Complex Molecules in the Environment

Co-chairs: Jonathan Walton and Dan Cullen
Abstracts for this session begin on page 61.

3:00 - 3:20

K. Igarashi

Fungal transcriptome as database for proteome and refinement tool
of gene annotation.

3:20-3:40

Irina S. Druzhinina

Developmental regulation and cellulase gene expression in
Trichoderma reesei.

3:40 - 4:00

D. Floudas

Parallel losses of genes associated with saprotrophy in
ectomycorrhizal Agaricomycotina lineages.

4:00 - 4:20

Emma Master

Co-expression analysis of Phanerochaete carnosa during growth on
hardwood and softwood species to predict proteins with unknown
function relevant to biomass conversion.

4:20 - 4:40 Break

4:40 - 5:00

Yitzhak Hadar

Functional Analysis of the Pleurotus ostreatus Manganese-Peroxidase
Gene Family.

5:00 - 5:20

Monika Schmoll

Carbon source and light dependent regulation of gene clusters in
Trichoderma reesei (Hypocrea jecorina).

5:20 - 5:40

Chiaki Hori

Genome-wide analysis of eleven white- and brown-rot Polyporales
provides insight into mechanisms of wood decay.

5:40 - 6:00

Alex Lichius

Transcription factor shuttling during cellulase induction in
Trichoderma reesei.
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CONCURRENT SESSIONS SCHEDULES

Friday, March 15 3:00 PM—6:00 PM
Merrill Hall

Pathogenic Signaling via Effector Proteins

Co-chairs: Brett Tyler and Sebastien Duplessis
Abstracts for this session begin on page 64.

3:00 - 3:20

Marie-Cecile Caillaud

Dissecting nuclear immunity using Arabidopsis downy mildew effector
as probes.

3:20-3:40

Claire Veneault-Fourrey

The mutualistic fungus Laccaria bicolor uses the effector protein
MIiSSP7 to alter host jasmonate signaling and establish symbiosis.

3:40 - 4:00

Shiv D. Kale

Identification and characterization of an RXLR-like effector family
from medically relevant fungi.

4:00 - 4:20

Yuanchao Wang

Identification and functional assay of Phytophthora sojae avirulence
effectors.

4:20 - 4:40 Break

4:40 - 5:00
Gregory J. Fischer
Fungal lipoxygenases: a novel instigator of asthma?

5:00 - 5:20

Martha C. Giraldo

Magnaporthe oryzae has evolved two distinct mechanisms of effector
secretion for biotrophic invasion of rice.

5:20-5:40
Anupama Ghosh
Domains for plant uptake of Ustilago maydis secreted effectors.

5:40 - 6:00

Edouard Evangelisti

Penetration-specific effectors from Phytophthora parasitica favour
plant infection.
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Friday, March 15 3:00 PM—6:00 PM
Chapel

Cell Wall, Polarity and Hyphal Tip Growth

Co-chairs: Stephan Seiler and Ernestina Castro-Longoria
Abstracts for this session begin on page 67.

3:00 - 3:20

Michael Bolker

The function of Rho type small GTPases for cell polarity in Ustilago
maydis.

3:20-3:40

Peter Sudbery

A quantitative model of hyphal tip growth based on the spatial
distribution of exocyst subunits in the human fungal pathogen
Candida albicans.

3:40 - 4:00
Johannes Wagener
Cell wall integrity signaling in Aspergillus fumigatus.

4:00 - 4:20

Roland Wedlich-Soldner

Optimization of polarity establishment through coupling of multiple
feedback loops.

4:20 - 4:40 Break

4:40 - 5:00

Vincent Bulone

Cell wall structure and biosynthesis in oomycetes and true fungi: a
comparative analysis.

5:00 - 5:20

Lakshmi Preethi Yerra

Cellular morphogenesis of Aspergillus nidulans conidiophores: a
systematic survey of protein kinase and phosphatase function.

5:20-5:40

Diego Delgado-Alvarez

Septum formation starts with the establishment of a septal actin
tangle (SAT) at future septation sites.

5:40 - 6:00

Norio Takeshita

Visualization of apical membrane domains in Aspergillus nidulans by
Photoactivated Localization Microscopy (PALM).



CONCURRENT SESSIONS SCHEDULES

Friday, March 15 3:00 PM—6:00 PM
Heather

Sexual Regulation and Evolution in the Fungi

Co-chairs: Frances Trail and Nicolas Corradi
Abstracts for this session begin on page 69.

3:00 - 3:20
Ignazio Carbone
Clonality and sex impact aflatoxigenicity in Aspergillus populations.

3:20-3:40

Nicolas Corradi

Toolkit for sexual reproduction in the genome of Glomus spp; a
supposedly ancient asexual lineage.

3:40 - 4:00

Frances Trail

Comparative transcriptomics identifies new genes for perithecium
development.

4:00 - 4:20

Hanna Johannesson

Rapid evolution of female-biased genes: a novel example from the
eukaryotic model organism Neurospora crassa.

4:20 - 4:40 Break

4:40 - 5:00

Katherine A. Borkovich

Self-attraction can not bypass the requirement for two mating type
genes during sexual reproduction in Neurospora crassa.

5:00-5:20

Céline M. O'Gorman

Fertility in Aspergillus fumigatus and the identification of an
additional ‘supermater’ pair.

5:20-5:40

Julia B6hm

Sexual reproduction and mating type function in the penicillin
producing fungus Penicillium chrysogenum.

5:40 - 6:00

Patrik Inderbitzin

The Sclerotinia sclerotiorum mating type locus (MAT) contains a 3.6-
kb region that is inverted in every generation.

Friday, March 15 3:00 PM—6:00 PM
Fred Farr Forum

Oxidative Stress, ROS Signaling and
Adaptation to Hypoxia

Co-chairs: Geraldine Butler and Barry Scott
Abstracts for this session begin on page 72

3:00 - 3:20

A. Nantel

Transcriptional regulatory networks controlling the early hypoxic
response in Candida albicans.

3:20-3:40

Olaf Kniemeyer

Proteomic analysis of the hypoxic response of the human-pathogenic
fungus Aspergillus fumigatus.

3:40 - 4:00

N. Ponts

Fgapl-mediated response to oxidative stress in trichothecene-
producing Fusarium graminearum.

4:00 - 4:20
Nallely Cano-Dominguez
The role of NADPH oxidases in Neurospora crassa cell fusion.

4:20 - 4:40 Break

4:40 - 5:00

Elizabeth A. Veal

Peroxiredoxins in ROS responses -Why evolve peroxidases that are
inactivated by peroxides?

5:00 - 5:20

Lauren S. Ryder

NADPH oxidases regulate septin-mediated cytoskeletal re-modeling
during plant infection by the rice blast fungus Magnaporthe oryzae.

5:20-5:40

Gemma M. Cartwright

Redox regulation of an AP-1-like transcription factor, YapA, in the
fungal symbiont Epichloé festucae.

5:40 - 6:00

Benjamin A. Horwitz

Interaction between phenolic and oxidant signaling in Cochliobolus
heterostrophus.
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CONCURRENT SESSIONS SCHEDULES

Friday, March 15 3:00 PM—6:00 PM
Kiln

Phylogenomics

Co-chairs: Jason Stajich and Joey Spatafora
Abstracts for this session begin on page 75.

3:00 - 3:20
Dannie Durand
Characterizing Gene Tree Incongruence on a Genome Scale.

3:20-3:40
Mary L. Berbee
Early fungi and their carbohydrate active enzymes.

3:40 - 4:00
Jason Slot
Better evolution through gene clustering.

4:00 - 4:20

C. Alisha Owensby

Phylogenomics unveils secondary metabolites specific to
mycoparasitic lineages in Hypocreales.

4:20 - 4:40 Break

4:40 - 5:00

Robert Riley

Comparative analysis of 35 basidiomycete genomes reveals diversity
and uniqueness of the phylum.

5:00 - 5:20

Helene Chiapello

Genome evolution of fungal pathogens from the Magnaporthe
oryzae/grisea clade.

5:20 - 5:40

Jonathan Grandaubert

Leptosphaeria maculans 'brassicae': "Transposable Elements changed
my life, | feel different now".

5:40 - 6:00

Emily A. Whiston
Comparing comparative “omics” in Coccidioides spp.

16

Friday, March 15 3:00 PM—6:00 PM
Nautilus

Synthetic Biology

Co-chairs: Nancy Keller and Peter Punt
Abstracts for this session begin on page 78.

3:00 - 3:20

Debbie S. Yaver

Engineering Aspergillus oryzae for high level production of L-malic
acid.

3:20-3:40

Pascale Daran-Lapujade

When synthetic biology meets metabolic engineering: in vivo pathway
assembly in Saccharomyces cerevisiae.

3:40 - 4:00

Levente Karaffa

Analysis of the intracellular galactoglycom of Trichoderma reesei
grown on lactose.

4:00 - 4:20

Peter J. Punt

Novel transcriptomics approaches for metabolic pathway engineering
target identification in Aspergillus.

4:20 - 4:40 Break

4:40 - 5:00
Y. Huang
A new method for gene mining and enzyme discovery.

5:00-5:20

Koichi Tamano

Increased production of fatty acids and triglycerides in Aspergillus
oryzae by modifying fatty acid metabolism.

5:20-5:40

Ana Rems

Molecular biological basis for statin resistance in naturally statin-
producing organisms.

5:40 - 6:00
Hong Luo
Engineering Cyclic Peptide Biosynthesis in Poisonous Mushrooms.



CONCURRENT SESSIONS SCHEDULES

Friday, March 15 3:00 PM—6:00 PM
Scripps

Fungicides and Antifungal Compounds

Co-chairs: Daniele Debieu and Paul Verweij
Abstracts for this session begin on page 81.

3:00 - 3:20

D. A. Macdonald

Chemically Induced Haploinsufficiency Screens to Identify Drug
Mechanism of Action in Aspergillus Fumigatus.

3:20-3:40

Branka Korosec

Inhibition of benzoate 4-monooxygenase (CYP53A15) from
Cohliobolus lunatus by cinnamic acid derivatives.

3:40 - 4:00

Marcelo HS Ramada

Secretome analysis of Trichoderma harzianum cultivated in the
presence of Fusarium solani cell wall or glucose.

4:00 - 4:20

Carol E. Davis

Metabolic adaptation of the oomycete Phytophthora infestans during
colonization of plants and tubers.

4:20 - 4:40 Break

4:40 - 5:00

Paul E. Verweij

The fungi strike back: multidrug resistance in Aspergillus fumigatus
and agricultural use of fungicides.

5:00 - 5:20
D. Sanglard
Effect of antifungal resistance on virulence of Candida spp.

5:20-5:40

Sabine Fillinger

From enzyme to fungal development or how sdhB mutations impact
respiration, fungicide resistance and fitness in the grey mold agent
Botrytis cinerea.

5:40 - 6:00

Gabriel Scalliet

Deciphering fungicide resistance mechanisms in phytopatogenic fungi,
towards an assessment of resistance risk in new active ingredient
research.

Saturday, March 16 2:00 PM-5:00 PM
Merrill Hall

Parallels between Fungal Pathogens of Plants

and Animals
Co-chairs: Barbara Howlett and Axel Brakhage

Abstracts for this session begin on page 84.

2:00 - 2:20

Sarah J. Gurr

Emerging fungal (and Oomycete) threats to plant and ecosystem
health.

2:20-2:40

Axel A. Brakhage

Melanin as virulence determinant of human and plant pathogenic
fungi.

2:40 - 3:00

Joanna Potrykus

Nutrient immunity and systemic readjustment of metal homeostasis
modulate fungal iron availability during the development of renal
infections.

3:00-3:20

A. Sharon

Common strategies in plant and human "necrotrophic" pathogens:
role of PCD.

3:20 - 3:40 Break

3:40 - 4:00

Nick J. Talbot

Septin-mediated plant tissue invasion by the rice blast fungus
Magnaporthe oryzae.

4:00 - 4:20

Katja Schaefer

Components of the urease complex govern virulence of Fusarium
oxysporum on plant and animal hosts.

4:20 - 4:40
Anja Kombrink
The role of LysM effectors in fungal fitness.

4:40 - 5:00

Harshini C. Weerasinghe

Genes important for in vivo survival of the human pathogen
Penicillium marneffei.
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CONCURRENT SESSIONS SCHEDULES

Saturday, March 16 2:00 PM-5:00 PM
Chapel

Secondary Metabolism

Co-chairs: Gillian Turgeon and Bettina Tudzynski
Abstracts for this session begin on page 87.

2:00 - 2:20

B. Condon

Genomic profiles of secondary metabolism genes in Cochliobolus
pathogens.

2:20-2:40

Candace Elliott

A biosynthetic gene cluster for the antifungal metabolite phomenoic
acid in the plant pathogenic fungus, Leptosphaeria maculans.

2:40 - 3:00

Eva-Maria Niehaus

Fusarin C biosynthesis in Fusarium fujikuroi: the fusarin C gene cluster,
their function and regulation.

3:00 - 3:20

H. Corby Kistler

Cellular development integrating primary and induced secondary
metabolism in the filamentous fungus Fusarium graminearum.

3:20 - 3:40 Break

3:40 - 4:00
Nancy Keller
LaeA sleuthing reveals cryptic gene clusters in pathogenic Aspergilli.

4:00 - 4:20

Kristina M. Smith

The KMT6 Histone H3 K27 Methyltransferase Regulates Expression of
Secondary Metabolites and Development in Fusarium graminearum.

4:20 - 4:40

M. Viaud

Secondary metabolism in Botrytis cinerea: the grey and pink sides of a
pathogen.

4:40 - 5:00

Frank Kempken
Is fungal secondary metabolism regulated by competing insects?

18

Saturday, March 16 2:00 PM-5:00 PM
Heather

Light Sensing and Circadian Rhythms

Co-chairs: Luis Larrondo and Reinhard Fischer
Abstracts for this session begin on page 90.

2:00 - 2:20
Martha W. Merrow
Circadian rhythms in gene expression in Aspergillus nidulans.

2:20 - 2:40
C. Hong
Circadian clock-gated cell division cycles in Neurospora crassa.

2:40 - 3:00

Kevin K. Fuller

Light regulates growth, stress resistance and metabolism in the fungal
pathogen Aspergillus fumigatus.

3:00-3:20

Paulo Canessa

Shedding light on Botrytis biology: characterization of the WC1
photoreceptor and FRQ homologues in the necrotrophic plant
pathogen Botrytis cinerea.

3:20 - 3:40 Break

3:40 - 4:00

Carmen Ruger-Herreros

The transcription factor FL is phosphorylated and interacts with a
trehalose related protein in Neurospora crassa.

4:00 - 4:20

Alfredo H. Herrera-Estrella

Regulation of gene expression in response to light in Trichoderma
atroviride.

4:20 - 4:40
Victoriano Garre
Genome-wide analysis of light responses in Mucor circinelloides.

4:40 - 5:00

Phillipp Wiemann

Shedding light on secondary metabolite cluster gene expression,
sporulation, UV-damage repair and carotenogenesis in the rice
pathogen Fusarium fujikuroi.



CONCURRENT SESSIONS SCHEDULES

Saturday, March 16 2:00 PM-5:00 PM
Fred Farr Forum

Fungal Evo-Devo

Co-chairs: Steve Harris and Brian Shaw
Abstracts for this session begin on page 93.

2:00 - 2:20
Antonis Rokas
The Molecular Foundations of the Fungal Lifestyle.

2:20-2:40

Daniel J. Ebbole

Gene expression and regulation during conidial morphogenesis in
Neurospora crassa.

2:40 - 3:00

David S. Hibbett

Comparative developmental morphology in lentinoid mushrooms:
toward a new fungal evo-devo?

3:00-3:20

Steven D. Harris

The Cdc42 GTPase module and the evolution of conidiophore
architecture in Aspergillus.

3:20 - 3:40 Break

3:40 - 4:00

Audrey M. V. Ah-Fong

Cdc14 association with basal bodies in the oomycete Phytophthora
infestans indicates potential new role for this protein phosphatase.

4:00 - 4:20
Jurgen W. Wendland
Molecular Determinants of Sporulation in Ashbya gossypii.

4:20 - 4:40
Heesoo Park
THE velvet regulators in Aspergilli.

4:40 - 5:00

R. Debuchy

A network of HMG-box transcription factors regulates sexual cycle in
the fungus Podospora anserina.

Saturday, March 16 2:00 PM-5:00 PM
Kiln

Environmental Metagenomics
Co-chairs: Chris Schadt and Betsy Arnold

Abstracts for this session begin on page 95.

2:00 - 2:20

Donald R. Zak

Microbial Responses to a Changing Climate: Implications for the
Future Functioning of Terrestrial Ecosystems.

2:20 - 2:40

Mizue Naito

The Interaction of Mycoplasma-related Endobacteria with their
Arbuscular Mycorrhizal Fungal Host.

2:40 - 3:00

Ning Zhang

Metagenomic analysis reveals hidden fungal diversity in grass
rhizosphere and tree foliage.

3:00 - 3:20

Weiguo Fang

Host-to-pathogen gene transfer facilitated infection of insects by a
pathogenic fungus.

3:20 - 3:40 Break

3:40 - 4:00

Kabir Peay

Structure and function of soil fungal communities across North
American pine forests.

4:00 - 4:20

Gregory Bonito

Genomic analysis of Mortierella elongata and its endosymbiotic
bacterium.

4:20 - 4:40
Richard C. Hamelin
Integrative genomics of poplar-fungal pathogen interactions.

4:40 - 5:00

M.-S. Benitez

Fungal pathogen and endophyte genetics within the context of forest
community dynamics.
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CONCURRENT SESSIONS SCHEDULES

Saturday, March 16 2:00 PM-5:00 PM
Nautilus

Dimorphic Transitions

Co-chairs: Anne Dranginis and Alex Andrianopoulos
Abstracts for this session begin on page 97.

2:00 - 2:20

Richard Bennett

Epigenetic Switching Regulates the Yeast-Hyphal Transition in Candida
albicans.

2:20-2:40

Lingi Wang

Extracellular and intracellular signaling orchestrates morphotype-
transition and virulence in human pathogen Cryptococcus
neoformans.

2:40 - 3:00

Chad A. Rappleye

Histoplasma strain variations and differences in pathogenic-phase
transcriptomes.

3:00-3:20

Hayley E. Bugeja

The C;H, transcription factor HgrA promotes hyphal growth in the
dimorphic pathogen Penicillium marneffei.

3:20 - 3:40 Break

3:40 - 4:00

Joerg T. Kaemper

A conserved splicing factor is required for vesicle transport in Ustilago
maydis.

4:00 - 4:20

Sarah A. Gilmore

N-acetylglucosamine (GIcNAc) Triggers a Morphogenetic Program in
Systemic Dimorphic Fungi.

4:20 - 4:40

Gregory M. Gauthier

A GATA transcription factor encoded by SREB functions as a global
regulator of transcription in Blastomyces dermatitidis.

4:40 - 5:00

Bridget M. Barker

Functional Analysis of Genes in Regions of Introgression in
Coccidioides.
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Saturday, March 16 2:00 PM-5:00 PM
Scripps

Tropic Growth and Fusion

Co-chairs: Andre Fleissner and Nick Read
Abstracts for this session begin on page 100.

2:00 - 2:20
Carla J. Eaton
Role of the cell fusion gene idcA in fungal mutualism.

2:20-2:40
Pablo S. Aguilar
Role of extracellular calcium in budding yeast cell fusion.

2:40 - 3:00

Chia-Chen Chang

The role of calcium and calmodulin during cell fusion and colony
initiation in Neurospora crassa.

3:00-3:20

Javier Palma-Guerrero

LFD-1 is a component of the membrane merger machinery during cell-
cell fusion in Neurospora crassa.

3:20 - 3:40 Break

3:40 - 4:00

Martin Weichert

Specific Structural Features of Sterols Affect Cell-Cell Signaling and
Fusion in Neurospora crassa.

4:00 - 4:20

David Turra

Co-option of a sex pheromone receptor and MAPK signalling pathway
for chemotropism of Fusarium oxysporum towards plant host
compounds.

4:20 - 4:40

Britta Herzog

Characterization of new STRIPAK complex interaction partners in the
filamentous ascomycete Sordaria macrospora.

4:40 - 5:00

Darren Thomson

Characterisation of contact-dependant tip re-orientation in Candida
albicans hyphae.
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Wednesday, March 13 8:30 AM-12:00 NOON
Merrill Hall and Chapel

Plenary Session |: Metabolic Pathways: Cell Growth, Pathogenesis and Bioenergy

Chair: Louise Glass

Hypoxia and Mechanisms of Human Fungal Pathogenesis: To Air or Not to Air? Robert A. Cramer. Microbiology and Immunology, Geisel School of
Medicine at Dartmouth, Hanover, NH.

Human disease caused by fungi is increasing in frequency and clinical outcomes remain unacceptably poor due in part to a limited spectrum of treatment
options. New insights into fungal pathogenesis mechanisms has great potential to uncover new therapeutic options for these devastating diseases. Our
laboratory is investigating how the most common causal agent of human airborne fungal infections, Aspergillus fumigatus, adapts and grows in in vivo
microenvironments generated during the fungal-host interaction. We have observed that significant oxygen depletion, hypoxia, occurs at sites of A.
fumigatus infection in the lung. The ramifications of hypoxia on obligate aerobic fungal metabolism, both from the perspective of in vivo fungal growth and
the production of fungal metabolites that influence the innate immune response, are largely unknown. Using a combination of genomics, fungal molecular
genetics, animal models of fungal disease, and immunology we have begun to unravel the impact of hypoxia on outcomes of invasive pulmonary
aspergillosis. We have observed that fungal metabolic responses to hypoxia are largely interconnected with an increased demand for iron uptake that
directly influences metabolic pathways requiring both oxygen and iron as co-factors such as ergosterol, heme, and cell wall biosynthesis. These responses
are regulated in part by 2 transcription factors with sequence similarity to the sterol regulatory element binding protein family (SREBPs). In turn, these
metabolic pathways are not only essential for fungal growth under hypoxia, but also for the production of pathogen associated molecular patterns
(PAMPs) that influence the innate immune response to the invading fungus. Our data suggest that hypoxia alters the composition of the fungal cell wall
resulting in increased production of pro-inflammatory cytokines from host effector cells that may cause host tissue damage. Taken together, our data
suggest that manipulation of in vivo oxygen levels may be a promising strategy to augment existing antifungal drug treatment through manipulation of
fungal metabolism and improve patient outcomes from these increasingly common human diseases.

Tackling biofuel bottlenecks through genome wide association studies in Saccharomyces cerevisiae. Dana J. Wohlbach™?, Trey Sato®, Audrey P. Gasch™.
1) Great Lakes Bioenergy Research Center, Univ Wisconsin, Madison, Madison, Wi; 2) Laboratory of Genetics, Univ Wisconsin, Madison, Madison, WI.

Generating biofuels from cellulosic plant material is a major goal in bioenergy research. However, a critical bottleneck is the inhibition of microbial
fermentation by toxic compounds in the hydrolyzed plant biomass, generated during chemical pretreatment. We are exploiting natural variation in yeast
hydrolysate tolerance to implicate genes and processes for targeted strain engineering. We phenotyped growth rates of 65 diverse wild and industrial S.
cerevisiae strains grown in several different plant hydrolysates, and then performed a genome-wide association study (GWAS) to identify loci that
correlated with hydrolysate tolerance. This identified nearly 70 loci, encompassing over 100 genes that fell into specific pathways and signaling networks.
We also identified pervasive epistasis across loci, suggesting the importance of gene-gene interactions in phenotypic variation. The results provide a
platform for synthetic engineering of hydrolysate tolerance in diverse yeast strains.

Exploring the metabolome of cereal infecting fusaria. Kim E. Hammond—Kosackl, Rohan G.T. Lowel, Gail Canningl, Martin Urbanl, Michael H. Bealez, Jane
L. Ward?. 1) Dept of Plant Biology and Crop Sciences, Rothamsted Research, Harpenden, Herts, AL5 2JQ, UK; 2) National Centre for Plant and Microbial
Metabolomics, Rothamsted Research, Harpenden, Herts, AL5 2JQ, UK.

The Ascomycete fungus Fusarium graminearum (Gibberella zeae) causes plant disease on many cereal crop species including wheat, barley and maize
and is also becoming a problem pathogen in several non-cereal crop species, including soybean and sugar beet. In cereal crops, floral infections at anthesis
go on to reduce grain yield and quality and contaminate the crop with secondary metabolites harmful to plants, animals and humans. These metabolites
include trichothecene mycotoxins such as deoxynivalenol (DON) and their acetylated derivatives. We have already reported on the use of metabolomic
analysis to understand the basal metabolism in four Fusarium spp., F. graminearum, F. culmorum, F. pseudograminearum and F. venenatum under DON
and non-DON inducing conditions (Lowe et al., 2010, MPMI, 23, 1605-1618). Three additional studies have now been completed using a ‘triple-fingerprint’
of analytical techniques including *H-NMR and electrospray mass-spectroscopy (+/- ESI-MS). First, we have investigated the global metabolic changes
occurring during a time course of DON mycotoxin induction in vitro using the F. graminearum wild-type strain PH-1 for which the complete genomic
sequence is available (http://www.broad.edu; www.phytopathdb.org). Second, we have characterised many single gene deletion mutants affected in
mycotoxin biosynthesis, cell signalling and plant pathogenicity. Interestingly, most mutants show significant and highly specific metabolome changes
compared to the parental wild-type strain(s). Third, we have explored the metabolome of several reduced virulence mutants arising from a random
plasmid insertion, forward genetic screen to determine whether the triple fingerprinting technique can be used predictively. Metabolic network analysis of
the data sets is now being used to link the co-occurrence of known and unknown metabolites to DON mycotoxin production and to aid the future
characterisation of the many unknown metabolites present in F. graminearum. This research was supported by a metabolomics special initiative grant
from the Biotechnology and Biological Sciences Research Council.
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Carbohydrate-active enzymes in fungal genomes. Bernard Henrissat. AFMB, CNRS and Aix-Marseille University, Marseille, France.

We term carbohydrate-active enzymes (CAZymes) the enzymes that assemble and breakdown complex carbohydrates and carbohydrate polymers. As
such carbohydrates are crucial for fungi as carbon sources but also for cell wall synthesis/remodelling, host pathogen interactions, energy storage etc.
Unlike many other classes of enzymes which carry limited informative power, the peculiarities of CAZymes and of their substrates turn these enzymes into
extremely powerful probes to examine genomes and explain the lifestyle of living organisms and fungi in particular. Over the last few years we have
explored the CAZyme content of over 200 fungal genomes and we will review how evolution shapes the CAZyme profiles of fungi.

Suggested reading :

- Cantarel et al. (2009) The Carbohydrate-Active EnZymes database (CAZy): an expert resource for Glycogenomics. Nucleic Acids Res. 37: D233-D238

- Ohm et al. (2012) Diverse lifestyles and strategies of plant pathogenesis encoded in the genomes of eighteen Dothideomycetes fungi. PLoS Pathogens,
8(12): €1003037.

- O’Connell et al.(2012) Life-style transitions in plant pathogenic Colletotrichum fungi defined by genome and transcriptome analyses. Nature Genetics
44, 1060-1065

- Floudas et al. (2012) The Paleozoic origin of white rot wood decay reconstructed using 31 fungal genomes. Science, 336, 1715-1719

- Ma et al. (2010) Comparative genomics reveals mobile pathogenicity chromosomes in Fusarium oxysporum. Nature 464, 367-373

- Martin et al. (2010) Périgord black truffle genome uncovers evolutionary origins and mechanisms of symbiosis. Nature 464, 1033-1038.

Genome-wide approaches to identify and characterize lignocellulolytic enzymes. Adrian Tsang. Biol, Concordia Univ, Montreal, Canada.

Lignocellulosic material is both the most abundant source of biomass on the planet and an enormous storehouse of sugars. Yet the sugars in cellulosic
material are remarkably recalcitrant. The ability to detect new enzymes, to produce them in large quantities, and to understand how they work will lay the
groundwork for the development of more efficient and economical processes for lignocellulosic biomass. We are particularly interested in harnessing the
ligocellulolytyic ability of thermophilic fungi as they are potential reservoirs of thermostable enzymes for industrial applications. So far, fewer than 50
fungal species have been described as thermophiles. We have sequenced over 20 species of thermophilic fungi, see www.fungalgenomics.ca. Most of
these thermophiles belong to the orders Sordariales and Eurotiales, three species belong to the Mucorales and one to Onygenales. We have developed
computational tools to improve the identification genes in fungal genomes in general, and genes encoding extracellular proteins in particular because
biomass-degrading enzymes are predominantly extracellular proteins. In addition to using informatics tools to identify orthologues of lignocellulolytic
enzymes, we have analyzed the transcriptomes and exo-proteomes of the thermophilic fungi when cultured in a variety of agricultural straws to reveal the
strategies used by different fungi in the decomposition of lignocellulose as well as identifying novel extracellular proteins that may play a role in biomass
decomposition. Over 2000 genes encoding potential lignocellulolytic proteins have been identified. The Sordariales possess a larger repertoire of
lignocellulolytic enzymes than the thermophiles from other orders. The genes predicted to encode lignocellulolytic proteins have been cloned and
transformed into Aspergillus niger for the production of recombinant enzymes. Biochemical characterization of the recombinant enzymes show that in
addition to producing enzymes that are thermostable, the thermophiles also produce enzymes that have temperature optimum in the 40-50°C range.

22



PLENARY SESSION ABSTRACTS

Thursday, March 14 8:30 AM-12:00 NOON
Merrill Hall and Chapel

Plenary Session Il: Organismic Molecular Interactions
Chair: Nick Talbot

Large-scale Biology for Fungal Pathogenicity in Magnaporthe oryzae. Yong-Hwan Lee™. 1) Department of Agricultural Biotechnology, Seoul National
Univ, Seoul, 151-921, Korea; 2) Center for Fungal Genetic Resources, and Center for Fungal Pathogenesis, Seoul National University, Seoul 151-921, Korea.
Rice blast is a compelling model system for studying host-parasite interactions due to its socioeconomic impact and the availability of both the rice and

fungal genomic sequences. In an attempt to understand the molecular mechanisms of rice blast, we have been taking both forward and reverse genetics
approaches. Our researches using reverse genetics approach focus on identifying and characterizing the genes involved in signal transduction pathways
leading to appressorium formation, genes encoding transcription factors, and genes that are required for post-penetration stages. For forward genetics
studies, we carried out a large-scale insertional mutagenesis of the Magnaporthe oryzae strain KI201 via Agrobacterium tumefaciens-mediated
transformation, generating over 25,000 mutants. We also developed high throughput phenotype screening system that enables rapid and robust assay of
mutant phenotypes. In addition to our endeavor to functional and comparative genomics, we built a cyber-infrastructure for storage of heterogeneous
data and analysis of such data in multiple contexts. The whole genome sequence information of M. oryzae as well as most of the results from experimental
biology is housed in our customized database. Our comprehensive and integrative approaches coupled with a web-based Laboratory Information
Management System would provide a novel platform for systems biology initiatives for fungal pathogenesis.

MAPK-mediated control of infectious growth in Fusarium oxysporum. Antonio Di Pietro. Departamento de Genetica, Universidad de Cordoba, 14071
Cordoba, Spain.

In fungal pathogens, contact with the host triggers a developmental and metabolic transition towards infectious growth. What exactly defines infectious
growth and how it is controlled by environmental and host-derived stimuli is not fully understood. We study infectious growth in Fusarium oxysporum, a
soilborne fungus that causes vascular wilt disease on a wide range of plant species and opportunistic infections in immunocompromised humans. One of
the key players in pathogenicity is Fmk1, a conserved mitogen-activated protein kinase (MAPK) that is essential for infection-related processes such as
chemotropism, host adhesion, penetration and invasive growth in the plant tissue. Most Fmk1-dependent virulence functions require the homeodomain
transcription factor Stel2, and are repressed in the presence of the preferred nitrogen source ammonium through a mechanism that requires the
transporter MepB and the bZIP factor MeaB. Recent data suggest that ammonium repression is mediated by a shift in extracellular pH, which results in
rapid changes in the phosphorylation pattern of different MAPKs. Our current research addresses the mechanisms through which pH controls invasive
growth of F. oxysporum by reprogramming the activation status of cellular MAPK signalling cascades.

Analysis of effector proteins from flax rust and wheat stem rust. Peter Dodds", narayana Upadhyaya', Ann-Maree Catanzariti’, Markus Koeck', Adnane
nemril, Rohit Magol, Simon WilIiamsS, Thomas Ve3, Maryam Rafiqi4, Wenjie Wuz, Adrienne Hardhamz, David Jonesz, Jeff EIIisl, Bostjan Kobeg, Robert Park®.
1) Plant industry, CSIRO, Canberra, ACT, Australia; 2) Australian National University, Research School of Biology,; 3) University of Queensland, School of
Chemistry and Molecular Biosciences; 4) Justus Liebig University, Giessen, Germany; 5) University of Sydney, Camden.

Rust fungi cause economically important diseases of cereal crops worldwide, with stem rust caused by the fungus Puccinia graminis tritici one of the
most serious diseases in wheat. Because of the ability of the fungus to evolve increased virulence towards previously resistant varieties, continuous
breeding and the identification of new sources of resistance is necessary to keep apace of the threat of rust epidemics. We have been studying how the
plant immune system can recognise and respond to rust pathogens using the flax rust model system. Rusts are obligate parasites of plants, and produce a
specialised infection structure called the haustorium which directly penetrates an infected cell and is the main site of nutrient extraction for the fungus. A
suite of disease effector proteins are secreted from haustoria and enter the host cells where they may allow the rust to commandeer host cell biology. It is
these translocated effector proteins that are recognised by host immune receptors, known as resistance (R) proteins. We have been exploring the
structure and function of host-translocated effectors from flax rust and also searching for effector candidates from stem rust that are recgonised by known
wheat R genes.Using genome and transcriptome sequencing we have predicted, carefully curated and analysed the transcription of 400 candidate effector
genes from the Australian stem rust strain 21-0. To screen for effectors recognized by wheat R genes, we have developed a bacterial Type Il Secretion
System (TTSS)-based delivery assay from the non-pathogen Pseudomonas fluorescens strain Pfo. We are screening candidate effectors on a set of 18
wheat cultivars carrying 22 different R genes. Thus far we have identified on effector protein induces a rapid cell death response specifically on a wheat
genotype carrying Sr22. We are also analyzing sequence variation in effector candidates between clonal field isolates that have mutated to overcome the
resistance genes that have been deployed in agriculture.
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Dissecting Phytophthora blight; making sense out of signalling, effectors and host targets. Francine Govers. Lab. of Phytopathology, Wageningen
University, Wageningen, Netherlands.

The plant pathogen Phytophthora infestans causes late blight, the disease that was responsible for the Irish potato famine in the mid-nineteenth century.
This oomycete has a hemibiotrophic life style, a narrow host range and a large genome of ~ 240 Mb. Comparative genomics revealed features illuminating
its success as a pathogen, such as rapid turnover and massive expansion of families encoding secreted proteins, and peculiar gene innovations resulting in
proteins with oomycete-specific domain combinations. An example of a novel protein family is the GPCR-PIPK family. Its twelve members all have a N-
terminal 7-transmembrane domain typical for G-protein coupled receptors (GPCRs) combined with a phosphatidylinositol phosphate kinase (PIPK) domain
at the C-terminus. This domain structure suggests that GPCR-PIPKs use GPCRs to directly feed extracellular signals into phospholipid signalling pathways.
Their differential expression and localization point to distinct roles in various cellular processes. For one GPCR-PIPK we could demonstrate a role in asexual
development, including spore germination, hyphal elongation and sporangia cleavage, whereas inactivation of another GPCR-PIPK disturbs sexual
development. For successful infection Phytophthora secretes a variety of proteins including a large number of effectors that share the host-cell targeting
motif RXLR. Inside host cells these RXLR effectors promote virulence by manipulating the cell machinery via interaction with host targets thereby
suppressing host defence. However, in plants carrying matching resistance genes RXLR effectors trigger defence and thus act as avirulence factors. Here |
will focus on an RXLR effector that interacts with an exocyst component and show how the interplay between this effector and its host target influences
the host-pathogen interaction.

Understanding directional growth in fungi. Alexandra C. Brand. Aberdeen Fungal Group, Univ Aberdeen, Scotland, United Kingdom.

Fungal hyphae are programmed to explore their surroundings in search of nutrients and, for pathogens, success can depend on locating and identifying
suitable host penetration sites. Fungi have therefore evolved mechanisms that link the sensing of environmental cues with an appropriate growth
response. The intracellular components involved in polarised growth in fungi are generally well-conserved and have been studied in model organisms such
as Saccharomyces cerevisiae, Neurospora crassa and Aspergillus spp. However, how environmental signals interact with the molecular machinery of hyphal
tip growth is less well-understood. Candida albicans is an opportunistic pathogen that exhibits pre-programmed, or tropic, growth responses to specific
stimuli. This makes it a useful model for dissection of the regulatory pathways that control hyphal tip behaviour. A variety of external stimuli, including
electric fields, surface modification and nanofabrication techniques, have been used to examine the physical properties of apical growth, such as
directional memory, asymmetric tip organisation and hyphal tip force. In addition, these methods have been coupled with reverse genetics, fluorescence
protein-tagging and live-cell imaging to identify cell-polarity components that can enhance, or even reverse, the direction of hyphal growth. The evidence
to date suggests that the direction of hyphal growth reflects the net output from overlapping positional determinants. In addition, there is a strong
association between proper hyphal tip regulation and the ability of a fungus to invade and damage host tissue.
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Friday, March 15 8:30 AM—-12:00 NOON
Merrill Hall and Chapel

Plenary Session lll: Sensing, Cell Biology and Development
Chair: Michelle Momany

The illuminated Spitzenkérper of Neurospora crassa: tracking and tracing secretory vesicles. Meritxell Riquelme”, Eddy Sanchez-Leén, Rosa Fajardo-
Somera’, Erin L. Bredeweg’, Olga Callejas-Negrete', Robert W. Roberson®, Salomon Bartnicki-Garcia®, Michael Freitag®. 1) Dept Microbiology, Center for
Scientific Research and Higher Education of Ensenada CICESE, Ensenada, Baja California 22860, Mexico; 2) Center for Genome Research and Biocomputing,
Department of Biochemistry and Biophysics, Oregon State University, Corvallis, OR 97331, U.S.A; 3) School of Life Sciences,Arizona State University,
Tempe, AZ 85287, U.S.A.

Tip growth in fungal hyphae is maintained by the vectorial traffic of secretory vesicles to the apex, where they accumulate at the Spitzenkérper (Spk),
before fusing with the apical plasma membrane (PM) to provide the enzymatic machinery necessary for cell expansion. Confocal microscopy of
Neurospora crassa strains expressing fluorescently tagged proteins that are predicted to participate in cell wall synthesis revealed that the Spk vesicles
contain different enzymatic activities. Microvesicles (chitosomes) at the core of the Spk contained chitin synthases CHS-1, -3, -4, -5 and -6, whereas
macrovesicles at the outer layer carried glucan synthase (GS). The coordinated action of coats, tethers, motors, Rabs and SNAREs allows the multiple
vesicular carriers and their cargoes to traffic between organelles and to be delivered at their final destinations. While it remains to be elucidated what
regulates the spatial stratification of the Spk, our most recent analyses show the differential co-localization of Rab GTPases YPT-1 and SEC-4 with micro
and macrovesicles, respectively; suggesting different biogenesis for these vesicles. Prior to v-SNARE and t-SNARE recognition and fusion with the PM,
secretory vesicles are presumably tethered to their target acceptor membrane in a process mediated by the exocyst, an octameric complex. In N. crassa an
intact exocyst complex is required for formation of the Spk and the maintenance of regular hyphal growth. Two distinct localization patterns of the exocyst
subunits were observed at the hyphal tip. EXO-70 and EXO-84 accumulated at the frontal part of the Spk external layer, coinciding partially with the
macrovesicular layer, whereas the exocyst components SEC-3, 5, 6, 8 and 15 formed a delimited crescent at the apical PM. This suggests the formation of
two distinct exocyst subcomplexes that may unite during vesicle tethering in post-Spk traffic steps. Collectively our results prove the direct involvement of
the Spk in cell wall synthesis and confirm that the region of exocyst-mediated vesicle fusion in the hyphal apex coincides with the exocytotic gradient
predicted by the Vesicle Supply Center (VSC) model for fungal morphogenesis, with a maximum at the pole and vanishing gradually in the subapex.

Evolution of sexual reproduction: A view from the Fungal Kingdom. Joseph Heitman. Department of Molecular Genetics and Microbiology, Duke
University, heitm001@duke.edu.

Sex is nearly universal in eukaryotes, and thought to have evolved once. Sex promotes genetic diversity and evolution, yet also confers costs. Both
mechanisms of sex determination and mechanics of sexual reproduction are remarkably diverse. Fungi are exceptional models to analyze these processes,
and their study reveals surprising insight into both sex and its impact. We focus on how mating-type identity is specified and modes and roles of sexual
reproduction in generating diversity. Many fungi have bipolar sexual cycles with two opposite mating types and a bi-allelic mating type locus. In the
Basidiomycota many species have a more complex tetrapolar sexual cycle with two unlinked multi-allelic mating type loci, resulting in thousands of mating
types and enhanced outcrossing but restricted inbreeding. Our studies reveal how transitions from ancestral tetrapolar to derived bipolar systems have
occurred in pathogenic species embedded within saprobic sibling taxa. The tetrapolar-bipolar transition has occurred repeatedly in pathogens of plants
and animals, suggesting it might be selected during host adaptation. Pathogenic Cryptococcus species have taken this transition further to a unipolar
sexual cycle. These species have global largely unisexual populations and reproduce via an unusual homothallic unipolar sexual cycle involving only one
mating type (same-sex mating, unisexual reproduction). Like a-a opposite sex mating, a-a unisexual mating can admix parental diversity in the progeny.
However, in other cases solo a-a unisex involves selfing of identical genomes with no genetic diversity to exchange. Why organisms engage in selfing
challenges conventional views on the roles of sex. We find unisex generates genetic diversity de novo, preserving well-adapted genomic configurations
while generating more limited genetic diversity for selection to act upon. Discovery that other fungi and eukaryotic parasite pathogens also reproduce
unisexually generalizes these findings, and suggests unisex may have evolved because it mitigates costs of sex. Studies of fungal sex and its evolution and
impact illustrate general principles by which diversity is generated and maintained with implications for saprobic and pathogenic microbes and
multicellular eukaryotes.

Metabolic compensation of the Neurospora clock by a glucose-dependent feedback of the circadian repressor CSP1 on the core oscillator. Gencer
Sancar, Cigdem Sancar, Francois Cesbron, Michael Brunner. Dpet Biochemistry, Univ Heidelberg, Heidelberg, Germany.

CSP1 is a global morning specific transcription repressor of Neurospora that modulates expression of about 800 genes. Expression of CSP1 is stimulated
by glucose and under circadian control of the white-collar complex (WCC). In csp1 mutant strains the circadian period length decreases with increasing
glucose concentrations due to increased expression of WC1. In contrast, in wild-type strains the period is compensated for changes in glucose
concentration and WC1 levels are independent of glucose. CSP1 contributes to metabolic compensation of the circadian clock by glucose-dependent
repression of wcl transcription, which counterbalances the glucose-dependent translation efficiency of wcl RNA. Forced over-expression of CSP1 reduces
of WC1 expression and results in dampening of the circadian clock. Many target genes of CSP1 are rhythmically expressed with an evening specific phase
while target genes of the WCC are morning specific.

Integration of the fungal cell cycle with growth and development. Meera Govindaraghavan, Kuo-Fang Shen, Stephen Osmani. Dept Molec Gen, Ohio
State Univ, Columbus, OH.

A universally important aspect of growth and development is the integration of mitosis with cell division. This helps ensure that cells maintain their
normal size, shape and nuclear number, which in the fungi can vary considerably. For example, the highly polarized mode of growth of the filamentous
fungi is subject to complex developmental regulation yielding diverse cell types containing from one to dozens of nuclei. How fungi integrate the
regulation of the developmental axis involving mitosis, cytokinesis, and morphogenesis to maintain their defined cellular shapes, with distinctive numbers
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of nuclei, remains a mystery. However, recent studies of the mitotic NIMA kinase indicates it plays additional non-mitotic cytoplasmic functions in
Aspergillus nidulans that impinge on fungal development. These insights were derived initially from defining the interphase subcellular locations of NIMA
which revealed it locates to both forming and mature septa and additionally locates to tips of growing interphase cells. Subsequent studies revealed that
septal pores are subject to cell cycle regulation which prevents cytoplasmic movement between mitotic cell compartments and their adjacent interphase
partners. We further find that NIMA markedly affects the regulation of cell tip dominance and morphology via a mechanism involving NIMA location at
microtubule +ends and the modulation of interphase cytoskeletal functions. Collectively the findings indicate that the mitotic NIMA kinase has roles to
regulate communication between adjacent hyphal cells as well as cytoskeletal functions important for normal tip cell growth. Thus NIMA has the potential
to help integrate nuclear division with cell division and morphogenesis.

A Neurospora cell-free system reconstitutes peroxisome membrane protein synthesis and organelle-specific targeting. Gregory Jedd. Temasek Life
Sciences Laboratory, Singapore, Singapore.

A central problem faced by eukaryotic cells is how to ensure that membrane proteins are localized to the appropriate organelle. Peroxisomes are
ubiquitous eukaryotic organelles that proliferate through growth and division, and can also arise de novo from endoplasmic reticulum (ER)-derived
precursors. Two distinct views for the biogenesis of peroxisome membrane proteins (PMPs) are currently entertained. In the direct targeting model, PEX19
recognizes PMPs in the cytosol and ferries them to the peroxisome where interaction with PEX3 prompts PMP release and membrane integration. In the
second model, nascent PMPs are integrated to the ER membrane first, and then traffic to the peroxisome membrane. In this case, PEX19 functions as a
sorting receptor to package PMPs into ER-derived vesicles. My talk will focus on development of a cell-free system that reconstitutes PMP synthesis and
targeting to the peroxisome membrane. | will discuss how distinct chaperones and sequences associated with transmembrane domains distinguish direct
ER and peroxisome targeting pathways.
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Saturday, March 16 8:30 AM-12:00 NOON
Merrill Hall and Chapel

Plenary Session IV: Functional Ecology and Fungal Communities

Chair: Jim Anderson

Mechanisms allowing the formation of new fungal pathogenic species on novel hosts, causing emerging di Tatiana Giraud. ESE, Univ Paris 11,
Orsay, France.

We have studied different mechanisms allowing the formation of novel fungal pathogenic species on novel hosts. A theoretical model combined with a
literature survey have confirmed that mating within hosts in pathogenic ascomycetes may allow the rapid formation of new species by host adaptation
alone, without requiring the evolution of mate choice. We also present studies on mechanisms of speciation in Microbotryum a fungal complex causing
the sterilizing anther-smut disease in many species of Caryophyllaceae. Multiple gene phylogenies and measures of hybrid inviability and sterility have
revealed the existence of multiple cryptic species, each being specific to one or a few plant host. We investigated the evolution of reproductive isolation in
the species complex, and showed that hybrid inviability and sterility increased with the genetic distance between the species. We show that selfing is the
main barrier to gene flow between close species and that hybrid sterility arise because of karyotypic rearrangements. Cophylogeny analyses showed that
Microbotryum species have evolved through frequent host shifts to moderately distant hosts. Current geographic distribution of host species seemed to
be of little relevance for understanding the putative historical host shifts, because most fungal clades had overlapping ranges. We did detect some
ecological similarities between host species that were diseased by closely related anther smut species, including pollinator or habitat similarities. However,
genetics underlying the host-parasite interactions appeared to be the most important factor influencing host-shifts and specialization: multi-host species
parasitized closely related plant species and related species in the Microbotryum phylogeny were associated with members of the same host clade. We
performed a cross-inoculation experiment and showed that both host and pathogen phylogenies were indeed significant predictors of host range, with at
least partly independent effects. We investigated whether some Microbotryum species have arisen via hybridization.We also detected hybrids in nature
and underwent a population genomic study to unravel the genomic architecture of introgression. Anther smut fungi appear as excellent models to unravel
the mechanisms of formation of new fungal species onto novel hosts.

The decisive role of mycorrhizal fungi as regulators of carbon sequestration in boreal forest ecosystems. B.D. Lindahl, K.E. Clemmensen, I.T.M. Bodeker,
E. Sterkenburg. Dept. Forest Mycol. & Path., SLU, Uppsala, Sweden.

Boreal forest soils represent a significant global sink for carbon, but poor knowledge about the mechanisms that regulate the dynamics of soil carbon
pools hampers the development of predictive ecosystem models. Such models are urgently needed to guide proper management of forest land, in order
to mitigate increasing atmospheric CO2 levels. By analysing the natural abundance of rare isotopes (**C, **C and "®N), we found that the mycelium of
mycorrhizal fungi represents a major source of soil carbon. Up to 50-70% of stored carbon was estimated to enter the soil via plant roots. Ratios between
fungal biochemical markers (ergosterol and chitin) indicate that a rapid turnover of fungal mycelium minimizes carbon storage and favours efficient
nitrogen recycling, whereas slow mycelial turnover favours carbon sequestration and immobilisation of nitrogen. In order to relate taxonomic and
functional diversity to carbon dynamics, we used 454-sequencing of ITS2 amplicons to analyse fungal communities in environmental samples. In forest
soils with low nitrogen availability we found high abundance of ectomycorrhizal genera with differentiated extra-radical mycelium (cord formers). Member
of this group also correlated with high activities of classll peroxidases, known to facilitate break down of complex organic matter. Further evidence that
these fungi act as “mycorrhizal white rotters” were obtained by amplification of peroxidase mRNA from soil extracts. The mRNA could be connected to
mycorrhizal species by sequence homology. We propose that conditions of low nutrient availability favour the establishment of mycorrhizal species that
are adapted to minimize immobilisation of nitrogen in stable organic pools. As their own mycelium represents a major sink for soil-derived nutrients, these
species have to re-cycle their own biomass rapidly, in order to enable efficient delivery of nutrients to their host plants. They also possess potent oxidative
enzymes that may be used to increase mobility of organic nutrients. As a side-effect of their highly efficient nutrient recycling, presence of these fungi also
minimizes long term carbon sequestration in soils.

Population Genomics of Saccharomyces Yeasts: Ecology and Adaptation. Edward J. Louis. Ctr Genetics and Genomics, Univ Nottingham, Nottingham,
United Kingdom.

The budding yeast, Saccharomyces cerevisiae, along with its close relatives, have only recently become reasonable models for the study of population
genetics and evolution. This has been due to the lack of understanding of their natural history and ecology. Now that some understanding of budding yeast
in nature is in hand, we can apply the powerful genetic and molecular tools available to questions of evolution through adaptation to ecological niches.
The combination of population genomics and quantitative trait analysis has led to some understanding of the genetic architecture underlying traits which
may be relevant to adaptation to particular environments in different yeast populations/species.
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The mycorrhizal symbiosis as a network linking plants. Marc-André Selosse. Centre d'Ecologie Fonctionelle et Evolutive, Montpellier, France.

Most plants form mycorrhizal symbioses with soil fungi, which turn out to form networks between plants. Indeed, fungal individuals are large enough to
colonize several root systems, and most mycorrhizal fungi are host-generalists that can link different plant species. The most dramatic evidence for such
networks is the repeated emergence of mycoheterotrophy (MH) in plant evolution. MH plants are achlorophyllous and receive carbon (C) from
surrounding green plants by way of shared mycorrhizal fungi. They recently made strong achievements due to two tools: molecular barcoding identified
the fungi, and natural isotopic abundances (*C, >N) confirmed which fungal mycorrhizal guild provides C. Temperate MHs belong to orchids and
Monotropoideae (an Ericaceae subfamily) associate often with high specificity to basidiomycetes that form themselves ectomycorrhizae with surrounding
trees. Intermediate evolutionary steps exist, in green orchids and Montropoideae that use C from mycorrhizal fungi in addition to their photosynthesis.
This so-called mixotrophic nutrition depends on ectomycorrhizal fungi, and thus also on mycorrhizal networks. Phylogenies support that mixotrophy
predisposed to evolution of MHs. In some green mixotrophic orchids, the survival of rare achlorophyllous variants further supports MH abilities, but the
low fitness of these variants suggests that mixotrophy can be evolutionarily metastable. By contrast, tropical MH plants belong to diverse families, display
lower specificities, and often associate to arbuscular mycorrhizal (AM) fungi. The isotopic fractionation for N and *C along the [green plant-AM fungi-MH
plants] continuum shows differences as compared to the same continuum for temperate MHs, which associate with ectomycorrhizal basidiomycetes. This
supports different exchange mechanisms. Moreover, MHs associated to basidiomycetes have higher total N and *°N content than autotrophic plants, while
AM-associated MHs do not. | hypothesize that AM-associated MHs evolved mainly to support C nutrition, under selection of shaded, N-rich tropical
forests. Conversely, basidiomycetes-associated MHs may have been first selected for N acquisition in N-limited, but less shaded, temperate forests. Thus,
the convergent exploitation of mycorrhizal networks may result from different evolutionary pathways that depend on the biome.

Unraveling speciation and specialization processes in plant pathogenic fungi using comparative population genomics. Eva H Stukenbrock’, Freddy B
Christiansenz, JulienY Dutheill, Bruce A McDonaIdS, Thomas Bataillonz, Mikkel H. Schierupz. 1) Fungal Biodiversity, Max Planck Institute for Terrestrial
Microbiology, Marburg, Germany; 2) Bioinformatics Research Center, Aarhus Univeristy, C.F. Moellers Alle 1110, 8000 Aarhus, Denmark; 3) Plant
Pathology, ETH Zurich, LFW B16, 8092 Zurich, Switzerland.

The emergence of new fungal pathogens in managed ecosystems is an urgent matter of consideration. Studies have documented that natural
ecosystems serve as reservoirs and sources of new crop infecting pathogens. We know, however, very little about the ecology and diversity of fungal
pathogens in natural ecosystems. A goal of our research is to infer diversification and speciation processes of plant pathogens in natural and managed
ecosystems. We study a species complex of plant pathogenic fungi including the wheat pathogen Zymoseptoria tritici (synonym Mycosphaerella
graminicola). Speciation of Z. tritici was associated with wheat domestication and dates back to 10-12000 ya. Several closely related species of Z. tritici
exist in natural grasslands in Iran. These wild grass pathogens co-exist and have over-lapping host ranges. In spite of their close relatedness, ecological or
spatial factors have allowed speciation to occur. We have taken a comparative population genomics approach to study the underlying evolutionary
processes that drive Zymoseptoria diversification. Our study includes full genome sequences from 52 fungal isolates representing four Zymoseptoria
species. We perform population genomics analyses and document recent speciation times in the Zymoseptoria complex and present day small effective
population sizes. Using within and between species rates of non-synonymous and synonymous variation we show a strong impact of natural selection in
genome evolution of Zymoseptoria spp. This is at odds with the small effective population sizes estimated and suggests that population sizes were
historically large but unstable. A significant finding is that speciation of Z. tritici did not entail an apparent loss of variation in spite of the homogenous
agro-ecosystem where it has evolved. In contrast, we observe a dramatic loss of variation in the closest wild relative, Z. pseudotritici. The mosaic genome
patterns in Z. pseudotritici are consistent with a very recent hybrid speciation event resulting from a cross between two divergent haploid individuals. We
estimate that the hybridization occurred ~500 sexual generations ago between closely related, but isolated species. Based on the comparative population
genomic analyses we reveal rapid evolution and distinct patterns of species evolution in natural and managed ecosystems.
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Cell Signaling Involved in Fungal Development and Pathogenesis
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Stability of a G protein alpha subunit in genetic backgrounds lacking the G beta subunit or a cytosolic guanine nucleotide exchange factor. Alexander V.
Michkov, Katherine A. Borkovich. Plant Pathology and Microbiology, University of California, Riverside, Riverside, CA.

Heterotrimeric G proteins consist of alpha, beta and gamma subunits. Regulation is accomplished through the alternation between binding of GDP
(inactive form) and GTP (active form) by the alpha subunit and dissociation of the alpha subunit and beta-gamma dimer. GDP/GTP exchange is facilitated
by both cell surface G protein coupled receptors and cytosolic guanine nucleotide exchange factors (GEFs), such as RIC8. Neurospora crassa has three G
alpha subunits (GNA-1, GNA-2 and GNA-3), one G beta (GNB-1), and one G gamma (GNG-1). Interestingly, mutants lacking gnb-1 or the cytosolic GEF ric8
exhibit some defects in common with the gna-1 deletion mutant, which may be explained by the reduced GNA-1 protein levels observed in these mutants.
Previous studies in our laboratory showed that levels of gna-1 mRNA are similar in wild type and mutants lacking gnb-1 or ric8, consistent with a post-
transcriptional mechanism. Using genetic and biochemical approaches, this study investigated the mechanism underlying regulation of GNA-1 stability in
regards to GTP/GDP bound state and amount of protein (normal or overexpressed). The results demonstrate that levels of GNA-1 protein are not visibly
reduced over 36 hours in a wild-type background after halting translation using cycloheximide, suggesting GNA-1 is very stable in wild type. To check
stability of GDP or GTP bound GNA-1 in different backgrounds, we transformed mutants lacking the gna-1 gene and gnb-1 or ric8 with a wild type (gna-
1"") or constitutively active, GTPase-deficient gna-1 allele (gna-1%°"). Overexpressing gna-1"" (GDP bound) in a wild-type background increased the level
of GNA-1 protein ~ 3 fold, while overexpression in a gnb-1 mutant gave a nominal increase (~ 1.6x). Overexpressing gna-lam (GTP bound) in the Dgnb-1
or Dric8 backgrounds led to ~ 2 fold higher levels of GNA-1 compared to wild type. In summary, GNA-1 is very stable in wild type, but stability decreases
dramatically in gnb-1 and ric8 deletion mutants. The GTP-bound G alpha protein is more stable in a gnb-1 mutant background than GDP-bound GNA-1
protein.

The Putative Guanine Nucleotide Exchange Factor RicA Mediates Upstream Signaling for Growth and Development in Aspergillus. Nak-Jung Kwon', Hee
Soo Park?, Seunho Jung?®, Sun Chang Kim®, Jae-Hyuk Yu™. 1) Dept Bacteriology, University of Wisconsin, Madison, WI. USA; 2) Molecular and Environmental
Toxicology Center, University of Wisconsin, Madison, WI, USA,; 3) Department of Bioscience and Biotechnology, and Center for Biotechnology Research in
UBITA, Konkuk University, Seoul, Republic of Korea; 4) Department of Biological Sciences, Korea Advanced Institute of Science and Technology, Dae-Jon,
Republic of Korea.

Heterotrimeric G proteins (G proteins) govern growth, development, and secondary metabolism in various fungi. Here, we characterized ricA, which
encodes a putative GDP/GTP exchange factor for G proteins in the model fungus Aspergillus nidulans and the opportunistic human pathogen Aspergillus
fumigatus. In both species, ricA mRNA accumulates during vegetative growth and early developmental phases, but it is not present in spores. The deletion
of ricA results in severely impaired colony growth and the total (for A. nidulans) or near (for A. fumigatus) absence of asexual sporulation (conidiation). The
overexpression (OE) of the A. fumigatus ricA gene (AfricA) restores growth and conidiation in the DAnricA mutant to some extent, indicating partial
conservation of RicA function in Aspergillus. A series of double mutant analyses revealed that the removal of RgsA (an RGS protein of the GanB Ga
subunit), but not sfgA, flbA, rgsB, or rgsC, restored vegetative growth and conidiation in AnricA. Furthermore, we found that RicA can physically interact
with GanB in yeast and in vitro. Moreover, the presence of two copies or OE of pkaA suppresses the profound defects caused by DAnricA, indicating that
RicA-mediated growth and developmental signaling is primarily through GanB and PkaA in A. nidulans. Despite the lack of conidiation, brlA and vosA
mMRNAs accumulated to normal levels in the ricA mutant. In addition, mutants overexpressing fluG or brlA (OEfluG or OEbrlA) failed to restore development
in the AnricA mutant. These findings suggest that the commencement of asexual development requires unknown RicA-mediated signaling input in A.
nidulans.

The Aspergillus nidulans MAPK module AnSte11-Ste50-Ste7-Fus3 controls development and secondary metabolism. Oezguer Bayraml*, Oezlem Sarikaya
Bayraml, Yasar Lugman Ahmed?, Jun-Ichi Maruyama“, Oliver Valerius", Silvio Rizzoli®, Ralf Ficner?, Stefan Irnigerl, Gerhard Braus”. 1) Institute of
Microbiology & Genetics, Department of Molecular Microbiology and Genetics, Georg-August-Universitat, Grisebachstr. 8, D 37077 Goettingen, Germany;
2) Department of Molecular Structural Biology, Institute for Microbiology and Genetics, Georg-August-Universitat, Goettingen; 3) European Neuroscience
Institute, Deutsche Forschungsgemeinschaft Center for Molecular Physiology of the Brain/Excellence Cluster 171, 37077 Géttingen; 4) Department of
Biotechnology, The University of Tokyo, Tokyo, Japan.

The sexual Fus3 MAP kinase module of yeast is highly conserved in eukaryotes and transmits external signals from the plasma membrane to the nucleus.
We show here that the module of the filamentous fungus Aspergillus nidulans (An) consists of the AnFus3 MAP kinase, the upstream kinases AnSte7 and
AnStell, and the AnSte50 adaptor. The fungal MAPK module controls the coordination of fungal development and secondary metabolite production. It
lacks the membrane docking yeast Ste5 scaffold homolog but similar to yeast the entire MAPK module interacts with each other at the plasma membrane.
AnFus3 is the only subunit with the potential to enter the nucleus from the nuclear envelope. AnFus3 interacts with the conserved nuclear transcription
factor AnStel2 to initiate sexual development and phosphorylates VeA which is a major regulatory protein required for sexual development and
coordinated secondary metabolite production. Our data suggest that not only Fus3 but even the entire MAPK module complex of four physically
interacting proteins can migrate from plasma membrane to nuclear envelope.
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The developmental PRO40/SOFT protein participates in signaling via the MIK1/MEK1/MAK1 module in Sordaria macrospora. Ines Teichert", Eva
Steffensl, Nicole Schnabl, Benjamin Fr'énzelz, Christoph Krispz, Dirk A. Woltersz, Ulrich Kiick®. 1) General & Molecular Botany, Ruhr University Bochum,
Bochum, Germany; 2) Analytical Chemistry, Ruhr University Bochum, Bochum, Germany.

Filamentous fungi are able to differentiate multicellular structures like conidiophores and fruiting bodies. Using the homothallic ascomycete Sordaria
macrospora as a model system, we have identified a number of developmental proteins essential for perithecium formation. One is PRO40 [1], the
homolog of Neurospora crassa SOFT, and this protein was employed for protein-protein interaction studies to gain insights into its molecular function.
Data from yeast two hybrid experiments with PRO40 as bait show an interaction of PRO40 with the MAP kinase kinase (MAPKK) MEK1. MEK1 is a member
of the cell wall integrity (CWI) pathway, one of three MAP kinase modules present in S. macrospora. The S. macrospora CWI pathway consists of MAP
kinase kinase kinase (MAPKKK) MIK1, MAPKK MEK1 and MAP kinase (MAPK) MAK1, with additional upstream components, protein kinase C (PKC1) and
RHO GTPase RHO1. Data from tandem affinity purification - MS experiments with PRO40 and MEK1 as bait indicate that PRO40 forms a complex with
components of the CWI pathway. Analysis of single and double knockout mutants shows that PRO40, MIK1, MEK1 and MAK1 are involved in the transition
from protoperithecia to perithecia, hyphal fusion, vegetative growth, and cell wall stress response. Differential phosphorylation of MAPKs in a pro40
knockout strain was detected by Western analysis. We propose that PRO40 modulates signaling through the CWI module in a development-dependent
manner. Further interaction studies and complementation analyses with PRO40 derivatives provide mechanistic insight into the function of PRO40
domains during fungal development. [1] Engh et al. (2007) Eukaryot Cell 6:831-843.

A Fungal Adhesin Guides Community Behaviors by Autoinduction and Paracrinal Signaling. Lingi Wang, Xunyun Tian, Rachana Gyawali, Xiaorong Lin.
Biology, Texas A&M University, College Station, TX.

Microbes live mostly in a social community rather than in a planktonic state. Such communities have complex spatiotemporal patterns that require
intercellular communication to coordinate gene expression. Here, we demonstrate that Cryptococcus neoformans, a model eukaryotic pathogen, responds
to an extracellular signal in constructing its colony morphology. The signal that directs this community behavior is not a molecule of low molecular weight
like pheromones or quorum sensing molecules, but a secreted protein. We successfully identified this protein as the conserved adhesin Cfl1 in the
extracellular matrix. The released Cfl1 acts as an auto-induction signal to stimulate neighboring cells to phenocopy Cfl1-expressing cells. We propose that
such adhesin/matrix-initiated communication system exists in divergent microbes and our work represents the first adhesin/matrix-mediated signaling
mechanism in simple eukaryotes.

Surface recognition and appressorium morphogenesis in Magnaporthe oryzae. JinRong Xu. Dept Botany & Plant Pathology, Purdue Univ, West Lafayette,
IN 47906.

Appressorium formation and penetration play critical roles in plant infection in the rice blast fungus and other foliar pathogens. In Magnaporthe oryzae,
the cAMP signaling and Pmk1 MAP kinase pathways are known to regulate surface recognition, appressorium formation, penetration, and invasive growth.
Like other filamentous ascomycetes, M. oryzae contains two genes encoding catalytic subunits of PKA. Whereas the cpkA mutant was delayed in
appressorium formation and reduced in virulence, the cpk2 mutant had no detectable phenotypes except a slight reduction in conidiation. However, the
cpkA cpk2 double mutant recently identified in our lab had distinct defects in growth, conidiation, appressorium formation, and plant infection. Detailed
characterization of its phenotype is under the way and will be helpful to better understand the relationship between the cAMP signaling and Pmk1
pathways. For upstream signals, MSB2 functions as a surface sensor upstream from the Pmk1 pathway for regulating appressorium formation and
penetration. In addition to its mucin and transmembrane domains, the cleavage domain and C-terminal cytoplasmic tail are important for Msb2 functions.
Results from experiments aiming to determine cleavage and intracellular signaling of Msb2 will be presented. We also have used the msb2 or msb2 shol
mutant to generate the double or triple mutants with CBP1 and PTH11, two other putative surface sensor genes. Phenotype characterization of these
mutants will be used to determine the functional relationship of MSB2 with other surface sensors invovled in appressorium morphogenesis.

Plant cues promote stealth infection in fungal plant pathogens. Marie Nishimura. Plant-Microb Interact Unit, Natl Inst Agrobiol Sciences, Ibaraki, Japan.

Fungal cell wall, mainly composed of polysaccharides, is a major source of microbe-associated molecular patterns (MAMPs) which are recognized by host
innate immune receptors. Although recognition of the fungal cell wall MAMPs, such as chitin oligomers, activates defense responses in plants, fungal plant
pathogens invade the hosts likely by evading the host innate immunity. We have found that the ascomycete rice pathogen Magnaporthe oryzae
accumulates a-1,3-glucan on the cell wall during infection. The accumulation of a-1,3-glucan was dependent on the cell wall integrity MAP kinase (Mps1)
pathway, which was activated by a plant wax component. a-1,3-glucan was not essential for formation of infectious structures but was required for the
successful infection by protecting the cells from plants’ antifungal enzymes and by delaying the host defense responses. Furthermore, histocytochemical
observation have revealed that the ascomycete Cochlioborus miyabeanus and the basidiomycete Rhizoctonia solani have also accumulate a-1,3-glucan on
the cell walls specifically during plant invasion. Thus, plant cues appear to trigger surface accumulation of a-1,3-glucan in these fungi. In addition, rice
plants secreting bacterial a-1,3-glucanase rapidly induced defense responses against these pathogens and showed multiple fungal disease resistance.
Considering that a-1,3-glucan is non-degradable in many plants, our study suggested that masking cell wall surfaces with a-1,3-glucan is a stealth infection
strategy commonly used by fungal plant pathogens. Our study also indicated that recognition of plant cues play an important role in promoting stealth
infection in fungal plant pathogens.
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Unravelling the GTPase polarity complex in Claviceps purpurea. Andrea Herrmann®, Janine Schiirmann®, Britta Tillmann?, Michael Bélker?, Paul Tudzynskil.
1) IBBP, WWU Muenster, Schlossplatz 8, 48143 Muenster, Germany; 2) Philipps-Universitat, Karl-von-Frisch-Strasse 8, 35032 Marburg, Germany.

Claviceps purpurea is a plant pathogen infamous for its production of toxic alkaloids on infected host plants like barley. Consumption of infected grains
leads to severe symptoms up to the death of the patient. Infection patterns are complex and the topic of intensive research. One interesting aspect is the
strict polarity of the hyphal growth during the first infection stage which seems to be crucial for the non-recognition of C. purpurea as a pathogen by the
host. To address the question of the importance of polarity the structure and dynamics of the polarity complex are the focus of this work. The guanine
nucleotide exchange factors (GEFs) Cdc24 and Dock180 belong to different families, Cdc24 being a member of the Dbl GEF family and Dock180 a CZH GEF.
Cdc24-GFP localises cytosolically and to hyphal tips whereas Dock180-GFP is present in small vesicles in the hypha, though concentrated at the tip region,
too. Cdc24 DHPH domains are able to activate the small GTPases Rac and Cdc42 of C. purpurea and U. maydis In vitro, whereas the catalytic domain of
Dock180 only activates Rac in both organisms. Despite the proven activation Cdc24 does not interact with any GTPase in yeast two hybrid assays. Dock180
shows a weak interaction with Rac and the two p21-activated kinases (PAKs) Ste20 and Cla4. Thus, both GEFs do not share many characteristics apart from
their GEF activity. The PAKs Ste20 and Cla4 and the scaffold protein Bem1 are involved in the polarity complex, too. Ste20 localises to hyphal tips and
interacts with Cdc42 in a loading status dependent manner, whereas Cla4 is the main partner of Rac. Other interactions of Ste20 with Dock180 and Cla4
could also be shown. Bem1 is present in the cytosol - concentrated at the hyphal tip - and links most of the proteins of the polarity complex as interactions
with Cdc24, Cla4, Ste20 and Dock180 have been detected. Taken together we postulate at least two different polarity complexes, the Rac complex and the
Cdc42 complex. Both are gathered by Bem1, but Cla4 is the main partner of Rac, whereas Ste20 plays a similar role for Cdc42. Dock180 is mainly linked to
Rac, Cdc24 can be active in both complexes. We are interested in the spatial and temporal formation and regulation of these complexes and its influence
on polarity and virulence which will be the subject of further studies.
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Endophytic insect parasitic fungi feed insect-derived nitrogen to plants. M.J. Bidochka, S.W. Behie. Brock University, St. Catharines, ON, Canada.

Metarhizium is a fungus with a bifunctional lifestyle: it is a common plant endophyte and is also a pathogen to a large number of insects, which are a
source of nitrogen. It is possible that the endophytic capability and insect pathogenicity of Metarhizium are coupled to provide an active method of
nitrogen transfer to plant hosts via fungal mycelia. We used soil microcosms to show the ability of M. robertsii to translocate insect-derived nitrogen to
plants. Insects were injected with 15N-labeled nitrogen, and we tracked the incorporation of 15N into amino acids in two plant species. We also
investigated the exchange of plant carbon for insect-derived nitrogen in this symbiosis. Unlike mycorrhizal fungi, Metarhizium, is not a fastidious fungus
and is easily genetically manipulated. We also performed gene knockout experiments on carbon and nitrogen transporters to test if the exchange of
carbon and nitrogen is reciprocal in this fungus-plant symbiosis.

Genotype-Environment Interactions and the Interplay Between Climate Change and Plant-Fungal Symbioses. Rusty J. Rodriguez*?, Yong Ok Kim®, Claire
Woodward’, Leesa Wright’, Regna Redman®’. 1) Symbiogenics, Seattle, WA; 2) Adaptive Symbiotic Technologies, Seattle, WA; 3) University of Washington,
Biology, Seattle, WA.

Symbiotic associations span a continuum from parasitism to mutualism and the outcome of specific associations is context driven based on inter-
genomic interactions and environmental factors. These factors will determine the ability plants and animals to adapt to a changing climate. For example,
plants in natural ecosystems adapt to abiotic stress by forming symbiotic associations with fungal endophytes that confer stress tolerance. Without the
endophytes, the plants are not stress tolerant and do not survive in the habitats to which they are adapted. Symbiotically conferred stress tolerance
typically occurs in a habitat-specific manner, a phenomenon we designate Habitat Adapted Symbiosis (HAS). Although several biochemical processes have
been correlated to plant stress tolerance, few processes correlate with symbiotically conferred stress tolerance. Symbiotically conferred stress tolerance
involves altered plant gene regulation, increased metabolic efficiency, and an increased ability to manage reactive oxygen species. | will describe how
fungal endophytes adapt plants across environmental gradients and present a working model for symbiotically conferred stress tolerance.

Chemical mediators of pathogenic and mutualistic bacterial-fungal interactions. Kirstin Scherlach. Biomolecular Chemistry, Leibniz Institute for Natural
Product Research and Infection Biology, HKI Beutenbergstr. 11a 07745 Jena, Germany.

Natural products play a key role in symbiotic interactions between microorganisms and higher organisms. Their function may range from signaling
compounds in mutualism to virulence factors and toxins in pathogenic relationships. In many cases the chemical basis of such interactions is still unknown.
By combining genome mining, bioinformatic analyses and chemical analytical techniques we uncovered the biosynthesis of a number of virulence factors
and toxins from bacterial-fungal associations that impact agriculture, medicine and biotechnology. We elucidated an unprecedented case of symbiotic
cooperation where a fungus tailors a pathogenicity factor provided by its endosymbiotic bacteria to increase its phytotoxic potency. This toxin (rhizoxin)
causes rice seedling blight, a plant disease accounting for severe losses in agriculture. Another bacterium, Janthinobacterium agaricidamnosum, initiates
soft rot of cultured mushrooms. With the help of imaging mass spectrometry we discovered a peptide toxin that not only contributes to pathogenicity but
also displays potent antifungal activity against major human pathogens. Furthermore, we identified the molecular basis for the biosynthesis of a highly
toxic polyketide produced by Burkholderia gladioli, a common contaminant of the food fermentation fungus Rhizopus oligosporus. Bongkrekic acid is a
respiratory toxin that efficiently inhibits adenine nucleotide translocase. Through sequencing of the bacterial genome and functional analyses of the
biosynthetic genes new insights into the process of polyketide assembly were gained. The discovery of these secondary metabolites as mediators of
bacterial-fungal interaction and their biogenetic origins not only facilitates the understanding of complex ecological processes but also opens avenues to
the development of new drug candidates and potential bio-control agents against crop diseases.

Comparative genomic analysis of entomopathogenic fungi. Guohua Xiao, Qiang Gao, Peng Zheng, Xiao Hu, Chengshu Wang. Institute of Plant Physiology
and Ecology, Shanghai Institutes for Biological Sciences, CAS, Shanghai, China.

There are about one thousand of fungal species capable of infecting and killing insects, spiders and mites. The species like Metarhizium anisopliae, M.
robertsii, M. acridum and Beauveria bassiana has been developed as environmentally friendly biological control agents against different insect pests. The
caterpillar pupae specific fungus Cordyceps militaris, however, has been used a traditional Chinese Medicine for hundreds of years. We sequenced the
genome of model entomopathogenic fungi Metarhizium spp., B. bassiana and C. militaris and conducted comparative genomic studies. We found that the
insect pathogens have a strikingly larger proportion of genes encoding secreted proteins, particularly proteases, than other sequenced fungi. A
phylogenomic analysis confirmed that fungal entomopathogenicity has evolved multiple times so similar expansion of families of proteases and chitinases
reflects a convergent evolution. Like that of C. militaris which can readily performs a sexual life, a single mating type locus identified in clonally
reproductive species Metarhizium and Beauveria indicated that the later are sexually heterothallic. High throughput transcriptome analysis indicated that
the pathogens could regulate transcriptional responses with fine-tuned gene sets for host recognition, development and adaptation to different niches.
The information from our studies advanced the understanding of the evolution of fungal entomopathogenicity and will benefit future molecular studies of
fungus-host interactions and thereby facilitate the development of cost-effective mycoinsecticides.
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Synergistic interactions between leaf-cutting ants and their fungal symbiont facilitate degradation of plant substrate. Morten Schigtt", Henrik H. de Fine
Licht?, Adelina Rogowska—Wrzesinskas, Pepijn Kooij', Peter Roepstorff’, Jacobus J. Boomsma®. 1) Department of Biology, University of Copenhagen,
Copenhagen, Denmark; 2) Department of Mycology, Lund University, Lund, Sweden; 3) Department of Biochemistry and Molecular Biology, University of
Southern Denmark, Odense, Denmark.

About 50 million years ago a single ancestor of today’s more than 230 species of fungus-growing ants committed herself irreversibly to farming fungi for
food instead of being a hunter-gatherer as most other ants. However, the white-rot litter decomposing Leucocoprini (Agaricales) that were domesticated
remained mostly uncommitted to the symbiosis until a single lineage became an obligate symbiont of a derived clade of these ants - the so called higher
attines. Coevolution of ants and fungi has subsequently produced specific adaptations in both partners, including the development of special hyphal tips
(gongylidia) of the fungus on which the ants feed. Recent work has shown that many fungal enzymes pass through the ant digestive system unharmed to
be mixed (as fecal fluid) with the fresh leaf pulp that the ants deposit on top of their gardens. To understand the function of this form of fungal enzyme
transfer, we have used state of the art proteomics and high-throughput genome sequencing to identify the proteins found in the ant fecal fluid. Fecal
proteins of Acromyrmex leafcutter ants were separated with SDS-PAGE followed by tandem mass spectrometry, and the resulting peptide tags were used
as queries to Blast-search a low coverage genome sequence of the fungal symbiont. Using this strategy we identified 34 protein sequences encoded by the
fungal genome. Enzyme assays for selected fecal proteins showed that they functionally disappeared from the fecal droplets when the ants were deprived
of their fungal symbiont. We further used qPCR to establish that many of these proteins are more highly expressed in gongylidia than in mycelium,
suggesting that they have been actively selected to be ingested by the ants. A substantial fraction of the fecal proteins are enzymes that are widely used by
plant-pathogens to break down cell walls to access the easily degradable nutrients inside living cells. Of special interest is the finding of a polyphenol-
oxidizing laccase enzyme that shows signs of positive selection in the higher attine ant symbionts, and may be an important prerequisite for the ability to
cope with the polyphenols present in plant tissues. The results indicate that the leafcutter ants and their fungal symbionts have evolved traits-syndromes
that are partially convergent with those found in plant-pathogenic fungi.

Unraveling the metabolome: how zombie ant fungi heterogeneously control ant brains. Charissa de Bekker, David Hughes. Biology and Entomology,
Center for Infectious Disease Dynamics,Pennsylvania State University, State College, PA.

Fungal entomopathogens rely on cellular heterogeneity during the different stages of insect host infection. Their pathogenicity is exhibited through the
secretion of secondary metabolites. Infection strategies of this group of environmentally important fungi can thus be studied by analyzing their
metabolome. Next to generalists such as Beauveria bassiana and Metarhizium anisopliae, specialist species exist that are able to control host behavior.
One of the most dramatic examples is the death grip of ants infected by Ophiocordyceps unilateralis, where ants are being used as a vehicle and finally bite
into vegetation before dying, aiding fungal spore dispersal after death. To establish this the fungus must not only overcome the immune system of the
host, but also manipulate the brain and atrophy the muscles. To date, most work on manipulation of host behavior has described the ant’s behavior,
leaving the molecular processes from the fungal point of view unresolved. To start unraveling the mechanisms underlying this phenomenon we are
combining metabolite profiling with an ex vivo insect tissue culturing system that allows us to study fungal metabolites secreted in different parts within
the host. Using this technique we established that B. bassiana and M. anisopliae, and O. unilateralis heterogeneously react to brain and muscle tissue by
secreting a significantly different array of metabolites. The combination of these approaches with a concrete understanding of the host-parasite
interaction in nature is allowing us to understand both the diversity of secondary metabolites as well as make discoveries regarding the temporal dynamics
these fungi employ when releasing metabolites that affect the host. This project is financed by the Marie Curie International Outgoing Fellowships and
Penn State University .

Trichoderma rhizosphere’s competency, endophytism and plant communication: A molecular approach. Artemio Mendoza', Johanna Steyaert’, Natalia
Guazzone', Maria Fernanda Nieto-Jacobo’, Mark Braithwaite’, Robert Lawryl, Damian Bienkowski’, Christopher Brown’, Kirstin MacLean’, Robert Hill*,
Alison Stewart". 1) Bio-Protection Research Centre, Lincoln University, Lincoln, New Zealand; 2) Biochemistry Department and Genetics Otago, University
of Otago, New Zealand.

Establishment of root symbiosis is one the key drivers of biocontrol success for members of the fungal genus Trichoderma. This root symbiosis is
described as a two-step process, whereby Trichoderma species colonise the soil surrounding the root (rhizosphere) and then penetrate the root tissue and
establish an endophytic relationship. The ability to colonise and then proliferate over time within the rhizosphere is termed rhizosphere competence (RC).
There have been numerous reports of Trichoderma biocontrol strains which persist within the rhizosphere for the growing season of the crop plant. Our
results strongly suggest that RC is widespread among members of the genus Trichoderma and that RC interactions are strain and host plant specific. For
endophytes and their host plants to maintain a mutualistic relationship requires a constant molecular dialogue between the organisms involved. For
example, the fungal-derived phytohormone, indole acetic acid (IAA), plays an important role in signalling between Trichoderma and the model plant
Arabidopsis thaliana. There are however, additional, currently unknown, chemical signals which may be even more important for a positive interaction
between Trichoderma and plants. By using a soil-maize-Trichoderma as a model system in in situ sterile conditions we are currently analysing the RC and
endophytism transcriptomes of two Trichoderma species: T. virens and T. atroviride. Using a combination of bioinformatics, quantitative RT-PCR (for stage
specific genetic markers from Trichoderma) and fluoro-labelled Trichoderma strains we are currently identifying and analysing promising Trichoderma
candidates involved in endophytism and RC. A comprehensive panorama of the Trichoderma-soil-plant interaction will be discussed in this conference.
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Effector proteins in fungal defense against fungivorous nematodes: Targets and functional significance. Therese Wohlschlager’, Stefanie Schmieder”,
Alex Butschiz, Paola Grassia, Alexander TitzA, Stuart Haslams, Michael Hengartnerz, Markus Aebil, Markus Kiinzler®. 1) Institute of Microbiology, ETH Zurich,
Switzerland; 2) Institute of Molecular Life Sciences, University of Zurich, Switzerland; 3) Division of Molecular Biosciences, Imperial College, London, United
Kingdom; 4) Department of Chemistry, University of Konstanz, Germany.

The defense of fungi against fungivores is largely based on the production of intracellular toxins. A significant proportion of these toxins are peptides and
proteins that are synthesized by the ribosome and stored in the cytoplasm. Protein toxins include lectins that target specific glycoepitopes in the intestine
of the fungivore upon ingestion and kill the fungivore by a yet unknown mechanism. In our laboratory, we focus on the functional characterization of
fungal protein toxins that are directed against nematodes. We use the model nematode Caenorhabditis elegans to identify the targets and to study the
toxicity mechanism of these fungal defense effector proteins in the nematode. In addition, we employ the fungivorous nematodes Aphelenchus avenae
and Bursaphelenchus willibaldi to study the diversity, the functional significance and the transcriptional regulation of these proteins in the fungus.
Recently, we identified a nematotoxic lectin from the mushroom Laccaria bicolor that is homologous to animal lectins involved in innate immunity against
bacteria. We found that the nematotoxicity of the lectin is based on its specific binding to methylated fucose residues on nematode N-glycans. Among
animals, this epitope is only present in worms and molluscs but not in insects or vertebrates. We performed affinity chromatography of C. elegans whole
worm protein extracts using the L. bicolor lectin and other nematotoxic fungal lectins recognizing protein-bound glycans. The results of this analysis
suggest that these lectins target the same set of glycoproteins in the nematode intestine and may confer toxicity by a common mechanism. In order to
address the functional significance of these proteins for fungal defense against fungivorous nematodes, we expressed some of the fungal proteins
displaying toxicity towards C. elegans, in the filamentous ascomycete Ashbya gossypii. These transformants were fed to A. avenae and the propagation of
the fungivorous nematode on the various transformants was determined. Expression of some effector proteins significantly inhibited propagation of the
nematode suggesting that these proteins have a role in fungal defense against these organisms. Experiments addressing the relative fitness of the various
A. gossypii transformants upon selective pressure of feeding by A. avenae are under way.

34



CONCURRENT SESSION ABSTRACTS

Wednesday, March 13 3:00 PM-6:00 PM
Heather

Membrane Trafficking and Molecular Organization

Co-chairs: Vicky Sophianopoulou and Gero Steinberg

Distinct secretion systems operate during biotrophic invasion by the rice blast fungus, Magnaporthe oryzae. Barbara Valent', Martha Giraldo®, Chang
Hyun Khang™, Yasin Dagdas’, Yogesh Gupta®, Thomas Mentlak®®, Mihwa Yi', Melinda Dalby’, Hiromasa Saitoh?, Ryohei Terauchi®, Nicholas Talbot’. 1) Dept
Plant Pathology, Kansas State Univ, Manhattan, KS; 2) School of Biosciences, Univ of Exeter, Exeter, U.K; 3) Iwate Biotechnology Research Center, Kitakami,
Iwate, Japan; 4) Current Address: Dept of Plant Biology, Univ of Georgia, Athens, GA; 5) Current Address: Cambridge Consultants Ltd, Cambridge, U.K.

During biotrophic invasion, Magnaporthe oryzae secretes cytoplasmic effectors, which preferentially accumulate in biotrophic interfacial complexes
(BICs) and are translocated into the cytoplasm of the rice cells, and apoplastic effectors, which remain in the extracellular space between the fungal cell
wall and the rice plasma membrane. BICs localize in front of the tips of filamentous hyphae that enter rice cells, and remain subapically beside the first
bulbous invasive hyphal cells after hyphal differentiation. In contrast, secreted apoplastic effectors uniformly outline the entire bulbous invasive hypha.
We have determined that cytoplasmic effector genes were highly up-regulated in the BIC-associated cells at early invasion stages, and that effector
promoters played the major role in determining preferential BIC localization of cytoplasmic effectors. Subapical BIC-associated hyphal cells continued to
express protein secretion machinery components while invasive hyphae grew elsewhere in the host cell, suggesting that these subapical invasive hyphal
cells are involved in active secretion. Disruption of the conventional ER-Golgi secretion pathway by Brefeldin A treatment blocked secretion of apoplastic
effectors, but not secretion of cytoplasmic effectors. Pathogen mutants that failed to express exocyst complex components or a t-SNARE were defective in
secretion of cytoplasmic effectors, as well as defective in pathogenicity. In contrast, secretion of apoplastic effectors was not impaired in these mutants.
Our data suggest that M. oryzae possesses distinct secretory mechanisms for targeting cytoplasmic and apoplastic effectors during rice invasion.

The cellular role of early endosome motility in Ustilago maydis. Yuijiro Higuchi', Peter Ashwin®, Gero Steinberg'. 1) Biosciences, University of Exeter,
Exeter EX4 4QD, UK; 2) Mathematics Research Institute, University of Exeter, Exeter EX4 4QF, UK.

Early endosomes (EEs) are dynamic organelles that move along microtubules, which is mediated by the motor proteins kinesin-3 and dynein. Despite our
growing knowledge about the mechanistics of motion, the physiological significance of EE motility remains elusive. A recent study suggested that RNA-
binding proteins travel on EEs, which might support local protein translation at the hyphal tip. However, evidence for apical translation is missing. Here, we
investigate the distribution of ribosomes, using native levels of ribosomal proteins. We will summarize our findings on protein translation and will discuss
the role of EE-dependent transport of RNA-binding proteins in the light of our findings.

The arrestin-like protein ArtA is essential for ubiquitylation and endocytosis of the UapA transporter in response to both broad-range and specific
signals. George Diallinas, Mayia Karachaliou, Sotiris Amillis, Minos Evangelinos, Alexandros Kokotos. Faculty of Biology, University of Athens, Athens,
Greece.

We investigated the role of all arrestin-like proteins of Aspergillus nidulans in respect to growth, morphology, sensitivity to drugs and specifically for the
endocytosis and turnover of the uric acid-xanthine transporter UapA. All arrestin null mutants are viable showing wild-type growth and morphology,
except one which is affected in conidiospore production, but several have modified profiles in respect to N or C source utilization and drug sensitivity. A
single arrestin, ArtA, is essential for HulARsp5-dependent ubiquitination and endocytosis of UapA in response to ammonium or substrates. Genetic
analysis further showed that residues 545-561 of the UapA C-tail, which includes a critical di-acidic motif, is required for efficient UapA endocytosis.
Mutational analysis of ArtA shows that the N-terminal region (2-123) and both PY elements are essential for its function. ArtA undergoes HulA-dependent
ubiquitination at residue Lys343 and this modification is critical for the efficiency of UapA ubiquitination and endocytosis, especially in response to
ammonium. Lastly, we show that ArtA is essential for vacuolar turnover of transporters specific for purines (AzgA) or L-proline (PrnB), but not for an
aspartate/glutamate transporter (AgtA). Our results are discussed within the frame of recently proposed mechanisms on how arrestins are activated and
recruited for ubiquitination of transporters in response to broad range signals, but also put the basis for understanding how arrestins, such as ArtA,
regulate the turnover of a specific transporter in the presence of its substrates.

Escaping the hustle - zones of differential protein turnover in the yeast plasma membrane. Guido Grossmann"?, Vendula Stradalova®, Michaela
Blazikova®, Miroslava Opekarové“, Jan Malinskyg, Widmar Tanner®. 1) Center for Organismal Studies, University of Heidelberg, Heidelberg, Germany; 2)
Department for Plant Biology, Carnegie Institution for Science, Stanford, CA; 3) Institute of Experimental Medicine, Academy of Sciences of the Czech
Republic, Prague, Czech Republic; 4) Institute of Microbiology, Academy of Sciences of the Czech Republic, Prague, Czech Republic; 5) Cell biology and
plant biochemistry, University of Regensburg, Regensburg, Germany.

The plasma membrane (PM) consists of specialized domains that differ in their protein distribution, lipid composition and structure, and that are
essential for PM functions such as membrane transport or signal perception and transduction. The mechanisms that establish and maintain this
heterogeneity are still largely unknown but involve interactions between membrane constituents, local modification of the membrane structure, tethering
to other cellular components like ECM/cell wall or cytoskeleton, and polarized exo- and endocytosis. In the PM of bakers yeast, stable rod-shaped
membrane invaginations exist, called membrane compartment of Can1 (MCC), that exhibit a specific composition of lipids and proteins, and are stabilized
by a protein structure called eisosome. Chemical and genetic screens, revealed important roles of the membrane potential, lipid composition, and protein
scaffolds in organizing the PM into specialized domains. The distribution of MCC domains further determines the distribution of the PM-associated cortical
ER that dynamically covers large areas of the PM. Mapping of endocytic events revealed very low rates of clathrin-mediated endocytosis in PM areas
covered by cER and within MCC. The formation of such "quiet zones" provides a mechanism for membrane domain formation through local confinement
of membrane turnover.
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Whole-genome sequencing identifies novel alleles of genes required for organelle distribution and motility in Aspergillus nidulans. Kaeling Tan, Anthony
Roberts, Martin Egan, Mark Chonofsky, Samara Reck-Peterson. Cell Biology, Harvard Med Sch, Boston, MA.

Many organelles are transported long distances along microtubules in eukaryotic organisms by dynein and kinesin motors. To identify novel alleles and
genes required for microtubule-based transport, we performed a genetic screen in the filamentous fungus, Aspergillus nidulans. We fluorescently-labeled
three different organelle populations known to be cargo of dynein and kinesin in Aspergillus: nuclei, endosomes, and peroxisomes. We then used a
fluorescence microscopy-based screen to identify mutants with defects in the distribution or motility of these organelles. Using whole-genome
sequencing, we found a number of single nucleotide polymorphisms (SNPs) that resulted in misdistribution of peroxisomes, endosomes, or nuclei. Some of
these SNPs were novel alleles of cytoplasmic dynein/ nudA, Arp1/ nudK (dynactin), Lis1/ nudF, and kinesin-1/ kinA. Here, we characterize the in vivo
transport defects in these novel mutants and analyze the single molecule in vitro motility properties of purified mutant motor proteins. We also describe
our methods for using whole genome sequencing as a tool in mutagenesis studies in A. nidulans.

Dynamics of exocytic markers and cell wall alterations in an endocytosis mutant of Neurospora crassa. Rosa R. Mourifio-Pérez, Ramoén O. Echauri-
Espinosa, Arianne Ramirez-del Villar, Salomdn Bartnicki-Garcia. Microbiology Department, CICESE, Ensenada, B.C., Mexico.

Morphogenesis in filamentous fungi depends principally on the establishment and maintenance of polarized growth. This is accomplished by the orderly
migration and discharge of exocytic vesicles carrying cell wall components. We have been searching for evidence that endocytosis, an opposite process,
could also play a role in morphogenesis. Previously, we found that coronin deletion (Neurospora crassa mutant, Dcrn-1) causes a decrease in endocytosis
(measured by the rate of uptake of FM4-64) together with marked alterations in normal hyphal growth and morphogenesis accompanied by irregularities
in cell wall thickness. The absence of coronin destabilizes the cytoskeleton and leads to interspersed periods of polarized and isotropic growth of the
hyphae. We used CRIB fused to GFP as an exocytic reporter of activated Cdc-42 and Rac-1. By confocal microscopy, we found that CRIB-GFP was present In
wild-type hyphae as a thin hemispherical cap under the apical dome, i. e. when growing in a polarized fashion and with regular hyphoid morphology. In the
Dcrn-1 mutant, the location of CRIB-GFP shifted between the periods of polarized and isotropic growth, it migrated to the subapical region and appeared
as localized patches. Significantly, cell growth occurred in the places where the CRIB-GFP reporter accumulated, thus the erratic location of the reporter in
the Dcrn-1 mutant correlated with the morphological irregularity of the hyphae. We found that the Dcrn-1 mutant had a higher proportion of chitin than
the WT strain (14.1% and 9.1% respectively). We also compared the relative cell wall area (TEM images) and we found a different ratio wall/cytoplasm
between the Dcrn-1 mutant and the WT strain. In conclusion, we have found that the mutant affected in endocytosis has an an altered pattern of
exocytosis as evidenced by its distorted morphology and displaced exocytic markers. A direct cause-effect relationship between endocytosis and
exocytosis remains to be established.

“The vacuole” of Neurospora crassa may be composed of multiple compartments with different structures and functions. Barry J. Bowman', Emma Jean
Bowman®, Robert Schnittker?, Michael Plamann®. 1) MCD Biology, University of California, Santa Cruz, CA; 2) Department of Biology, University of Missouri,
Kansas City, KA.

The structure of the “vacuole” in Neurospora crassa and other filamentous fungi is highly variable with cell type and position in the hypha. Large
spherical vacuoles are typically observed in older hyphal compartments, but approximately 100 microns behind the hyphal tip, vacuolar markers are seen
in a dynamic network of thin tubules. At the edge of this network nearest the tip, a few distinct round organelles of relatively uniform size (2-3 microns)
have been observed (Bowman et al. Eukaryotic Cell 10:654 ). The function of these round organelles is unknown, although the vacuolar ATPase and a
vacuolar calcium transporter are strongly localized there. To help identify organelles we have tagged SNARE proteins and Rab GTPases with GFP and RFP.
Several of these tagged proteins (sec-22, rab-7, rab-8) appear in the tubular vacuolar network and in the membrane of the round organelles. A unique
aspect of the round organelles is their association with dynein and dynactin (Sivagurunathan et al. Cytoskeleton, 69:613). In strains with mutations in the
tail domain of the dynein heavy chain the dynein is often seen in clumps. This aggregated dynein appears to be tightly associated with (and possibly inside)
the round organelles, but not in the tubular vacuolar network. Further analysis of the location of SNARE and Rab proteins may help to identify the function
of the round organelles.
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Meiotic silencing by unpaired DNA in Neurospora. Thomas M. Hammond', Hua Xiao’, Erin C. Boone?, Logan M. Decker?, David G. Rehard?, Seung A. Lee’,
Tony D. Perdue®, Patricia J. Pukkila®, Patrick K. T. Shiu®. 1) School of Biological Sciences, lllinois State University, Normal, IL; 2) Division of Biological

Sciences, University of Missouri, Columbia, MO; 3) Department of Biology, University of North Carolina, Cha peI Hill, NC.

Neurospora crassa has a cytoplasm that is shared by the entire hyphal network, making it particularly vulnerable to attack by repetitive elements.
Accordingly, several surveillance mechanisms are in place to protect the genome integrity of the fungus. For example, if a gene is lacking a partner during
homolog pairing in meiosis, all copies of this gene are silenced by a process known as meiotic silencing by unpaired DNA (MSUD). MSUD requires common
RNA:i proteins (e.g., RNA-directed RNA polymerase, Dicer, and Argonaute) and may work as follows: an unpaired gene triggers the production of an
aberrant RNA molecule, which is made double-stranded (by SAD-1) and processed into siRNAs (by DCL-1). These siRNAs are subsequently used to destroy
complementary mRNAs (by SMS-2). The aforementioned proteins colocalize in the perinuclear region, possibly forming a silencing complex that inspects
and processes RNA molecules as they exit the nucleus. We will discuss the recent advances in our understanding of this unique silencing pathway.

Mechanism of quelling, a small RNA-mediated gene silencing pathway. Zhenyu Zhang, Shwu-Shin Chang, Yi Liu. Dept Physiology, Univ Texas SW Med Ctr,
Dallas, TX.

RNAI is a conserved gene silencing mechanism from fungi to mammals. Quelling is an RNAi-related phenomenon that post-transcriptionally silences
repetitive DNA and transposon in Neurospora. We previously identified a type of DNA damage-induced small RNA called qiRNAs that originate from
ribosomal DNA. To understand how small RNAs are generated from repetitive DNA, we carried out a genetic screen to identify genes required for giRNA
biogenesis. Factors directly involved in homologous recombination (HR) and chromatin remodeling factors required for HR are essential for giRNA
production. HR is also required for quelling, and quelling is also the result of DNA damage, indicating that quelling and qiRNA production share a common
mechanism. Together, our results suggest that DNA damage triggered HR-based recombination allows the RNAi pathway to recognize repetitive DNA to
produce small RNA.

SIS, a sex genome defense mechanism operating in Cryptococcus neoformans. Xuying Wang, Sabrina Darwiche, Joseph Heitman. Department of
Molecular Genetics and Microbiology, Duke University Medical Center, Durham, NC.

Cryptococcus neoformans is a human fungal pathogen that undergoes a dimorphic transition from yeast to hyphae during a-a opposite-sex mating and a-
a unisexual reproduction (same-sex mating). Infectious spores are generated during both processes. We previously identified a sex induced silencing (SIS)
pathway in the C. neoformans serotype A var. grubii lineage, in which tandem transgene arrays trigger RNAi-dependent gene silencing at a high frequency
during a-a opposite-sex mating, but at an ~250-fold lower frequency during asexual mitotic vegetative growth. Here we report that SIS also operates
during a-a unisexual reproduction. A self-fertile strain containing either SX/2a-URA5 or NEO-URAS5 transgene arrays exhibited an elevated silencing
frequency during solo and unisexual mating compared with mitotic vegetative growth. We also found that SIS operates at a similar efficiency on transgene
arrays of the same copy number during either a-a unisexual reproduction or a-a opposite-sex mating. URA5-derived small RNAs were detected in the
silenced progeny of a-a unisexual reproduction and RNAi core components were required, providing evidence that SIS induced by same-sex mating is also
mediated by RNAI via sequence-specific small RNAs. This study, together with our previous finding of SIS in a-a opposite-sex mating of the C. neoformans
serotype A var. grubii lineage, demonstrates that SIS is a conserved process between the divergent C. neoformans serotype A and serotype D sibling
species. In each case, our data show that the SIS RNAi pathway operates to defend the genome via squelching transposon activity during the sexual cycles.
Thus, our discovery of SIS brings a fresh perspective to meiotic silencing involving the upregulation of RNAi pathways as a strategy to guard genomic
integrity during sex. More importantly, the presence of SIS in both a-a unisexual reproduction and a-a opposite-sex mating indicate that SIS may be
triggered by the shared pheromone sensing Cpkl MAPK signal transduction cascade. Ongoing studies focus on defining at a mechanistic level how the SIS
RNAI pathway is initiated, including identifying new components involved in SIS.

Fungi use prion folds for signal transduction processes involving STAND proteins. Asen Daskalov, Khalid Salamat, Sven J. Saupe. CNRS, IBGC UMR5095,
BORDEAUX, AQUITAINE, France.

Prions are proteins embedding genetic information into their structural state. Generally, those proteins exist in a soluble state and sporadically as
infectious amyloid aggregates. Podospora anserina’s [Het-s] is one of the best characterized fungal prions with a remarkably high prevalence in wild
populations. [Het-s] functions in vegetative incompatibility - a biological process occurring during anastomosis between two genetically incompatible
strains. The HET-s protein exists in a soluble state - [Het-s*] - or can switch to an aggregated amyloid state - [Het-s] - the prion form. When an [Het-s] prion
infected strain fuses with a strain expressing the alternative allelic variant of the het-s locus - het-S - a cell death reaction of the heterokaryon occurs.
Recent studies shed light on the mechanism of [Het-s]/HET-S incompatibility reaction. Differing by 13 amino acids both proteins shares a two domain
architecture; a globular N-terminal domain called HeLo and a C-terminal Prion Forming Domain (PFD). The latter is able to adopt a b-sheet rich
conformation with a specific b-solenoid fold. It has been demonstrated that in presence of [Het-s] amyloid fibers HET-S turns into a pore-forming toxin:
transconformation of the HET-S PFD by [Het-s] fibers triggers the refolding of the HET-S HeLo domain, inducing the cell death reaction. In an attempt to
better characterize the conserved features of the [Het-s] b-solenoid fold and identify new distant homologues of HET-S/s, we have generated a minimal
consensus sequence motif of it. Surprisingly, the second best hit in a BLASTp search is in the N-terminal region (3-23) of the product encoded by nwd2, the
immediately adjacent gene to het-S. NWD2 is a STAND protein. STAND proteins form signal transducing hubs through oligomerization upon ligand
recognition. That in mind and several bioinformatics observations led us to propose that HET-S and NWD2 are functional partners in various filamentous
fungal species using the amyloid fold in a signal transducing pathway. We will present experimental evidence that NWD2 is able to trigger HET-S toxicity in
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much the same way as [Het-s] does. Further in silico analysis identify a number of these STAND/prion-like gene pairs and suggest that signal transduction
through an amyloidal prion-like fold is a general widespread mechanism in fungi.

Regulation of white and opaque cell-type formation in Candida albicans by H3K56 acetylation and nucleosome assembly factors CAF-1 and HIR. John S.
Stevenson, Haoping Liu. Department of Biological Chemistry, University of California, Irvine, Irvine, CA.

CAF-1 and HIR are highly conserved histone chaperone protein complexes that function in the assembly of nucleosomes onto chromatin. CAF-1 is
characterized as having replication-coupled nucleosome activity whereas the HIR complex can assemble nucleosomes independent of replication. Histone
H3K56 acetylation, controlled by the acetyltransferase Rtt109 and deacetylase Hst3, also plays a significant role in nucleosome assembly. How different
cell types with the same genotype are formed and heritability maintained is a fundamental question in biology. We utilized white-opaque switching in
Candida albicans as a system to study mechanisms of cell-type formation and maintenance. Opaque cell specification is under the control of interlocking
transcriptional feedback loops, with Worl being the master regulator. We showed that H3K56 acetylation plays an important role in the regulation of
white-opaque switching. The rtt109D/D mutant is defective in stochastic and environmentally stimulated white-opaque switching and cannot maintain
opaque cell type. Inhibition of Hst3 by nicotinamide induces opaque cell formation in Rtt109 dependent manner. The Hst3 level is down-regulated in the
presence of genotoxins and ectopic expression of HST3 blocks genotoxin induced switching, providing a pathway for genotoxin induced white-opaque
switching. We now show that CAF-1 and HIR modulate white-opaque switching frequencies in a H3K56 acetylation associated manner. Unique to C.
albicans, the cac2D/D mutant shows increased sensitivity to the Hst3 inhibitor nicotinamide, while the rtt109D/D cac2D/D and hirlD/D cac2D/D mutants
are resistant to nicotinamide. CAF-1 plays a major role in maintaining cell types as the cac2D/D mutant exhibited increased switching frequencies in both
directions, and switches at a high frequency to opaque in response to nicotinamide. Like the rtt109D/D mutant, the hirlD/D cac2D/D double mutant is
defective in maintaining the opaque cell fate, blocks nicotinamide induced opaque formation, and the defects are suppressed by ectopic expression of the
master white-opaque regulator Worl, suggesting an overlapping function of CAF-1 and HIR in epigenetic regulation cell fate determination in a H3K56
acetylation dependent manner.

Epigenetic Regulation of Subtelomeric Gene Noise in Candida albicans. Matthew Z Anderson, Joshua A Baller, Lauren J Wigen, Judith Berman. Genetics,
Cell Biology and Development, Univeristy of Minnesota, St Paul, MN.

Candida albicans grows within a wide range of fluctuating host niches, and the ability to rapidly adapt enhances its success as a commensal and as a
pathogen. The recently expanded telomere-associated (TLO) gene family consists of fourteen expressed members in C. albicans. Each TLO gene encodes a
paralog of a single Mediator complex component. Thirteen expressed TLOs are located at the chromosome ends as the most telomere-proximal open
reading frame. Individual TLO expression at both the transcript and protein level was extremely noisy. Noise originated from single cell variability in TLO
expression due to intrinsic factors. Deletion of chromatin modifying enzymes that function in subtelomeric silencing abolished TLO noise, as did ectopically
expressing a TLO from an internal locus. Conversely, transcriptional variation of a low noise gene increased significantly when ectopically expressed in the
subtelomere. Interestingly, deletion of the Mediator component MED3, which inhibits Tlo from incorporating into Mediator, also drastically reduced TLO
noise and supports an autoregulatory mechanism for TLO noise. These data suggest subtelomeric chromatin structure regulates TLO gene noise through
the action of chromatin modifiers and Mediator. We propose that TLO noise is beneficial to C. albicans by producing heterogeneous cell populations that
incorporate different Tlo proteins in Mediator, producing a range of transcriptional profiles in the population that allows some cells to survive in altered
environmental conditions.

Chromatin regulation of genome stability. Zachary A. Lewis. Department of Microbiology, University of Georgia, Athens, GA.

Genome instability results from defective DNA replication or repair and is associated with human diseases such as cancer. Chromatin structure impacts
virtually all DNA-templated processes in the nucleus, including replication and repair. To identify new chromatin factors that are required for genome
stability, we screened the Neurospora knockout collection for strains that are sensitive to the DNA damaging agent methyl methanesulfonate (MMS). The
primary screen uncovered over 500 MMS-sensitive knockout strains, including knockouts of putative regulators of chromatin structure. We are currently
testing this group of knock out strains for sensitivity to other agents that induce DNA damage. We have also initiated molecular analyses of newly
identified regulators of genome stability. Our current progress will be summarized.

Opposing activities of the HCHC and DMM complexes maintain proper DNA methylation in Neurospora crassa. Shinji Honda?, Eun Yu®, Eric Selker". 1)
University of Oregon, Institute of Molecular Biology, Eugene, OR; 2) University of Fukui, Life Science Unite, Fukui, Japan.

Proper regulation of heterochromatin and DNA methylation is critical for the normal function of cells. We show that heterochromatin and DNA
methylation are faithfully controlled in Neurospora by opposing activities of the silencing complex HCHC and the anti-silencing complex DMM. The
workings of these two complexes were investigated. HCHC consists of four proteins, the two chromo domain proteins HP1 and CDP-2, the histone
deacetylase HDA-1 and the AT-hook motif protein CHAP. We found that histone deacetylase activity is critical for HCHC function but the H3K9me3 binding
activity of the CDP-2 chromo domain is not. Instead, CDP-2 serves as an essential bridge between HP1 and HDA-1. CHAP interacts directly with HDA-1,
binds in a methylation-independent way to the A:T-rich DNA that forms the cores of methylated regions and is important for stable association of HDA-1
with chromatin. HCHC is involved in the spreading of DNA methylation in dmm mutants. The DMM complex consists of a presumed histone demethylase,
DMM-1, plus DMM-2, which is characterized by a fungal-specific Zn(I1),Cyss DNA-binding domain (“Zn-Cys”). We found that DMM-2 strongly binds to DNA
from euchromatin/heterochromatin junctions, thereby promoting the stable association of DMM-1 at the edge of heterochromatin domains to prevent
aberrant spreading of DNA methylation.
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The mycorrhizal genome initiative (MGI): Identification of symbiosis-regulated genes by using RNA-Seq. A. Kohler", E. Tisserant’, E. Morin®, C. Veneault-
Fourreyl, S. Abba?, F. Buscot?, J. Doré*, G. Gay4, M. Girlanda?, S. Herrmann®, T. Johansson®, U. Lahrmann®, E. Martino?, S. Perotto’, M. Tarrka®, A. Tunlid®, A.
Zuccaros, l. Grigoriev7, F. Martin®. 1) Lab of Excellence ARBRE, Tree-Microbes Department, INRA-Nancy, Champenoux, France; 2) Dipartimento di Scienze
della Vita e Biologia dei Sistemi, Universita di Torino,Torino, Italy; 3) Department Soil Ecology, UFZ Centre for Environmental Research Leipzig-Halle Ltd.,
Halle, Germany; 4) Ecologie Microbienne UMR CNRS 5557, USC INRA 1193, Universite Claude-Bernard LYON 1, Villeurbanne, France; 5) Microbial Ecology,
Lunds University, Lund, Sweden; 6) Max-Planck Insitute for Terrestrial Microbiology, Marburg, Germany; 7) DOE Joint Genome Institute, Walnut Creek,
California, USA.

Genome and transcriptome analyses of Laccaria bicolor and Tuber melanosporum (Martin et al., 2008, 2010) revealed that the ectomycorrhizal symbiosis
probably developed several times during evolution by generating different ‘symbiosis molecular toolkits’. In L. bicolor a large set of small-secreted proteins
acts as putative effectors but not in T. melanosporum, while the up-regulation of transporter-coding genes seems to be a common feature of both
interactions. To better understand the evolutionary origin of mycorrhizal symbiosis and to elucidate the molecular mechanisms involved, a large
sequencing project of species from different taxa, phylogenetic clades and symbiotic lifestyles (ectomycorrhizae, ericoid and orchid mycorrhizae) was
started in 2011 by the Joint Genome Institute and the mycorrhizal genome initiative. To identify and to compare symbiosis-regulated genes large scale
Illumina transcriptome sequencing of mycelium and mycorrhizal roots from Paxillus involutus, Piloderma croceum, Hebeloma cylindrosporum, Sebacina
vermifera, Tulasnella calospora and Oidiodendron maius was performed. Small-secreted proteins, transporters, CAZymes but also many lineage specific
proteins were among the highly up-regulated transcripts.

Martin, F., Aerts, A., Ahrén, D., Brun, A., Duchaussoy, F., Kohler, A., et al. 2008. The genome sequence of the basidiomycete fungus Laccaria bicolor
provides insights inot the mycorrhizal symbiosis. Nature 452 :88-92

Martin, F., Kohler, A., Murat, C., Balestrini, R., Coutinho, P.M., Jaillon, O., Montanini, B., et al. 2010. Périgord black truffle genome uncovers evolutionary
origins and mechanisms of symbiosis. Nature 464 :1033-1038.

Transposable element dynamics in the Amanita: insights on the evolution of genome architecture accompanying the transition from saprotrophic to
ectomycorrhizal ecologies. Jaqueline Hess', Inger Skrede?, Anne Pringle’. 1) Organismic and Evolutionary Biology, Harvard University, Cambridge, MA; 2)
Microbial Evolution Research Group, Department of Biology, University of Oslo, Oslo, Norway.

Transposable elements (TEs) form an integral structural part of the genomes of many higher Eukaryotes. Their ability to proliferate independently and
into a large number of copies can lead to extensive amounts of repetitive DNA that is of no obvious benefit to the host. At first thought to be relatively
underrepresented in Fungi, genome sequencing over the last decade has led to the discovery of many fungal genomes that are densely populated with
TEs. Among those are the genomes of the ectomycorrhizal (ECM) fungi Laccaria bicolor (around 30% TE) and Tuber melanosporum (around 60% TE) as well
as a number of fungal pathogens, including Puccinia graminis and Melamspora larici-populina (both around 45% TE). The high TE content in these species,
especially when compared to saprotrophic fungal species, suggests an association between symbiotic ecology, both mutualistic and antagonistic, and the
ability of TEs to invade and persist in their genomes. However, the mechanisms for this are currently not well understood. In order to assess whether high
TE content is a feature of other ECM species and to get a more detailed picture of TE content changes around the transition from free-living to ECM
ecology, we have sequenced the genomes of five members of the genus Amanita: three ECM species and two saprotrophs, as well as the saprotrophic
outgroup Volvariella volvacea. Using the draft genome assemblies, we have developed methodology to estimate TE content from short-read data and
examine changes therein within quantitative and phylogenetic frameworks. Overall, we find no direct relationship between ECM status and increased TE
content in the Amanita but instead discover patterns that suggest population genetics to be a strong driver of TE content. We will discuss our findings with
respect to the influence of TEs in the evolution of genome architecture around the origin of ECM symbiosis.

Broad compatibility in the root endophyte Piriformospora indica is associated with host-adapted colonization strategies. Urs Lahrmann, Yi Ding, Alga
Zuccaro. Organismic Interactions, MPI Marburg, Marburg, Germany.

Their host range defines plant associated fungi as either specialists, which are adapted to one or few distinct hosts, or generalists who are able to thrive
in highly variable host environments. Specialists and their hosts are in an evolutionary arms race that leads to the development of weapons perfectly
tailored to the respective host. Conversely, broad-host range species must evolve adaptations to cope with a plethora of different host-associated signals
and host-specific defense mechanisms. The evolutionary force, in this case, drives the expansion and diversification of the fungal arsenal and the host-
adapted gene expression to better suite different plants. The mechanisms underpinning broad compatibility in root symbiosis are largely unexplored. The
generalist root endophyte Piriformospora indica that stimulates growth, alleviates salt stress and induces systemic resistance to pathogens in different
hosts can establish a long lasting interaction with the roots of barley and Arabidopsis, two morphologically and biochemically very distinct plants. We show
here that in these two hosts, root colonization proceeds very differently. While in Arabidopsis the fungus establishes and maintains biotrophic nutrition
within living epidermal cells, in barley the symbiont undergoes a nutritional switch to saprotrophy that is associated with the production of secondary
thinner hyphae (SH) in dead cortex cells. Consistent with a diversified trophic behavior, genome-wide expression profiling revealed a strong induction of
genes encoding cell wall degrading enzymes and nutrient transporters in barley but not in Arabidopsis at a late colonization stage. In particular small
secreted proteins (SSPs < 300 amino acids) known as effectors have been shown to facilitate colonization by manipulating host defense and
reprogramming plant metabolism during symbiosis. Expression of P. indica genes encoding SSPs was induced in both hosts at different symbiotic stage, but
the majority of these SSPs were either Arabidopsis or barley responsive with the larger number expressed during biotrophy in Arabidopsis and during
saprotrophy in barley. Our study reveals that broad compatibility in root endophytes requires strong phenotypic plasticity and the expression of
alternative lifestyle strategies in a host-dependent way.
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Examining the saprotrophic ability of ectomycorrhizal fungi using genomics, transcriptomics and spectroscopy. Anders P V Tunlid. Dept Microbial
Ecology, Ecology, Lund, Sweden.

A large part of the nitrogen in forest soils is found in recalcitrant organic matter- protein complexes. Ectomycorrhizal fungi are thought to have a key role
in the decomposition and mobilization of nitrogen from such complexes. The knowledge on the functional mechanisms of these processes, and how they
are regulated by carbon from the host plant and the availability of more easily available forms of nitrogen sources are limited. We examined how the ECM
fungus Paxillus involutus degrade organic litter material using spectroscopy and transcriptome profiling. The fungus partially degraded polysaccharides and
modified the structure of polyphenols. The observed chemical changes and the expressed transcriptome were consistent with a hydroxyl radical attack,
involving Fenton chemistry similar to that of brown-rot fungi. The set of enzymes expressed by P. involutus during the degradation of the organic matter
was similar to the set of enzymes involved in the oxidative degradation of wood by brown-rot fungi. However, P. involutus lacked transcripts encoding
extracellular enzymes needed for metabolizing the released carbon. Further experiments have shown that the decomposition and assimilation of nitrogen
from organic litter material are triggered by adding glucose. Addition of easily available forms of nitrogen (i.e. ammonium) had minute effects on these
processes. Experiments and comparative genomics demonstrate that the saprotrophic activity of P. involutus has been reduced to a radical-based
biodegradation system that can efficiently disrupt the organic matter-protein complexes and thereby mobilize the entrapped nutrients.

Interaction between the saprotrophic fungus Serpula lacrymans and living pine roots. Nils OS Hogberg', Anna Rosling", Annegret Kohler?, Martin Francis’,
Stenlid Jan'. 1) Department of Forest Mycology, BioCenter, SLU, Uppsala, Sweden; 2) INRA, Nancy, France.

Recently it has been shown, with a Comparative genomic perspective, that brown rot and mycorrhiza fungi have evolved from white rot ancestors. Wood
is a composite material composed of lignin, cellulose and hemicellulose. White rot fungi are able to degrade all of these components with a combination of
carbohydrate active and oxidative enzymes. During the course of evolution brown rot and mycorrhiza have lost most of the genes in these gene families.
Nevertheless, brown rot fungi are efficient wood decomposers that degrade cellulose and hemicellulose by means of hydroxyl radical production and
remaining carbohydrate active enzymes. The family Boletales includes both brown rot fungi and mycorrhiza and it is tentative to speculate that there has
been a parallel evolution of these ecological strategies. Here we test the effect of infecting pine roots with the brown rot fungus Serpula lacrymans. The
interaction was neutral since plant growth was not stimulated but not reduced either. The fungus formed a mantle around the pine roots but not the
Hartig net that is typical for ectomycorrhiza. Fungal gene expression was compared with the wood decay transcriptome. 1250 genes were more than two-
fold upregulated compared to a glucose medium control. A large proportion of the upregulated genes (62 %) are unknown. Carbohydrate active genes
represent only 3% of this gene set and genes with oxidoreductase activity, including monoxygenases represent 4% of the upregulated genes. This is
considerably lower compared to saprotrophic growth on wood where carbohydrate active enzymes accounted for 26% and oxidative enzymes for 19%
which dominated the gene expression on wood. Gene expression for genes involved in transportation was about the same, around 10% in this experiment
and under wood decomposition. Several genes that indicate an interaction with a host were also upregulated. In conclusion, gene expression was
markedly different between a glucose medium, wood decomposition and growth on pine roots. This may be a signal of symbiosis, the effect on pine
seedling growth was neutral. Thus we cannot conclude if the interaction is beneficial or negative to the host.

Uncovering the evolutionary pressures shaping the Glomeromycota-Glomeribacter endosymbiosis. Stephen J. Mondo, Teresa E. Pawlowska. Plant
Pathology, Cornell University, Ithaca, NY.

Many eukaryotes interact with heritable endobacteria to satisfy diverse metabolic needs. Of the characterized fungal-bacterial endosymbioses, the
association between Gigasporaceae (Glomeromycota) and Ca. Glomeribacter is one of the best described. Glomeribacter is a member of the Burkholderia
lineage of b-proteobacteria, and was shown previously to represent one of the few cases of an ancient, long-term non-essential endosymbiont. In order to
further explore what adaptations have taken place to shape this unique bacterial lifestyle, we have sequenced three Glomeribacter genomes and
developed a computational pipeline to compare across bacteria engaging in different lifestyles using genome wide patterns of mutation accumulation. We
used PAML to identify gene orthologs that exhibited both over-accumulation and under-accumulation of amino acid substitutions and then used these
data to compare across taxa at the level of functional gene categories. We found that bacteria can be grouped by lifestyle using this approach.
Glomeribacter, as expected, appears most similar to other potentially long-term non-essential endosymbionts. Therefore, we were able to exploit the
differences in mutation accumulation patterns between these taxa to identify processes, which may be relevant within the particular interaction between
Glomeribacter and its host. While several of these processes, including vitamin synthesis and amino acid transport, have been identified previously, we
additionally discovered features related to lipid biosynthesis and energy metabolism to be of potential importance for this symbiosis. Interestingly, genes
exhibiting an under-accumulation of nonsynonymous substitutions (indicative of purifying selection) in Glomeribacter tend to be involved in
recombination, cell division, and ribosome maintenance. While these processes are typically fast evolving in endosymbiotic organisms, they may represent
features that increase the stability of Glomeribacter in their fungal host population and increase their resilience to genetic drift. We speculate that these
processes are unique to the Glomeribacter-Glomeromycota symbiosis and could partially explain why Glomeribacter has been successful as a non-
essential endosymbiont for over 400 million years.
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A draft genome of the ectomycorrhizal fungus Rhizopogon vesiculosus: Characterization of mating system and heterozygosity within the dikaryon. Alija
Muiic, Joseph Spatafora. Botany and Plant Pathology, Oregon State University, Corvallis, OR.

Species of Rhizopogon are EM symbionts of trees in family Pinaceae and produce basidiospores within hypogeous false truffles that are dispersed by
mycophagous mammals. All known members of R. subgenus Villosuli form obligate EM relationships with Pseudotsuga spp. (Douglas Fir) and are the only
members of the genus known to possess this host association. R. vesiculosus, along with its cryptic sister species R. vinicolor, possess a sympatric
distribution where sampled within the range of their host tree, P. menziesii. While the sporocarp and EM morphology of these fungi may be highly similar;
they possess striking life history differences with R. vesiculosus producing larger vegetative genets and displaying greater population structure at both
local and landscape scales. We have sequenced the genome of R. vesiculosus using dikaryotic tissue and a whole genome shotgun sequencing approach on
the lllumina HiSeq platform. De novo assembly of the genome was performed using VELVET 1.19 and gene predictions were made using AUGUSTUS with
Laccaria bicolor as a training model. The draft genome assembled to a total length of 46 Mb in 6700 contigs with an N50 of 26,783, a maximum contig size
of 446,818 bp, and 12,604 predicted genes. Here we characterize the mating system of R. vesiculosus, which possesses both an A-locus encoding a
heterodimer transcription factor, as well a B-locus encoding transmembrane pheromone receptors and pheromone precursor genes. We present
comparisons of the mating system of R. vinicolor and its similarities to other members of Boletales (e.g., Serpula) and differences with Agaricales (e.g.,
Laccaria). Due to the dikaryotic nature of the genome sequence produced for R. vesiculosus, single nucleotide polymorphisms (SNPs) can be observed and
used to characterize allelic variation. SNPs observed in protein coding regions of both MAT loci indicate that R. vesisculosus is likely heterothallic. We have
also characterized heterozygosity across the whole genome in order to identify hypervariable regions. This genome will allow for comparative analysis of
gene content, mating type system with other Basidiomycota and, ultimately, for population/species-level genomic studies within Rhizopogon.

Metatranscriptomic analysis of ectomycorrhizal root clusters in Pinus taeda: new methodologies for assessing functional gene expression in situ. H.-L.
Liao", Y. Chen?, T. D. Bruns’, K. G. Peay”, J. W. Taylor’, S. Branco®, J. M. Talbot”, R. Vilgalys". 1) Department of Biology Duke University, Durham, NC; 2)
School of Medicine, Duke University, Durham, NC; 3) Department of Plant and Microbial Biology, UC-Berkeley, Berkeley, CA; 4) Department of Biology,
Stanford University, Stanford, CA.

A highly diverse community of ectomycorrhizal (ECM) fungi are known to associate with members of the genus Pinus. Less is known about how diverse
fungal communities affect functional diversity within ECM roots. Here we present an optimized method for metatranscriptomic analysis of the ECM-pine
root interaction in a natural system. RNA was purified using a CTAB method from individual ECM root clusters collected at varying spatial scales across the
distribution range of P. taeda, and sequenced using Illumina HiSeq technology. About 35 million qualified reads were obtained. Sequences were initially
assembled using reference based mapping (Bowtie) to sort the reads that represent rRNA from fungal and bacterial species. Reads from divergent regions
(D1-D2) of fungal LSU rRNA were used to identify dominant ECM and other fungal community members. Subsequently, P. taeda genes and functional
genes of dominant fungal species were sorted using public cDNA databases. The Trinity package was used for de novo assembly of un-mapped reads
(mostly fungal genes). Blastx and Go packages were used for gene annotation. A typical ECM root cluster was found 45% P. taeda genes, 3% fungal rRNA,
0.05% bacterial 16S rRNA, 30% fungal functional genes, 10% unknown sequences, and 12% unassembled reads. Analysis of D1-D2 LSU sequences
confirmed that a single ECM fungal species usually dominates individual root clusters. De novo assemblies of fungal genes yielded 120 thousand contigs
from 10 million reads representing 90 thousand unique genes with highly similarity to known ECM fungi. Functional analysis revealed that most of the
transcripts recovered were involved with translation, protein degradation, heat shock, superoxide metabolism, electron transfer, signaling, and C/N
metabolism. Highly expressed transcripts recovered from Piloderma, which was abundant in our samples, included genes encoding a wide array of
metabolic enzymes: chitosanase, phosphatase, glutamine synthetase, terpene synthases, b-glucanase; transporters for P+ and oligopeptides; cell signaling:
calmodulin, cAMP-regulated phosphoprotein (Igol); C/N related genes: lectin, cross-pathway control (cpcl); as well as several genes with unknown
function. Future studies will seek to address how ECM metatranscriptomes change in response to different Pinus hosts and across different spatial scales.
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The role of carbon in fungal nutrient uptake and transport: implications for resource exchange in the arbuscular mycorrhiza. Carl R. Fellbaum', Emma W.
Gachomo', Gary D. Strahan?, Philip E. Pfeffer’, E. Toby Kiers®, Heike Biicking”. 1) Biology and Microbiology, South Dakota State University, Brookings, SD; 2)
Agricultural Research Service, Eastern Regional Research Center, US Department of Agriculture, Wyndmoor, PA; 3) Department of Ecological Science, Vrije
Universiteit, Amsterdam, The Netherlands.

Arbuscular mycorrhizal (AM) fungi can substantially contribute to host plant nitrogen (N) nutrition in exchange for carbon (C). We studied the effect of C
supply on fungal N uptake and transport in the AM symbiosis via N labeling, enzymatic assays and qPCR analysis of fungal genes putatively involved in N
metabolism. We found that an increase in C supply stimulated N transport and increased the enzymatic activity of arginase and urease in the intraradical
mycelium (IRM). The fungus responded to an increase in the C supply with an upregulation of genes involved in N assimilation and arginine biosynthesis,
but with a downregulation of a fungal urease in the extraradical mycelium (ERM). The effect on fungal gene expression in the IRM was relatively small, but
genes involved in arginine biosynthesis were downregulated by an increase in C availability. The results indicate that C from the host triggers N uptake by
the AM fungus, the conversion of N into arginine in the ERM, the transport of arginine to the IRM and subsequent breakdown of arginine via the catabolic
arm of the urea cycle. When the fungus had access to a C supply independent from the host N transport was reduced and a change in the gene
expression pattern indicated that the fungus changed its nutrient allocation strategy when the fungus was less dependent on the host for its C supply. In a
common mycelial network, the AM fungus Glomus aggregatum transported more N to a more photosynthetically active plant when given the choice
between a shaded versus a non-shaded plant host. The results indicate that AM fungi are able to distinguish between hosts differing in their carbon supply
and that carbon is an important trigger for fungal nitrogen uptake and transport in the AM symbiosis.

Mechanisms of adaptation to host rice cells by the blast fungus. Jessie Fernandez, Richard A. Wilson. Plant Pathology, University of Nebraska-Lincoln,
Lincoln, NE 68516, USA.

To infect rice, the devastating blast fungus Magnaporthe oryzea has distinct morphogenetic stages that allow it to breach the surface of the host leaf and
invade the plant tissue. How the fungus monitors the transition from the nutrient-free surface to the nutrient-rich interior of the leaf, what controls the
genetic reprogramming necessary to produce infectious hyphae, and how it acquires nutrient during biotrophic in planta growth is poorly understood. M.
oryzae’s trehalose-6-phosphate synthase 1 (Tps1) enzyme integrates carbon and nitrogen metabolism in the fungal cell to regulate virulence via a novel
NADPH-dependent genetic switch. Loss of Tps1 function results in Dtps1 strains that can form functional appressoria and penetrate the rice surface but fail
to grow beyond the first infected cell. Impaired invasive growth of Dtps1 strains is due to loss of glucose sensing, inactivation of the NADPH-dependent
genetic switch, and altered carbon assimilation. Moreover, NADPH-requiring antioxidation systems are shut down in Dtps1 strains, rendering them
hypersensitive to oxidative stress. Taken together, we discuss here how, using classical and high-throughput reverse genetics, we are exploring the
dynamics of this critical NADPH-dependent genetic switch to understand how M. oryzae controls infectious hyphal development during biotrophy, how it
responds to and acquires nutrient from the host, and how these processes are integrated to allow successful colonization of rice cells.

Similar is not the same: Differences in the function of the (hemi-) cellulolytic regulator XInR (XIr1/Xyr1) in filamentous fungi. Sylvia Klaubauf®", Hari
Mander Narangl, Evy Battagliaz, Tetsuo Kobayashis, Kurt Brunner®, Astrid R. Mach AignerA, Robert L. Mach®, Ronald P. de Vries"?. 1) Fungal Physiology, CBS-
KNAW Fungal Biodiversity Centre, Utrecht, Netherlands; 2) Microbiology, Utrecht University, Utrecht, Netherlands; 3) Department of Biological
Mechanisms and Functions, Graduate School of Bioagricultural sciences, Nagoya University, Furo-cho, Chikusa-ku, Nagoya-shi, Aichi, Japan; 4) Institue of
Chemical Engineering, Research Area Biotechnology and Microbiology, Working Group Gene Technology, Vienna, Austria.

The (hemi-) cellulolytic transcriptional activator XInR (XIr1/Xyr1) is a major regulator in fungal xylan and cellulose degradation as well as in the utilization
of D-xylose via the pentose catabolic pathway. XInR homologs are commonly found in filamentous ascomycetes and often assumed to have the same
function in different fungi. However, a comparison of the saprobe Aspergillus niger and the plant pathogen Magnaporthe oryzae showed different
phenotypes for deletion strains of XInR. In this study wild type and x/nR/xIr1/xyr1 mutants of six fungi were compared: Fusarium graminearum, M. oryzae,
Trichoderma reesei, A. niger, Aspergillus nidulans and Aspergillus oryzae. The comparison included growth profiling on relevant substrates and detailed
analysis of protein profiles of extracellular enzymes as well as extracellular enzyme activities. The resulting data demonstrated significant differences in the
influence of XInR and its orthologs on plant polysaccharide degradation by these fungi. For example, in A. niger cellulolytic enzymes, such as
cellobiohydrolase and b-glucosidase are strongly down-regulated in the mutant strain, whereas this is not the case for the other two Aspergillus species.
Moreover, in A. oryzae the L-arabinose releasing enzyme a-arabinofuranosidase is clearly regulated by AoXInR, whereas this enzyme is known to be under
control of another regulator, AraR, in A. niger and not affected by XInR. In contrast, M. oryzae Xlr1 does not significantly affect enzyme activities in this
study. Based on extracellular protein profiles, disruption of Xyrl results in the disappearance of only some bands in F. graminearum, while nearly all bands
disappear in T. reesei Dxyr1. This comparison emphasizes the functional diversity of a fine-tuned (hemi-) cellulolytic regulatory system in filamentous fungi,
which might be related to the adaptation of fungi to their specific biotopes.
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Regulating the Aspergillus nidulans global nitrogen transcription factor AreA. Richard B. Todd. Department of Plant Pathology, Kansas State University,
Manhattan, KS.

Nitrogen nutrient utilization genes are regulated in Aspergillus nidulans by the GATA DNA-binding transcription activator AreA. The transcriptional
activity of AreA is highly regulated by multiple mechanisms including autogenous transcriptional regulation, differential areA transcript stability,
interaction of AreA with the corepressor NmrA, and repression by the negative-acting GATA factor AreB. In addition, AreA shows regulated nuclear
accumulation. AreA accumulates in the nucleus specifically during nitrogen starvation, and is rapidly exported to the cytoplasm upon addition of nitrogen
nutrients to nitrogen-starved cells. | will focus on recent developments in our understanding of AreA nuclear import and nuclear export, the key control
points of regulated AreA nuclear accumulation. We have shown that the six conserved nuclear localization signals (NLSs) in AreA show redundancy and
collaborate to mediate nuclear import. In contrast, a single CrmA exportin-dependent nuclear export signal (NES) in AreA is required for nuclear export.
We have shown that fusion of the AreA NES to a constitutively nuclear protein confers nucleocytoplasmic localization and a loss of function phenotype.
We have exploited this phenotype to select mutants defective in the AreA-CrmA interaction.

Transcriptional analysis of oxalate degradation in the white rot basidiomycete Dichomitus squalens. Miia R. Mdkeld, Johanna Rytioja, Outi-Maaria Sietio,
Sari Timonen, Annele Hatakka, Kristiina Hildén. Department of Food and Environmental Sciences, University of Helsinki, Helsinki, Finland.

Basidiomycetous white rot fungi are the most efficient degraders of lignocellulose with a unique ability to mineralize the recalcitrant lignin polymer.
Lignocellulose decay involves a complex enzymatic system, but is also suggested to be promoted by the fungal secretion of oxalic acid. White rot fungi
synthesize oxalate as a metabolic waste compound and typically secrete it to their environment in millimolar quantities. As oxalate is a toxic compound,
regulation of its intra- and extracellular concentration is extremely crucial for fungi and also for lignocellulose degradation since high oxalate levels are
shown to inhibit the decomposition reactions. Therefore, specific oxalate-converting enzymes, namely oxalate decarboxylases (ODCs) that work in
conjunction with formate-degrading formate dehydrogenases (FDHs), are recognized as key fungal enzymes in lignocellulose decay. Dichomitus squalens is
a white rot fungus that degrades effectively all the wood polymers, i.e. cellulose, hemicelluloses and lignin, and secretes oxalic acid during its growth on
wood. The genome of D. squalens harbours 5 putative ODC and 3 putative FDH encoding genes, while these numbers differ in other fungi based on
comparative genomics. In order to enlighten the roles of the multiple oxalic-acid catabolising enzymes of D. squalens, the expression of the odc and fdh
genes was followed with quantitative real-time RT-PCR when the fungus was grown on its natural substrate, i.e. Norway spruce (Picea abies) wood. In
addition, the effect of organic acid (oxalic acid) and inorganic acid (HCI) supplementation on the relative transcript levels of the oxalate-catabolizing genes
was examined in the submerged liquid cultures of D. squalens. The results show for the first time the sequential action of ODC and FDH at the transcript
level in a white rot fungal species. The constitutive expression of odc1 suggests the pivotal role of the corresponding enzyme during the growth of D.
squalens on wood. In addition, the strong upregulation of the transcription of odc2 in oxalic-acid amended cultures indicates the distinct roles of individual
ODC isoenzymes.

TOR-mediated control of virulence functions in the trans-kingdom pathogen Fusarium oxysporum. Gesabel Y. Navarro Velasco, Antonio Di Pietro.
Departamento de Genética, Universidad de Cérdoba, 14071 Cérdoba, Spain.

Infectious growth of fungal pathogens is controlled by environmental cues, including nutrient status. The soilborne fungus Fusarium oxysporum produces
vascular wilt disease in more than a hundred different crop species and can cause lethal systemic infections in immunodepressed humans. Previous work
showed that the preferred nitrogen source ammonium causes repression of infection-related processes in F. oxysporum that could be reversed by
rapamycin, a specific inhibitor of the conserved protein kinase TOR. Here we generated mutations in upstream components that should result in
constitutive activation of TOR, including null mutants in tuberous sclerosis complex 2 (TSC2), a small GTPase that represses TOR activity, as well as strains
expressing a dominant activating allele of the small GTPase Rag (ragA®®), an activator of TOR. The Dtsc2 mutants and, to a minor extent, the ragA®*
strains showed defects in hyphal growth and colony morphology on several amino acids, as well as decreased efficiency in cellophane penetration and
vegetative hyphal fusion. These phenotypes were exacerbated in Dtsc2ragA®®® double mutants and could be reversed by rapamycin, suggesting that they
are caused by hyperactivation of TOR. The mutants caused significantly lower mortality on tomato plants and on larvae of the animal model host Galleria
mellonella. These results suggest that TOR functions as a negative regulator of fungal virulence on plant and animal hosts.

Transcriptional regulation of peptidases and nitrogen transporters during the assimilation of organic nitrogen by the ectomycorrhizal fungi Paxillus
involutus. Firoz Shah’, Francois Rineau?, Tomas Johansson®, Anders Tunlid. 1) Microbial Ecology Group, Department of Biology, Lund University, SE-22362,
Lund, Sweden; 2) Centre for Environmental Sciences, Hasselt University, Building D, Agoralaan, 3590 Diepenbeek, Limburg, Belgium.

Proteins and amino acids form a major part of the organic nitrogen (N) sources in soils. Though a poorly characterized process, this N is mobilized and
becomes available to plants due to the activity of ectomycorrhizal (ECM) fungi. We have examined the role of ectomycorrhizal extracellular peptidases and
amino acid transporters in the degradation, uptake and transfer of various protein sources (BSA, Gliadin and pollen) as well as of plant litter material using
the ECM model fungus Paxillus involutus. During N-deprived conditions, all substrates induced secretion of peptidase activities. The activity had acidic pH
optimum (2.3-3.0), and it was mainly due to aspartic peptidases and with minor contribution of metallo and serine peptidases. The activity was partly and
temporarily repressed by low concentrations of ammonium (1mg/L). Transcriptional analysis showed that P. involutus expressed a large array of proteins
and enzymes involved in the assimilation of organic N including peptidases, N-transporters and enzymes of the N-metabolism. Extensive in-silico analysis
revealed the presence of genes encoding 312 peptidases, 129 N transporters and 284 enzymes involved in amino acid metabolism. Out of these, 89
peptidases and 37 N-transporters and 109 amino acid metabolism enzymes encoding genes were significantly upregulated during organic N assimilation.
The genes were encoding a variety of secreted (23) and non-secreted (20) peptidases which were differentially expressed depending on the medium with
the highest expression of the aspartic and metallo peptidases. Apart from the YAAH/ATO family, upregulated genes were found in all the other families of
transporters for amino acids, oligopeptides, ammonium, urea and allantoate/allantoin. The results shows that the expression levels of peptidases and
transporters in P. involutus are coordinately regulated during the assimilation of organic N sources.
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Regulation of glycolysis and gluconeogenesis by antisense transcription in Aspergillus nidulans? Michael Hynesl, Koon Ho Wongz, Sandra Murray'. 1)
Dept Gen, Univ Melbourne, Parkville, Victoria, Australia; 2) Dept. of Biological Chemistry & Molecular Pharmacology, Harvard Medical School, Boston, MA.

The last step in glycolysis is carried out by pyruvate kinase, encoded by pkiA, converting phospho-enol-pyruvate to pyruvate for metabolism to
oxaloacetate and acetyl-CoA. The key step in gluconeogenesis is conversion of oxaloacetate to phospho-enol-pyruvate by PEP carboxykinase, encoded by
acuF. Simultaneous activity of these enzymes would generate a nasty futile cycle. A number of observations suggests that control of the expression of
these two genes involves activation of sense transcription and negative control by activation of antisense transcription. For pkiA, ChIP studies have found
binding of the gluconeogenic activators AcuK and AcuM and of the acetate dependent FacB activator in the downstream region. Cognate binding sites are
conserved in filamentous ascomycetes. RNA Seq, polll ChIP and RT-PCR analysis indicates antisense transcription during growth on acetate or proline as
carbon sources. Old data (de Graaf, van den Broek, Visser; Cur. Genetics 13: 315, 1988) showed that transformation of a construct lacking these 3’ sites
resulted in inappropriate pkiA expression on acetate. In response to growth on gluconeogenic carbon sources, the acuF gene is activated by AcuK and
AcuM binding to sites in the 5’ upstream region. Studies with an acuF-lacZ gene fusion indicate positive control by AcuK and AcuM but a loss of the glucose
repression observed in Northerns suggesting negative regulation acting via 3’ sequences in response to growth on glycolytic carbon sources. Support for
this is provided by transcription studies. Modulation of the balance between the opposing activities of these two gene products is proposed to result from
transcriptional interference involving collision of RNA polymerase molecules.
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Centrosome-Nuclear Disconnect Creates Mitotic Chaos in a Closed Mitosis System. Michael Koonce, Irina Tikhonenko. Translational Medicine,
Wadsworth Center, NYS Department of Health, Albany, NY.

In many fungi, protists, and unicellular algae, cells divide via a mitotic mechanism that functions within a closed nuclear compartment. Closed mitosis
requires tight coordination between the centrosome and nucleus to ensure a smooth transition from cytoplasmic to nuclear activities. In many cases, the
centrosome/spindle pole body is directly embedded into the nuclear envelope, an arrangement that facilitates this transition. However in other organisms
(e.g. Cryptococcus, S. Pombe, Dictyostelium), the centrosome is simply attached to the cytoplasmic side of the nucleus during interphase, gaining access to
the intranuclear volume only during mitosis when this organelle builds the spindle. We have identified a kinesin motor protein (Kif9) that is responsible for
maintaining the centrosome-nucleus interaction in Dictyostelium. In the absence of Kif9, centrosomes separate from nuclei and the two organelles move
independently. We used this null mutant to examine what happens if centrosomes fail to engage nuclei when cells enter mitosis and to examine
interactions in multi-nucleated arrangements. We find that centrosomes replicate and separate in the cytosol, but do not form a visible spindle apparatus.
Nuclei that lack centrosomes import tubulin, but also fail to develop a spindle apparatus. Replicated daughter centrosomes are able to integrate into the
nuclear envelope and can go on to form monopolar spindles. All centrosomes (nuclear or cytoplasmic) trigger cytokinesis activity. Moreover, the nuclear
envelope is promiscuous and can dock multiple centrosomes if they are available. In these cases, multipolar or multiple independent spindles can arise
which lead to aneuploid nuclear products. Our work illustrates the significance of maintaining a one centrosome-one nucleus relationship to ensure proper
chromosome segregation. This is particularly important in multinucleated syncytia where unpaired activities would result in multiple combinations of
centrosome-nuclear engagements. In addition, a firm coupling between these two organelles links nuclei to microtubule force generating machinery that
is crucial for nuclear transport and positioning. We will further present a model for how the Kif9 kinesin functions to maintain centrosome-nuclear paring.
For our work, we gratefully acknowledge support from the NSF (MCB-1051612).

Using Fungal Barcoding to Introduce Non-science Majors to Scientific Research. Claire Burns. Washington & Jefferson College Washington, PA.

Non-scientists, even those with an interest in biology, tend to have a poor understanding of fungi; one example is the perception that mushrooms are
“some kind of weird plant”. This lack of awareness regarding fungi and their importance allows non-majors students to enter the classroom without
preconceptions or expectations. Fungi provide an excellent starting point to introduce students to broader biological themes such as cell biology, diversity
of life, evolution, conservation, and molecular biology. In addition, the relative paucity of species classification for fungi when compared with other
kingdoms provides an opportunity for non-majors students to engage in primary research projects. In a liberal arts college class entitled “’Shrooms”,
students collect mushrooms in the field, cultivate the fungi, extract DNA, and identify the species using DNA barcoding. Fungal identifications and
sequences can contribute to ongoing fungal barcoding efforts. In future classes, students will expand this research to include identification of soil-borne
fungi at a field station located close to gas-fracking operations.

ComGen Authentic Research Experiences (C-ARE): Fungal genetic analysis. Gita Bangera', Andrea Gargas™. 1) Bellevue College, Bellevue, WA, USA; 2)
Symbiology LLC, Middleton, WI, USA.

ComGen (Community College Genomics Research Initiative) teaches students the skills of self-directed learning, critical thinking, and analysis.
Community college students in this program receive a mini-graduate school experience, following a single requisite course in cell biology. Students work
on original research projects, learn to troubleshoot their experiments, organize lab meetings and student journal clubs, and network within the scientific
community. In one research track students work with DNA from described fungal collections, learning DNA-based techniques including PCR amplification,
DNA sequencing and sequence analysis. Student-gathered sequence information is used to advance identification and phylogenetic results for these
collections. With NSF Award DUE #1225857 ComGen (C-ARE): Dissemination, Enrichment and Expansion Project the project will be expanding to
community college partners throughout the Seattle/Tacoma region of Washington State.

Wearing two hats: Tips for combining commitments to research and to university-wide initiatives in education. Patricia J. Pukkila. Dept Biol, Univ North
carolina, Chapel Hill, NC.

In an editorial which appeared in the New York Times, Gary Gutting argued that the primary role of universities is to “nourish a world of intellectual
culture; that is, a world of ideas, dedicated to what we can know scientifically, understand humanistically, or express artistically”
(http://opinionator.blogs.nytimes.com/2011/12/14/what-is-college-for/). At research universities, faculty are expected to make substantial contributions
to their disciplines, to society, and to educating students. It is important for faculty to seek pan-university roles, and making acknowledged contributions
to changing your campus culture can be deeply satisfying. This session will encourage you to consider how you might productively multitask in ways that
can actually benefit your research productivity in addition to improving the intellectual climate on your campus. Supported in part by the HHMI through
the Precollege and Undergraduate Science Education Program.

27th Fungal Genetics Conference | 45



CONCURRENT SESSION ABSTRACTS

Facilitating an Interdisciplinary Learning Community Amongst Undergraduate Research Fellows By Emphasizing Scientific Inquiry as the Unifying
Thread. Virginia K. Hench™?, Patricia J. Pukkila™*. 1) Department of Biology, University of North Carolina at Cha peI Hill, NC 27599; 2) Office for

Undergraduate Research, University of North Carolina at Cha peI Hill, NC 27599.
The HHMI-Future Scientists and Clinicians (HHMI-FSC) fellowship is 1 of 3 components of the HHMI Science Learning Communities program at UNC

Chapel Hill. The HHMI-FSC program was designed to foster an intellectual community that empowers high-ability students from low-income
backgrounds to engage in biomedical research for 2 summers. Each year, 12 new fellows are matched with mentors in labs spanning a range of biomedical
areas. They work fulltime in labs on their own research project and meet weekly as a group to engage in interactive programming that targets skills critical
for success in science beyond the bench. One area of emphasis has been the process of inquiry itself. The goal is for students to transition from being a
pair of hands executing protocols to active learners invested in their own projects and able to speak with authority about why experiments are performed
in particular ways and what conclusions can be drawn from data generated. This starts with coaching students to state the questions that they are trying
to answer and think through whether an experimental setup is consistent with what they say they are trying to find out. Assignments and feedback are
designed to reinforce this principle. One of the most satisfying aspects of doing science is getting to follow one’s own instinctive curiosities and develop
the methodologies needed to navigate new terrains. Undergraduates are usually still trying to define their own specific curiosities. Pushing students to
describe what they are curious and passionate about is one feasible strategy that can help students identify pursuits that fit their interests and talents.
Another successful strategy has been to require returning second year fellows to share science learning experiences via 15-30 minute long talks for their
peers. Some took the opportunity to become more immersed in their lab’s focus, while others branched into questions like what motivates scientists to
work in foreign countries and what has genomic anthropology told us about human evolution. Project aims were developed through conversations
between the fellow and instructor. The one constraint was for fellows to organize their presentations around questions. Feedback indicated that
presenters benefited from having to give presentations and others enjoyed learning about a broader array of topics.

MOOCs: Education for Everyone. Relly Brandman. Course Operations, Coursera.
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Cool Tools for Fungal Biology

Co-chairs: Miguel Penalva and Kevin McCluskey

The Environmental Molecular Sciences Laboratory molecular analysis capabilities for fungal biology. S. E. Baker. Environmental Molecular Sciences
Laboratory, Pacific Northwest Natl Lab, Richland, WA.

Tools for analysis of classical and reverse genetic mutants play an important role in fungal biology research. The Environmental Molecular Sciences
Laboratory (EMSL) at the Pacific Northwest National Laboratory is a US Department of Energy national user facility. EMSL develops and utilizes cutting
edge mass spectrometry, NMR, imaging and computational capabilities to accelerate research in a number of areas. We have used EMSL’s mass
spectrometry capabilities to characterize glycosylation of secreted proteins of Aspergillus niger. In addition, we have explored the use of laser ablation and
nano-DESI mass spectrometry for spatial localization of molecules associated with Trichoderma reesei mycelium. Finally, spores from wildtype and albino
strains of Aspergillus carbonarius were characterized using helium ion microscopy. As a national user facility, the EMSL is open to the fungal biology
community through a competitive, peer-reviewed proposal process.

Development and utilization of arrayed mutant sets for yeasts and filamentous fungi. Aric E Wiest, Kevin McCluskey. Fungal Genetics Stock Center,
Kansas City, MO.

Advancements in high throughput functional genomics has allowed the generation of vastly increasing numbers of strains carrying single gene deletions.
For some organisms these include mutations distributed across the genome. The FGSC has generated or acquired sets of arrayed mutants for several
different yeast or filamentous fungal species including Neurospora crassa, Magnaporthe grisea, Cryptococcus neoformans, Candida albicans, Aspergilus
nidulans, and Pichia pastoris. These arrayed sets allow rapid screening for desired traits across a broad number of gene deletions. Details of construction,
replication and manipulation of these arrayed sets will be presented. Custom arraying, construction of functional sets, and cryopreservation will also be
discussed.

Sequencing-based solutions to identify and characterize fungal developmental genes. Minou Nowrousian, Ines Teichert, Gabriele Wolff, Ulrich Kiick.
Dept. of General & Molecular Botany, Ruhr University Bochum, Bochum, Germany.

During sexual development, filamentous ascomycetes form complex, three-dimensional fruiting bodies for the protection and dispersal of spores. We are
using a combination of classical genetics, next generation sequencing, molecular and microscopic methods to learn more about this differentiation process
in the model organism Sordaria macrospora, and here we present data on the identification/characterization of transcription factors and signaling
molecules that are involved in development. Whole genome sequencing of mutant pro44 was used to identify the mutation that causes sterility in the
mutant strain. For lllumina/Solexa sequencing, pooled DNA from progeny of crosses of the mutant with the wild type was used, and we were able to
pinpoint the causative mutation in the mutant strain through bioinformatics analysis. pro44 carries a mutation in a GATA-type transcription factor, and
fertility can be restored by transformation with the wild-type allele. In a second approach, we used laser microdissection to isolate young fruiting bodies
(protoperithecia) of the wild type and mutant prol that carries a deletion of another transcription factor gene essential for sexual development. Linear
amplification of RNA from microdissected protoperithecia yielded enough material for RNA-seq analysis. A comparison with total mycelium revealed
significant differences in in gene expression between protoperithecia and non-reproductive mycelia. Among the genes strongly up-regulated in
protoperithecia were the pheromone precursor genes ppgl and ppg2. This was confirmed by fluorescence microscopy of egfp expression under control of
ppgl regulatory sequences. In protoperithecia, many genes are under control of the transcription factor PRO1; thus, by combining laser microdissection
and RNA-seq, we can now perform genome-wide analyses of genes that are dependent on a development-specific transcription factor for correct
expression in a defined developmental structure in fungi. Among the genes that are dependent on PRO1 for correct expression in protoperithecia is pro44,
which is among the 500 most strongly expressed genes in wild-type, but not prol protoperitheica. In summary, our data indicate that PRO1 and PRO44 are
members of a transcription factor network that regulates gene expression and cell differentiation in developing fruiting bodies.

Aspergillus nidulans as an experimental system to identify novel cell wall growth and maintenance genes through identification of anti-fungal drug
resistance mutations. Xiaoxiao Sean He, Shengnan Jill Li, Susan Kaminskyj. Biology, University of Saskatchewan, Saskatoon, Saskatchewan, Canada.
Systemic fungal infections are estimated to contribute to ~10% of hospital deaths. Systemic fungal infections are most dangerous for the young, the old,
and the already sick, since their immune systems are less vigorous. Most antifungal drugs in current clinical use target ergosterol (polyenes) or the
ergosterol biosynthetic pathway (azoles and allylamines). Drugs against beta-glucan synthesis (echinocandins) are effective against aspergillosis and
candidaisis. The use of compounds that target fungal enzymes inevitably leads to the development and natural selection of drug resistant fungal strains.
Not only are the anti-fungal drugs in current clinical use losing efficacy in some situations, but in addition the high level of conservation between animal
and fungal physiology leaves relatively few relevant targets to explore. However, it is likely that for any drug-enzyme combination there will be relatively
few mutations that could increase drug resistance while still maintaining enzyme function. We are using Aspergillus nidulans as an experimental model
system to assess the number and identity of mutations that lead to drug resistance. As proof of concept, we grew wild type A. nidulans on replicate plates
containing a sub-lethal concentration of Calcofluor. These developed fast-growing sectors beginning at ~ 5 d (70 rounds of mitosis). Preliminary results
show that many of these sectors harboured heritable, single-gene mutations. To date, mutated genes that confer robust, heritable resistance to Calcofluor
that were identified by next generation sequencing have roles in cell wall synthesis, cell wall integrity regulation, or drug detoxification. We suggest this
strategy will be useful for predicting genetically-mediated anti fungal resistance adaptation and help us to be ahead in the drug-resistance arms race.
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lllumina-based genetic linkage map for wheat leaf rust. David L. Joly"?, Barbara Mulock®, Christina A. Cuomo®, Barry J. Saville?, Brent D. McCallum®, Guus
Bakkeren®. 1) Pacific Agri-Food Research Centre, Agriculutre and Agri-Food Canada, Summerland, British Columbia, Canada; 2) Forensic Science Program
and Environmental & Life Sciences Graduate Program, Trent University, Peterborough, ON, Canada; 3) Cereal Research Centre, Agriculture and Agri-Food
Canada, Winnipeg, MB, Canada; 4) Broad Institute of Massachusetts Institute of Technology and Harvard University, Cambridge, MA 02142.

Few genetic maps have been made for rust fungi; yet they are useful in identifying candidate loci for phenotypic traits or in unravelling chromosomal
arrangements. This lack of maps is, in part, due to the obligate biotrophic nature of rusts and the difficulties in manipulating their life cycle in a way that
enables controlled crosses. Recently, the genome sequence of a wheat leaf rust (Puccinia triticina) isolate was determined and this prompted the
sequencing of additional isolates using next-generation sequencing technologies. This has dramatically increased the amount of sequence information
available at a substantially decreased per base cost. Fifty-seven F2 progeny of a wheat leaf rust sexual cross between race 9 (SBDG) and race 161 (FBDJ)
were sequenced using Illumina. In order to generate a high-resolution genetic linkage map, genome-wide single-nucleotide polymorphisms (SNPs) were
identified. Employing the genome sequence information from the two parents and the F1 isolate, more than 25,000 SNPs were selected and used to
generate a genetic linkage map. Although they were obtained from different isolates, the genetic map and the reference genome were integrated,
allowing the creation of pseudomolecules. Those represent a strong improvement over the currently fragmented status of the reference genome.
Moreover, at least 9 seedling and 2 adult-plant avirulence genes were shown to segregate in this F2 population and candidate genes identified using the
genetic map are currently being investigated.

Peering into the secret-ory life of Aspergillus nidulans with a little help from classical genetics. Miguel Penalva’, Areti Pantazopoulou®, Mario Pinar’,
Herbert N. Arst, Jr.2. 1) Cellular and Molecular Biology, Centro de Investigaciones Biologicas CSIC, Madrid, Spain; 2) Department of Microbiology, Imperial
College, London, UK.

Model fungi have survived the revolution of modern biology partly through their amenability to classical genetic analysis. Unquestionably, classical
genetics lay at the root of the unmatched success of the yeast Saccharomyces cerevisiae, that exotic fungal visitor so pleasantly accepted into the parlour
of true eukaryotic cells and in the conservatory of gene regulation that dominated the fungal community at the end of last millennium. Formerly
fashionable, classical genetics became nearly extinct with the advent of the ‘omics era’, their demise confirmed with each of the uncountable
developments of low-cost sequencing. However, we shall illustrate how extraordinarily powerful classical genetics can be, used in combination with
sequencing techniques, to address general questions on the organization of the Golgi in eukaryotic cells. The Golgi is essential for secretion, and therefore,
for hyphal growth. Thus, we begin with a sequenced, well-characterized heat-sensitive X" mutation in an A. nidulans Golgi gene. An X strain is
mutagenised to isolate suX suppressor mutations, reversing the absence of growth resulting from X* at the restrictive temperature. Less interesting
intragenic reversion/pseudo-reversion events are identified by the inability of any given suX X strain to produce single mutant X progeny when crossed
to a wild-type. These mutations are next sequenced and archived. The remaining extragenic suppressors are allocated to one of the eight A. nidulans
chromosomes by parasexual analysis, exploiting the rarity of mitotic recombination. Next, meiotic crosses between the suX X* strain and a panel of
parental strains carrying markers in the suX chromosome are analysed to detect genetic linkage. Once linkage is detected, suX is further mapped to the
smallest feasible chromosomal interval. Candidate genes in the annotated genome interval, hopefully conspicuous at this stage to the educated eye, or, as
a last resort, the whole interval between the genetic boundaries, are sequenced to identify the suppressor. The combination of gene mapping with
sequencing eliminates the cumbersome identification of a single causative mutation (aka ‘a needle in a haystack’) hidden amongst the genetic variability of
the mutant and parental strains, inherent to whole genome sequencing approaches.

Domains of meiotic DNA recombination and gene conversion in Coprinopsis cinerea (Coprinus cinereus). Patricia J. Pukkila®, Wendy Schackwitz>. 1) Dept

Biol, Univ North Carolina, Chapel Hill, NC, USA; 2) US DOE Joint Genome Institute, Walnut Creek, CA, USA.

We have shown previously that rates of meiotic recombination are highly non-uniform along the assembled chromosomes of C. cinerea (Stajich et al.
PNAS 107: 11889-11894, 2010). That study revealed an over-representation of paralogous multicopy genes in regions with elevated levels of meiotic
exchange. In addition, retrotransposon-related sequences were not found in large segments of the genome with low levels of meiotic exchange. However,
the study was limited by the available markers, and only 31 Mb of the 36 Mb genome could be mapped. More recently, we have resequenced 45 meiotic
segregants and 4 complete tetrads. We developed a simple script to detect crossover and gene conversion events involving over 75,000 SNPs spanning 35
Mb. The data were analyzed using MSTmap (Wu et al. PLoS Genetics 4: 1000212, 2008). The new dataset revealed sub-telomeric recombination hotspots
at every chromosome end, and 36% of the crossovers were associated with uninterrupted tracts of gene conversion. The conversion tracts (2-8 SNPs) were
quite short (8-219 nt), and the median distance between the flanking SNP markers was also small (500 nt). Since these subtelomeric hotspots correspond
to sites of synaptic initiation in C. cinerea (Holm et al. Carlberg Res. Commun. 46: 305-346, 1981), these data may contribute to our understanding of how
homologous chromosome pairing and synapsis are coordinated with meiotic recombination. Supported by the U.S. Department of Energy Joint Genome
Institute Community Sequencing Program. The work conducted by the U.S. DOE JGI is supported by the Office of Science of the U.S. Department of Energy
under Contract No. DE-AC02-05CH11231.

A Hook protein is critical for dynein-mediated early endosome movement in Aspergillus nidulans. Jun Zhang®, Rongde Qiu’, Herbert Arst?, Miguel
Pefialva’, Xin Xiang". 1) Department of Biochemistry and Molecular Biology, Uniformed Services University, Bethesda, Maryland, USA; 2) Department of
Medicine, Imperial College London, London, UK; 3) Department of Molecular and Cellular Medicine, Centro de Investigaciones Bioldgicas CSIC, Ramiro de
Maeztu 9, Madrid, Spain.

It has been hypothesized that cytoplasmic linker proteins such as CLIP-170 facilitate motor-driven organelle transport by serving as an additional linker
between the organelle and the microtubule track. However, mammalian and fungal cells lacking CLIP-170 do not exhibit any apparent defects in vesicle
transport. We recently found that in the filamentous fungus Aspergillus nidulans, the HooK protein ortholog, HookA, is critical for dynein-mediated
transport of early endosomes. HookA mutants were obtained from a genetic screen for mutants defective in dynein-mediated early endosome movement,
and the HookA gene was identified by a combination of classical genetic and whole-genome-sequencing approaches. The HookA protein is homologous to
human Hook proteins containing a N-terminal microtubule-binding domain, a coiled-coil domain and a C-terminal cargo-binding domain, an organization
similar to that of CLIP-170. Both the N- and C-terminal domains of HookA are required for dynein-mediated early endosome transport, and HookA
associates with early endosomes via its C-terminal domain in a dynein-independent manner. Importantly, HookA physically interacts with dynein/dynactin,
and this interaction is independent of the C-terminal early-endosome-binding domain but dependent upon the N-terminal microtubule-binding domain.
Together, our results suggest that HookA may facilitate cargo-motor-track interactions during dynein-mediated transport of early endosomes.
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Reaching the wind: the fluid mechanics of spore discharge, and potential for dispersal mechanisms to shape the evolution of sporocarp and spore
morphologies. Anne Pringle’, Michael Brenner?, Joerg Fritz*, Marcus Roper®, Agnese Seminara’. 1) Organismic & Evolutionary Biology, Harvard University,
Cambridge, MA; 2) School of Engineering and Applied Sciences, Harvard University, Cambridge, MA; 3) Department of Mathematics, University of
California, Los Angeles, CA.

Fungi play critical roles in human agriculture and Earth’s biogeochemistry, but mechanisms of fungal dispersal are poorly understood. Thinking has
focused on the passive spread of spores by air and water, and neglected the biomechanics used by fungi to actively move spores to new habitats. In this
talk we focus on terrestrial ascomycetes, a group including plant and animal pathogens, mycorrhizal fungi, and lichens. We build theory to catalog and
explain the morphological features used by ascomycetes to shoot spores and facilitate the crossing of the boundary layer, a sheath of nearly still air
surrounding sporocarps. Crossing the boundary layer is critically important to the fitness of a spore: a spore that cannot escape will fall back on the parent
fungus, where probabilities of germination and survival are low. But after crossing the boundary layer, a spore must also travel in wind, and by explicitly
modeling discharge and dispersal we identify a previously unsuspected trade-off constraining the sizes of spores. Large spores cross boundary layers more
effectively, while small spores are more easily carried by wind. Spore dispersal shapes the epidemiology of disease, and will mediate range shifts in
response to global change; understanding how and how quickly fungi move across landscapes will enable both management and conservation.

Neurospora tetrasperma mating-type chromosomes: Testing hypotheses on the effects of degeneration and introgression on performance. Jennifer L.
Anderson, Yu Sun, Padraic Corcoran, Hanna Johannesson. Department of Evolutionary Biology, Uppsala University, Uppsala, Sweden.

Following hybridization between species, parts of one species’ genome can be incorporated into the genome of the other. This transfer of genetic
material, introgressive hybridization, is a well-known driver of speciation, diversification, and adaptive evolution. Introgression has occurred repeatedly in
the fungus Neurospora tetrasperma and has resulted in the presence of large regions of DNA (< 4 Mbp tracts) from other species of Neurospora on the
mating-type (mat) chromosomes of N. tetrasperma. The mat chromosomes of N. tetrasperma also contain large regions of suppressed recombination that
are associated with the accumulation of mutations and possibly a reduction in biological fitness. It has been proposed that introgressions of DNA from
other taxa, with freely recombining mat chromosomes, onto the mat chromosomes of N. tetrasperma could counteract the deleterious effects of mutation
accumulation and “reinvigorate” fitness. Alternatively, interspecific introgression into N. tetrasperma mat chromosomes could be either neutral or
deleterious to fitness, but are maintained due to lack of recombination between mat chromosomes. To test these hypotheses we have quantified
physiological performance (linear growth rate, LGR) in homokaryons from eight strains of N. tetrasperma with mat chromosomes that differ in
introgression history (e.g. introgressions from different species) and degree of degeneration. Differences in LGR between mating types and chromosome
types (introgressed or degenerate) will inform our understanding how hybridization and chromosomal structure and content effect physiological
performance and possibly fitness.

Nuclear arms races: sexual selection for masculine mushrooms. Bart Nieuwenhuis, Duur Aanen. Laboratory of Genetics, Wageningen University,
Wageningen, Netherlands.

When many gametes compete to fertilize a limited number of compatible gametes, sexual selection will favor those traits that increase competitive
advantage during mating. In animals and plants, sperm and pollen competition have yielded many interesting adaptations for improved mating success. In
fungi, similar processes have not been directly shown yet. We test the hypothesis that sexual selection can increase competitive fitness during mating,
using experimental evolution in the mushroom fungus Schizophyllum commune. Mating in S. commune occurs by donation of nuclei to a mycelium. These
fertilizing ‘male’ nuclei migrate through the receiving ‘female’ mycelium. In our setup, an evolving population of nuclei was serially mated with a non-
evolving female mycelium for 20 sexual generations. Four of the 12 tested strains had significantly increased competitive fitness and one had decreased
fitness. The main characteristic that explained fitness change was the relative success in colonization of the female mycelium. In most cases, no trade-offs
were found with other fitness components. Our results show that sexual selection can act in mushroom fungi and that sexual selection can lead to
increased competitive ability during mating.

Genome-wide mutation dynamic within a long-lived individual of Armillaria. James B. Anderson. Deptartment of Biology,, Univ Toronto, Mississauga,
Ontario, Canada.

Mutation is the ultimate source of all genetic variation in populations and yet the events themselves remain unobservable and buried in the past. Long-
lived individuals of Armillaria gallica, a common opportunistic fungal pathogen of tree roots in temperate forests of the northern hemisphere, provide a
spatial context for the mutational dynamic. Each individual of A. gallica arises in a single mating event between two haploid gametes and the resulting
diploid genotype then grows vegetatively to occupy a discrete spatial territory including many adjacent tree root systems. In effect, this leaves a spatial
record of growth over time within which mutations can be pinpointed. To identify mutations, the entire genomes of three spatially separated samples of
one individual of A. gallica approximately 200 by 60 m in size were sequenced and compared. In this comparison, mutations and chromosomal regions of
loss of heterozygosity (LOH) were identified and then assayed in another 22 isolates from the same individual.by conventional PCR and Sanger sequencing.
The genotype network of all 10 mutations and two LOH events in the 90 MB genome assembly was without internal conflict. Further, the spatial
distribution of genotypes was non-random and appeared to reflect the vegetative expansion leading to the present-day individual. | will discuss the
implications of the whole-genome data in estimating mutation rates and cellular generation times.
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Rapid genetic change and plasticity in arbuscular mycorrhizal fungi is caused by a host shift and enhanced by segregation. C. Angelard, I. Sanders.
University of Lausanne, Biophore, 1015 Lausanne, Switzerland.

Arbuscular mycorrhizal fungi (AMF) are among the most abundant symbionts of plants, improving plant productivity and diversity. They are clonal; a trait
assumed to limit adaptability. However, AMF harbour genetically different nuclei. We hypothesized that AMF can respond rapidly to a change of
environment through changes in the frequency of nuclei and by making genetically novel offspring. We subjected AMF parents and offspring to a host
shift. We observed genetic changes in all AMF lines. Genetic and phenotypic responses were different among offspring and some displayed higher fitness
than their parents. Our results demonstrate that AMF rapidly undergo genetic change in response to the environment and that nucleotype frequency plays
a role in how they perform in the new environment. Even though clonal, AMF offspring display greater genetic change and plasticity in response to host
shift. Such genetic and phenotypic flexibility is likely to be key to their ecological success.

1,

Meiotic Drive: A Single Gene Conferring Killing and Resistance in Fungal Spore Killer. Pierre Grognet™”’, Fabienne Malagnac™?, Hervé Lalucque™?, Philippe
Silar2. 1) Univ Paris Diderot, Sorbonne Paris Cité, Laboratoire Interdisciplinaire des Energies de Demain, 75205 Paris CEDEX 13 France; 2) Univ Paris Sud,
Institut de Génétique et Microbiologie, Bat. 400, 91405 Orsay cedex, France.

Meiotic drives (MD) are nuclear genetic loci ubiquitous in eukaryotic genomes that cheat the Mendel laws by distorting segregation in their favor. All
known MD are composed of at least two linked genes, the distorter that acts as a toxin by disrupting the formation of gametes, and the responder that
acts as an antitoxin and protects from the deleterious distorter effects. In fungi, MDs are known as Spore Killers (SK). In the model ascomycete Podospora
anserina, MD has been associated with deleterious effect during ascospore formation of the Het-s prion and in Neurospora crassa a resistance gene
(responder) to the Sk-2 and Sk-3 distorters has been identified. MDs are easily studied in P. anserina thanks to the ascus structure as SKs are identified by
the presence of 2-spored asci in crosses between strains. Here, we identify and characterize by targeted deletion in P. anserina Spok1 and Spok2, two MD
elements. We show that they are related genes with both spore-killing distorter and spore-protecting responder activities carried out by the same allele,
unlike other known MD. These alleles act as autonomous elements and exert their effects in any region of the genome. Moreover, Spok1 acts as a
resistance factor to Spok2 killing. As Spok1 and Spok2 belong to a multigene family, these Spore Killer genes represent a novel kind of selfish genes that
proliferate in population through meiotic distortion.

Cryptic population subdivision, sympatric coexistence and the genetic basis of local adaptation in Neurospora discreta. Pierre Gladieux, David Kowbel,
Christopher Hann-Soden, John Taylor. Department of Plant and Microbial Biology, University of California, Berkeley, CA.

Identifying the genes for ecologically relevant traits is a central challenge in empirical population genetics. Species distributed across strong
environmental gradients are excellent models to discover and identify the genetic targets of local selection as they are more likely to experience spatially
heterogeneous selection pressures leading to local adaptation of ecologically important traits. We studied the origin of ecological differentiation in N.
discreta phylogenetic species 4 (PS4), a species with a broad latitudinal distribution. We lllumina-sequenced the complete genomes of 52 individuals
representing 8 collections sites in Alaska, New Mexico, Washington, California, and Western Europe (average sequencing depth: 52X). Reads were mapped
to the N. discreta PS4 reference genomes, and analyses were based on a final set of ca. 1.2 million high-quality SNPs. Phylogenetic analyses identified four
well-supported clades. Papua New-Guinea individuals formed the most basal clade. Individuals from Alaska and Europe on the one hand, and from New
Mexico on the other hand grouped into sister clades, and individuals from California were basal to these two clades. Individuals from Washington, sampled
within the same site, grouped with either the New Mexico individuals, or the California individuals, indicating the coexistence in sympatry of two divergent
populations. The observed pattern of population subdivision is being used as a reference to identify genes departing from the genome-wide background,
and showing increased divergence consistent with divergent selective pressures, or decreased divergence consistent with gene-flow. Our findings
emphasize the need to continue exploration to uncover divergent populations of Neurospora, and place N. discreta, along with N. crassa, among the
handful of species that have the attributes to serve as outstanding evolutionary and ecological model organisms.

Ecological context in symbioses: when is your enemy also your friend? Georgiana Mayl, Paul Nelson®. 1) Dept Ecol, Evol, Behavior,#100, Univ Minnesota,
St Paul, MN; 2) EEB graduate program University of Minnesota St. Paul MN.

Most plants are rife with fungal symbiotic partners with many of these having little apparent effect on the host's health and fitness. In this work, we
explore the degree to which the outcome of interactions between an endophytic fungus, pathogen and plant host depend on ecological context. In
particular, we ask whether interactions between the endophyte of maize, Fusarium verticilliodes, with the pathogen Ustilago maydis, depend on host
resistance to the pathogen. In the case of a host susceptible to the pathogen, the two fungal species should meet frequently, and compete over host
resources, potentially driving greater virulence to the host in one or the other fungal species. In the case of a host resistant to the pathogen, the
endophyte might be a "bystander" to the pathogen, because the two meet too infrequently to drive their co-evolutionary interaction. We show evidence
that the two fungal species have evolved stronger antagonistic interactions in maize susceptible to the pathogen, and further, that this might be
associated with greater virulence by the pathogen. Results of modeling will also be presented from which we predict longer term evolutionary trajectories
for this 3-way interaction.
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Cytoskeleton, Motors, and Intracellular Transport

Co-chairs: Samara Reck-Peterson and Ping Wang

The molecular basis of extended dynein run-length. Sreedhar Kilaru, Martin Schuster, Gero Steinberg. School of Bioscinces, Univ Exeter, EX4 4QD Exeter,
UK.

Dynein is a minus-end directed motor that utilises ATP to transport organelles along microtubules. In fungi, a major "cargo" of dynein are early
endosomes that are taken over long distance from the plus-ends near the growing apex to the central part of the hyphal cell. In cell-free assays it was
shown that single dynein motors can only overcome 1 micrometer, and long-distance motility of organelles requires binding of several dynein motors that
cooperate to extend the transport distance. We recently showed that this does not apply to the fungus Ustilago maydis. Here, single dynein motors move
over 30 micrometers, raising the question of the underlying molecular mechanism for this extraordinary motor performance. This talk will provide a
comprehensive explanation for this phenomenon.

The role of microtubule-based motors in the spatiotemporal control of autophagy. Martin Egan, Mark McClintock, Samara Reck-Peterson. Cell Biology,
Harvard Medical School, Boston, MA.

Autophagy is a highly conserved eukaryotic process in which components of the cytoplasm, including damaged organelles and misfolded proteins, are
sequestered into double membrane-bound vesicles called autophagosomes that are subsequently delivered to the vacuole for recycling. In fungi,
autophagy is linked to cellular remodeling and differentiation, while in mammals dysfunction in the autophagy pathway has been implicated in cancer and
neurodegenerative diseases. Here we explore the role of microtubule-based motors in the spatiotemporal control of autophagy in the model filamentous
fungus Aspergillus nidulans. Using a molecular genetic and live-cell imaging approach, we identify the motors responsible for autophagosome motility, and
dissect their role in the delivery and fusion of autophagic vesicles with the vacuolar system. Furthermore, we examine the role of microtubule-based
motors in the clearance of aggregation-prone proteins associated with motor neuron disease, and determine the effect of these aggregates on normal
microtubule-based transport processes.

Microtubule-dependent co-transport of mMRNPs and endosomes. Sebastian Baumannl'z, Thomas Pohlmannl’z, Andreas Brachmannz'g, Michael
FeIderggel‘z. 1) Heinrich-Heine University Dusseldorf, Institute for Microbiology, 40204 Dusseldorf, Germany; 2) Max Planck Institute for Terrestrial
Microbiolgy, Department of Organismic Interactions, Karl-von-Frisch-Str. 10, 45043 Marburg, Germany; 3) Biocenter of the Ludwigs Maximilians University
Munich, Genetics Section, Grosshaderner Str. 2-4, 82152 Planegg-Martinsried, Germany.

Long-distance transport of mRNAs is important in determining polarity in eukaryotes. Molecular motors shuttle large messenger ribonucleoprotein
complexes (MRNPs) containing mRNAs, RNA-binding proteins and associated factors along microtubules. However, precise mechanisms including the
interplay of molecular motors and a potential connection to membrane trafficking remain elusive. In recent studies we identified the RNA-binding protein
Rrm4 as the key player in microtubule-dependent mRNA transport in Ustilago maydis. Combining in vivo CLIP and RNA-live imaging revealed a subset of
mRNAs that are bound by Rrm4 and transported processively throughout the hyphae. Studying the molecular motors revealed that shuttling is mediated
by Kin3 and Dyn1/2. The same set of motors acts in endosome trafficking and indeed, studying the SNARE Yup1 and the small GTPase Rab5 we found co-
transport with endosomes as a novel mechanism for mRNP transport. Currently, we address the link between mRNAs and endosomes.

Role of teal and tea4 homologs in cell morphogenesis in Ustilago maydis. Flora Banuett, Woraratanadharm Tad, Lu Ching-yu, Valinluck Michael.
Biological Sciences, California State University, Long Beach, CA.

We are interested in understanding the molecular mechanisms that govern cell morphogenesis in Ustilago maydis. This fungus is a member of the
Basidiomycota and exhibits a yeast-like and a filamentous form. The latter induces tumor formation in maize (Zea mays) and teosinte (Zea mays subsp.
parviglumis and subsp. mexicana). We used a genetic screen to isolate mutants with altered cell morphology and defects in nuclear position. One of the
mutants led to identification of tea4. Tea4 was first identified in Schizosaccharomyces pombe, where it interacts with Teal and other proteins that
determine the axis of polarized growth. Tea4 recruits a formin (For3), which nucleates actin cables towards the site of growth, and thus, polarizes
secretion (Martin et al., 2005). Teal and Tea4 have been characterized in Aspergillus nidulans and Magnaporthe oryzae (Higashitsuji et al., 2009; Patkar et
al., 2010; Takeshita et al., 2008; Yasin et al., 2012). Here we report the characterization for the first time of the Tead4 and Teal homologs in the
Basidiomycota. The U. maydis tea4 ORF has coding information for a protein of 1684 amino acid residues that contains a Src homology (SH3) domain, a
RAS-associating domain, a phosphatase binding domain, a putative NLS, and a conserved domain of unknown function. All Tea4 homologs in the
Basidiomycota contain a RA domain. This domain is absent in Tea4 homologs in the Ascomycota, suggesting that Tea4 performs additional functions in the
Basidiomycota. We also identified the Umteal homolog, which codes for a putative protein of 1698 amino acid residues. It contains three Kelch repeats.
The Teal homologs in the Ascomycota and Basidiomycota contain variable numbers of Kelch repeats. The Kelch repeat is a protein domain involved in
protein-protein interactions. The teal gene was first identified in S. pombe and is a key determinant of directionality of polarized growth (Mata and Nurse,
1997). To understand the function of teal and tea4 in several cellular processes in U. maydis, we generated null mutations. We demonstrate that tea4 and
teal are necessary for the axis of polarized growth, cell polarity, normal septum positioning, and organization of the microbutubule cytoskeleton. We also
determined the subcellular localization of Teal::GFP and Tea4::GFP in the yeast-like and filamentous forms.
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Aspergillus nidulans septin interactions and post-translational modifications. Yainitza Hernandez—Rodri_g@l, Shunsuke Masuo?, Darryl Johnson®, Ron
Orlando“, Michelle Momanyl. 1) Plant Biology, University of Georgia, Athens, GA, US; 2) Laboratory of Advanced Research A515, Graduate School of Life
and Environmental Sciences, University of Tsukuba, Tennodai, Tsukuba, Ibaraki, JP; 3) Department of Chemistry, University of Georgia, Athens, GA, US; 4)
Department of Biochemistry and Molecular Biology, University of Georgia, Athens, GA, US.

Septins are cytoskeletal elements found in fungi, animals, and some algae, but absent in higher plants. These evolutionarily conserved GTP binding
proteins form heteroligomeric complexes that seem to be key for the diverse cellular functions and processes that septins carry out. Here we used
Aspergillus nidulans, a model filamentous fungus with well defined vegetative growth stages to investigate septin-septin interactions. A. nidulans has five
septins: AspA/Cdc11, AspB/Cdc3, AspC/Cdc12 and AspD/Cdc10 are orthologs of the “core-filament forming-septins” in S. cerevisiae; while AspE is only
found in filamentous fungi. Using S-tag affinity purification assays and mass spectrometry we found that AspA, AspB, AspC and AspD strongly interact in
early unicellular and multicellular vegetative growth. In contrast, AspE appeared to have little or no interactions with core septins in unicellular stages
before septation. However, after septation AspE interacted with other septins, for which we postulate an accessory role. AspE localized to the cortex of
actively growing areas and to septa, and localizations are dependent on other septin partners. Interestingly, core septin localizations can also depend on
accessory septin AspE, particularly post-septation. In addition, LC-MS/MS showed acetylation of lysine residues in AspA before septation and AspC after
septation. Western blot analysis using an anti-acetylated lysine antibody showed that AspC is highly acetylated in all stages examined, while other septins
showed acetylation post-septation. Though LC-MS analysis failed to detect phosphorylation of septins, this modification has been widely reported in fungal
septins. Using phosphatase treatments and Western Bloting, we found phosphorylation of AspD, but no other septins. This is interesting because AspD
belongs to a special group of septins that lack a C-terminal coiled-coil found in other septins. However, septin localization is not affected by the absence of
AspD/Cdc10, but by the absence of filamentous fungi specific septin AspE. Our data suggests that septin interactions and modifications change during
development and growth in A. nidulans, and that some modifications are septin specific.

Altered Ras1 trafficking impairs the pathogencity of Cryptococcus neoformans. Connie B. Nichols, Teresa O'Meara, Kyla Selvig, Sandra Breeding, J.
Andrew Alspaugh. Dept. of Medicine, Duke University Medical Center, Durham, NC, USA.

Cryptococcus neoformans is an opportunistic human fungal pathogen. The ability to cause disease is linked to several different determinants, one of
which is the ability to grow at high temperature. Previously we found that one branch of the Ras1 signaling cascade mediates cell morphology and
cytokinesis in response to mild stress, such as growth at high temperature. Inactivation of Ras1 and other components of this signaling branch negatively
impacts C. neoformans pathogenicity. Additionally, this branch of the Ras1 signaling cascade is dependent on the trafficking of Ras1 from the
endomembranes to the plasma membrane and is mediated by palmitoylation of the Ras1 protein. We have identified and characterized several C.
neoformans protein acyltransferases (PATs), the enzymes responsible for palmitoylation, to further understand the role of palmitoylation and trafficking
on Rasl function and activity during high temperature growth and pathogenesis. Although there is some degree of functional redundancy in this protein
family, we identified individual PATs that are required for stress response and virulence in models of cryptococcal disease.

Quantification of the thigmotropic response of Neurospora crassa to microfabricated slides with ridges of defined height and topography. Karen
Steghensonl, Fordyce Davidson®, Neil Gow®, Geoffrey Gadd™. 1) Division of Molecular Microbiology, College of Life Sciences, University of Dundee, Dundee,
United Kingdom; 2) Division of Mathematics, University of Dundee, Dundee, United Kingdom; 3) Institute of Medical Sciences, University of Aberdeen,
Aberdee, United Kingdom.

Thigmotropism is the ability of an organism to exhibit an orientation response to a mechanical stimulus. We have quantified the thigmotropic response
of Neurospora crassa to microfabricated slides with ridges of defined height and topography. We show that mutants that lack the formin BNI-1 and the
Rho-GTPase CDC-42, an activator of BNI-1, had an attenuated thigmotropic response. In contrast, null mutants that lacked cell end-marker protein TEA-1
and KIP-A, the kinesin responsible for its localisation, exhibited significantly increased thigmotropism. These results indicate that vesicle delivery to the
hyphal tip via the actin cytoskeleton is critical for thigmotropism. Disruption of actin in the region of the hyphal tip which contacts obstacles such as ridges
on microfabricated slides may lead to a bias in vesicle delivery to one area of the tip and therefore a change in hyphal growth orientation. This mechanism
may differ to that reported in Candida albicans in so far as it does not seem to be dependent on the mechanosensitive calcium channel protein Mid1. The
N. crassa Dmid-1 mutant was not affected in its thigmotropic response. Although it was found that depletion of exogenous calcium did not affect the
thigmotropic response, deletion of the spray gene, which encodes an intracellular calcium channel with a role in maintenance of the tip-high calcium
gradient, resulted in a decrease in the thigmotropic response of N. crassa. This predicts a role for calcium in the thigmotropic response. Our findings
suggest that thigmotropism in C. albicans and N. crassa are similar in being dependent on the regulation of the vectorial supply of secretory vesicles, but
different in the extent to which this process is dependent on local calcium-ion gradients.

Dynein drives oscillatory nuclear movements in the phytopathogenic fungus Ashbya gossypii and prevents nuclear clustering. S. Grava, M. Keller, S.
Voegeli, S. Seger, C. Lang, P. Philippsen. Biozentrum, Molecular Microbiology, University of Basel, CH 4056 Basel, Switzerland.

In the yeast Saccharomyces cerevisiae the dynein pathway has a specific cellular function. It acts together with the Kar9 pathway to position the nucleus
at the bud neck and to direct the pulling of one daughter nucleus into the bud. Nuclei in the closely related multinucleated filamentous fungus Ashbya
gossypii are in continuous motion and nuclear positioning or spindle orientation is not an issue. A. gossypii expresses homologues of all components of the
Kar9/Dyn1 pathway, which apparently have adapted novel functions. Previous studies with A. gossypii revealed autonomous nuclear divisions and,
emanating from each MTOC, an autonomous cytoplasmic microtubule (cMT) cytoskeleton responsible for pulling of nuclei in both directions of the hyphal
growth axis. We now show that dynein is the sole motor for bidirectional movements. Surprisingly, deletion of Kar9 shows no phenotype. Dyn1, the
dynactin component Jnm1, the accessory proteins Dyn2 and NdI1, and the potential dynein cortical anchor Num1 are involved in the dynamic distribution
of nuclei. In their absence, nuclei aggregate to different degrees, whereby the mutants with dense nuclear clusters grow extremely long cMTs. Like in
budding yeast, we found that dynein is delivered to cMT +ends, and its activity or processivity is probably controlled by dynactin and Num1. Together with
its role in powering nuclear movements, we propose that dynein also plays (directly or indirectly) a role in the control of cMT length. Those combined
dynein actions prevent nuclear clustering in A. gossypii and thus reveal a novel cellular role for dynein.
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Nucleic Acid-Protein Interactions that Impact Transcription and Translation
Co-chairs: Michael Freitag and Mark Caddick

ChiIP-seq: an inexpensive and powerful method for studying genome-wide chromatin remodeling and transcription regulation in fungi. Koon Ho Wong,
Kevin Struhl. Department of Biological Chemistry and Molecular Pharmacology, Harvard Medical School, Boston, MA.

Chromatin Immuno-precipitation (ChIP) is a commonly used technique for studying protein-DNA interactions. When coupled with the Next Generation
Sequencing (NGS) technology, ChIP-seq can map and measure genome-wide locations and occupancies of any protein-of-interest at very high resolution,
and is an invaluable technique for studying chromatin-associated processes including transcription regulation. However, owing to the fact that NGS
experiments are expensive, this powerful technique has yet been widely applied to fungal studies. The output of current sequencing technologies vastly
exceeds the sequencing depth requirement of ChIP-seq experiments as well as many NGS applications in fungi. We have developed a multiplex sequencing
method that allows up to 96 different samples to be included in a single sequencing reaction, providing a means to obtain whole-genome data at a highly
affordable cost. Using multiplex sequencing, ChIP-seq and a technique called Anchor-Away for conditional depletion of proteins from the nucleus, we have
gained important insights into different aspects of transcription regulation including the repression mechanism of the Cyc8-Tup1l co-repressor complex in
Saccharomyces cerevisiae. Examples on how ChIP-seq applications may be broadly applied to address common questions regarding transcription
regulation will also be presented.

Regulatory Networks Governing Global Responses to Changes in Light and Time. Jay C. Dunlap, Jennifer J. Loros, & the PO1 Consortium**"Functional
Analysis and Systems Biology of Model Filamentous Fungi". coordinated from Dept Gen, Geisel School of Medicine at Dartmouth, Hanover, NH.
**including PIs Deb Bell-Pedersen, Michael Freitag, James Galagan, Matthew Sachs, Eric Selker, Jeff Townsend, and members of their labs at institutions
not listed here. Free-living fungi live in a profoundly rhythmic environment characterized by daily changes in light intensity and temperature. Some fungi
have well described systems for anticipation of temporal change, circadian systems, and nearly all fungi can respond acutely to changes in light intensity.
The nuts and bolts of the regulatory structures underlying circadian regulation and responses to blue light are well known in Neurospora. The circadian
clock comprises a negative feedback loop wherein a heterodimer of proteins, WC-1 and WC-2, acts as a transcription factor (TF) to drive expression of frg.
FRQ stably interacts with a putative RNA helicase (FRH) and with casein kinase 1, and the complex down-regulates the White Collar Complex (WCC). With
appropriate phosphorylation mediated delays, this feedback loop oscillates once per day (Baker, Loros, & Dunlap, FEMS Microbiol. Reviews 36: 95-106,
2012). In turn, blue light is detected by FAD stably bound by WC-1, eliciting photochemistry that drives a conformational change in the WCC resulting in
activation of gene expression from promoters bound by the WCC (Chen, Dunlap & Loros, FGB 47, 922-9, 2010). With this as context, the consortium team
listed above is using the tools of next generation sequencing, recombineering and luciferase reporters to see how the initial simple steps of clock control
and light perception ramify via regulatory networks to elicit development in response to the cues of light and time. Interestingly, the same players and
networks appear to be involved in many places. For instance, the circadian feedback loop yields rhythmic activation of WCC that regulates many genes
including transcription factors (TFs). Genes encoding TFs that do not affect the circadian feedback loop itself provide circadian output. In this manner these
TFs act as second order regulators, transducing regulation from light responses or from the core circadian oscillator, to banks of output clock-controlled
genes (ccgs), some of which are in turn other TFs. Assembling the global regulatory networks governing light and clock regulation is now a feasible goal.

Protein Binding Microarrays and high-throughput real-time reporters studies: Building a four-dimensional understanding of transcriptional networks in
Neurospora crassa. A. Montenegro-Montero, A. Goity”, C. Olivares-Yafiez!, A. Stevens-Lagos’, M. Weirauch?, A. Yang®, T. Hughes®, L. F. Larrondo”. 1)
Genética Molecular y Microbiologia, Pontificia Universidad Catdlica de Chile, Santiago, Chile; 2) CAGE, Cincinnati Children™’s Hospital Medical Center,
University of Cincinnati. U.S.A; 3) Banting and Best Department of Medical Research, University of Toronto, Canada.

It has been suggested that ~20% of the Neurospora-transcriptome may be under circadian control. Nevertheless, there is scarce information regarding
the regulators that are involved in the rhythmic expression of clock-controlled genes (ccgs). We are using a high-throughput platform, based on various
codon-optimized luciferase transcriptional- and translational-reporters, to monitor time-of-day-specific gene expression and to identify key elements
mediating circadian transcriptional control. Thus, we have identified transcription factors -such as SUB-1- that affect the expression of known and novel
ccgs, among which there are transcriptional regulators that give access to a group of third-tier ccgs. In addition, we are characterizing several rhythmic
bZIP-coding genes as potential nodes of circadian regulation. In order to characterize regulatory networks in which these and all Neurospora transcription
factors participate, we are using double-stranded DNA microarrays containing all possible 10-base pair sequences to examine their binding specificities and
in that way, predict possible targets on a genome-wide manner. Currently, these Protein Binding Microarray studies have provided DNA-binding
specificities for over 120 Neurospora transcription factors granting an unprecedented and powerful tool for transcriptional network studies. Finally, we
have generated graphic tools to explore the spatial differences observed in the temporal control of gene expression. Funding: Conicyt/Fondecyt/regular
1090513.

Ending messages: alternative polyadenylation in filamentous fungi. Julio Rodriguez-Romero, Ane Sesma. CBGP/ Univ Politécnica de Madrid, Pozuelo de
Alarcén, Madrid, Spain.

The 3' end polyadenylation of pre-mRNAs is a two-step process. First, pre-mRNAs are cleaved at their 3' end. The second step involves the addition of the
polyA tail by RNA polymerases. Presence of multiple potential 3' end cleavage sites is common in eukaryotic genes, and the selection of the right site is
regulated during development and in response to cellular cues. This mechanism of alternative (or non-canonical) polyadenylation generates mRNA
isoforms with different exon content or 3' UTR lengths and regulates the presence of cis elements in the mRNA. Proteins involved in alternative
polyadenylation (APA) include Cleavage Factor | in metazoans (CFIm), Hrpl in yeast and Rbp35 in filamentous fungi. The cis elements present in the 3'
UTRs such as miRNA target sites modulate gene expression by affecting cytoplasmic polyadenylation, subcellular localization, stability, translation and/or
decay of the mRNA. Therefore, the selection of a proper 3' end cleavage site represents an important step of regulation of gene expression. Using Direct
RNA Sequencing (DRS), we are carrying out in the rice blast fungus Magnaporthe oryzae a comprehensive map of genome wide polyadenylation sites and

27th Fungal Genetics Conference | 53



CONCURRENT SESSION ABSTRACTS

quantifying their usage under different nutritional conditions (rich and minimal media, carbon and nitrogen starvation) in the wild type and the Drbp35
mutant. Results of these polyadenylation maps will be presented, including candidate APA targets, sequence motifs present in long 3' UTRs, Rbp35-
dependent mRNA isoforms, and conservation of significant mRNA isoforms in other filamentous fungi.

Post-transcriptional gene regulation contributes to host temperature adaptation and virulence in Cryptococcus neoformans. Amanda L. Misener
Bloom™?, Kurtis Downey", Nathan K. Wool', John C. Panepinto™. 1) Microbiology/Immunology, SUNY University at Buffalo, Buffalo, NY; 2) Witebsky Center
for Microbial Pathogenesis and Immunology, SUNY University at Buffalo, Buffalo, NY.

In response to the hostile host environment, pathogens must undergo rapid reprogramming of gene expression to adapt to the stresses they encounter.
Upon exposure to host temperature, Ribosomal protein (RP) transcripts are rapidly repressed in C. neoformans. We are interested in investigating specific
mechanisms involved in this response, as this repression may be a critical process in host temperature adaptation. Using a mutant null of the major
deadenylase, Ccr4, we have discovered that this repression is in part due to enhanced degradation of RP-transcripts. Ccr4 lacks a nucleic acid binding
domain and therefore must be recruited to mRNA targets via RNA binding proteins. Using MEME analysis and chromatographic techniques, we have
identified a shared cis element in the 3’UTR of RP transcripts that is recognized by the zinc knuckle protein, Gis2. We are currently investigating the
importance of this protein-RNA interaction in the expression of RP genes.

Host temperature-induced enhanced degradation of RP transcripts is also dependent on the dissociable RNA polymerase Il subunit, Rpb4. Specifically, we
demonstrated that in an rpb4D mutant, RP-transcript deadenylation is impaired, suggesting that Rpb4 may be required for Ccr4-targeted degradation. In
addition, we observed that upon a shift to 37°C, Rpb4 travels from the nucleus to the cytoplasm, supporting a role for Rpb4 in coupling transcription and
degradation. Interestingly, this coupling is not restricted to the RP transcripts, as Rpb4 is also involved in enhanced decay of ER stress transcripts following
their peak induction, one hour after a shift to host temperature. We have demonstrated that signaling through PKH enhances the degradation of the RP-
transcripts in response to host temperature, but not the ER stress transcripts, highlighting the complexity of this system. We report that when
transcription and degradation are uncoupled by the loss of Rpb4, growth at host temperature is impaired and virulence in a mouse model of disseminated
cryptococcosis is attenuated. Our data suggests that coupling of transcription and degradation via Rpb4 allows the cell to control the intensity and
duration of different responses at specific times following exposure to host temperature, contributing to the ability of C. neoformans to adapt to this
stress.

Dual targeting of glycolytic enzymes by alternative splicing and translational read-through. Johannes Freitag, Julia Ast, Alina Stiebler, Michael Bolker.
Department of Biology, Philipps-Universitat Marburg, Marburg, Germany.

Processing of mRNA is a highly conserved process in eukaryotes involving three major steps. Nascent transcripts are capped at their 5’end, introns are
removed by splicing and the 3’end is cleaved and polyadenylated. In the plant pathogenic fungus Ustilago maydis, several genes show hallmarks of
differential splicing and alternative polyadenylation resulting in the production of C-terminally extended proteins. We detected that this process leads to
generation of an extended glyceraldehyde-3-phosphate dehydrogenase (GAPDH) isoform harboring a C-terminal peroxisomal targeting sequence (PTS1).
We could also detect peroxisomal isoforms of two further glycolytic enzymes, phosphoglycerate kinase (PGK) and triosephosphate isomerase (TPI).
Remarkably, peroxisomal isoforms of PGK and TPI are generated by translational read-through in U. maydis. Further analysis revealed that dual targeting
of glycolytic enzymes to peroxisomes and the cytoplasm is not restricted to U. maydis but occurs in a variety of fungal species. Interestingly, in different
species variable mechanisms to generate extended peroxisomal isoforms of glycolytic enzymes are operating. In the ascomycete Aspergillus nidulans the
PTS1-motif of PGK is derived from alternative splicing and polyadenylation, while translational read-through is used to generate a peroxisomal isoform of
GAPDH. We could also show that some enzymes are partially targeted to peroxisomes by means of weak peroxisomal targeting signals. Dual localization of
glycolytic enzymes to peroxisomes and the cytoplasm appears to be widespread in fungi. This indicates that fungal peroxisomes are endowed with a more
complex metabolism than previously assumed. Thus, the consideration of alternative splicing and translational read-through will be of importance in
future proteomic and metabolomic studies of organelles.

Non-optimal codon usage determines the expression level, structure and function of the circadian clock protein FREQUENCY. Mian Zhou', Jinhu Guo®,
Joonseok Cha', Michael Chae’, She Chen?, Jose Barral’, Matthew Sachs®, Yi Liu®. 1) Department of Physiology, UT Southwestern Medical Center, Dallas, TX;
2) National Institute of Biological Sciences, Beijing, China; 3) Departments of Neuroscience and Cell Biology and Biochemistry and Molecular Biology, The
University of Texas Medical Branch, Galveston, TX; 4) Departments of Biology, Texas A&M University, College Station, TX; 5) School of Life Sciences, Sun
Yat-sen University, Guangzhou, China.

Codon usage bias has been observed in the genomes of almost all organisms and is thought to result from selection for efficient and accurate translation
of highly expressed genes 1-3. In addition, codon usage is also implicated in the control of transcription, splicing and RNA structure 4-6. Many genes,
however, exhibit little codon usage bias. The lack of codon bias for a gene is thought to be due to lack of selection for mRNA translation. Alternatively,
however, non-optimal codon usage may also have biological significance. The rhythmic expression and the proper function of the Neurospora FREQUENCY
(FRQ) protein are essential for circadian clock function. Here, we show that, unlike most genes in Neurospora, frq exhibits non-optimal codon usage across
its entire open reading frame. Optimization of frq codon usage results in the abolition of both overt and molecular circadian rhythms. Codon optimization
not only increases FRQ expression level but surprisingly, also results in conformational changes in FRQ protein, impaired FRQ phosphorylation, and
impaired functions in the circadian feedback loops. These results indicate that non-optimal codon usage of frq is essential for its circadian clock function.
Our study provides an example of how non-optimal codon usage is used to regulate protein expression levels and to achieve optimal protein structure and
function.

A transcriptome-wide view on microtubule-dependent mRNA transport. Carl Haag", Julian Konigz, Kathi Zarnack®, Michael Feldbruggel. 1) Institut for
Microbiology, Heinrich-Heine University, Disseldorf, NRW, Germany; 2) MRC LMB Cambridge, UK; 3) EBI Hinxton, UK.

Long distance transport of mMRNAs regulates spatio-temporal gene expression during polar growth. In filaments of U. maydis, for example, microtubule-
dependent shuttling of mRNAs is crucial to determine the axis of polarity. The key component of this transport system is the RNA-binding protein Rrm4
that binds a distinct set of target mRNAs. Recently, we discovered a novel mechanism for mRNA transport, namely the co-transport of Rrm4 and
associated mRNAs with endosomes. Here, new insights on mRNA transport will be presented using the improved in vivo UV-crosslinking technique: iCLIP.
This technique allows identification of target mRNAs at the transcriptome-wide level with single nucleotide resolution.
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Co-chairs: Neil Gow and Clarissa Nobile

Elicitation of host damage occurs in a temporally programmed manner during Aspergillus fumigatus infections. Elaine M. Bignell. Microbiology Section,
Imperial College London, London, United Kingdom.

Background: In tissue-invasive lung infections caused by the mould Aspergillus fumigatus the molecular basis of host damage remains unclear. It has long
been hypothesised that the secretion of proteolytic enzymes by invading A. fumigatus hyphae provides a mechanism by which epithelial damage is
mediated. However, in whole animal studies of disease it has not been possible to substantiate an important role of fungal proteases since A. fumigatus
mutants lacking individual or multiple enzyme functions retain the ability to cause fatal infections. One of the first cellular lines of defence against A.
fumigatus infection is the monolayer of epithelial cells which line the mammalian airway. Epithelial cells provide a physical barrier against endothelial
invasion and initiate an inflammatory immune response upon contact with A. fumigatus spores. Here we show that the A. fumigatus pH-responsive
transcription factor, PacC, which governs expression of secreted proteases and secondary metabolism genes, is required for invasion of the murine
pulmonary epithelium, and pathogenicity. Results: We determined, via murine and epithelial infection assays, that DpacC mutants are defective in
elicitation of early-phase host damage which occurs, in wild type isolates, via a novel contact-dependent mechanism. Transcriptomic analyses of murine
aspergillosis revealed aberrant cell wall biosynthesis in infecting DpacC isolates, suggesting a novel role for the A. fumigatus cell wall in pathogen-mediated
host damage. Concordant with these findings PacC null mutants were shown to have signficiantly heightened chitin content in the fungal cell wall and
were hypersensitive to cell wall perturbing agents, including caspofungin. The mechanistic relevance of cell wall-mediated host damage was verified by
comparative analysis of damage elicited by cell wall extracts and heat-killed hyphae from wild type and DpacC isolates. Conclusion: A. fumigatus elicits
host damage in a biphasic manner, initally via a novel contact-dependent mechanism involving cell wall components, and later via soluble mediators. A.
fumigatus mutants deficient in the pH-responsive transcription factor PacC suffer deficits in both mechanisms. On the basis of this functional
transcriptomic analysis we propose a new model of biphasic host damage during A. fumigatus infections.

Exploiting innate recognition of fungi for vaccine development. Stuart Levitz. Medicine, University of Massachusetts, Worcester, MA.

Most licensed vaccines work by promoting protective antibody responses. However, some populations, such as the elderly and the
immunocompromised, generally have poor antibody responses to conventional vaccines. Moreover, for many infectious and neoplastic diseases, vaccines
that arm adaptive T cell responses appear necessary. Thus, a major challenge in vaccinology is the development of platforms and adjuvants that effectively
promote protective T cell and antibody responses. The immune system has evolved to innately recognize components of the fungal cell wall, particularly b-
glucans. Research in my laboratory, in collaboration with Gary Ostroff, has focused on how this innate recognition of the fungal cell wall can be exploited
for vaccine development. To achieve this aim, we have used glucan particles (GPs) as a novel vaccine platform. GPs are hollow, highly purified
microcapsules prepared from Saccharomyces cerevisiae cell walls. GPs are composed predominantly of b-1,3-glucan and are recognized by b-glucan
receptors (particularly Dectin-1) on dendritic cells and other phagocytes. GPs also potently activate complement, resulting in opsonization and recognition
by complement receptors. GPs can be loaded with antigens and immunomodulators such that the “payload” is released following phagocytosis. We have
demonstrated robust and long-lasting antigen-specific T cell (Th1- and Th17-biased) and antibody responses following immunization of mice with GPs
“encapsulated” with antibody. Moreover, vaccination of mice with GPs loaded with fungal antigens can protect mice against lethal challenges with the
pathogenic fungi Cryptococcus neoformans and Histoplasma capsulatum.

Regulatory circuits governing Candida albicans proliferation in a mammalian host. Jose C. Perez', Carol A. Kumamoto®, Alexander D. Johnson®. 1)
Microbiology and Immunology, UCSF, San Francisco, CA; 2) Molecular Biology and Microbiology, Tufts University, Boston, MA.

The fungus Candida albicans resides in the gastrointestinal tract of most, if not all, human adults and is also a leading cause of life-threatening fungal
infections in immunocompromised individuals. C. albicans has no known environmental reservoir suggesting that it has extensively co-evolved to thrive in
its host. To uncover the C. albicans gene circuits governing its proliferation in a host, we used mouse models of intestinal colonization and systemic
infection to screen a set of ~75 transcription regulator deletion strains. These mutant strains were chosen because they showed no gross phenotypes
when cultured under a variety of laboratory growth conditions. We identified eight transcription regulators that play roles in intestinal colonization,
systemic infection or both. Through genome-wide chromatin immunoprecipitation and transcriptional profiling experiments, we determined the target
genes and the general circuitry controlled by these regulators. Our results reveal multiple biological functions necessary for C. albicans to inhabit a
mammalian host, the acquisition of carbon and nitrogen sources being prominent among them. These findings highlight common challenges faced by
bacterial and eukaryotic (fungal) species when colonizing the mammalian intestine and illustrate how evolution has tinkered with the C. albicans
regulatory circuitry to meet these demands.

Dramatic ploidy change as an adaptive strategy in Candida albicans... Meleah A. Hickman, Ben Harrison, Darren Abbey, Anja Forche, Carsten Paulson,
Kathleen Matter, Judith Berman. Dept Gen, Cell Biol & Dev, Univ Minnesota, Minneapolis, MN.

For over 100 years, Candida albicans has been considered an obligate diploid, although it clearly tolerates single chromosome aneuploidy as well as long
tracts of homozygosity. We recently identified tetraploid, triploid as well as intriguing reductions to below diploid C. albicans cells, some from the clinic,
others from a mouse host and others following stress exposure in vitro. Tetraploidy arises either through parasex (mating between diploid cells) or defects
in mitosis. Stress conditions, including exposure to the antifungal drug flucanozole, increase the frequency of tetraploid formation. The polyploid state is
relatively unstable even under standard laboratory conditions and loss of a heterozygous marker increases by an order of magnitude as compared to
diploid populations. A small subset of tetraploid cells return to a near diploid state very rapidly even without exposure to the stresses usually used to
induce concerted chromosome loss. The diploid derivatives of polyploid cells exhibit a wide range of chromosome aneuploidies and homozygosities, thus
generating a wide range of genetic diversity within a single population. Evolution experiments with fluconazole suggest that diploid cells undergo transient
polyploidization in response to fluconazole and that polyploid cells adapt to stress conditions more rapidly.
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Nematode-trapping fungi eavesdrop on nematode pheromones. Yen-Ping Hsueh', Parag Mahanti?, Frank Schroeder?, Paul Sternberg®. 1) Howard Hughes
Medical Institute and Division of Biology, California Inst of Technology, Pasadena, CA; 2) Boyce Thompson Institute and Department of Chemistry and
Chemical Biology, Cornell University, Ithaca, NY.

The recognition of molecular patterns associated with specific pathogens or food sources is fundamental to ecology and plays a major role in the
evolution of predator-prey relationships. Recent studies showed that nematodes produce an evolutionarily highly conserved family of small molecules, the
ascarosides, which serve essential functions in regulating nematode development and behavior. Here we show that nematophagous fungi, natural
predators of soil-dwelling nematodes, can detect and respond to ascarosides. Nematophagous fungi use specialized trapping devices to catch and
consume nematodes, and previous studies demonstrated that most fungal species do not produce traps constitutively but rather initiate trap-formation in
response to their prey. We found that ascarosides, which are constitutively secreted by many species of soil-dwelling nematodes, represent a conserved
molecular pattern used by nematophagous fungi to detect prey and trigger trap formation. Ascaroside-induced morphogenesis is conserved in several
closely related species of nematophagous fungi and occurs only under nutrient-deprived condition. Our results demonstrate that microbial predators
eavesdrop on chemical communication among their metazoan prey to regulate morphogenesis, providing a striking example of predator-prey co-
evolution. We anticipate that these findings will have broader implications for understanding other inter-kingdom interactions involving nematodes, which
are found in almost any ecological niche on Earth.

A morphogenesis regulator controls cryptococcal neurotropism. Xiaorong Lin®, Bing Zhai', Karen Wozniak?, Srijana Upadhyay’, Lingi Wang, Shuping
Zhang3, Floyd Wormleyz. 1) Biology, Texas A&M University, TAMU-3258, TX; 2) Biology, the University of Texas at San Antonio, San Antonio, Texas, USA; 3)
Veterinary Medicine and Biomedical Sciences, Texas A&M University, College Station, Texas, USA.

Cryptococcus neoformans is the major causative agent of cryptococcal meningitis, a disease that is responsible for more than 600,000 deaths each year.
This ubiquitous environmental pathogen enters host lungs through inhalation and typically establishes asymptomatic latent infections. However,
extrapulmonary dissemination often occurs in individuals with weakened immunity and Cryptococcus has a predilection to infect the brain. Brain
infections are fatal and formidable to treat due to the poor penetration of most antifungals to the brain. Unfortunately, little is known about cryptococcal
factors that control its neurotropism. Here we report that a morphogenesis regulator Znf2 controls the tissue tropism of cryptococcal infection. In
particular, activation of Znf2 abolishes Cryptococcus extrapulmonary dissemination and consequently leads to the absence of fatal brain infections in the
inhalation infection model. Although Znf2 overexpression strains are avirulent in this animal model, these strains are capable of proliferating in the animal
lungs during the early stages of infections. Histological examinations and cytokine profiling revealed that the Znf2 overexpression strain causes enhanced
monocyte infiltration in the animal lungs. Consistently, the Znf2 overexpression strain stimulates pro-inflammatory host responses while suppresses
deleterious Th2 host responses during early stage of infection in the pulmonary infection model. Such protective host defense responses might have
prevented the extrapulmonary dissemination of Cryptococcus. In the intravenous infection model where the lung infection was bypassed and there was
uniform hematogenous dissemination, the Znf2 overexpression strain showed a specific defect in the brain infection. Taken together, our data indicate
that Znf2 helps polarize the host immunity towards protection and that it mediates cryptococcal tissue tropism during infection.

Sit and wait: Special features of Aspergillus terreus in macrophage interactions and virulence. M. Brock’, 1.D. Jacobsen®. 1) Microbial
Biochemistry/Physiology, Friedrich Schiller University and Hans Knoell Institute, Jena, Germany; 2) Molecular Pathogenicity Mechanisms, Hans Knoell
Institute Jena, Germany.

While Aspergillus fumigatus is known as the main cause of invasive pulmonary aspergillosis in immunocompromised patients, Aspergillus terreus is an
emerging pathogen prevalent in some local hot spots. When tested in embryonated egg or murine infection models A. terreus required substantially
higher infectious doses compared to A. fumigatus to cause high mortality rates. Furthermore, when A. fumigatus and A. terreus infections were followed
by in vivo imaging using bioluminescent reporter strains, germination and tissue invasion of A. terreus was significantly delayed. To elucidate differences in
more detail, the interaction of A. terreus and A. fumigatus with macrophages was compared. A. terreus was phagocytosed significantly faster, which
appears mainly due to higher exposure of galactomannan and glucans on the surface of conidia. Additionally, although phagocytosis of both species
resulted in phagolysosome maturation, A. fumigatus efficiently inhibited acidification, which was not the case for A. terreus. However, within this acidic
environment of phagolysosomes A. terreus showed long-term persistence without significant inactivation of conidia. Further analyses revealed that
inefficient blocking of acidification by A. terreus was due to differences in the spore colour pigment of both species. Recombinant production of a
naphthopyrone synthase from Aspergillus nidulans enabled A. terreus to inhibit the acidification to a similar extent as observed for A. fumigatus. This
alteration of the phagolysosomal environment resulted in an increased escape from macrophages and was accompanied by increased virulence in a
murine infection model. We speculate that the long-term persistence of A. terreus wild-type strains in acidified phagolysosomes might be responsible for
high dissemination rates observed in infected human patients, because A. terreus might hitchhike inside immune effector cells to reach secondary sites of
infection.
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The mutational landscape of gradual acquisition of drug resistance in clinical isolates of Candida albicans. Jason Funtl, Darren Abbey7, Luca Issis, Brian
OIiver3, Theodore White4, Reeta Raos, Judith Bermane, Dawn Thomgsonl, Aviv Regevl’z. 1) Broad Institute of MIT and Harvard, 7 Cambridge Center,
Cambridge, MA 02142; 2) Howard Hughes Medical Institute, Department of Biology, Massachusetts Institute of Technology, 77 Masscahusetts Ave,
Camridge, MA 02140; 3) Seattle Biomedical Research Institute, Seattle, WA; 4) School of Biological Sciences, University of Missouri at Kansas City, MS; 5)
Worcester Polytechnic Institute, Department of Biology and Biotechnology, 100 Institute Road, Worcester MA 01609; 6) Tel Aviv University, Ramat Aviv,
69978 Israel; 7) University of Minnesota, Minneapolis MN 55455 USA.

Candida albicans is both a member of the healthy human microbiome and a major pathogen in immunocompromised individualsl. Infections are most
commonly treated with azole inhibitors of ergosterol biosynthesis. Prophylactic treatment in immuncompromised patients2,3 often leads to the
development of drug resistance. Since C. albicans is diploid and lacks a complete sexual cycle, conventional genetic analysis is challenging. An alternative
approach is to study the mutations that arise naturally during the evolution of drug resistance in vivo, using isolates sampled consecutively from the same
patient. Studies in evolved isolates have implicated multiple mechanisms in drug resistance, but have focused on large-scale aberrations or candidate
genes, and do not comprehensively chart the genetic basis of adaptation5. Here, we leveraged next-generation sequencing to systematically analyze 43
isolates from 11 oral candidiasis patients, collected sequentially at two to 16 time points per patient. Because most isolates from an individual patient
were clonal, we could detect newly acquired mutations, including single-nucleotide polymorphisms (SNPs), copy-number variations and loss of
heterozygosity (LOH) events. Focusing on new mutations that were both persistent within a patient and recurrent across patients, we found that LOH
events were commonly associated with acquired resistance, and that persistent and recurrent point mutations in over 150 genes may be related to the
complex process of adaptation to the host. Conversely, most aneuploidies were transient and did not directly correlate with changes in drug resistance.
Our work sheds new light on the molecular mechanisms underlying the evolution of drug resistance and host adaptation.
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Fungi reacting to rhizobacterial volatiles. Birgit Piechulla, Piyali Das, Uta Effmert. University of Rostock, Rostock, Germany.

Microorganisms, similar as other organisms are able to synthesize and release volatile organic compounds (VOCs), which are responsible for
characteristic blends or aromas of for example foodstuff such as wine and cheese as well as spoiled meat. The capability of microorganisms to emit
complex volatile mixtures is tremendous. More than 800 volatiles are presently known that are emitted by microorganisms (database of volatiles of
microorganisms DOVE-MO). Beside the wealth of volatile emissions, to date not much is known about the biological functions of these compounds. To
study volatile-mediated interactions of plant associated bacteria and fungi, various rhizobacteria and phytopathogenic fungi were co-cultivated in bipartite
Petri dishes, which allow only volatiles to traverse from one to the other compartment. The volatiles of Serratia, Stenotrophomonas, Pseudomonas,
Burkholderia and Staphylococcus inhibited the growth of Aspergillus, Fusarium, Microdochium, Neurospora, Rhizoctonia, Phaecilomyces, Penicillium,
Phoma, Sclerotinia, Trichoderma and Verticillium in species specific manner. The reactions of Sclerotinia scleotiorum to Serratia sp. 4Rx13 volatiles were
studied in more detail, e.g. radial growth, biomass formation, catalase activity and lipid peroxidation. Furthermore, the volatile mixture of Serratia sp.
4Rx13 was studied using headspace collection systems and GCMS analysis. Ca. 100 volatiles were separated, some of them were identified, most of them
remain unknowns or structures have to be elucidated. References: Kai et al. (2007) Arch. Microbiol. 187:351-360 Vespermann et al. (2007) Appl. Environ.
Microbiol. 73:5639-5641 Kai et al. (2010) Appl. Microbiol. Biotechnol. 88:965-976 Effmert et al. (2012) Chem. Ecol. 38:665-703.

Enhancement of plant growth and stress resistance by Fusarium volatile organic compounds: A novel mechanism mediating plant-fungal interactions.
Seogchan Kang"?, Vasileios Bitas"?, Nate McCartney®?, Jim Tumlinson®. 1) Plant Pathology & Environmental Microbiology, Pennsylvania State Univ,
University Park, PA; 2) Entomology, Pennsylvania State Univ, University Park, PA; 3) Center for Chemical Ecology, Pennsylvania State Univ, University Park,
PA.

Every organism employs an elaborate network of signaling pathways for sensing stimuli from surrounding environments and neighboring organisms and
translating them into specific molecular and cellular responses. Production and perception of a vast array of secreted proteins and metabolites plays key
roles in this mechanism. A group of secreted molecules that are ubiquitous but often overlooked is volatile organic compounds (VOCs). VOCs can travel far
from their point of production through the atmosphere as well as porous soils, making them ideal signaling molecules for mediating organismal
interactions without physical contact. Roles of animal- and plant-derived VOCs in directing animal behaviors and roles of plant VOCs in chatters of “talking
trees” are well known and serve critical roles in diverse ecological processes. In contrast, the available knowledge of microbial VOCs as semiochemicals is
limited and mostly circumstantial. Multiple isolates of Fusarium oxysporum, a soil-borne, cosmopolitan fungus that often resides in the rhizosphere of
many plants, produce unknown VOCs that drastically enhance the growth and stress resistance of Arabidopsis thaliana. Other Fusarium species also
promoted Arabidopsis growth. Molecular and cellular changes underpinning the Fusarium VOC-mediated signaling will be discussed. Given the vast
diversity of fungi in nature and the critical importance of fungal communities for the ecology and fitness of plants, VOC-mediated signaling is a mostly
uncharted frontier, waiting for systematic exploration.

The Role of Quorum-sensing Molecules in Interactions between Candida albicans and its Host. Jessica C. Hargarten®, Thomas M. Petro’, Kenneth W.
Nickerson®, Audrey L. Atkin®. 1) School of Biological Sciences, University of Nebraska, Lincoln, Lincoln, NE; 2) Department of Oral Biology, University of
Nebraska Medical Center, Lincoln, NE.

Candida albicans is a polymorphic fungus that is capable of causing the life threatening disease Candidiasis once it reaches the bloodstream of a
susceptible host. The capability to switch between morphologies, and its ability to synthesize and secrete the quorum sensing molecule (QSM) farnesol are
known virulence factor. Previously, we showed that C. albicans mutants that produced less farnesol are less pathogenic to mice than their parental strain
in a tail vein assay. Also, oral administration of farnesol to the mice prior to infection increased mortality. In contrast, farnesol blocks the yeast to mycelia
transition in vitro, which should have a protective effect. These observations pose the dilemma of finding a mechanism whereby a molecule which blocks
the yeast to mycelia transition can also act as a virulence factor. We hypothesize that farnesol functions as a virulence factor by modulating the host
innate immune response. Distinct Candida morphologies elicit different host immune responses. Both white and opaque cells stimulate leukocyte
movement, but only white cells secrete a small molecular weight chemoattractant that draws the leukocyte directly towards the white cell and stimulates
engulfment by mouse macrophages. The white cells are also less susceptible to killing by human macrophages and neutrophils than opaque cells, possibly
due to their increased capabilities of escape once phagocytosed. The chemical identity of this chemoattractant is currently unknown, but the reason
behind its continued secretion by white cells is intriguing. One likely candidate is farnesol because opaque cells, unlike white cells, do not accumulate
detectable levels of farnesol. Macrophages are capable of detecting and responding to exogenous farnesol. Earlier our group reported that farnesol
stimulates the expression of both pro-inflammatory and regulatory cytokines by mouse macrophage. The production of these warning signals is an
important indicator of how the body ultimately hopes to clear the infection. Others have shown that farnesol suppresses the anti-Candida activity of
macrophages through its cytotoxic effects, thus making it all the more difficult to eliminate the fungus early in infection. Here we report the in vitro role of
farnesol and other known QSM in macrophage chemotaxis and relative phagocytosis of C. albicans.
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Innate Immunity in Fusarium graminearum. Vong shian Simon Ip Cho™?, Gitte Erbs®, Thomas Sundelin®, Peter Busk®, Mari-Anne Newman®, Stefan Olsson.
1) Genetics and Microbiology, University of Copenhagen, Copenhagen, Denmark; 2) USDA-ARS Cereal Disease Laboratory, University of Minnesota, Saint
Paul, MN, USA; 3) Transport Biology, University of Copenhagen, Copenhagen, Denmark; 4) Dept. Biotechnology, Aalborg University, Copenhagen,
Denmark.

Fungi are often mostly recognized as plant pathogens that cause harm to important economical plants. In nature however, fungi are frequently victims of
bacterial parasitism but little is known about fungal defense mechanisms. The potential existence of fungal innate immunity was studied using Fusarium
graminearum as model organism and bacterial flagellin to mimic the presence of bacteria in an in vitro environment. The presence of flagellin triggered an
initial mitochondrial and cell membrane hyperpolarization which was detected using the florescent dye DiOC,(3). This was followed by the production of
the secondary signalling molecule Nitric Oxide (NO), common to innate immunity signalling in other eukaryotes. NO was monitored using the fluorescent
dye DAF-FM. NO appears to be produced by an inducible enzyme that is regulated by complex mechanisms but centrally modulated by
Calcium/Calmodulin. Inhibition studies suggest the presence of a Nitric Oxide Synthase (NOS), but no typical arginine utilizing NOS was identified within
the F. graminearum’s genome by homology search. Various genes bearing resemblance to the archetypal NOS, as well as argininosuccinate lyase were
deleted. However, the mutants still produced NO. The presence of alternative pathways contributing towards the production of NO was investigated by
adding a variety of potential substrates to challenged cultures. Various reactions were observed suggesting that several pathways are present. In
conclusion, F. graminearum reacts strongly to the presence of the bacterial Microbial Associated Molecular Pattern (MAMP) flagellin with an up-regulation
of NO production showing the presence of innate immunity-like responses also in fungi.

The Trichoderma reesei polyketide synthase gene pks1 is necessary for yellow-green pigmentation of conidia and is involved in the establishment of
environmental fitness. Lea Atanasova', Benjamin P. Knox’, Christian P. Kubicek", Scott E. Baker?, Irina S. Druzhinina’. 1) Microbiology Group, Research Area
Biotechnology and Microbiology, Institute of Chemical Engineering, Vienna University of Technology, 1060 Vienna, Austria; 2) Chemical and Biological
Process Development Group, Pacific Northwest National Laboratory, Richland, WA, USA.

The economically important genus Trichoderma (Hypocreales, Ascomycota, Dikarya) is well known for its mycotrophic lifestyle and for the broad range of
biotrophic interactions with plants and animals. Moreover it contains several cosmopolitan species characterized by their outstanding environmental
opportunism. These properties have given rise to the use of several species in agriculture as biopesticides and biofertilizers while T. reesei is applied for
production of bioenergy-related enzymes. The molecular basis of the opportunistic success of Trichoderma is not yet well understood. While there is some
evidence for a role of secreted enzymes and proteins, less is known about a possible role of secondary metabolites. Recently it was predicted that the PKS
encoding gene pks1 from T. reesei and its orthologues are most likely responsible for the characteristic yellow-green pigmentation of conidia. To reveal the
full function of the gene we deleted it from the wild-type strain QM 6a what resulted in complete loss of the green coloration of conidia. The
ecophysiological profiling of Dpks1 showed that the gene is also involved in multiple functions at different stages of the T. reesei life cycle. Testing the
antagonistic antifungal potential of the T. reesei Dpks1 mutant against several host/prey fungi suggested that the loss of pks1 reduced the ability to
combat them by means of both mechanisms: the pre-contact inhibition and direct overgrowth. However the overall analysis of mycoparasitic interactions
suggests that the gene is most likely involved in protection against other fungi rather than in attacking them. Interestingly, we noticed the increased
production of volatile compounds by the Dpks1 strains. The phenotype microarrays showed that PKS1 encoding gene restricts T. reesei from conidiation on
a number of the best utilized carbon sources but does not influence the sexual development except the alteration of stromata pigmentation. The data for
transcriptional response of genes putatively involved in above mentioned processes will be presented.

Semiochemicals and signaling: plant responses to Trichoderma volatile organic compounds. Richard Hung. Plant Biology, Rutgers, The State University of
New Jersey, New Brunswick, NJ.

Volatile organic compounds (VOCs) produced by Trichoderma viride have recently been shown to have plant growth promoting effects on Arabidopsis
thaliana. This finding adds a new facet to the multiple methods which fungi in the genus Trichoderma promote plant health and are beneficial to humans.
Both above and below ground growth was greater in A. thaliana exposed to naturally produced T. viride VOCs as compared to controls. The average root
mass of control plants was 0.36g and the average mass of VOC exposed plants was 0.77g showing a 113% increase in plant mass. In addition there was a
60% increase in chlorophyll concentration (5.5mg/g control, 8.8mg/g test). GCMS analysis of the VOCs produced by T. viride has resulted in 51 identified
compounds. Several compounds from the GCMS data were chosen to determine the effects of individual compounds on the health of A. thaliana. The
compound trans-2-octenol at concentrations of 1ppm caused decreased dry weight (14% less than control) and extended root length (16% longer than
control), indicative of stress. At 1 and 10ppm, the compound 2,5-dimethylfuran, which has been reported to be produced by Trichoderma but was not
found in the aforementioned GCMS analysis, caused only visual differences. The exposed A. thaliana had extended stems as compared to controls but no
other differences. In summary, the individual compounds of the T. viride volatile profile that were tested, did not promote plant growth.

Identification of chemoattractant compounds from tomato root exudate that trigger chemotropism in Fusarium oxysporum. El Ghalid Mennat, David
Turra, Antonio Di Pietro. Departamento de Genética, Universidad de Cérdoba, 14071 Cérdoba, Spain.

Fusarium oxysporum is a soilborne pathogen that causes vascular wilt disease on a wide range of plant species, including tomato (Solanum lycopersicum).
The host signals that trigger fungal infection are currently unknown. A chemotropic response of F. oxysporum towards tomato root exudate was observed
using a plate assay that measures directed growth of fungal germ tubes towards chemoattractants. To purifiy the chemoattractant coumpound(s) from
tomato root exudate, we applied a series of purification methods including extraction with organic and inorganic solvents, fractionation by size exclusion
and ion exchange chromatography. The compound(s) showing chemoattractant activity were found in the hydophilic fraction, had a molecular weight
between 30 and 50 kDa and were sensitive to boiling and treatment with proteinase K, suggesting that they correspond to one or several secreted tomato
proteins. Polyacrylamide gel electrophoresis of the active fraction revealed multiple protein bands of the expected size, two of which displayed
chemoattractant activity when eluted from the gel. Identification of the active protein(s) by LC-ESI-MS is currently ongoing. Identification of the secreted
chemoattractant(s) from tomato roots will advance our understanding of the molecular events that trigger fungus-root interactions.
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The mixed fungal and bacterial origin of truffle aroma. Richard Splivallo’, Aurélie Deveau®, Nayuf Valdez’, Nina Kirchhoff', Pascale Frey-Klett®, Petr
Karlovsky". 1) Molecular Phytopathology and Mycotoxin Research, Georg-August University of Goettingen, Grisebachstrasse 6, Germany; 2) UMR1136
INRA Université de Lorraine "Interactions Arbres/Micro-organismes", Labex ARBRE, IFR110 EFABA, Centre INRA of Nancy, 54280 Champenoux, France.

Truffles are symbiotic ectomycorrhizal fungi which develop on plant roots. Their fruiting bodies are highly appreciated by humans for their aroma, which
typically comprises twenty to fifty volatiles per truffle species. The biosynthetic routes leading to characteristic truffle volatiles have not yet been fully
characterized. By similarity to yeasts, volatile synthesis in truffles most likely involves amino acid and fatty acid catabolism. Truffle fruiting bodies further
contain a diverse microbial community which might be able to generate volatiles or biotransform volatile-precursors on its own. Our aim was to
investigate the formation of sulphur containing volatiles in truffles, because sulphur volatiles play a major role in the truffle ecology and are determinant
of their quality (for humans). We demonstrate that sulphur volatiles characteristic of the white truffle T. borchii are actually produced by bacteria
colonizing truffle fruiting bodies. Under laboratory bioassays, sulphur containing compounds (thiophenes volatiles) resulted from the transformation by
bacteria of non-volatile precursor(s) into volatiles. Interestingly in our assays thiophene volatiles were detectable only from bacteria and not from truffle
mycelium, while other compounds such as dimethyl disulfide were detectable from both organisms. This indicates that some volatiles might be produced
by both truffle mycelium and bacteria, but thiophene volatiles most likely originate from bacteria only. Characterization of the bacterial population by
Fluorescence In Situ Hybridization highlighted that the concentration of thiophene volatiles correlated with the bacterial density inside fruiting bodies. This
gives further ground to the bacterial origin of thiophene volatiles. Additionally the production of thiophene volatiles was suppressed upon treating truffle
fruiting bodies with antibacterial or antifungal agents, suggesting that the precursors of thiophene volatiles might be synthesized by both fungi and
bacteria. These unexpected results disprove the earlier belief that truffles were able to synthesize their aroma on their own. They add a new dimension to
plant-fungal interactions by highlighting the importance of the bacterial community associated to truffle fruiting bodies.
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Genomics and Biochemistry of Degradation of Complex Molecules in the Environment

Co-chairs: Jonathan Walton and Dan Cullen

Fungal transcriptome as database for proteome and refinement tool of gene annotation. K. Igarashi', C. Hori', M. Ishiguro®, Y. Uemura’, A. K. Takeda®, S.
Kaneko®, M. Samejima®. 1) University of Tokyo, Tokyo, Japan; 2) Genaris, Inc., Kanagawa, Japan; 3) National Food Research Institute, Ibaraki, Japan.

So far, wood-rotting basidiomycetes, such as white-rot and brown-rot fungi, are the organisms known to grown on wood. They produce various enzymes
to outside of their cell, extracellular part of the mycelia, in order to degrade major components of plant cell wall such as cellulose, hemicellulose and
lignin. There are many enzymes, which can be utilized for the biomass conversion, in those fungi, as well as the proteins helping and/or accelerating the
degradation of the plant cell wall. Therefore, combination of correct annotation of these genes and the proteome analysis of the extracellular enzymes are
quite important for biomass utilization. In the present study, we have cultivated the white-rot basidiomycetes Flammulina velutipes (Enoki-take, winter
mushroom) and Phanerochaete chrysosporium in various biomass-degrading culture, and the transcriptome databases were constructed by sequencing of
the cDNA library using 454 sequencer. In F. velutipes, we identified 19 novel biomass-degrading enzymes including 12 carbohydrate-active enzymes
(CAZymes) by 2-dimentional gel electrophoresis of extracellular proteins from cellulose-grown culture, using the transcriptome data as a reference
sequence. In the case of P. chrysosporium, the transcriptome sequence data was also used to improve the gene annotation, and more than 1,000 genes
are newly annotated by the algorithms refined by cDNA sequences. The improvement of gene annotation caused accurate prediction of introns and
showed unique monodispersed distribution of intron length in this fungus.

Developmental regulation and cellulase gene expression in Trichoderma reesei. Irina S. Druzhinina™, Razieh Karimi-Aghcheh®, Lea Atanasova’, Christian
P. Kubicek™. 1) Microbiology Group, Institute of Chemical Engineering, Vienna, Austria; 2) Austrian Center of Industrial Biotechnology, c/o Institute of
Chemical Engineering, Vienna University of Technology, Vienna, Austria.

We have recently shown that expression of cellulase and hemicellulase encoding genes in Trichoderma reesei (teleomorph Hypocrea jecorina) is
obligatorily dependent on the function of the protein methyltransferase LAE1. Its orthologue in Aspergillus nidulans, LaeA, is a part of the VELVET protein
complex consisting of LaeA, VeA and VelB that regulates secondary metabolism and sexual reproduction. Here we have investigated a possible role of
VEL1, the T. reesei orthologue of A. nidulans VeA, in expression cellulase genes and the development of the fungus. The T. reesei vell gene is not expressed
in the darkness and is expressed at a relatively low level under illumination. Deletion of the vell locus causes a complete loss of conidiation and essential
alteration in sexual development such as loss of formation of perithecia. Overexpression of vel1 under the constitutive expression signals of tef1 did not
enhance conidiation in light or darkness. However it led to irregular formation of infertile perithecia in the darkness. Deletion of vel/1 did not affect
cellulase gene expression, but vell overexpression strongly enhanced it. Consistent findings were also obtained for expression of xylanase and b-xylosidase
genes. The stimulation of cellulase gene expression by overexpressing vell was dependent on a functional /ael gene. Our data show that VEL1 controls
photoinduced sexual development and light-independent conidiation. In addition, while vel1 overexpression stimulates cellulase gene expression, is
dispensable for this process and its action is therefore different from that of LAE1.

Parallel losses of genes associated with saprotrophy in ectomycorrhizal Agaricomycotina lineages. D. Floudas’, L. Nagy’, A. Kohler?, A. Kuo’®, 1. Grigoriev®,
F. Martin®, D. Hibbett". 1) Biology, Clark Univ, Worcester, MA; 2) Lab of Excellence ARBRE, Tree-Microbes Department, INRA-Nancy, 54280 Champenoux,
France; 3) DOE Joint Genome Institute, Walnut Creek, CA.

Mushroom forming fungi (Agaricomycotina) play pivotal roles in the cycling of nutrients in terrestrial ecosystems. Agaricomycotina exhibit diverse
lifestyles including saprotrophs and symbionts, such as mutualistic ectomycorrhizas. Previously, as part of the Saprotrophic Agaricomycotina Project (SAP),
we performed analyses of fungal genomes focusing on wood decayers, which suggested that white rot is the plesiomorphic nutritional strategy of
Agaricomycetes and emerged 300 million years ago at the end of Carboniferous era. Our analyses also suggested that the brown rot mechanism and the
mycorrhizal lifestyle of Laccaria bicolor have emerged from white rot ancestors. The transitions from white rot to brown rot have taken place several times
in Agaricomycotina and were accompanied by losses of genes encoding enzymes involved in lignin and crystalline cellulose degradation. A similar pattern
was reconstructed for the transition from a saprotrophic towards a mycorrhizal lifestyle in L. bicolor, which was the first mycorrhizal species in the
Agaricomycotina to have its genome sequenced. However, L. bicolor represents only one of many ectomycorrhizal lineages recognized across
Agaricomycotina. Here, we present data from eleven newly sequenced mycorrhizal genomes of Agaricomycotina, generated under the auspices of the
Mycorrhizal Genomes Initiative (MGI), in addition to 8 new genomes of decayers from the SAP. With these new genomes in hand, we are able to explore
how the emergence of mycorrhizal lifestyles is associated with changes in numbers of genes encoding enzymes involved in degradation of plant
biopolymers. The results suggest that ectomycorrhizal lifestyles have emerged multiple times from both white rot and brown rot ancestors in
Agaricomycotina. The transitions to the ectomycorrhizal lifestyle show parallelism in gene losses between L. bicolor and other mycorrhizal
Agaricomycotina lineages. However, patterns of retention of genes encoding lignocellulolytic enzymes vary across ectomycorrhizal lineages. For example,
cellobiohydrolases, which are involved in the degradation of crystalline cellulose, have been retained in several mycorrhizal lineages. The results suggest
that the emergence of ectomycorrhizal lineages in Agaricomycotina has been associated with different degrees of reduction of their saprotrophic ability.
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Co-expression analysis of Phanerochaete carnosa during growth on hardwood and softwood species to predict proteins with unknown function
relevant to biomass conversion. Hitoshi Suzuki®, Chi Yip Ho?, Kin Chan?, Philip Wong”, Yunchen Gong’, Elisabeth Tillier', Emma Master. 1) University of
Toronto, Toronto, Ontario, Canada; 2) Mount Sinai Hospital, Toronto, Ontario, Canada.

Softwood is the predominant form of land plant biomass in the Northern hemisphere and is among the most recalcitrant biomass resource to bioprocess
technologies. The white rot fungus Phanerochaete carnosa has been isolated almost exclusively from softwoods, while most known white-rot species,
including the model fungus Phanerochaete chrysosporium, were mainly isolated from hardwoods. Growth studies of P. carnosa and P. chrysosporium on
sapwood and heartwood from deciduous and coniferous species revealed comparable growth of P.carnosa on all wood samples, while P. chrysosporium
grew poorly on heartwood from conifers. A contributing factor to growth on extractive-rich heartwood samples could be the comparatively high number
of P450 monooxygenases encoded by P. carnosa. Notably, genome sequencing revealed that P. carnosa possesses one of the largest P450 contingents
(239 P450s) among the sequenced and annotated wood-rotting basidiomycetes. However, like most sequencing efforts, a significant fraction of the P.
carnosa genome comprises genes that encode proteins with unknown function. Moreover, transcripts from several of these genes were identified in
mycelia collected at a single time point from P. carnosa cultivations growing on woody biomass. Accordingly, the aim of the current study was to analyze
co-expression patterns of known and unknown genes to identify those with unknown function that might be most relevant to biomass conversion. Our
approach was to separately cultivate P. carnosa on ball-milled trembling aspen (Populus tremuloides) and ball-milled white spruce (Picea glauca) and to
collect mycelia at five time points over a one-month cultivation period. RNA collected from all cultures at each time point was sequenced separately using
the lllumina HiSeq platform. Co-expression patterns will be described and used to predict new gene products that are particularly interesting to target for
detailed biochemical characterization.

Functional Analysis of the Pleurotus ostreatus Manganese-Peroxidase Gene Family. Tomer Salame, Doriv Knop, Dana Levinson, Oded Yarden, Yitzhak
Hadar. Microbiology and Plat Pathology, Hebrew Unversity, Rehovot, Israel.

Mn amendment to P. ostreatus cultures enhances degradation of recalcitrant aromatic compounds. Manganese peroxidase (MnP) isoenzymes are key
players in these processes. The MnP gene family is comprised of five Mn -dependent peroxidases (mnp3, 6, 7, 8 and 9) and four versatile-peroxidases
(mnpl, 2, 4 and 5; VPs). In liguid medium, Mn amendment resulted in a drastic up-regulation of the predominantly expressed mnp3 and mnp9, and down-
regulation of mnp4. To obtain direct evidence for the role of these enzymes, we produced genetically-modified (knockout, knockdown and/or over-
expression) strains in mnps and studied their degradation capacity. The compounds studied were: azo-dyes such as orange Il and reactive black,
recalcitrant pharmaceutical compounds found in treated waste water such as Carbamazepine and lignocellulosic agricultural waste. We engineered a
transformant, constitutively expressing mnp4 a VP naturally repressed by Mn (designated OEmnp4) under the control of the b-tubulin promoter. Now,
despite the presence of Mn in the medium, OEmnp4 produced mnp4 transcript as well as VP activity as soon as four days after inoculation. OEmnp4
decolorized the azo-dyes two days earlier relative to the wild type in Mn amended medium. RNAi silencing targeting mnp3 resulted in a delay in the
decolorization capacity which occurred concomitantly along with a marked reduction of the expression level of all mnps, particularly mnp3 and mnp9. This
observation supported the conclusion that MnPs are involved in the process but could not determine the specific contribution of the different genes to the
outcome. Therefore we produced a Dku80 strain, exhibiting a 100% homologous DNA recombination rate, to enable specific gene replacement.
Subsequently, homokaryon mnp2, 3, 4 and 9 knockout strains were produced. In Mn amended GP, orange |l decolorization was not significantly inhibited
by any of these strains, indicating on functional redundancy. In Mn deficient GP, inactivation of mnp4 proved that it encodes the key VP responsible for
Mn dependent and Mn independent peroxidase activity, as well as resulted in reduction of the azo dye reactive black 5 decolorization capacity. The tools
and protocols developed increase the amenability of P. ostreatus to genetic manipulations and expand options for gene function analyses.

Carbon source and light dependent regulation of gene clusters in Trichoderma reesei (Hypocrea jecorina). Doris Tisch’, Monika Schmoll*. 1) Health and
Environment, Bioresources, Austrian Institute of Technology AIT, Tulln, Austria; 2) Vienna University of Technology, Institute of Chemical Engineering,
Vienna, Austria.

Trichoderma reesei (anamorph of Hypocrea jecorina) is one of the most prolific producers of plant cell wall degrading enzymes. Regulation of the genes
encoding these enzymes occurs in response to the nutrient sources available in the environment and many of them are responsive to light as well.
Cellulose as the natural substrate induces the most complete enzyme set, while induction of cellulases also occurs on sophorose and lactose. In contrast,
no cellulases are induced on glycerol and the respective genes are repressed on glucose. We therefore investigated the transcriptome on these five carbon
sources in light and darkness and aimed to identify genes specifically expressed under cellulase inducing conditions. These conditions are characterized by
a significant enrichment of genes involved in C-compound and carbohydrate degradation and transport among the upregulated gene set. Genes down-
regulated under inducing conditions show a significant enrichment in amino acid metabolism and energy metabolism. We were further interested whether
light dependent regulation is clustered in the genome and if the carbon source is relevant for activation of light dependent clusters. We found that light
dependent clustering predominantly occurs upon growth on cellulose, with the most significant regulation in a gene cluster comprising env1. This cluster
appears on glucose as well, but is not down regulated in mutants of birl or blr2. Also cbh2, the arabinofuranosidase gene abf2 and the histone
acetyltransferase gene gcn5 are part of light dependent clusters. Hierarchical clustering of gene expression patterns was performed to reveal functional
divergence of gene regulation with respect to light response or carbon specific regulation. Glycoside hydrolase genes follow the whole transcriptome
pattern with carbon source being superior to light in terms of regulation. ENV1 in in part the G-protein beta subunit GNB1 were found to be crucial for
carbon source specific regulation of G-protein coupled receptors, genes involved in secretion, sulphur metabolism and oxidative processes as well as
transporters. We conclude that clustered regulation of light responsive genes preferentially occurs upon growth cellulose and that ENV1 and to a lesser
extent GNB1 play a role in carbon source dependent regulation of specific gene groups in light.
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Genome-wide analysis of eleven white- and brown-rot Polyporales provides insight into mechanisms of wood decay. Chiaki Hori"?, Kiyohiko Igarashil,
David Hibbetta, Bernard HenrissatA, Masahiro Samejimal, Dan Cullen®. 1) Graduate School of Agricultural and Life sciences, University of Tokyo, Tokyo,
Japan; 2) Forest Products Laboratory, USDA, Madison, WI; 3) Biology Department, Clark University, Worcester, MA; 4) CNRS, Marseille, France.

Many efficient wood decay fungi belong to the Polyporales, and these can be categorized as white-rot fungi or brown-rot fungi, based on decay patterns.
White-rot fungi degrade cell wall polysaccharides such as cellulose and hemicellulose as well as the more recalcitrant phenylpropanoid polymer, lignin. In
contrast, brown-rot fungi depolymerize the polysaccharides but the modified lignin remains in the wood. Comparative analysis of white- and brown-rot
gene repertoires and expression profiles have revealed substantial variation but considerable uncertainty persists with respect to precise mechanisms.
Addressing this issue, we performed genome-wide analysis of carbohydrate-active enzymes (CAZy) and some oxidative enzymes related to polysaccharides
degradation in eleven white- and brown-rot fungi. This analysis included classifying and enumerating genes from three recently sequenced polyporales
Bjerkandera adusta, Ganoderma sp. and Phlebia brevispora. Furthermore, comparative secretomic analysis of seven Polyporales grown on wood culture
were conducted. Summarizing, the average number of genes coding CAZy in the genomes of white-rot fungi was 373, significantly more than the 283
observed in brown-rot fungi. Notably, white-rot fungi have genes encoding cellulase and hemicellulase such as those belonging to glycoside hydrolase (GH)
families 6, 7, 9 and 74, whereas these are lacking in genomes of brown-rot polyporales. White-rot genes encoding oxidative enzymes potentially related to
cellulose degradation such as cellobiose dehydrogenase (CDH), polysaccharides monooxygenase (PMO, formerly GH61), cytochrome b562 with cellulose-
binding module, are also increased relative to brown-rot fungi. Indeed, secretomic analysis identified GH6, GH7, CDH and PMO peptides only in white-rot
fungi. Overall, these results show that, relative to brown rot fungi, white rot polyporales maintain greater enzymatic diversity supporting lignocellulose
attack.

Transcription factor shuttling during cellulase induction in Trichoderma reesei. Alex Lichius, Christian P. Kubicek, Verena Seidl-Seiboth. Institute of
Chemical Engineering, Vienna University of Technology, Vienna, Austria.

For economically feasible production of liquid fuels and other value-added compounds from lignocellulosic plant material, strategies are required to
boost cellulolytic and hemicellulolytic enzyme production by industrially relevant fungi. One promising approach is to modulate the transcriptional control
mediating release from carbon catabolite repression (CCR) and induction of cellulase, hemicellulase and xylanase gene expression. To better understand
the underlying molecular dynamics during induction, we characterized nucleo-cytoplamic shuttling of the two transcription factors carbon catabolite
repressor 1 (CRE1) and xylanase regulator 1 (XYR1) of Trichoderma reesei by means of live-cell imaging. In submerged cultures, nuclear import and export
of CRE1 upon repression and induction, respectively, occurred within minutes and therefore was generally faster than shuttling of XYR1. Under CCR
conditions XYR1 expression levels were very low, and its nuclear signal required up to one hour to significantly increase upon replacement into an inducing
carbon source. Cultured directly under inducing conditions, nuclear accumulation of XYR1 was detectable after about 20h post inoculation, and strongly
increased within the following 24 hours. CRE1 under the same conditions was localized exclusively to the cytoplasm. In plate cultures, nuclear recruitment
of CRE1 and XYR1 differed within the central area, the subperiphery and the periphery of the colony depending on the provided carbon source. Most
interestingly, under inducing conditions we found evidence for increased nuclear recruitment of CRE1 in the central area, correlating with strong nuclear
import of XYR1 in the same region. Notably, the cytoplasmic signal of CRE1 was usually elevated in leading hyphae, whereas XYR1 was never significantly
recruited to the colony periphery. Taken together our data provide the first temporal resolution of transcription factor shuttling during the induction of
cellulase gene expression in Trichoderma reesei, and reveal some interesting differences between the subcellular localization of CRE1 and XYR1 in
submerged and plate cultures, respectively. These differences indicate that the mycelial organization during fungal growth might be another important
regulatory element to consider for the industrial scale production of cellulolytic enzymes.
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Dissecting nuclear immunity using Arabidopsis downy mildew effector as probes. Marie-Cecile Caillaud’, Lennart Wirthmueller'?, Shuta Asai', Sophie
Piquerez', Georgina Fabro™?, Jonathan Jones'. 1) The Sainsbury Laboratory, Norwich, United Kingdom; 2) John Innes Centre, Norwich, United Kingdom; 3)
Present address: CIQUIBIC-CONICET, Universidad Nacional de Cordoba, Argentina.

An important role in plant defence has been attributed to nuclear dynamics, since a growing number of reports reveal that the nuclear localization of key
components of plant immunity is essential for disease resistance. Recent studies suggest that effectors may manipulate host transcription or other nuclear
process for the benefit of the pathogen. However, the specific mechanisms by which these effectors promote susceptibility remain unclear. The
interaction between Arabidopsis and Hyaloperonospora arabidopsidis (Hpa) has been studied intensively during the past twenty years, and it has become
one of the most well-understood model systems to help us understand pathogen effector biology and the plant immune system. The recent identification
of 15 nuclear-localized Hpa effectors (HaRxLs) provides a powerful tool to dissect plant nuclear immunity. When stably expressed in planta, nuclear-
HaRxLs cause diverse developmental phenotypes which highlight their interferences with fundamental plant regulatory mechanisms. Remarkably, nuclear
HaRxLs-plant targets are often transcriptional regulators, which may act in complex with immunity co-factors. Here, we report recent insights into our
understanding of the arms race between obligate pathogen and its host.

The mutualistic fungus Laccaria bicolor uses the effector protein MiSSP7 to alter host jasmonate signaling and establish symbiosis. Claire Veneault-
Fourreyl, Jonathan Plettm, Yohann Daguerrel, Aurélie Deveaul, Annegret Kohlerl, Jennifer MorreII-FalveyZ, Annick Brunl, Francis Martin®. 1) UMR1136
laM_INRA/UHP, Lorraine Univ / INRA, Lab of Excellence ARBRE, Nancy, France; 2) Oak Ridge National Laboratory, Oak Ridge, TN 37831-6422, USA; 3)
Hawkesbury Institute for the Environment, University of Western Sydney, Australia.

Roots of most trees form a nutrient-acquiring symbiosis with mutualistic fungi. Mycorrhiza-induced Smal Secreted protein MiSSP7, a fungal effector
protein necessary for the mutualistic interaction between of the ectomycorrhizal fungus Laccaria bicolor and Populus spp. host trees, is secreted by the
fungus in contact with plant tissues and is taken up via endocytosis into plant cells where it localizes to the nucleus and targets plant transcription through
an unknown mechanism Here we demonstrate that MiSSP7 interacts with the jasmonic acid receptorJAZ6 of Populus trichocarpa and that PtJAZ6 interacts
with a number of other nuclear localized proteins that likely form a DNA binding complex. MiSSP7 is able to block jasmonic acid signaling in both L. bicolor
host and non-host plants, likely through its interaction with a jasmonate receptor. Loss of MiSSP7 expression in L. bicolor can be complemented by
transgenically varying the transcription of PtJAZ6 or through inhibiting jasmonic acid biosynthesis in poplar roots. We conclude that MiSSP7, in contrast to
arbuscular mycorrhizal fungi and pathogenic bacteria that promote jasmonate signaling to colonize host tissues, is a novel effector used to promote
mutualism by blocking jasmonic acid signaling. In addition to MiSSP7, L. bicolor expresses other MiSSPs to communicate with its host-plant. In particular,
we demonstrate that MiSSP8 an apoplastic effector is required for symbiosis.

Plett JM, et al. (2011) Curr Biol . 21:1197-1203.

Identification and characterization of an RXLR-like effector family from medically relevant fungi. Shiv D. Kale", Kelly C. Drews"?, Helen R. Clark™?, Hua
Wise™, Vincenzo Antignani®, Tristan A. Hayes"?, Christopher B. Lawrence™’, Brett M. Tyler"”. 1) Virginia Bioinformatics Institute, Virginia Tech., Blacksburg,
VA, 2) Department of Biological Sciences, Virginia Tech., Blacksburg, VA; 3) Department of Biochemistry, Virginia Tech., Blacksburg, VA; 4) Center for
Genome Research and Biocomputing, Oregon State University, Corvallis, OR; 5) Department of Botany and Plant Pathology, Oregon State University,
Corvallis, OR.

Fungal infections have become an increasingly significant problem for immunocompromised individuals, transplant recipients, the elderly, several cases
involving healthy individuals. There is a significant growth in incidences of morbidity and mortality associated with medically important fungi, specifically
Aspergillus species. Aspergillus fumigatus virulence has been attributed to production of pigments, adhesins on the surface of the cell wall, secreted
proteases, and mycotoxins. Current treatments consist of oral corticosteroids, antifungal medications, and/or surgery to remove aspergillomas. Many of
these treatments have substantial shortcomings. Detection and diagnosis is also weighty problem as most clinical tests take weeks for results allowing the
infection to proceed. Appropriately, the paradigm for human fungal interactions has been focused on the host deficiencies mediating virulence of
opportunistic pathogenic fungi. There has been substantial progress in identifying and characterizing secreted proteins (effectors) from bacterial,
oomycete, and fungal plant pathogens. A subset of these effector proteins are able to enter host cells and modulate host intracellular functions. Using our
bioinformatics pipeline we have been able to identify a family of secreted proteins from A. fumigatus sharing a conserved N-terminal RXLR-like motif. We
found this family is expanded amongst primary fungal pathogens. The RXLR and RXLR-like motifs from known intracellular effectors of plant pathogenic
and mutualistic oomycetes and fungi have been shown to facilitate effector entry into plant cells via binding external phosphatidylinositol-3-phosphate
(P13P). Here we describe AF2, a candidate effector from A. fumigatus that contains a N-terminal RxLR-like motif. Through the use of confocal microscopy
and flow cytometry we show AF2 is rapidly able to enter several primary and immortalized mammalian cell lines. Through the use of isothermal titration
calorimetry and liposome binding assays we show AF2 has nanomolar binding affinity for PI3P, and does not bind other mono or poly-PIPs that we have
tested thus far. Based on our bioinformatics and biochemical analysis we postulate AF2 is a secreted effector protein capable of rapidly translocating into
mammalian cells. We will present our latest findings on the physiological relevance of AF2.
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Identification and functional assay of Phytophthora sojae avirulence effectors. Yuanchao Wang, Suomeng Dong, Weixiao Yin. Plant Pathology Dept,
Nanjing Agri Univ, Nanjing, China.

Phytophthora sojae is a notorious oomycete pathogen producing a great loss on global soybean production annually. The disease outcome between
soybean and P. sojae depends on whether hosts could recognize pathogen avirulence effectors. Recently identified oomycete avirulence effectors are
characterized by N-terminal host entry motif (RxLR motif), sequence and transcriptional polymorphisms between virulent and avirulent strains. Benefit
from 454 genome sequencing and solexa transcriptome sequencing of P. sojae strains, eight RxLR effectors are bioinformatically identified, genetic
mapping suggested that two of them perfectly matched Avr3b and Avrld phenotype respectively. Transient expression of the ORF from avirulence strain
on soybean specifically triggered Rps3b and Rps1d mediated program cell death, respectively. confirming that they encodes avirulence effector Avr3b and
Avrld. Transient expression of Avr3b and Avrld on Nicotiana benthamiana could promote the infection of Phytophthora capasici, suggesting both
avirulence effectors could suppress plant immunity and contribute to pathogen infection. Silencing of Avr3b impaired the virulence of Phytophthora sojae.
Our progress in elucidating the mechanism under the inhibiting plant immunity by these effectors will be presented.

Fungal lipoxygenases: a novel instigator of asthma? Gregory J. Fischer', Katharyn Affeldt’, Erwin Berthier’, Nancy P. Keller"*?. 1) Department of Genetics,

University of Wisconsin-Madison, Madison, WI; 2) Department of Medical Microbiology and Immunology, University of Wisconsin-Madison, Madison, WI;
3) Department of Bacteriology, University of Wisconsin-Madison, Madison, WI.

Statement of Purpose: Fungi have long been associated with asthmatic diseases, yet the exact mechanism(s) by which fungi induce asthma is unknown.
We propose that fungal lipoxygenase enzymes and their eicosanoid products are involved in asthmatic diseases. Human 5-lipoxygenase derived
leukotrienes induce inflammation, mucus secretion, vasodilation, and bronchial constriction. We hypothesize that the fungal pathogen Aspergillus
fumigatus is capable of secreting a 5-lipoxygenase homolog, LoxB, that participates in eicosanoid production, including leukotrienes. This secreted
homolog is translocated into lung epithelial cells, participates in the production of leukotriene and other eicosanoids, and exacerbates asthmatic
responses, such as bronchoconstriction. Together, this work will help delineate the role fungal products play in asthmatic diseases. Methods: We are
assessing fungal interactions with lung epithelial cells using a microfluidic in-vitro platform followed by murine asthma model research. To assess the
effects of LoxB overexpression, mass spectrometry was used to identify eicosanoid oxylipins within culture supernatants. Results: We have identified an
Aspergillus fumigatus lipoxygenase, LoxB, with high identity to human 5-lipoxygenase. Moreover, we have identified a motif in LoxB that may mediate
entry into lung epithelial cells. To fully understand the impact of LoxB in asthma, we have developed an Aspergillus fumigatus strain that overexpresses
LoxB. Overexpression of LoxB results in increased levels of various eicosanoids that are known to cause airway hyperresponsiveness and increased mucus
production. Future work will focus on characterizing the effect these eicosanoid products have on the airway and whether fungal effector translocation
result in increased leukotriene levels.

Magnaporthe oryzae has evolved two distinct mechanisms of effector secretion for biotrophic invasion of rice. Martha C. Giraldo, Yasin F. Dagdas’,
Yogesh K. Gupta®, Thomas A. Mentlak®*, Mihwa Yi*, Hiromasa Saitoh®, Ryohei Terauchi’, Nicholas J. Talbot?, Barbara Valent'. 1) Plant Pathology, Kansas
State University, Manhattan, KS. USA; 2) School of Biosciences, University of Exeter, EX4 4QD, UK; 3) Iwate Biotechnology Research Center, Kitakami,
Iwate, 024-0003 Japan; 4) Cambridge Consultants Ltd, Cambridge, CB4 ODW, U.K.

Pathogens secrete effector proteins into host tissue to suppress immunity and cause disease. Pathogenic bacteria have evolved several distinct secretion
systems to target specific effector proteins during pathogenesis, but it was not previously known if fungal pathogens require different secretory
mechanisms. We present evidence that the blast fungus Magnaporthe oryzae possesses distinct secretion systems for delivering effector proteins during
biotrophic invasion of rice cells. M. oryzae secretes cytoplasmic effectors targeted for delivery inside rice cells and apoplastic effectors targeted to the
extracellular space. Cytoplasmic effectors preferentially accumulate in the biotrophic interfacial complex (BIC), a novel in planta structure located beside
the tip of the initially filamentous invasive hypha and then remaining next to the first differentiated bulbous invasive hypha cell. In contrast, apoplastic
effectors remain in the extracellular compartment uniformly surrounding the invasive hypha inside the invaded cell. Disruption of the conventional ER-
Golgi secretion pathway by Brefeldin A (BFA) treatment blocked secretion of apoplastic effectors, which were retained in the ER, but not secretion of
cytoplasmic effectors. Fluorescence Recovery After Photobleaching experiments confirmed that cytoplasmic effectors continued to accumulate in BICs in
the presence of BFA. Analysis of mutants showed that the BIC is associated with a novel form of secretion involving exocyst components, Exo70 and Sec5,
and the t-SNARE Sso1, which are required for efficient delivery of effectors into plant cells and are critical for pathogenicity. By contrast, effectors which
function between the fungal cell wall and plant plasma membrane are secreted from invasive hyphae to the apoplast by the ER-Golgi secretory pathway
conserved in eukaryotes. We propose a model for the distinct secretion systems that the rice blast fungus has evolved to achieve tissue invasion.

Domains for plant uptake of Ustilago maydis secreted effectors. Anupama Ghosh, Armin Djamei, Shigeyuki Tanaka, Regine Kahmann. Max Planck
Institute for Terrestrial Microbiology, Department of Organismic Interactions, Karl-Von-Frisch-Strasse 10, D-35043 Marburg, Germany.

The genome of the corn smut fungus Ustilago maydis codes for a large repertoire of secreted effectors. Some of them play crucial roles for virulence and
establishment of the biotrophic phase. The chorismate mutase Cmu1l is one such secreted translocated effector of U. maydis. cmul deletion strains are
attenuated in virulence that is attributed to higher salicylate levels in plants infected with the mutant strain, most likely through alterations in the
channeling of chorismate from the plastids to the cytosol. Here we identify the motif in Cmu1l that is necessary for the translocation of the protein across
the plant plasma membrane and present a mutational analysis of this region. To test for uptake we assayed the ability of mutant proteins to complement a
cmul mutant strain as well as the retained ability to complement the growth defect of a Daro7 strain of S. cerevisiae in minimal medium. By deletion
analysis a region of 20 amino acids adjacent to the signal peptide was shown to be essential for the translocation. Microscopic analysis of maize tissue
infected with U. maydis strains expressing Cmul-mcherry fusion proteins with or without the probable uptake motif revealed that the 20 amino acid motif
allows binding of the protein to an as yet unknown plant plasma membrane component. We hypothesize that the translocation of Cmul across the plant
plasma membrane is a two step process; initiated by binding followed by translocation across the membrane. In addition, we present results where the 20
amino acid motif is substituted by motifs from other effectors.
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Penetration-specific effectors from Phytophthora parasitica favour plant infection. Edouard Evangelistil*, Benjamin Govetto?, Naima Minet-Kebdani’,
Marie-Line Kuhnl, Agnes Attardl, Franck Panabieresl, Mathieu Gourguesl. 1) UMR Institut Sophia Agrobiotech, INRA/CNRS/Université de Nice, Sophia
Antipolis, France; 2) Institut Méditerranéen de Biodiversité et d'Ecologie marine et continentale (IMBE), CNRS-INEE - IRD -Aix Marseille Université -
Université d'Avignon - Institut Pytheas.

Oomycetes are major crop pests which cause million dollars losses every year. To date only a few efficient chemicals are available against these
filamentous microorganisms. A better understanding of the molecular events occuring during plant-oomycete interactions will help to propose new
strategies for crop protection. We performed a transcriptional analysis in order to identify oomycete penetration-specific genes and identified a set of
penetration-specific effectors (PSE) bearing a RXLR motif. This motif was previously shown to promote effector import into plant cells during the biotrophic
stage in feeding structures called haustoria. Here we report the functional analysis of three candidate genes, referred to as PSE1, PSE2 and PSE3. The three
effectors were able to abolish plant defense responses when transiently expressed in Nicotiana plants. Moreover, constitutive expression of PSE1 and
PSE3 in A. thaliana led to an enhanced susceptibility to P. parasitica infection suggesting a role for these proteins in P. parasitica pathogenicity. Transgenic
Arabidopsis lines accumulating PSE1 protein showed several developmental perturbations that were associated with altered auxin physiology. Root
growth inhibition assays showed that auxin signaling pathway is not altered by PSE1 accumulation. Nevertheless, the coiled-root phenotype and the
enhanced susceptibility of PSE1-expressing lines to P. parasitica were reverted by synthetic auxin 2,4-D supply, or treatment with the auxin efflux inhibitor
TIBA suggesting that a reduced auxin accumulation is responsible for these phenotypes. This hypothesis was confirmed by a reduced activity of the pDR5
auxin sensitive promoter at the root apex. The alteration of the expression pattern observed for two auxin efflux carriers, PIN4 and PIN7 suggests that a
perturbation of auxin efflux could be responsible for the PSE1 associated defects. We proposed that PSE1 could favour P. parasitica virulence by
interfering with auxin content. Our results show that penetration specific effectors can modulate general plant functions to facilitate plant infection.
Perturbation of hormone physiology was previously reported for other plant pathogens, including nematodes and bacteria, supporting the hypothesis that
infection strategies from distant pathogens species could converge onto a limited set of plant targets.

66



CONCURRENT SESSION ABSTRACTS

Friday, March 15 3:00 PM—6:00 PM
Chapel

Cell Wall, Polarity and Hyphal Tip Growth

Co-chairs: Stephan Seiler and Ernestina Castro-Longoria

The function of Rho type small GTPases for cell polarity in Ustilago maydis. Britta Tillmann', Michaela Wehr?, Sonja Frieser", Kay Oliver Schink®, Johannes
Freitag’, Michael Bolker". 1) Dept Biol, Univ Marburg, Marburg, Germany; 2) Institute for Cancer Research, the Norwegian Radium Hospital, Oslo University
Hospital, Montebello, 0310 Oslo, Norway.

Establishment of cell polarization requires the coordinated transport and localized fusion of secretory vesicles. This process is controlled by Rho-type
GTPases that act as molecular switches. Temporal and spatial activation of Rho-GTPases depends on specific guanine nucleotide exchange factors (GEFs).
Inactivation of Rho proteins is achieved via interaction with GTPase activating proteins (GAPs) that stimulate the low intrinsic GTPase activity of Rho
proteins. During its life cycle, U. maydis switches between budding and filamentous growth. The Rho type GTPase Racl is the main regulator of this
morphogenic transition. The highly related Cdc42 is required for cell separation after mitosis and for formation of retraction septa during filamentous
growth. We could show that the activator of Racl, the Rho-GEF Cdc24 is subject to a negative autoregulatory feedback loop. Active Racl triggers Clad
dependent multisite phosphorylation of a C-terminal destruction box. This results in rapid degradation of Cdc24 and release of a ternary complex
containing active Racl, the scaffold protein Bem1 and the Racl effector kinase Cla4. The active Racl is subsequently inactivated by GAPs that localize in a
ring-like fashion underneath of the tip. Both destruction of Cdc24 and inactivation of Racl serve to delimit Racl activity to the very tip of the fungal hypha.
Sustained polarized growth is further supported by recycling of inactive Racl to the hyphal tip. This is achieved either by interaction with the Rho protein
GDP dissociation inhibitor Gdil or via endocytosis. Active Rho-GTPases recruit specific effectors that trigger the localized fusion of secretory vesicles at the
hyphal tip. We found that both Cdc42 and Racl interact with Sec3, a subunit of the multiprotein exocyst complex. We have identified several homologs of
exocyst subunits in U. maydis and tested them for functions during polar growth. We could demonstrate that Racl is critical for proper localization of the
exocyst landmark protein Sec3. We have identified the U. maydis homolog of Smg-GDS, an unconventional activator of Rho GTPases in mammals. Smg-
GDS contains a number of armadillo repeats and interacts with both Cdc42 and Racl. Deletion of the Smg-GDS gene reduces significantly mating and
filament formation, indicating that it contributes to regulation of cell polarity.

A quantitative model of hyphal tip growth based on the spatial distribution of exocyst subunits in the human fungal pathogen Candida albicans. David
Caballero- Lima, llyana Kaneva, Simon Watton, C. Jeremy Craven, Peter Sudbery. Dept Molecular Biol & Biotech, Sheffield Univ, Sheffield, S Yorkshire,
United Kingdom.

We present a quantitative three dimensional treatment of fungal hyphal growth which adapts previous theoretical treatments in the light of advances in
our knowledge of the components of polarised growth and their location as revealed by GFP fusions. The model is based on the proposition that vesicles
fuse with the hyphal tip at a rate determined by the experimentally observable local density of exocyst components. Enzymes such as b-1,3 glucan
synthase are embedded in the plasma membrane by this process and continue to synthesize cell wall until they are removed from the membrane by
endocytosis. The time development of the spatial distribution of the synthase molecules arises from the model. We test the model in the hyphae of the
human fungal pathogen Candida albicans by quantitative measurements of the distribution of exocyst components and membrane components such as
GFP-Rho1, the regulatory subunit of b1,3 glucan synthase, Rom2-GFP, the GEF for Rhol, and the location of actin cortical patches. We show that the
predicted shape and width of the hyphae are in good agreement with that predicted by the model, provided that endocytosis acts to remove cell wall
synthesizing enzymes at the subapical band of cortical actin patches. Thus the pattern of tip growth of fungal hyphae can be satisfactorily explained by a
simple but quantitative model rooted within the known molecular processes of polarized growth. At the same time the model exposes the areas of
uncertainty which need to be addressed by future experimentation.

Cell wall integrity signaling in Aspergillus fumigatus. Johannes Wagener, Karl Dichtl, Christoph Helmschrott, Sweta Samantaray, Franziska Dirr, Michael
Neubauer. Max von Pettenkofer-Institut, University of Munich, Munich, Germany.

Aspergillus fumigatus is an opportunistic pathogen and the most frequent cause of a severe invasive infection termed invasive aspergillosis. Similar to
other fungi, this mold is surrounded by a robust cell wall that defines its shape and protects it from physical stress. We have characterized the cell wall
integrity (CWI) pathway of A. fumigates. It comprises at least three major membrane anchored cell wall stress sensors with partially overlapping functions
(Wscl, Wsc3 and MidA), the guanine nucleotide exchange factor Rom2, a Rho GTPase, protein kinase C and a MAP kinase signaling module. We have
shown that the principal CWI components are well conserved from yeasts to filamentous fungi. Though, the importance of the individual components for
the fungal physiology, e.g., cell polarity and conidiation, may significantly differ. Our data stress the importance of the CWI pathway for the antifungal drug
susceptibility and virulence of this pathogen.

Optimization of polarity establishment through coupling of multiple feedback loops. Roland Wedlich-Soldner’, Tina Fresisinger’, Ben Kluender?, Nikola
Muellerl, Gisela Beckl, Garwin Pichler‘, Jared Johnson3, Richard Cerione3, Erwin Freyz. 1) Cellular Dynamics adn Cell Patterning, Max Planck Institute of
Biochemistry, Martinsried, Germany; 2) Arnold Sommerfeld Center for Theoretical Physics, Ludwig Maximilians University Munich, Munich, Germany; 3)
Department of Chemistry and Chemical Biology, Baker Laboratory, Cornell University, Ithaca, NY, USA; 4) Department of Biology I, Ludwig Maximilians
University Munich, Martinsried, Germany.

Establishment of cell polarity - or symmetry breaking - relies on local accumulation of polarity regulators. While simple positive feedback is sufficient to
drive symmetry breaking, it is highly sensitive to stochastic fluctuations typical for living cells. By integrating mathematical modeling with quantitative
experimental validations we now show that in the yeast Saccharomyces cerevisiae only a combination of actin- and Guanine nucleotide Dissociation
Inhibitor (GDI)-dependent recycling of the central polarity regulator Cdc42 is capable of establishing robust cell polarity at a single site during yeast
budding. The GDI pathway consistently generates a single polarization site, but requires Cdc42 to cycle rapidly between its active and inactive form, and is
therefore highly sensitive to perturbations of the GTPase cycle. Conversely, actin-mediated recycling of Cdc42 induces robust symmetry breaking but
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cannot restrict polarization to a single site. Our results demonstrate how cells optimize symmetry-breaking through coupling between multiple feedback
loops.

Cell wall structure and biosynthesis in oomycetes and true fungi: a comparative analysis. Vincent Bulone. Sch Biotech, Royal Inst Biotech (KTH),
Stockholm, Sweden.

Cell wall polysaccharides play a central role in vital processes like the morphogenesis and growth of eukaryotic micro-organisms. Thus, the enzymes
responsible for their biosynthesis represent potential targets of drugs that can be used to control diseases provoked by pathogenic species. One of the
most important features that distinguish oomycetes from true fungi is their specific cell wall composition. The cell wall of oomycetes essentially consists of
(1®3)-b-glucans, (1®6)-b-glucans and cellulose whereas chitin, a key cell wall component of fungi, occurs in minute amounts in the walls of some oomycete
species only. Thus, the cell walls of oomycetes share structural features with both plants [cellulose; (1®3)-b-glucans] and true fungi [(1®3)-b-glucans, (1®6)-
b-glucans and chitin in some cases]. However, as opposed to the fungal and plant carbohydrate synthases, the oomycete enzymes exhibit specific domain
compositions that may reflect polyfunctionality. In addition to summarizing the major structural differences between oomycete and fungal cell walls, this
presentation will compare the specific properties of the oomycete carbohydrate synthases with the properties of their fungal and plant counterparts, with
particular emphasis on chitin, cellulose and (1®3)-b-glucan synthases. The significance of the association of these carbohydrate synthases with membrane
microdomains similar to lipid rafts in animal cells will be discussed. In addition, distinguishing structural features within the oomycete class will be
highlighted with the description of our recent classification of oomycete cell walls in three different major types. Genomic and proteomic analyses of
selected oomycete and fungal species will be correlated with their cell wall structural features and the corresponding biosynthetic pathways.

Cellular morphogenesis of Aspergillus nidulans conidiophores: a systematic survey of protein kinase and phosphatase function. Lakshmi Preethi Yerra,
Steven Harris. University of Nebraska-Lincoln, Lincoln, NE.

In the filamentous fungus Aspergillus nidulans, the transition from hyphal growth to asexual development is associated with dramatic changes in
patterns of cellular morphogenesis and division. These changes enable the formation of airborne conidiophores that culminate in chains of spores
generated by repeated budding of phialides. Our objective is to characterize the regulatory modules that mediate these changes and to determine how
they are integrated with the well-characterized network of transcription factors that regulate conidiation in A. nidulans. Because protein phosphorylation
is likely to be a key component of these regulatory modules, we have exploited the availability of A. nidulans post-genomic resources to investigate the
roles of protein kinases and phosphatases in developmental morphogenesis. We have used the protein kinase and phosphatase deletion mutant libraries
made available by the Fungal Genetics Stock Center to systematically screen for defects in conidiophore morphology and division patterns. Our initial
results implicate ANID_11101.1 (=yeast Hsl1/Gin4) in phialide morphogenesis, and also reveal the importance of ANID_07104.1 (=yeast Yak1) in the
maintenance of cell integrity during asexual development. Additional deletion mutants with reproducible defects have been identified and will be
described in detail. We will also summarize initial results from double mutant analyses that attempt to place specific protein kinase deletions within the
regulatory network that controls conidiation.

Septum formation starts with the establishment of a septal actin tangle (SAT) at future septation sites. Diego Delgado-Alvarez', S. Seiler?, S. Bartnicki-
Garcial, R. Mourifio-Pérez". 1) CICESE, Ensenada, Mexico; 2) Georg August University, Gottingen, Germany.

The machinery responsible for cytokinesis and septum formation is well conserved among eukaryotes. Its main components are actin and myosins, which
form a contractile actomyosin ring (CAR). The constriction of the CAR is coupled to the centripetal growth of plasma membrane and deposition of cell wall.
In filamentous fungi, such as Neurospora crassa, cytokinesis in vegetative hyphae is incomplete and results in the formation of a centrally perforated
septum. We have followed the molecular events that precede formation of septa and constructed a timeline that shows that a tangle of actin filaments is
the first element to conspicuously localize at future septation sites. We named this structure the SAT for septal actin tangle. SAT formation seems to be
the first event in CAR formation and precedes the recruitment of the anillin Bud-4, and the formin Bni-1, known to be essential for septum formation.
During the transition from SAT to CAR, tropomyosin is recruited to the actin cables. . Constriction of the CAR occurs simultaneously with membrane
internalization and synthesis of the septal cell wall.

Visualization of apical membrane domains in Aspergillus nidulans by Photoactivated Localization Microscopy (PALM). Norio Takeshita®, Yuji Ishitsuka®,
Yiming Li%, Ulrich Nienhaus®, Reinhard Fischer". 1) Dept. of Microbiology, Karlsruhe Institute of Technology, Karlsruhe, Germany; 2) Institute for Applied
Physics, Karlsruhe Institute of Technology.

Apical sterol-rich plasma membrane domains (SRDs), which can be viewed using the sterol-binding fluorescent dye filipin, are gaining attention for their
important roles in polarized growth of filamentous fungi. The size of SRDs is around a few mm, whereas the size of lipid rafts ranges in general between
10-200 nm. In recent years, super-resolution microscope techniques have been improving and breaking the diffraction limit of conventional light
microscopy whose resolution limit is 250 nm. In this method, a lateral image resolution as high as 20 nm will be a powerful tool to investigate membrane
microdomains. To investigate deeply the relation of lipid membrane domains and protein localization, the distribution of microdomains in SRDs were
analyzed by super-resolution microscope technique, Photoactivated Localization Microscopy (PALM). Membrane domains were visualized by each marker
protein tagged with photoconvertible fluorescent protein mEosFP for PALM. Size, number, distribution and dynamics of membrane domains, and
dynamics of single molecules were investigated. Time-laps analysis revealed the dynamic behavior of exocytosis.
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Clonality and sex impact aflatoxigenicity in Aspergillus populations. Ignazio Carbone’, Bruce W. Horn?, Rodrigo A. Olarte’, Geromy G. Moore®, Carolyn J.
Worthingtonl, James T. Monacell*?, Rakhi Singhl, Eric A. Stone™*, Kerstin Hell®, Sofia N. Chulze’, German Barros’, Graeme Wrights, Manjunath K. Naik®. 1)
Department of Plant Pathology, NC State University, Raleigh, NC, USA; 2) National Peanut Research Laboratory, Agricultural Research Service, U.S.
Department of Agriculture, Dawson, GA, USA; 3) Southern Regional Research Center, Agricultural Research Service, U.S. Department of Agriculture, New
Orleans, LA, USA; 4) Bioinformatics Research Center, NC State University, Raleigh, NC, USA; 5) Department of Genetics, NC State University, Raleigh, NC,
USA; 6) International Institute of Tropical Agriculture, Cotonou, Republic of Benin; 7) Departamento de Microbiologia e Inmunologia, Universidad Nacional
de Rio Cuarto, Cordoba, Argentina; 8) Department of Primary Industries, Queensland, Kingaroy, Australia; 9) Department of Plant Pathology, College of
Agriculture, Karnataka, India.

Species in Aspergillus section Flavi commonly infect agricultural staples such as corn, peanuts, cottonseed, and tree nuts and produce an array of
mycotoxins, the most potent of which are aflatoxins. Aspergillus flavus is the dominant aflatoxin-producing species in the majority of crops. Populations of
aflatoxin-producing fungi may shift in response to: (1) clonal amplification that results from strong directional selection acting on a nontoxin- or toxin-
producing trait; (2) disruptive selection that maintains a balance of extreme toxigenicities and diverse mycotoxin profiles; (3) sexual reproduction that
results in continuous distributions of toxigenicity; or (4) female fertility/sterility that impacts the frequency of sexual reproduction. Population shifts that
result in changes in ploidy or nuclear DNA composition (homokaryon versus heterokaryon) may have immediate effects on fitness and the rate of
adaptation in subsequent fungal generations. We found that A. flavus populations with regular rounds of sexual reproduction maintain higher aflatoxin
concentrations than predominantly clonal populations and that the frequency of mating-type genes is directly correlated with the magnitude of
recombination in the aflatoxin gene cluster. Genetic exchange within the aflatoxin gene cluster occurs via crossing over between divergent lineages in
populations and between closely related species. During adaptation, specific toxin genotypes may be favored and swept to fixation or be subjected to drift
and frequency-dependent selection in nature. Results from mating experiments in the laboratory indicate that fertility differences among lineages may be
driving genetic and functional diversity. Differences in fertility may be the result of female sterility, changes in heterokaryotic state, DNA methylation, or
other epigenetic modifications. The extent to which these processes influence aflatoxigenesis is largely unknown, but is critical to understand for both
fundamental and practical applications, such as biological control. Our work shows that a combination of population genetic processes, especially
asexual/sexual reproduction and fertility differences coupled with ecological factors, may influence aflatoxigenicity in these agriculturally important fungi.

Toolkit for sexual reproduction in the genome of Glomus spp; a supposedly ancient asexual lineage. Nicolas Corradi. Department of Biology, University
of Ottawa, Ottawa, Ontario, Canada.

Arbuscular mycorrhizal fungi (AMF) are involved in a critical symbiosis with the roots of most land plants;the mycorrhizal symbiosis. Despite their
importance for terrestrial ecosystems worldwide, many aspects of AMF evolution and genetics are still poorly understood, resulting in notorious scientific
frustrations and intense debates; especially regarding the genetic structure of their nuclei (heterokaryosis vs homokayosis) and their mode of propagation
(long-term clonality vs cryptic sexuality). This will aim address the latter aspect of their biology - i.e. their mode of reproduction - by cataloguing and
highlighting emerging evidence, based on available genome sequence data, for the presence of a cryptic sexual cycle in the AMF . In particular,
investigations along available genome and transcriptome data from several AMF species have unravelled the presence of a battery of genes that are
commonly linked with sexually-related processes in other fungal phyla. These include a gene-set required for the initiation and completion of a
conventional meiosis, as well as many other genomic regions that are otherwise found to play a pivotal role in fungal partner recognition. The origin,
diversity and functional analysis of some of these sexually-related genes in AMF will be discussed.

Comparative transcriptomics identifies new genes for perithecium development. Frances Trail", Usha Sikhakolli®, Kayla Fellows", Nina Lehr?, Jeffrey
Townsend?>. 1) Department of Plant Biology, Michigan State Univ, East Lansing, MI; 2) Department of Ecology and Evolutionary Biology, Yale University,
New Haven, CT.

In recent years, a plethora of genomic sequences have been released for fungal species, accompanied by functional predictions for genes based on
protein sequence comparisons. However, identification of genes involved in particular processes has been extremely slow, and new methodologies for
identifying genes involved in a particular process have not kept pace with the exponential increase in genome sequence availability. We have performed
transcriptional profiling of five species of Neurospora and Fusarium during six stages of perithecium development. We estimated the ancestral
transcriptional shifts during the developmental process among the species and identified genes whose transcription had substantially and significantly
shifted during the evolutionary process. We then examined phenotypes of knockouts of genes whose expression greatly increased in Fusarium
graminearum perithecium development. In numerous cases, gene disruption resulted in substantial changes in perithecium. These genes were not
previously identified as candidates for function in perithecium development, illustrating the utility of this method for identification of genes associated
with specific functional processes.
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Rapid evolution of female-biased genes: a novel example from the eukaryotic model organism Neurospora crassa. Hanna Johannesson, Carrie Whittle.
Evolutionary Biology, Uppsala University, Uppsala, Sweden.

In animals and plants, sex-biased gene expression plays a major role in gene evolution. In particular, reproductive genes with male-biased expression
tend to exhibit rapid protein evolution and reduced codon bias as compared to female-biased or unbiased genes. Minimal data are available for fungi.
Here, we demonstrate that sex-biased expression is associated with gene evolution in the filamentous fungus Neurospora crassa, but in contrast to
animals and plants, the rapid evolution occurs for female-biased genes. Based on analyses of >25,000 expressed sequence tags (ESTs) from male (conidial),
female (protoperithecial) and vegetative (mycelial) tissues, we show that reproductive genes with female-biased expression exhibit faster protein
evolution and reduced optimal codon usage than male-biased genes and vegetative genes. Furthermore, our data suggest that female-biased genes are
also more apt to experience selective sweeps. The sex-biased expression effects are observable at the species and population level. We argue that the
rapid molecular evolution of female-biased genes is best explained by sexual selection via female-female competition, but could also result from mate-
choice and/or directional natural selection.

Self-attraction can not bypass the requirement for two mating type genes during sexual reproduction in Neurospora crassa. Katherine A. Borkovich,
Hyojeong Kim, Sara Wright, Gyungsoon Park, Shougiang Ouyang, Svetlana Krystofova. Plant Pathology and Microbiology, University of California, Riverside,
Riverside, CA.

The pheromone receptor PRE-2 is highly expressed in male and female reproductive structures of mat a strains in Neurospora crassa. Trichogynes from
Dpre-2 mat a protoperithecia do not respond chemotropically to mat A conidia or form mature fruiting bodies or meiotic progeny. Strains with swapped
identity due to heterologous expression of pre-2 or its cognate pheromone ccg-4 behave normally in crosses with opposite mating-type. Coexpression of
pre-2 and ccg-4 in the mat A background leads to self-attraction and development of barren perithecia that lack ascospores. Further perithecial
development is achieved by inactivation of Sad-1, a gene required for meiotic gene silencing in N. crassa. Results from studies using forced heterokaryons
of opposite mating-type strains show that the presence of one receptor and its compatible pheromone is necessary and sufficient for perithecial
development and ascospore production. Taken together, the results demonstrate that although receptors and pheromones control sexual identity, the
mating-type genes (mat A and mat a) must be in two different nuclei to allow meiosis and sexual sporulation to occur in N. crassa.

Fertility in Aspergillus fumigatus and the identification of an additional ‘supermater’ pair. Céline M. 0'Gorman’, Sameira S. Swilaiman®, Janyce A. Sugui’,
Kyung J. Kwon-Chung’, Paul S. Dyer". 1) School of Biology, University of Nottingham, University Park, Nottingham NG7 2RD, United Kingdom; 2) Molecular
Microbiology Section, Laboratory of Clinical Infectious Diseases, National Institute of Allergy and Infectious Diseases, National Institutes of Health,
Bethesda, Maryland, USA.

Aspergillus fumigatus is an opportunistic human pathogen that causes a range of allergic and invasive diseases in severely immunocompromised
individuals, with a very high mortality rate typically in excess of 50%. A functional sexual cycle was discovered in 2009 and a highly fertile ‘supermater’ pair,
AFB62 and AfIR928, was later identified from a collection of 50 isolates. Here we describe the results of a larger, worldwide fertility screen and present an
additional ‘supermater’ pair. A set of 126 clinical and environmental A. fumigatus isolates were crossed against two Irish reference strains of each mating
type. A subset of the eight most-fertile strains was then tested in all pairwise combinations. The pairing of isolates 47-169 x 47-154 had consistently high
mating efficiency and outcrossing ability after four weeks, therefore it was chosen as an additional ‘supermater’ pair for community use in mating projects.
It is important to have alternative tester strains to allow for unexpected mating differences when crossing isolates of diverse genetic origins. This is
because factors such as heterokaryon incompatibility (het) loci and single nucleotide polymorphisms, can considerably influence sexual compatibility. The
worldwide fertility screen found that approximately 85% of isolates are sexually fertile, indicating that sexual reproduction should be possible in nature
when suitable environments are present. Next, the plasticity of sexual crossing conditions was tested, to determine whether they could be manipulated to
increase fertility in crosses involving low-fertility strains of interest. A range of environmental and growth conditions were examined, including incubation
temperature, CO, level, and oatmeal agar type. Fertility levels were significantly affected by certain parameters. Work is ongoing to integrate these factors
to further optimize fertility in the ‘supermater’ pairs.

Sexual reproduction and mating type function in the penicillin producing fungus Penicillium chrysogenum. Julia B5hm", Birgit Hoff', Simon Wolfers',
Céline O'Gorman’, Paul Dyer?, Stefanie Péggeler®, Ulrich Kiick’. 1) Christian Doppler Laboratory for Fungal Biotechnology, Ruhr-Universit4t Bochum,
Universitatsstr. 150, 44780 Bochum, Deutschland; 2) School of Biology, University of Nottingham, University Park, Nottingham, NG7 2RD, U.K; 3) Abteilung
Genetik eukaryotischer Mikroorganismen, Institut fiir Mikrobiologie und Genetik, Georg-August Universitat Gottingen, 37077 Gottingen, Deutschland.

Penicillium chrysogenum is a filamentous fungus of major medical and historical importance, being the original and present day industrial source of the
antibiotic penicillin with a world market value of about 600 million € per year. The species has been considered asexual for over 100 years and despite
concerted efforts it has not been possible to induce sexual reproduction. However, we recently were able to detect mating type loci in different strains,
indicating a sexual lifecycle. Isolates, carrying opposite mating types, were found in near-equal proportion in nature and we observed transcriptional
expression of mating type loci as well as pheromone and pheromone receptor genes [1]. Utilising knowledge of mating-type (MAT) gene organization we
now describe conditions under which a sexual cycle can be induced leading to the production of cleistothecia and meiotic ascospores, which were similar
to those described recently for Eupenicillium crustaceum [2]. Evidence of recombination was obtained using both molecular and phenotypic markers. The
newly identified heterothallic sexual cycle was used for strain development purposes, generating offspring with novel combinations of traits relevant to
penicillin production.

Furthermore, the MATI1-1-1 mating-type gene, known primarily for a role in governing sexual identity, was also found to control transcription of a wide
range of genes including those regulating penicillin production, hyphal morphology and conidial formation, all traits of biotechnological relevance. For
functional characterization MAT1-1-1 knockout and overexpression strains were generated and analyzed. These discoveries of a sexual cycle and MAT
gene function are likely to be of broad relevance for manipulation of other asexual fungi of economic importance.

[1] Hoff B, Poggeler S, Kiick U (2008) Eighty years after its discovery, Fleming's Penicillium strain discloses the secret of its sex. Eukaryot Cell 7: 465-470

[2] Poggeler S, O'Gorman CM, Hoff B, Kiick U (2011) Molecular organization of the mating-type loci in the homothallic ascomycete Eupenicillium
crustaceum. Fungal Biol. 115: 615-624.
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The Sclerotinia sclerotiorum mating type locus (MAT) contains a 3.6-kb region that is inverted in every generation. Patrik Inderbitzin®, Periasamy
Chitrampalamz, Karunakaran Maruthachalaml, Bo-Ming Wu3, Krishna Subbarao®. 1) Department of Plant Pathology, University of California-Davis, Davis,
CA, USA; 2) Department of Plant Sciences, University of Arizona, Tucson, AZ, USA; 3) Department of Plant Pathology, China Agricultural University, 2 West
Yuanmingyuan Rd., Haidian District, Beijing, China.

Sclerotinia sclerotiorum is a filamentous ascomycete in the Sclerotiniaceae (Pezizomycotina) and a necrotrophic pathogen of more than 400 hosts
worldwide, including many important agricultural crops. In California, the biggest lettuce producer in the United States, S. sclerotiorum is a causal agent of
lettuce drop that reduces overall annual lettuce yield by 15%. Little is known about the details of sexual reproduction in S. sclerotiorum, but the structure
of the S. sclerotiorum mating type locus MAT, the master regulator of sexual reproduction in ascomycetes, has previously been reported. As in other
homothallic (self-fertile) ascomycetes, S. sclerotiorum MAT contains both idiomorphs (divergent alleles) fused end-to-end at a single locus. Using 283
isolates from lettuce in California and from other states and hosts, we investigated the diversity of S. sclerotiorum MAT, and identified a novel version of
MAT that differed by a 3.6-kb inversion and was designated Inv+, as opposed to the previously known S. sclerotiorum MAT that lacked the inversion and
was Inv-. The inversion affected three of the four MAT genes: MAT1-2-1 and MAT1-2-4 were inverted and MAT1-1-1 was truncated at the 3’-end.
Expression of MAT genes differed between Inv+ and Inv- isolates. In Inv+ isolates, only one of the three MAT1-2-1 transcript variants of Inv- isolates was
detected, and the alphal domain of Inv+ MAT1-1-1 transcripts was truncated. Both Inv- and Inv+ isolates were self-fertile, and the inversion segregated in
a 1:1 ratio regardless of whether the parent was Inv- or Inv+. This suggested the involvement of a highly regulated process in maintaining equal
proportions of Inv- and Inv+, likely associated with the sexual state. The MAT inversion region, defined as the 3.6-kb MAT inversion in Inv+ isolates and the
homologous region of Inv- isolates, was flanked by a 250-bp inverted repeat on either side. The 250-bp inverted repeat was a partial MAT1-1-1 that
through mediation of loop formation and crossing over, may be involved in the inversion process. Inv+ isolates were widespread, and in California and
Nebraska constituted half of the isolates examined. We speculate that a similar inversion region may be involved in mating type switching in the
filamentous ascomycetes Chromocrea spinulosa, Sclerotinia trifoliorum and in certain Ceratocystis species.
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Transcriptional regulatory networks controlling the early hypoxic response in Candida albicans. A. Nantel, M. van het Hoog, A. Sellam, C. Beaurepaire, F.
Tebbji, M. Whiteway. National Research Council of Canada, Montreal, Quebec, Canada.

The ability of Candida albicans to colonize or invade multiple host environments requires that it rapidly adapts to different conditions. Our group has
been exploiting ChIP-chip and transcription profiling technologies, together with computer modeling, to provide a better understanding of select
transcription factor (TF) networks. We used DNA microarrays to measure the changes in transcriptional profiles that occur immediately following the
transfer of C. albicans to hypoxic growth conditions. The impressive speed of this response is not compatible with current models of fungal adaptation to
hypoxia that depend on the inhibition of sterol and heme biosynthesis. Functional interpretation of these profiles was achieved using Gene Set Enrichment
Analysis, a method that determines whether defined groups of genes exhibit a statistically significant bias in their distribution within a ranked gene list.
The Sit4p phosphatase, Ccrdp mRNA deacetylase and Skolp TF were identified as novel regulators of the early hypoxic response. While cells mutated in
these regulators exhibit a delay in their transcriptional responses to hypoxia their ability to grow in the absence of oxygen is not impeded. Promoter
occupancy data on 26 TFs was combined with the profiles of 375 significantly-modulated target genes in a Network Component Analysis (NCA) to produce
a model of the dynamic and highly interconnected TF network that controls this process. The NCA also allowed us to observe correlations between
temporal changes in TF activities and the expression of their respective genes, thus allowing us to identify which TFs are potentially subjected to post-
transcriptional modifications. The TF network is centered on Tye7p and Upc2p which are associated with many of the genes that exhibit the fastest and
strongest up regulations. While Upc2p only associates with downstream promoters, Tye7p is acting as a hub, its own promoter being bound by itself and 7
additional TFs. Rap1 and Ahrl appear to function as master regulators since they bind to a greater proportion of TF gene promoters, including those of
Upc2p and Tye7p. Finally, Cbflp, Mrrlp and Raplp show the greatest numbers of unique gene targets. The high connectivity of these models illustrates
the challenges that lie in determining the individual contributions of specific TFs.

Proteomic analysis of the hypoxic response of the human-pathogenic fungus Aspergillus fumigatus. Olaf Kniemeyer"**, Kristin Kroll*, Vera Pahtz**>,
Martin Védisch™?, Falk Hillmann™, Kirstin Scherlach’, Martin Roth®, Christian Hertweck?, Axel A. Brakhage™”. 1) Department of Molecular and Applied
Microbiology, Leibniz Institute for Natural Product Research and Infection Biology (HKI), Jena, Germany; 2) Department of Biomolecular Chemistry, Leibniz
Institute for Natural Product Research and Infection Biology (HKI), Jena, Germany; 3) Bio Pilot Plant, Leibniz Institute for Natural Product Research and
Infection Biology (HKI), Jena, Germany; 4) Integrated Research and Treatment Center, Center for Sepsis Control and Care Jena, University Hospital (CSSC),
Jena, Germany; 5) Department of Microbiology and Molecular Biology, Friedrich Schiller University Jena, Beutenbergstr. 11a, 07745 Jena, Germany.

Aspergillus fumigatus is a ubiquitous, filamentous fungus which may cause a broad spectrum of disease in the human host, ranging from allergic or
locally restricted infections to invasive mycoses. The most fatal A. fumigatus disease, invasive aspergillosis occurs in patients who are severely
immunocompromised and is characterized by a high mortality. During the course of the infection A. fumigatus has to cope with several kinds of stress
conditions including low oxygen levels (hypoxia). Just recently it was shown that hypoxia adaptation is an important virulence attribute of A. fumigatus. To
identify novel hypoxia-sensing and adapting pathways we have characterized the changes of the A. fumigatus proteome in response to short (3-24 hours)
and long periods (7-10 days) of hypoxia (1% O,). To maintain reproducible culture conditions, an oxygen-controlled fermenter was used. During long-term
cultivation under hypoxia, proteins involved in glycolysis, the pentose phosphate shunt, amino acid biosynthesis, NO-detoxification and respiration showed
an increased level. In contrast, proteins involved in sulfate assimilation and acetate activation were down-regulated. Strikingly, hypoxia also induced
biosynthesis of the secondary metabolite pseurotin A. The proteomic response of A. fumigatus to short periods of hypoxia showed some similarities, but
also marked differences: The level of glycolytic, NO-detoxifying and amino acid biosynthesis enzymes increased under both hypoxic growth conditions.
However, the abundance of enzymes of the pentose-phosphate pathway decreased, whereas enzymes involved in ethanol fermentation significantly
increased. To get a deeper knowledge about the specific role of metabolic pathways in adaptation to hypoxia, we have started to characterize candidate
genes for their role in hypoxia by generating deletion mutants. First data will be presented and discussed.

Fgapl-mediated response to oxidative stress in trichothecene-producing Fusarium graminearum. M. Montibus, N. Ponts, E. Zehraoui, F. Richard-Forget,
C. Barreau. INRA, UR1264-MycSA, BP81, F-33883 Villenave d’Ornon, France.

The filamentous fungus Fusarium graminearum infects cereals and corn. It is one of the main causal agent of “Fusarium Head Blight” and “Maize Ear
Rot”. During infection, it produces mycotoxins belonging to the trichothecenes family that accumulate in the grains. Although the biosynthetic pathway
involving specific Tri genes has been elucidated, the global regulation of toxin biosynthesis remains enigmatic. It is now established that oxidative stress
modulates the production of toxins by F. graminearum. H,0, added in liquid cultures of this fungus enhances trichothecenes accumulation and increases
Tri genes expression. Our working hypothesis is that a transcription factor regulates redox homeostasis, and is involved in Tri genes regulation. In the yeast
Saccharomyces cerevisiae, the transcription factor Yaplp mediates response to oxidative stress via nuclear re-localization and activation of genes coding
for detoxification enzymes. In this study, we investigate the role of Yaplp homolog in F. graminearum, Fgap1l, in response to oxidative stress and its
eventual role in the regulation of trichothecene production. A deleted mutant and a strain expressing a constitutively activated form of the Fgap1 factor in
F. graminearum were constructed. We cultured these mutants in GYEP liquid medium supplemented with H,0, to evaluate their sensitivity to oxidative
stress and analyse their toxin production. The nuclear localization of constitutively activated Fgaplp as well as wild-type Fgaplp under oxidative stress by
H,0, was analyzed. Expression profiles of genes encoding oxidative stress response enzymes potentially controlled by Fgaplp and of genes involved in the
biosynthesis of type B trichothecenes were analyzed by Q-RT-PCR. Trichothecene accumulation is strongly enhanced in the deleted strain, with an increase
in Tri genes expression. On the other hand, Tri genes expression and toxin accumulation are drastically repressed in the mutant in which Fgaplp is
constitutively activated. Moreover, the level of expression of two genes encoding catalases is modulated in both mutants. The involvement of Fgap1 in
other types of stress has also been investigated. In particular, cadmium and osmotic stress affect growth in the deleted strain.

72



CONCURRENT SESSION ABSTRACTS

The role of NADPH oxidases in Neurospora crassa cell fusion. Nallely Cano-Dominguez’, Ernestina Casto-Longoria®, Jesus Aguirre”. 1) Departamento de
Microbiologia, CICESE, Ensenada, Baja California, Mexico; 2) Departamento de Biologia Celular y Desarrollo. Instituto de Fisiologia Celular UNAM, Mexico
City, D.F. Mexico.

Hansberg and Aguirre proposed that reactive oxygen species (ROS) play essential roles in cell differentiation in microorganisms. ROS are generated
mainly during mitochondrial electron transport and by the action of certain enzymes. The NADPH oxidases (NOX) are enzymes that catalyze the production
of superoxide by transferring electrons from NADPH to oxygen. Neurospora crassa contains the NADPH oxidases NOX-1 and NOX-2 and a common
regulatory subunit NOR-1. NOX-2 is essential for ascospore germination, while NOX-1 is required for sexual and asexual development, polar growth and
cell fusion. NOR-1 is essential for all these NOX functions. We have found that a functional NOR-1::GFP fusion is localized throughout the cytoplasm,
enriched at the hyphal tip and sometimes in aggregates. This suggests that the functional NOX complexes are probably not localized at the plasma
membrane. Up to now NOX function in fungi has been evaluated in mutants that completely lack NOX proteins. We generated nox-1 alleles that result in
NOX-1 proteins carrying substitutions of proline 382 by histidine or cysteine 542 by arginine, which affect NADPH-binding. Equivalent mutations in
phagocytic Nox2/gp91phox do not affect protein stability but completely lack oxidase activity. P382H and C542R mutants did not produce sexual fruiting
bodies and showed a decreased growth and differentiation of aerial mycelia, without affecting production of conida. These results indicate that sexual
development depends on ROS production by NOX-1, whereas during asexual differentiation NOX-1 plays an important role independently of its catalytic
activity. Dnox-1, Dnor-1, P382H NOX-1 and C542R NOX-1 mutants were all able to produce some conidial anastomosis tubes (CATs) but they were unable
to complete cell-cell fusion. All these mutants are also impaired in vegetative hyphae-hyphae fusion, which might explain the growth defects in Dnox-1 and
Dnor-1 strains. CATs production is delayed in the presence of antioxidant N- acetyl cystein (NAC) and Dsod-1 strains show an increase in CATs fusions. The
results suggest that some ROS may be implicated in signaling CATs homing and vegetative fusion.

Peroxiredoxins in ROS responses -Why evolve peroxidases that are inactivated by peroxides? Alison M. Day, Jonathon D Brown, Sarah R Taylor, Jonathan
D Rand, Brian A Morgan, Elizabeth A Veal. Inst Cell & Molecular Biosciences, Newcastle Univ, Newcastle Tyne, United Kingdom.

Peroxiredoxins (Prx) are extremely abundant antioxidant enzymes with important roles in protecting against oxidative stress, ageing and cancer.The
thioredoxin peroxidase activity of eukaryotic typical 2-Cys Prx detoxifies hydrogen peroxide but, enigmatically, is highly sensitive to inactivation by
peroxide-induced hyperoxidation of a catalytic cysteine residue. It has been proposed that hyperoxidation might allow hydrogen peroxide to act as a signal
and/or promote an alternative activity of Prx as a chaperone [1, 2]. However, any advantage to be gained by inhibiting the thioredoxin peroxidase activity
and preventing Prx from removing peroxides under oxidative stress conditions has remained obscure. The fission yeast Schizosaccharomyces pombe
contains a single 2-Cys Prx, Tpx1. Our previous work has established that, counterintuitively, Tpx1 is vital for adaptive transcriptional responses to
hydrogen peroxide due to essential roles in the hydrogen peroxide-induced activation of the p38/JNK/Hog1-related MAPK Sty1 and AP-1-like transcription
factor Pap1 [3, 4]. In seeking to understand why the thioredoxin peroxidase activity of Tpx1 should be important for Pap1 activation, we have identified
that Tpx1 is the major cellular substrate for thioredoxin. Accordingly, in hydrogen peroxide-treated cells, Tpx1 competitively inhibits the activity of
thioredoxin towards other substrates, including Pap1, and the methionine sulphoxide reductase A, Mxrl. Consequently, we show that the oxidative
inactivation of the thioredoxin peroxidase activity of Tpx1 is important to maintain active Mxr1, repair oxidative protein damage and maintain cell viability
following exposure to toxic levels of hydrogen peroxide [5]. Based on these discoveries in yeast, we propose that an important function for the reversible
hyperoxidation of eukaryotic 2-Cys Prx is to regulate thioredoxin and thus thioredoxin-mediated signalling and repair processes. | will present further data
supporting this conclusion and discuss its implications for hydrogen peroxide signal transduction.

NADPH oxidases regulate septin-mediated cytoskeletal re-modeling during plant infection by the rice blast fungus Magnaporthe oryzae. Lauren S.
Ml, Yasin F. Dagdasl, Thomas A. Mentlak’, Michael J Kershaw', Martin Schuster’, Christopher R Thornton’, Jisheng Chen?, Zonghua Wangz, Nicholas J
Talbot". 1) Dept Biosciences, Univ Exeter, Exeter, United Kingdom; 2) Fujian agricultural university.

NADPH oxidases (Nox) are flavoenzymes that function by transferring electrons across biological membranes to catalyze reduction of molecular oxygen
to superoxide. In animal cells, Nox enzymes are implicated in cell proliferation, cell signalling and apoptosis, while in plants Nox are necessary for
programmed cell death, the response to environmental stresses, pathogen infection, and polarised growth of root hairs. In filamentous fungi, Nox are
necessary for cellular differentiation during sexual reproduction and for developmental processes that involve transitions from non-polarised to polarised
cell growth, such as tissue invasion by mutualistic and pathogenic fungi, and fungal virulence. The underlying function of Nox enzymes in these diverse
developmental processes remains unclear. The rice blast fungus Magnaporthe oryzae infects plants with a specialized cell called an appressorium, which
uses turgor to drive a rigid penetration peg through the rice leaf cuticle. Here, we show that NADPH oxidases (Nox) are necessary for septin-mediated re-
orientation of the dynamic F-actin cytoskeleton to facilitate cuticle rupture and plant cell invasion. We report that the Nox2-NoxR complex spatially
organises a heteroligomeric septin ring at the appressorium pore, required for assembly of a toroidal F-actin network at the point of penetration peg
emergence. Maintenance of the cortical F-actin network during plant infection independently requires Nox1, a second NADPH oxidase, which is necessary
for penetration hypha elongation. Organisation of F-actin and septins in appressoria are disrupted by application of anti-oxidants, while latrunculin-
mediated depolymerisation of appressorial F-actin is competitively inhibited by reactive oxygen species (ROS), providing evidence that regulated synthesis
of ROS by fungal NADPH oxidases directly controls septin and F-actin dynamics.
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Redox regulation of an AP-1-like transcription factor, YapA, in the fungal symbiont Epichloé festucae. Gemma M. Cartwright, Barry Scott, Yvonne Becker.
Molec Biosci, Massey Univ, Palmerston Nth, New Zealand.

Reactive oxygen species (ROS) are emerging as important regulators required for the successful establishment and maintenance of the mutualistic
association between the fungal endophyte Epichloé festucae and its grass host Lolium perenne. The generation of reactive oxygen species (ROS) by the
fungal NADPH oxidase, NoxA has previously been shown to regulate hyphal growth of E. festucae in planta; a result that has led to the hypothesis that
fungal-produced ROS are key second messengers in the symbiosis. However, the highly reactive nature of these molecules dictates that cells possess
efficient sensing mechanisms to maintain ROS homeostasis and prevent oxidative damage to cellular components. The Saccharomyces cerevisiae Gpx3-
Yap1l and Schizosaccharomyces pombe Tpx1-Papl, two-component H,0, sensors, serve as model redox relays for coordinating the cellular response to
ROS. While proteins related to the Yapl and Pap1 basic-leucine zipper (bZIP) transcription factors have been identified in a number of filamentous fungi,
the components involved in the upstream regulation remain unclear. This study investigated the role of the E. festucae Yapl homologue, YapA, and
putative upstream activators GpxC and TpxA, homologues of Gpx3 and Tpx1, respectively, in responding to ROS. YapA is involved in responding to ROS
generated at the wound site following inoculation into ryegrass seedlings. However, deletion of yapA did not impair host colonization indicating
redundancy in systems used by E. festucae to sense and respond to plant-produced ROS. In culture, deletion of E. festucae yapA, renders the mutants
sensitive to only a subset of ROS and this sensitivity is influenced by the stage of fungal development. In contrast to the H,0,-sensitive phenotype widely
reported for fungi lacking the Yap1-like protein, the E. festucae yapA mutant maintains wild-type mycelial resistance to H,0, but conidia of the yapA
mutant are very sensitive to H,0,. Using a degron-tagged GFP-CL1 as a reporter, we found YapA is required for the expression of the spore specific
catalase, catA. Moreover, YapA is activated by H,0, independently of both GpxC and TpxA, suggesting a novel mechanism of regulation exists in E.
festucae. This work provides a comprehensive analysis of the role and regulation of the AP-1 transcription factor pathway in a filamentous fungal species.

Interaction between phenolic and oxidant signaling in Cochliobolus heterostrophus. Benjamin A Horwitz', Samer Shalaby’, Olga Larkov', Mordechai
Ronenz, Sophie Lev’. 1) Department of Biology, Technion - IIT, Haifa, Israel; 2) Department of Plant Science, Tel Aviv University, Ramat Aviv, Israel; 3)
Centre for Infectious Diseases and Microbiology, University of Sydney at Westmead Hospital, Westmead, NSW 2145, Australia.

The transcription factor ChAP1 is an ortholog of yeast YAP1 in the maize pathogen Cochliobolus heterostrophus. ChAP1 migrates to the nucleus upon
exposure to oxidative stress, inducing antioxidant genes such as thioredoxin and glutathione reductase [1]. ChAP1 also localizes to nuclei on contact with
the leaf and during invasive growth. Though reactive oxygen species are encountered on the host, ChAP1 nuclear retention can occur without oxidative
stress. One of the signals responsible is provided by phenolic compounds [1-3]. Using a genetically-encoded ratiometric reporter of the redox state, we
showed that leaf extract and phenolics, despite their antioxidant properties, promote nuclear accumulation of ChAP1. To study this dual role of ChAP1 we
identified genes expressed in response to phenolics. Intradiol dioxygenase CCHD1 is rapidly upregulated, independent of ChAP1 [2]. Coumaric acid caused
rapid and simultaneous upregulation of most of the b-ketoadipate pathway genes. Deletion of CCHD1 provided genetic evidence that protocatechuic acid
is an intermediate in catabolism of many aromatics [3]. The activity of a structure series showed complementary requirements for upregulation of CCHD1
and ChAP1 nuclear retention. The ability to metabolize a compound and ChAP1 nuclear retention are inversely correlated. To find additional genes
induced by phenolics, microarrays designed from the predicted coding sequences of the C. heterostrophus genome [4] were hybridized to probes made
from RNA of cultures exposed to coumaric acid, or controls. Expression of about 90 genes from different pathways primarily for metabolism, for example,
the b-ketoadipate, quinic acid and shikimic acid pathways, as well as transporters from different families was altered in response to coumaric acid. The
ability to respond to phenolics and detoxify or metabolize them via the b-ketoadipate pathway confers an advantage to plant pathogens, and explains the
presence of at least two response pathways detecting these compounds. [1] Lev et al. (2005) Eukaryot. Cell 4:443-454; [2] Shanmugam et al. (2010) Cell.
Microbiol. 12:1421-1434; [3] Shalaby et al. (2012) MPMI 25: 931-940; [4] Ohm et al. (2012) PLoS Pathog 8: e1003037. Supported in part by the Israel
Science Foundation. We thank Michal Levin and Itai Yanai for help with microarray hybridization.
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Kiln

Phylogenomics

Co-chairs: Jason Stajich and Joey Spatafora

Characterizing Gene Tree Incongruence on a Genome Scale. Dannie Durand. Biological Sciences, Carnegie Mellon University, Pittsburgh, PA.

Gene families evolve through gene duplication and loss, and lateral gene transfer. Reconstructing these events is a powerful approach to understanding
the co-evolution of genes and species and the emergence of novel protein function. Gene duplication, loss, and transfer can all result in a gene tree that
disagrees with the species tree. This incongruence can be exploited to infer the history of these events, as well as the ancestral lineage in which each event
took place. This is achieved by fitting the gene family tree to the associated species tree, a process called reconciliation. | will discuss the benefits and
challenges of gene tree reconciliation, with special attention to genome scale analyses. The use of gene tree reconciliation will be compared with non-
phylogenetic analyses of gene family expansion and contraction. The problem of determining whether the observed incongruence is due to gene
duplication, lateral transfer, or incomplete lineage sorting will also be discussed. | will present analyses of several large gene tree data sets from well-
studied species lineages, as a practical demonstration of this approach. Our algorithms have been implemented in
[http://www.cs.cmu.edu/~durand/Notung], a freely available software tool.

Early fungi and their carbohydrate active enzymes. Mary L. Berbee®’, Satoshi Sekimoto?, Joseph Spatafora®, Timothy James’, Teresita M. Porter®, Rytas
Vilgalyss. 1) Dept Botany, Univ British Columbia, Vancouver, B.C., Canada; 2) Department Of Biological Sciences, The University Of Alabama, Tuscaloosa, AL;
3) Oregon State University, Dept of Botany & Plant Pathology, 2082 Cordley Hall, Corvallis, OR; 4) University of Michigan, Dept of Ecology & Evol Biology,
830 N University, Ann Arbor, MI; 5) 16 Yachters Lane, Etobicoke, ON, Canada; 6) Biology Department 130 Science Drive, Biological Sciences Rm 137, Duke
University Box 90338, Durham, NC.

Early fungi are intermingled with some of the oldest fossils from vascular plants, dated at 400 Ma. However, what the fungi were doing for their nutrition
before land plants were available has been difficult to reconstruct because in phylogenies of the earliest diverging fungal lineages, saprotrophs and
parasites of plants as well as animals are intermingled, and which fungal life style came first is ambiguous. We are using phylogenetic analysis of enzymes
involved in carbohydrate metabolism to reconstruct the enzymatic capabilities of some of the early terrestrial fungi. Our community sequencing proposal
to the US Joint Genome Institute resulted in four new genome sequences for evolutionarily divergent lineages including aquatic fungi, the chytrids and
Blastocladiomycota, and zygomycetes. Analysis of the genomes suggests that cellulases and pectinases to degrade plant wall carbohydrates were already
present in the earliest fungal lineages but largely lost from the zygomycetes. This implies that fungi evolved in association with the green algal/green plant
lineage. Even with complete genome sequences, the branching order among the aquatic fungi and zygomycetes remains problematical, and branching
order conflicts from one analysis to another. The conflicts may reflect difficulties involved in modeling evolutionary processes across lineages.
Alternatively, the conflicts may indicate that fungi, like animals, underwent a 'Cambrian Explosion' perhaps facilitated by rapid expansion of nutritional
resources offered by radiation of multicellular plants and animals.

Better evolution through gene clustering. Jason Slot", Matthew Campbell?, Han Zhang®, Martijn Staats®, Jan van Kan®*, Antonis Rokas". 1) Biological
Sciences, Vanderbilt University, Nashville, TN; 2) Botany, University of Hawai'i, Manoa, HI; 3) Biosystematics group, Wageningen University, Wageningen,
The Netherlands; 4) Laboratory of Phytopathology, Wageningen University, Wageningen, The Netherlands.

The recent availability of a large number of fungal genomes has facilitated systematic investigations of metabolic pathway evolution across the kingdom.
Through combining phylogenetic and genomic techniques, we have recently examined the evolution of metabolic pathways across a well-sampled fungal
phylogeny, and gained new insight into the role of metabolic gene clusters in fungal evolution. The occasional occurrence of horizontal gene transfer of
entire pathways between distantly related fungi via gene clusters suggests that fungal species have access to larger pan-genomes than previously thought.
Furthermore, analysis of gene cluster decay suggests these transfers are underestimated by analyses of single strains, and that evolution within clustered
pathways is constrained by natural selection. Increased evolvability in fungi is also implied by the discovery of chromosomal loci that maintain large
alternative secondary metabolite gene clusters within recombining lineages. Together, these phylogenomic analyses in fungi illustrate a multi-faceted role
of gene clustering in fungal evolution.

Phylogenomics unveils secondary metabolites specific to mycoparasitic lineages in Hypocreales. C. Alisha Owensby, Kathryn E. Bushley, Joseph W.
Spatafora. Botany & Plant Pathology, Oregon State University, Corvallis, OR.

Hypocreales is an order characterized by a dynamic evolutionary history of interkingdom host jumping, with members that parasitize animals, plants, and
other fungi. The monophyly of taxa attacking members of the same kingdom is not supported by molecular phylogenetics, however. For example,
Trichoderma spp. and Elaphocordyceps spp. are both mycoparasitic, but are members of different families within Hypocreales, Hypocreaceae and
Ophiocordycipitaceae, respectively. In fact, both genera are more closely related to insect pathogens, than they are to each other. Multiple species of
Trichoderma have sequenced genomes, and recently genomes of several insect pathogens in Hypocreales have been completed (e.g. Metarhizium spp. and
Tolypocladium inflatum). The genus Elaphocordyceps represents a unique clade within Hypocreales, because whereas most species in the family
Ophiocordycipitaceae are insect pathogens, most Elaphocordyceps parasitize truffles of the ectomycorrhizal genus Elaphomyces [Eurotiales, Ascomycota].
To compare genes of a truffle pathogen with hypocrealean insect pathogens and mycoparasites, we sequenced the genome of Elaphocordyceps
ophioglossoides. Our draft assembly of the E. ophioglossoides genome is ~32 MB and has 10,779 gene models, 36 of which are predicted to produce
secondary metabolites. We have identified three very large genes in E. ophioglossoides related to peptaibol producing nonribosomal peptide synthetase
(NRPS) genes. Peptaibols, which disrupt osmoregulation by forming ion channels through lipid bilayers, have antibiotic and antifungal activity and are best
described in Trichoderma spp. E. ophioglossoides and its beetle-pathogenic congener, T. inflatum, both possess three putative peptaibol synthetases which
we identified through analysis of NRPS adenylation domains. Of the three peptaibol-specific domain clades, one is predicted to encode for the
nonproteinogenic a-aminoisobutryic acid residues. We also show that, despite being very closely related, E. ophioglossoides and T. inflatum each possess
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three different peptaibol-like genes, only two of which appear to be located in syntenic regions. The current distribution of fungi possessing peptaibol
genes is restricted to mycoparasitic lineages of Hypocreales and is generating hypotheses about the role of secondary metabolites in mycoparasitism.

Comparative analysis of 35 basidiomycete genomes reveals diversity and uniqueness of the phylum. Robert Riley', Asaf Salamov’, Robert Otillar", Kirsten
Fagnanl, Bastien BoussauS, Daren BrownA, Bernard Henrissats, Anthony Levasseurs, Benjamin Helds, Laszlo Nagyz, Dimitris Floudasz, Emmanuelle Morin7,
Gerard Manningg, Scott Baker’, Robert Blanchette®, Francis Martin’, David Hibbett?, Igor Grigorievl. 1) Joint Genome Istitute, Lawrence Berkeley National
Lab, Walnut Creek, CA; 2) Clark University, Worcester, MA; 3) UC Berkeley, Berkeley, CA; 4) USDA, Peoria, IL; 5) AFMB, Marseille, France; 6) UMN, St. Paul,
MN; 7) INRA, France; 8) Salk Institute, La Jolla, CA; 9) Pacific Northwest National Lab, Richland, WA.

Fungi of the phylum Basidiomycota (basidiomycetes), make up some 37% of the described fungi, and are important in forestry, agriculture, medicine,
and bioenergy. This diverse phylum includes symbionts, pathogens, and saprobes including wood decaying fungi. To better understand the diversity of this
phylum we compared the genomes of 35 basidiomycete fungi including 6 newly sequenced genomes. The genomes of basidiomycetes span extremes of
genome size, gene number, and repeat content. A phylogenetic tree of Basidiomycota was generated using the Phyldog software, which uses all available
protein sequence data to simultaneously infer gene and species trees. Analysis of core genes reveals that some 48% of basidiomycete proteins are unique
to the phylum with nearly half of those (22%) comprising proteins found in only one organism. Phylogenetic patterns of plant biomass-degrading genes
suggest a continuum rather than a sharp dichotomy between the white rot and brown rot modes of wood decay among the members of Agaricomycotina
subphylum. There is a correlation of the profile of certain gene families to nutritional mode in Agaricomycotina. Based on phylogenetically-informed PCA
analysis of such profiles, we predict that that Botryobasidium botryosum and Jaapia argillacea have properties similar to white rot species, although
neither has liginolytic class Il fungal peroxidases. Furthermore, we find that both fungi exhibit wood decay with white rot-like characteristics in growth
assays. Analysis of the rate of discovery of proteins with no or few homologs suggests the high value of continued sequencing of basidiomycete fungi.

Genome evolution of fungal pathogens from the Magnaporthe oryzae/grisea clade. Helene Chiapello™, Ludovic Mallet"?, Cyprien Guérin®, Gabriela

Aguileta®, Frangois Rodolphe’, Annie Gendrault’, Jonathan Kreplak®, Joelle Amselem’, Enrique Ortega-Abboud®, Marc-Henri Lebrun®, Didier Tharreau®,
Elisabeth Fournier’. 1) INRA, UR MIG, 78352 Jouy-en-Josas, France; 2) INRA, UR BIA, 31326 Castanet-Tolosan, France; 3) INRA, URGI, 78026 Versailles,

France; 4) CRG, Barcelone, Spain; 5) CIRAD, UMR BGPI, TA 54K, 34398 Montpellier, France; 6) INRA, UMR BIOGER, 78850 Thiverval-Grignon, France; 7)
INRA, UMR BGPI, TA 54K, 34398 Montpellier, France.

The GEMO project aims at characterizing genomic determinants of pathogenicity and evolutionary events involved in adaptation of 9 isolates from the
M. oryzae/grisea clade differing in their host specificity. Eight strains from M. oryzae species complex and one of the related species M. grisea have been
sequenced and assembled. De novo structural gene annotation was carried out using Eugene (Schiex, 2001) to predict genes and REPET (Flutre, 2011) to
annotate Transposable Elements (TEs) in these 9 genomes. Four of them exhibited large supplementary genomic regions potentially issued from an
unknown bacterial strain of the Burkholderia genus. An original strategy based on Gotham software (Ménigaud, 2012) was used to accurately quantify
these regions in all the affected genome scaffolds. Functional gene annotations were performed using InterProScan. Databases and interfaces relying on
the GMOD tools (gmod.org) were set up to browse annotations and facilitate further evolutionary analyses. In order to identify gene families, the entire
set of the predicted and known proteins of the M. oryzae/grisea genomes were clustered using OrthoMCL (Li, 2003). A total of 20443 clusters (15326
assigned to M.oryzae/grisea and 5117 to Burkholderia) were obtained, including 8154 clusters comprising single copy genes shared by all genomes (core
genome) and variable number of genome specific gene families (305-1550). Genes encoding putative Secreted Proteins (SPs) were identified in 2522
OrthoMCL clusters (2271 of M. oryzae/grisea and 251 of Burkholderia). Further analyses regarding genome-specific and rice-infecting specific genes and
SPs will be presented. OrthoMCL families were processed to infer the phylogenetic reference genealogy of the M. oryzae/grisae complex. We also
evaluated the ability of individual genes to recover the same topology as that supported by most of the genes by using a recent method based on multiple
co-inertia analysis (de Vienne, 2012). Most of the genes exhibit a concordant topology with the reference tree except a small set of ‘outliers’. Further
investigations are currently being performed to determine possible causes for incongruities. Finally, we present preliminary results regarding the
comparison of TE distribution in M. oryzae/grisea species taking into account the reference genealogy of the strains.

Leptosphaeria maculans 'brassicae': "Transposable Elements changed my life, | feel different now". Jonathan Grandaubert’, Conrad Schoch?, Hossein
Borhan®, Barbara Howlett®, Thierry Rouxel'. 1) INRA-BIOGER, Thiverval-Grignon, France; 2) NCBI, National Institutes of Health, Bethesda, MD, USA; 3) AAF
Saskatoon, Canada; 4) School of Botany, University of Melbourne, Australia.

The Dothideomycetes phytopathogens Leptosphaeria maculans and Leptosphaeria biglobosa form a complex of 8 species and putative subspecies
suggested to have diverged “recently”. In 2007, the sequencing of an isolate of Leptosphaeria maculans 'brassicae' (Lmb) provided the first reference
genome for this fungus. The 45-Mb genome has an unusual bipartite structure, alternating large GC-equilibrated and AT-rich regions. These AT-rich regions
comprise one third of the genome and are mainly composed of mosaics of truncated Transposable Elements (TEs) postulated to have “invaded” the
genome 5-10 MYA; they also comprise 5% of the predicted genes of which 20% encode putative effectors. In these regions, both genes and TEs are
affected by Repeat Induced Point mutation (RIP). To investigate when and how genome expansion took place in the evolutionary series, and the
consequences it had on fungal adaptability and pathogenicity, the genomes of five members of the species complex showing contrasted host range and
infection abilities were sequenced. In silico comparison of the reference genome with that of 30-32-Mb genome of L. maculans 'lepidii' (Lml), L. biglobosa
'brassicae’, L. biglobosa 'thlaspii' and L. biglobosa 'canadensis’, showed these species have a much more compact genome with a very low amount of TEs
(<4%). The TE annotation allowed us to identify 121 TE families, all RIP-affected including the expected presence of lineage-specific TEs. Unexpectedly, two
of the most expanded TE families in Lmb have been present in the Dothideomycete lineage for 100 million years. This questions how these families, while
they have been anciently RIPped, managed to expand recently in Lmb. Interestingly, the comparison between the TE-rich genome of Lmb and the TE-poor
genome of Lml, estimated to have diverged 5.5 MYA, indicated a nearly perfect synteny at the chomosomal level, suggesting low incidence of TE expansion
on genome reorganisation. The gene annotation produced a similar gene number in each genome (~11000), but compared to the reference genome, less
than 20% of the effector genes and 50% of other genes in AT-rich regions are present in the other genomes, suggesting that TEs were key players in gene
innovation and that the genome environment promoted rapid sequence diversification and selection of genes involved in pathogenicity.
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Comparing comparative “omics” in Coccidioides spp. Emily A. Whiston, John W. Taylor. Plant & Microbial Biology, U.C. Berkeley, Berkeley, CA.

The mammalian pathogens Coccidioides immitis and C. posadasii are the only dimorphic fungal pathogens that form spherules in the host. Furthermore,
all of Coccidioides’ closest known relatives are non-pathogenic. In this project, we are interested in genome changes between the Coccidioides lineage and
its relatives, and how these changes compare to recently published comparative and population genomics, and transcriptomics studies in Coccidioides.
Coccidioides and its closest sequenced relative, Uncinocarpus reesii, are estimated to have diverged 75-80 million years ago. Here, we have sequenced the
genomes of four species more closely related to Coccidioides than U. reesii: Byssoonygena ceratinophila, Chrysosporium queenslandicum, Amauroascus
niger and A. mutatus. For each of these four species, we prepared genomic DNA Illumina sequencing libraries; the resulting genome assemblies ranged
from 23-34Mb, with N50 of 90kb-205kb. Predicted genes were confirmed by RNAseq; the total number of genes ranged from 8,179-9,184. We assessed
individual gene gain/loss, and gene family expansion/contraction in Coccioides using these new genomes and other recently published genomes from the
Onygenales order, including the yeast-forming dimorphic pathogens Histoplasma and Paracoccidioides, and the dermatophytes Microsporum and
Trichopyton. We have compared these results to genes identified in recently published Coccidioides “omics” studies that show evidence of positive
selection, introgression and/or differential expression.
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Co-chairs: Nancy Keller and Peter Punt

Engineering Aspergillus oryzae for high level production of L-malic acid. Debbie S Yaver', S. Brown’, A. Berry’. 1) Expression Technology, Novozymes, Inc.,
Davis, CA; 2) Microbial Physiology, Novozymes, Inc., Davis, CA.

In the last decade, there has been widespread interest and investment in developing processes for the production of bulk and specialty chemicals from
renewable feedstocks by fermentation. During this period, Novozymes has successfully developed technology for production of a specialty molecule
(hyaluronic acid) by Bacillus fermentation and has been very active in developing technologies for the production of bulk chemicals by metabolic
engineering and fermentation using several different microorganisms. An example of the latter is L-malic acid. In the literature it is reported that some
wild-type Aspergillus strains produce high levels of malic acid under specific cultivation conditions. Concentrations up to 113 g/L malate (94% w/w from
glucose) reported for A. flavus in fed-batch fermentations (Battat, et. al., 1991. Biotechnol. Bioeng. 37:1108-1116). The goal of our work was to improve
malic acid production in the natural malic acid producing filamentous fungus Aspergillus oryzae NRRL 3488 by overexpression of cloned genes and classical
mutagenesis. More than 75 different recombinant strains were tested containing combinations of overexpression of genes as well as deletions. A high
through put screen was developed and used to screen mutagenized strains. Combined genetic engineering and mutagenesis/HTS was used to increase the
malic acid production rate of A. oryzae NRRL3488 by 4-fold with final C4 acid totals of 340 g/I at 8 days in lab scale fermentations.

When synthetic biology meets metabolic engineering: in vivo pathway assembly in Saccharomyces cerevisiae. Niels Kuijpers"?, Daniel Solis Escalante™?,
Jack T. Pronk™*?, Jean-Marc Daran"*?, Pascale Daran-Lapujade™’. 1) Department of Biotechnology, Delft University of Technology, Julianalaan 67, 2628 BC
Delft, The Netherlands; 2) Kluyver Centre for Genomics of Industrial Fermentation, PO Box 5057, 2600 GA Delft, The Netherlands; 3) Platform Green
Synthetic Biology, Julianalaan 67, 2628 BC Delft, The Netherlands.

The yeast Saccharomyces cerevisiae is a powerful and versatile workhorse intensively exploited for a wide range of biotechnological applications. Besides
the large scale production of endogenous products, such as the biofuel ethanol, S. cerevisiae has been genetically engineered to produce many
heterologous compounds, including half of the worldwide insulin market. The past decade has been marked by the conversion of S. cerevisiae into a
complex cell factory with remarkable new capabilities such as the production of the anti-malaria drug precursor artemisinic acid. The ever-increasing
demand for cheap and sustainable production of complex molecules combined with its attractiveness as a host for pathway engineering will inevitably
intensify the exploitation of S. cerevisiae as cell factory in the future. Even in the genetically accessible bakers yeast, expression of dozen of genes is still
largely based on laborious classical techniques involving successive restrictions and ligations, complemented with the creative application of PCR.
However, the increasing size and complexity of today’s constructs in metabolic engineering has made design and construction of plasmids by these
classical techniques increasingly complicated and time consuming. Although uncovered nearly three decades ago, the high efficiency of S. cerevisiae
homologous recombination is only beginning to reveal its full potential for the assembly of large DNA constructs (Gibson et al., 2008). In vivo assembly in
yeast is predicted to have a large impact on laboratory practices, ranging from simple plasmid construction to engineering of complex pathways via
automated high-throughput strain construction. Despite those promising prospects, in vivo assembly has not yet become a standard technique in most
academic laboratories. This offers unique possibilities for standardization and, simultaneously, for further optimization. In the present work we describe an
approach designed to improve the efficiency of in vivo assembly and to make a robust, versatile in vivo assembly strategy for multi-component plasmids.
As a proof of principle, the method was used to assemble a 21 kb plasmid from 9 overlapping fragments, using only PCR and yeast transformation. Gibson
D.G. et al. (2008), Science, 319, 1215-1220.

Analysis of the intracellular galactoglycom of Trichoderma reesei grown on lactose. Levente Karaffa', Leon Coulier?, Erzsébet Fekete®, Karin M.
Overkampz, Irina S. Druzhinina®, Marianna Mikus?®, Bernhard Seiboth®, Levente Novék®, Peter J. Punt?, Christian P. Kubicek®. 1) Department of Biochemical
Engineering, University of Debrecen, H-4032, Debrecen, Hungary; 2) TNO, P.O. Box 360, 3700 AJ Zeist, The Netherlands; 3) Research Area Biotechnology
and Microbiology, Institute of Chemical Engineering, TU Wien, Gumpendorferstrasse 1a, A-1060 Wien, Austria; 4) Department of Colloid and
Environmental Chemistry, Faculty of Science and Technology, University of Debrecen, H-4032, Debrecen, Hungary.

Lactose (1,4-0-b-D-galactopyranosyl-D-glucose) is used as a soluble carbon source for the production of cellulases and hemicellulases for - among other
purposes - in the biofuel and biorefinery industries. However, the mechanism how lactose induces cellulase formation in T. reesei is still enigmatic.
Previous results raised the hypothesis that intermediates from the two D-galactose catabolic pathway may give rise to the accumulation of intracellular
oligogalactosides that could act as inducer. We have therefore used HPAEC-MS to study the intracellular galactoglycome of T. reesei during growth on
lactose, in T. reesei mutants impaired in galactose catabolism, and in strains with different cellulase productivity. Lactose, allo-lactose and lactulose were
detected in the highest amounts in all strains, and two trisaccharides (Gal-b-1,6-Gal-b-1,4-Glc/Fru; and Gal-b-1,4-Gal-b-1,4-Glc/Fru) also accumulated to
significant levels. D-Glucose and D-galactose, as well as two further oligosaccharides (Gal-b-1,3/1,4-Gal; Gal-b-1,2/1,3-Glc) were only detected in minor
amounts, In addition, one unknown disaccharide and four trisaccharides were also detected. The unknown hexose disaccharide to correlate with cellulase
formation in the improved mutant strains as well as the galactose pathway mutants, and Gal-b-1,4-Gal-b-1,4-Glc and two other unknown hexose
trisaccharides to correlate with cellulase production only in the pathway mutants, suggesting that these compounds could be involved in cellulase
induction by lactose.
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Novel transcriptomics approaches for metabolic pathway engineering target identification in Aspergillus. Peter J. Punt, Martien Caspers, Marvin
Steijaert, Eric Schoen, Machtelt Braaksma. Microbiology, TNO, Zeist, Netherlands.

Among filamentous fungi Aspergillus sp. are well known production host for several organic acids. These acids, traditionally being food ingredients, more
recently have gained attention as platform or building-block chemicals. These chemicals, currently mostly produced based on petrochemistry, are the
starting point for the production of a wide variety of materials, such as resins, plastics, etc. Production of these compounds via biobased routes will be a
major contribution towards a Biobased Economy. For the production of these bulk compounds robust host organisms are required, suitable for using low
cost lignocellulose-based feedstocks, resistant against adverse conditions due to inhibitory feedstock compounds and capable of coping with high product
concentrations. A. niger was shown to fulfill most of these prerequisites (Rumbold et al., 2009).Based on the extended molecular genetic toolkit systems
biology approaches were developed for A. niger and other fungi (e.g. Braaksma et al., 2010). These approaches were followed towards production of these
platform chemicals in A. niger, as demonstrated by the example of itaconic acid (Li et al., 2011, 2012). The recent development of novel high throughput
sequence methods has led to new much more efficient transcriptomics approaches such as RNAseq. Combination of these approaches with novel
experimental design and statistical methods for targetgene identification in metabolic pathway engineering will be illustrated. Rumbold, K., van Buijsen,
H.J.J., Overkamp, K.M., van Groenestijn, J.W., Punt, P.J., Werf, M.J.V.D. (2009) Microbial production host selection for converting second-generation
feedstocks into bioproducts. Microbial Cell Factories 8, art. no. 64 Braaksma, M., van den Berg, R.A., van der Werf, M.J., Punt, P.J. (2010) A Top-Down
Systems Biology Approach for the Identification of Targets for Fungal Strain and Process Development. In: Cellular and Molecular Biology of Filamentous
Fungi. Eds: K.A. Borkovich & D.J. Ebbole ASM Press, Washington DC. pp. 25-35 Li, A., van Luijk, N., ter Beek, M., Caspers, M., Punt, P., van der Werf, M.
(2011) A clone-based transcriptomics approach for the identification of genes relevant for itaconic acid production in Aspergillus. Fungal Genetics and
Biology 48 (6), pp. 602-611.
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A new method for gene mining and enzyme discovery. Y. Huang"*?, P. Busk’, M. Grell’, H. Zhao™®, L. Lange". 1) Section for Sustainable Biotechnology,
Department of Biotechnology, Chemistry and Environmental Engineering, Aalborg University Copenhagen, Denmark; 2) Environmental Microbiology Key
Laboratory of Sichuan Province, Chengdu Institute of Biology, Chinese Academy of Sciences, Chengdu, Sichuan 610041, PR China; 3) University of the
Chinese Academy of Sciences, Beijing 100049, PR China.

Peptide pattern recognition (PPR) is a non-alignment based sequence analysis principle and methodological approach, which can simultaneously
compare multiple sequences and find characteristic features. This method has improved the understanding of structure/function relationship for enzymes
within the CAZY families, which would make it easier to predict the potential function of novel enzymes, creating bigger promises for industrial purposes.
Mucor circinelloides, member of the former subdivision Zygomycota, can utilize complex polysaccharides such as wheat bran, corncob, xylan, CMC and
avicel as substrate to produce plant cell wall degrading enzymes. Although the genome of M. circinelloides has been sequenced, only few plant cell wall
degrading enzymes are annotated in this species. In the present project, PPR was applied to analyze glycoside hydrolase families (GH family) and mining
for new GH genes in M. circinellolides genome. We found 19 different genes encoding GH3, GH5, GH6, GH7, GH9, GH16, GH38, GH43, GH47 and GH125 in
the genome. Of the three GH3 encoding genes found, one was predicted by PPR to encode a b-glucosidase. We expressed this gene in Pichia pastoris and
found that the recombinant protein has high b-glucosidase activity (4884 U/mL). In this work, PPR provided targeted short cut to discovery of enzymes
with a specific activity. Not only could PPR pinpoint genes belonging to different GH families but it did also predict the enzymatic function of the genes.

Increased production of fatty acids and triglycerides in Aspergillus oryzae by modifying fatty acid metabolism. Koichi Tamano, Kenneth Bruno®, Tomoko
Ishii*, Sue Karagiosis’, David Culley?, Shuang Deng?, James Collet’, Myco Umemura’, Hideaki Koike', Scott Baker®, Masayuki Machida’. 1) National Institute
of Advanced Industrial Science and Technology (AIST); 2) Pacific Northwest National Laboratory (PNNL).

Biofuels are attractive substitutes for petroleum based fuels. Biofuels are considered they do not contribute to global warming in the sense they are
carbon-neutral and do not increase carbons on the globe. Hydrocarbons that are synthesized by microorganisms have potential of being used as biofuels
or the source compounds. In the hydrocarbon compounds synthesized by A. oryzae, fatty acids and triglycerides are the source compounds of biodiesel
that is fatty acid methyl ester. We have increased the production by modifying fatty acid metabolism with genetic engineering in A. oryzae. Firstly,
enhanced-expression strategy was used for the increase. For four enzyme genes related to the synthesis of palmitic acid [C16:0-fatty acid], the individual
enhanced-expression mutants were made. And the fatty acids and triglycerides in cytosol were assayed by enzyme assay kits, respectively. As a result,
both fatty acids and triglycerides were most synthesized in the enhanced-expression mutant of fatty acid synthase gene at 2.1-fold and 2.2-fold more than
the wild-type strain, respectively. Secondly, gene disruption strategy was used for the increase. Disruptants of several enzyme genes related to long-chain
fatty acid synthesis were made individually. And one of them showed drastic increase in fatty acid synthesis. In the future, further increase in the synthesis
is expected by utilizing genetic engineering in A. oryzae.
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Molecular biological basis for statin resistance in naturally statin-producing organisms. Ana Rems, Rasmus Frandsen. DTU Systems Biology, Technical
University of Denmark, Kongens Lyngby, Denmark.

Secondary metabolites can be toxic to the organism producing them; therefore gene clusters for biosynthesis of secondary metabolites often include
genes responsible for the organism’s self-resistance to the toxic compounds. One such gene cluster is the compactin (ML-236B) cluster in Penicillium
solitum. Compactin is an inhibitor of 3-hydroxy-3-methyl-glutaryl-CoA (HMG-CoA) reductase, and is used as a precursor for production of the cholesterol-
lowering drug pravastatin. The compactin gene cluster includes two genes encoding proteins that may confer the self-resistance to compactin and its
secretion [1]. The mlcD gene encodes a putative 'HMG-CoA reductase-like protein’, and micE encodes a putative efflux pump. However, the function of
these two putative proteins has not yet been confirmed. We aim to elucidate the biological basis for compactin resistance in the compactin-producing
organism. A codon-optimized version of the mlcD gene was inserted into the Saccharomyces cerevisiae genome. The constructed yeast strain was tested
for sensitivity to lovastatin, a statin structurally similar to compactin, by growing the strain on media containing lovastatin. The strain showed an increased
resistance to lovastatin compared to the wild-type strain. Furthermore, we investigated if MlcD confers the resistance by functional complementation of
the endogenous HMG-CoA reductases in S. cerevisiae. There are two isozymes of HMG-CoA reductase in yeast, HMG1 and HMG2, both involved in the
sterol biosynthetic pathway, which leads to the synthesis of ergosterol. Following deletion of HMG1 and HMG2 genes in S. cerevisiae, we inserted the mlcD
gene into the knockout mutants, and tested the resulted strains for sensitivity to lovastatin. The HMG1 and HMG2 knockout mutants were unable to grow
on minimal media and had an increased sensitivity to lovastatin on rich media. However, insertion of the micD gene restored the growth of the yeast
mutants and increased their resistance to lovastatin. These results show that MlcD complements the activity of the deleted HMG-CoA reductases, enabling
synthesis of ergosterol in yeast. In addition MlcD confers statin resistance by being insensitive to the inhibiting effects of statins. Reference: [1] Abe Y.,
Suzuki T., Ono C., lwamoto K., Hosobuchi M., Yoshikawa H. Mol Genet Genomics 2002, 267, 5:636-46.

Engineering Cyclic Peptide Biosynthesis in Poisonous Mushrooms. Hong Luo, John S. Scott Craig, Robert M. Sgambelluri, Sung-Yong Hong, Jonathan D.
Walton. Department of Energy Plant Research Laboratory, Michigan State University, E. Lansing, M| 48824, United States.

Ninety percent of fatal mushroom poisonings are caused by alpha-amanitin and related bicyclic peptides found in some species of Amanita, Galerina,
Lepiota, and Conocybe. We showed that the amatoxins (mainly amanitins) and related phallotoxins are synthesized on ribosomes in A. bisporigera and the
unrelated mushroom G. marginata. The primary gene products are short (34-35 amino acid) proproteins that are initially processed by a dedicated prolyl
oligopeptidase. A genome survey sequence of A. bisporigera suggested that it has a repertoire of over 40 cyclic peptides, all produced on a single
biosynthetic scaffold. Members of this extended gene family are characterized by conserved upstream and downstream amino acid sequences, including
two invariant proline residues, flanking a six to ten-amino acid “hypervariable” region that encodes the amino acids found in the mature toxins (or
predicted toxins). The evidence indicates that A. bisporigera has evolved a combinatorial strategy that could in principle biosynthesize billions of small
cyclic peptides. In order to study the other steps in amanitin biosynthesis, and to engineer novel cyclic peptides, we have developed a transformation
strategy for the amanitin-producing mushroom G. marginata. This first transformation method uses Agrobacterium-mediated transformation followed by
hygromycin selection. Taking advantage of this platform, we are introducing artificial toxin genes that are deliberately designed to provide insights into the
pathway. The synthetic genes include those that encode the cyclic octapeptide beta-amanitin, the heptapeptides phalloidin and phallacidin, examples of
the toxin gene family known from A. bisporigera but not G. marginata, and randomly generated artificial sequences. Currently, thousands of transformants
have been generated through an efficient pipeline and the transformants are being analyzed for production of the expected products. If successful, the
novel peptides will be screened in a number of assays including RNA polymerase (the site of action of alpha-amanitin), membrane ion channels,
pathogenic bacteria, and cancer cell lines.
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Chemically Induced Haploinsufficiency Screens to Identify Drug Mechanism of Action in Aspergillus Fumigatus. D. A. Macdonald®, A. E. Johns®, M.
Eberle?, P. Bowyer", D. Denning’, M. J. Bromley". 1) Institute of Inflammation and Repair, Respiratory & Allergy Centre, University of Manchester,
Manchester, United Kingdom; 2) Applied Microbiology, Institute for Applied Life Sciences, University of Karlsruhe, Hertzstrae 16, 76187 Karlsruhe,
Germany.

Current drugs used to treat Aspergillus infections are limited and suffer from a variety of shortcomings including low efficacy, toxicity and increasing
resistance. Despite the discovery of numerous promising drug targets, few lead compounds have been discovered by target based approaches. This can be
explained, in part, by the ‘druggability’ of a target as some compounds which demonstrate promising activity against an enzyme are not active against the
whole cell or are toxic to humans. Consequently most of the antimicrobials presently on the market were originally discovered by random screening of
compounds against whole cell screens. A solution to this problem is to identify gene targets utilizing compounds that already show antifungal activity and
have clean toxicity profiles.

Chemical genetic profiling aids identification of drug mechanism of action as a diploid strain lacking a single copy of a drug’s target is hypersensitive to
that drug. Heterozygote S. cerevisiae and C. albicans libraries have been used to identify the mechanism of action of several promising compounds;
however, this has been hindered in A. fumigatus by the complexity in generating an adequate set of heterozygous strains. A high-throughput targeted
gene KO method for A. fumigatus has been established by employing fusion-PCR to generate targeted gene disruption cassettes, optimizing the common
transformation protocol for A. fumigatus high-throughput gene disruption, and utilising a diploid Ku80/Ku80  mutant to facilitate more reliable
homologous recombination. Preliminary efforts have produced 46 heterozygous KO strains and subsequently, the feasibility of chemical genetic
haploinsufficiency studies in filamentous fungi has been demonstrated with several compounds. High-throughput methods of chemical genetic profiling by
pooling multiple heterozygous KO strains into a single culture is currently being validated and preliminary data is promising. This will enable high-
throughput methods for surveying the genome of A. fumigatus for new drug targets and supports unveiling the mechanisms of action of antifungal drugs.

Inhibition of benzoate 4-monooxygenase (CYP53A15) from Cohliobolus lunatus by cinnamic acid derivatives. Branka Korosec’, Barbara Podobnik?, Sabina
Berne®, Neja Zupanec’, Metka Novak®, Nada Krasevec®, Samo Turk®, Matej Sova’, Ljerka Lah®, Jure Stojan®, Stanislav Gobec®, Radovan Komel™. 1) National
Institute of Chemistry, Ljubljana, Slovenia; 2) Lek Pharmaceuticals d.d., Verovskova 57, SI-1000 Ljubljana, Slovenia; 3) Institute of Biochemistry, Faculty of
Medicine, University of Ljubljana, Vrazov trg 2, SI-1000 Ljubljana, Slovenia; 4) Chair of Pharmaceutical Chemistry, Faculty of Pharmacy, University of
Ljubljana, Askerceva cesta 7, SI-1000 Ljubljana, Slovenia.

Fungal infections cause huge economic losses in agriculture. Some of the major phytopathogens also cause serious, and very often lethal, infections in
human and animals. Plants may be a good source of antifungals since they have to defend themselves by producing numerous secondary metabolites,
such as sterols, terpens, polycosanols and phenolic compounds. Successful development of antifungal compounds, based on natural defense molecules,
could prove useful in combating infectious and toxin-producing fungi in both agriculture and medicine. In recent years several promising antifungal targets
have been under exploration. One of such is also fungal CYP53, member of the family of highly conserved CYP proteins, involved in detoxification of
benzoate, a key intermediate in metabolism of aromatic compounds in fungi. High specificity and absence of homologue in higher eukaryotes assign
CYP53A15 from the filamentous fungus Cochliobolus lunatus as interesting drug target. In our latest research we explored chemical properties of
isoeugenol for ligand-based similarity searching, and the homology model of CYP53A15 of Cochliobolus lunatus, for structure-based virtual screening of a
composite chemical library. Two cinnamic acid derivatives were amongst the highest scoring compounds. In the past few years, several other reports
about antifungal activity of cinnamic acid derivatives have been published. In order to investigate the potential inhibitory activity on benzoate 4-
monooxygenase (CYP53A15) we analyzed antifungal activity of 9 commercially available, and 10 representative cinnamic acid derivatives from our library.
Furthermore, to obtain more information about structure-activity relationship 26 additional cinnamic acid esters and amides were synthesized and
included in our assays. Among 45 cinnamic acid derivatives tested, 7 compounds have shown antifungal activity against C. lunatus, A. niger and P.
ostreatus in in vivo inhibition tests. Compounds with antifungal activity were further evaluated for inhibition of CYP53A15 activity with spectral binding
titration assay and HPLC. The best two inhibitors of CYP53A15 activity showed 70% inhibition at 600 mM concentration and were selected for further
optimization of new lead structures.
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Secretome analysis of Trichoderma harzianum cultivated in the presence of Fusarium solani cell wall or glucose. Marcelo HS Ramada™®, Andrei S
Steindorffl, Carlos Bloch Jr.3, Cirano J Ulhoa”. 1) Brasilia University, Cell Biology Department, Brasilia, DF, Brazil; 2) Federal University of Goias, Biochemistry
Department, Goiania, GO, Brazil; 3) EMBRAPA CENARGEN, Mass Spectrometry Laboratory, Brasilia, DF, Brazil.

Trichoderma harzianum is a fungus well known for its potential as a biocontrol agent of many fungal phytopathogens. The aim of this study was to
evaluate the potential of T. harzianum ALL42 to control Fusarium solani, a phytopathogen fungus that causes several losses in common bean and soy crops
in Brazil and to evaluate the secreted proteins of T. harzianum ALL42 when its spores were inoculated and incubated in culture media supplemented (TLE)
or not (MM) with nitrogen sources and in the presence or not of F. solani cell walls (FsCW). In the absence of FsCW, the media were supplemented with
glucose (GLU). T. harzianum was able to control the phytopathogen growth and started to sporulate in its area after 7 days in a dual culture assay,
indicating that it had successfully parasitized the host. T. harzianum was able to grow in TLE+FsCW, MM+FsCW, TLE+GLU, but unable to grow in MM+GLU.
Protein quantification showed that TLE+FsCW and MM+FsCW had 45 and 30 fold, respectively, more proteins than TLE+GLU, and this difference was
observed in the bidimensional gels, as the two supernatants from media supplemented with FSCW had around 200 spots and the one supplemented with
glucose only had 18. TLE+FsCW and MM+FsCW had above 80% of spot similarity. A total of 100 proteins were excised from all three conditions and
submitted to mass spectrometry analysis. 85 out of 100 proteins were identified. The only protein observed in all three conditions is a small protein, called
epl1, involved in eliciting plant-response against phytopathogens. An aspartic protease, previously described as related to mycoparasitism, was only found
when T. harzianum was grown with glucose. Gene expression was evaluated and confirmed the gel results. In the media supplemented with FsCW,
different hydrolases like chitinases, beta-1,3-glucanases, glucoamylases, alpha-1,3-glucanases, and proteases were identified. Some proteins like a small
cystein-rich, alpha-L-arabinofuranosidase and NPP1, with no known function in mycoparasitism were also identified. T. harzianum ALL42 is able to inhibit
the growth and parasitize F. solani and showed a complex and diverse arsenal of proteins that are secreted in response to the presence of the cell walls,
with novel proteins not previously described in mycoparasitism studies.

Metabolic adaptation of the oomycete Phytophthora infestans during colonization of plants and tubers. Carol E. Davis, Howard S. Judelson. Plant
Pathology and Microbiology, University of California, Riverside, CA 92521.

Phytophthora infestans is the causative agent of late blight and was responsible for the Irish famine in the 1840’s. Today it still continues to be a global
problem and in the USA it has been reported that the economic loss on potato crops alone exceeds $6 billion per year. A successful phytopathogenic
relationship depends on the ability of the organism to adapt its metabolism during infection on various nutritional substrates (e.g., plant versus tuber) and
at different times throughout infection when nutrients may be limiting. Investigation of this metabolic adaptation is key to understanding how P. infestans
succeeds as a pathogen. To do this, tomato plants and potato tubers were infected with zoospores using a “dipping” method. RNA was extracted at 3 dpi
and 6 dpi and subsequently used in library preparation. Following this, the libraries were quality checked by analysis on a Bioanalyzer using a high
sensitivity DNA chip. Using lllumina technology (50 bp, paired-end reads) RNA Sequencing was performed. For each sample an average of 262 million reads
was obtained. As a reference for the in planta data, RNASeq was also performed on defined and complex media. Mining of the data shows that the
expression profiles of some pathways change, such as glycolysis and gluconeogenesis. Learning how metabolic adaptation occurs will prove useful in the
development of novel control strategies for this plant pathogen.

The fungi strike back: multidrug resistance in Aspergillus fumigatus and agricultural use of fungicides. Paul E. Verweij. Medical Microbiology, UMC St
Radboud, Nijmegen, Netherlands.

Aspergillus fumigatus is a saprophytic mould that causes a range of diseases in humans. The spectrum of diseases includes allergic conditions,
aspergilloma and acute and chronic invasive aspergillosis. Acute invasive aspergillosis occurs typically in patients with compromised host defenses such as
those receiving treatment for leukemia. The management of invasive aspergillosis is very difficult as the diagnostic tools often lack sensitivity and the
number of antifungal agents effective against the infection is limited. The azoles are the most important class of agents used for the treatment and
prevention of invasive aspergillosis. Since 1998 resistance to medical triazoles has emerged in the Netherlands in clinical A. fumigatus isolates. These
isolates commonly showed a multi-azole resistant phenotype and patients with azole-resistant aspergillosis failed to respond to azole therapy. The
mortality rate of azole-resistant invasive aspergillosis was 88%. In more than 90% of resistant isolates a combination of changes in the target gene Cyp51A
was found: a substitution at codon 98 and a 34 bp tandem repeat in the promoter region (TR34/L98H). As person-to-person transmission is highly unlikely
in invasive aspergillosis, the dominance of a single resistance mechanism could not be explained by resistance development in azole-treated patients.
Surveys in the environment showed that A. fumigatus isolates resistant to medical triazoles could be recovered from the environment, especially from
cultivated soil. The resistance mechanisms in these isolates were identical to those found in clinical isolates. Molecule alignment studies identified 5
triazole fungicides that showed highly similar molecule structures to the medical triazoles. These 5 fungicides have been authorized between 1990 and
1996, thus preceding the isolation of the first resistant clinical A. fumigatus isolate. TR34/L98H is increasingly reported in European countries, India, China
and Iran. Recently a new azole-resistance mechanism was found in Dutch patients and in the environment. The resistance mechanism again consisted of a
combination of changes in the Cyp51A-gene: TR46/Y121F/T289A. This new resistance mechanism has spread in addition to TR34/L98H in the Netherlands,
and has also been reported in the neighboring country Belgium. The selection of multiple azole resistance mechanisms in the environment posses a threat
for the use of azole drugs in the management of Aspergillus diseases in humans. Research that investigates the selection of azole resistance in A. fumigatus
in the environment is urgently warranted.
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Effect of antifungal resistance on virulence of Candida spp. L. Vale-Silva, A. Lohberger, D. Sanglard. Inst Microbiology, Univ Lausanne and Univ Hosp
Center, Lausanne, VD, Switzerland.

Our laboratory has been involved in the understanding of mechanisms of antifungal resistance in fungal pathogens. While resistance is beneficial to fungi
in the presence of antifungals both in vitro and in vivo, resistance mechanisms have some impact on the ability of fungal pathogens to propagate in the
host and cause disease. We have addressed this question with two pathogens, C. albicans (Ca) and C. glabrata (Cg). Our studies have focused on resistance
to azoles, which are widely used compounds. In Cg, azole resistance in clinical isolates is almost exclusively mediated by ABC transporters via gain of
function (GOF) mutations in the transcription factor (TF) CgPDR1. We observed that development of azole resistance in Cg was correlated with gain of
virulence and fitness in animal models as compared to susceptible isolates. Recent results suggest that ABC transporters (especially CgCDR1) participate to
this phenotype. In further studies on interactions of Cg with murine bone marrow-derived macrophages (BMDM), we found that the GOF mutant was able
to evade phagocytosis as compared to a matched susceptible isolate. This effect was a consequence of impaired adhesion. This suggests that the
mechanism behind escape from phagocytosis was rather based on decreased recognition and/or adhesion by host macrophages. GOF mutations in
CgPDR1 may thus allow Cg to evade the host’s innate immune response, which may in turn contribute to increased virulence. In Ca azole resistance is
mediated by mutations in TF and in azole targets. GOF mutations in the three different activators including TAC1, MRR1 and UPC2 regulate specific sub-
classes of drug resistance genes belonging to ABC-transporters, major facilitators and azole targets, respectively. We have constructed sets of isogenic
strains lacking or carrying each GOF mutations in these TF and addressed their effect on virulence and tissue colonization in animal models. The presence
of GOF mutations in TAC1 and MRR1 had a neutral effect on virulence and ability to colonize host tissues. A UPC2 GOF mutation was negatively affecting
virulence and tissue colonization, which suggests that UPC2 activity generates fitness costs in Ca. Our results therefore highlight that the costs of
resistance mechanisms on virulence are depending on the fungal species and the type of resistance mechanism.

From enzyme to fungal development or how sdhB mutations impact respiration, fungicide resistance and fitness in the grey mold agent Botrytis
cinerea. Anais Laleve’, Anne-Sophie Walker?, Stephanie Gamet?, Valerie Toquinz, Daniele Debieu’, Sabine FiIIingerl. 1) BIOGER, INRA, Thiverval-Grignon,
France; 2) BAYER SAS, Bayer CropScience, Lyon, France.

Respiration inhibitor fungicides are widely used to control fungal diseases on multiple crops. The succinate dehydrogenase inhibitors (SDHIs) are among
the latest introduced molecules against the grey mold agent Botrytis cinerea on grapevine. We have recently isolated and characterized B. cinerea field
strains resistant to the SDHIs. Most of the strains harbor one single mutation in the succinate dehydrogenase subunit gene, sdhB affecting the ubiquinone-
binding pocket. In this study we have introduced these mutations into a B. cinerea wild-type strain (B05.10) in order to evaluate the impact of each
mutation on SDH- and respiratory activity and inhibition by SDHIs from different chemistries. We also analyzed several parameters of B. cinerea’s life cycle
to assess the fitness cost associated with the resistance mutation. Our results show a strict correlation between the sdhB mutation and the resistance
spectra to SDHIs. These resistances can be fully explained by the affinities of the SDHIs to its modified target enzyme. Four out of the seven sdhB alleles led
to significantly reduced SDH activity and, in three cases (H272L, N230I, P225L), to reduced respiration rates. Concerning the fungal biology, we tested
mycelial growth and sclerotia production on different media and temperatures, conidia production and germination, resistance to oxidative stress and ROS
production, as well as pathogenicity on tomato and bean leaves. All mutants were affected for at least one parameter. However, fitness parameters of
mutants sdhB"7** and sdhB™**" showed the strongest modifications among all strains, e.g., reduced pathogenicity, strongly reduced conidia- and sclerotia-
production (H272R). A clear correlation between fitness and respiration on one hand, fitness and allele frequency among natural populations on the other,
is not yet obvious. However, our results in terms of resistance spectra and fitness parameters should help defining more efficient treatment strategies
against grey mold.

Deciphering fungicide resistance mechanisms in phytopatogenic fungi, towards an assessment of resistance risk in new active ingredient research.
Gabriel Scallietl*, Andreas Mosbach’, Diana Steinhauer, Edel Dominiquel, Robert Dietrich”. 1) Disease Control, Syngenta Crop Protection Munchwilen AG,
Stein, Switzerland; 2) Syngenta Biotechnology, Inc 3054 Cornwallis Rd. Research Triangle Park, NC 27709.

Resistance to crop protection fungicides can lead to a rapid loss of efficacy in the field. This is a major threat for the sustainability of our products. An
early assessment is required in order to define best recommendations in product usage but also guide our choice in developing novel active ingredients. In
addition to monitoring the situation for marketed fungicides, we are conducting early assessments for new active ingredients which include resistance
generation, mode of resistance identification and fitness penalty determination. High throughput sequencing has become key for a rapid identification of
resistance mechanisms both for novel fungicides but also to holder chemistries for which the resistance mechanisms were so far not confirmed. A few
examples will be discussed.
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Emerging fungal (and Oomycete) threats to plant and ecosystem health. Sarah J. Gurr'”, Daniel Bebber', Matthew Fisher”. 1) Plant Sciences, Oxford
University, Oxford, Oxfordshire; 2) Imperial College of Science, Technology and Medicine, London.

Fungal diseases have increased in severity and scale since the mid 20th Century and now pose a serious challenge to global food security and ecosystem
health (Gurr et al., 2011 Fungal Biology Reviews 25 181-188 ). We have demonstrated recently that the threat to plants of fungal infection has now
reached a level that outstrips that posed by bacterial and viral diseases combined (Fisher et al., 2012 Nature 484 185-194) | shall highlight some of the
more notable fungal and oomycete plant diseases and will draw attention to the emergence of new pathotypes affecting crop yields and decimating our
natural and managed landscapes. We have calculated that the losses due to persistent disease (that is, non-epidemic) caused by, for example rice blast,
wheat stem rust, corn smut, soybean rust and potato late blight, if mitigated, would be sufficient to feed 8.5% of the global population (based on 2000
calories per day for 1 year). Moreover, tree losses due to fungal and oomycete diseases such as dutch elm, chestnut blight, sudden oak death, jarrah die-
back and pine beetle/blue stain fungus, thus far, have been estimated to account for significant CO2 sequestration losses (Fisher et al., 2012). The spread
of such organisms around the world is facilitated primarily by trade, but there is increasing concern that climate change may allow their establishment in
regions hitherto deemed unsuitable. Increasing latitudinal ranges are anticipated under rising temperatures. However, the interactions between climate
change, crops and natural enemies are complex, and the extent to which crop pests and pathogens have altered their latitudinal ranges in response to
global warming is largely unknown. We can demonstrate, from thousands of observations of hundreds of pests and pathogens, their shift polewards since
1950, with a more rapid shift since 1990 (Bebber et al., (under review)). This latitudinal shift is seen in both Hemispheres. Moreover, the rate of movement
since 1950 is identical to that predicted by global climate data. This observed trend cannot be explained by latitudinal variation in technical capacity to
detect and report pest incidences.

Melanin as virulence determinant of human and plant pathogenic fungi. Axel A. Brakhage, Andreas Thywissen, Juliane Macheleidt, Sophia Keller, Vito
Valiante, Thorsten Heinekamp. Molec & Appl Microbiology, Leibniz Inst Natural Prod Res Infection Biol-HKI, Jena, Germany.

In fungi, melanins are often associated with the cell wall and also contribute to the structural rigidity of spores. In several plant and human pathogenic
fungi, melanins contribute to pathogenicity. For example, pigmentless mutants of the plant pathogens Magnaporthe oryzae and Colletotrichum
lagenarium, as well as the human-pathogenic fungi Cryptococcus neoformans and Aspergillus fumigatus are less virulent when compared to melanin-
producing wild-type strains. In M. oryzae, it was shown that a 1,8-dihydroxynaphthalene (DHN) melanin layer between the cell wall and the cell membrane
is essential for turgor generation. The melanin acts as a barrier to the efflux of solute from the appressorium, which occurs as pressure is generated.
Cellular turgor is translated into mechanical force of infection hyphae, forcing it through the leaf cuticle™. In human-pathogenic fungi, high turgor pressure
is not required for penetration of tissue. In these fungi, melanin displays other virulence attributes such as the scavenging of reactive oxygen species. In A.
fumigatus, at least two types of melanin are produced: Pyomelanin by polymerization of homogentisic acid, and DHN melanin. Transcription of genes
essential for pyomelanin and DHN-melanin biosynthesis is detected during infection of mice. However, pyomelanin seems to be dispensable for fungal
virulence in the murine infection models tested®”. DHN melanin is responsible for the grey-green color of A. fumigatus conidia. The biosynthesis enzymes
of DHN melanin are encoded by six genes. Centrally is the polyketide synthase gene pksP, whose deletion results in a mutant strain with drastically
attenuated virulence. Recent data of our laboratory showed that DHN melanin is essential not only for inhibition of apoptosis of phagocytes by interfering
with the host PI3K/Akt signaling cascade but also for effective inhibition of acidification of conidia-containing phagolysosomes”'s’. These features allow A.
fumigatus to survive in phagocytes and thereby to escape from human immune effector cells and to become an aggressive pathogen. 1) Wilson RA &
Talbot NJ (2009) Nat Rev Microbiol. 7: 185-195 2) Keller et al. (2011) PLoS One 6:€26604 3) Schmaler-Ripcke et al. (2009) Appl Environ Microbiol. 75: 493 4)
Thywiben et al. (2011) Front Microbiol. 2: 96 5) Volling et al. (2011) Cell Microbiol. 13: 1130.

Nutrient immunity and systemic readjustment of metal homeostasis modulate fungal iron availability during the development of renal infections.
Joanna Potrykusl, David Stead?, Dagmar S Urgasts, Donna MacCallum®, Andrea Raab’®, Jorg Feldmann®, Alistair JP Brown®. 1) Aberdeen Fungal Group,

University of Aberdeen, Aberdeen, United Kingdom; 2) Aberdeen Proteomics, University of Aberdeen, Aberdeen, United Kingdom; 3) Trace Element

Speciation Laboratory, University of Aberdeen, Aberdeen, United Kingdom.

Iron is a vital micronutrient that can limit the growth and virulence of many microbial pathogens. Here we show, that in the murine model of
disseminated candidiasis, the dynamics of iron availability are driven by a complex interplay of localized and systemic events. As the infection progresses in
the kidney, Candida albicans responds by broadening its repertoire of iron acquisition strategies from non-heme iron (FTR1-dependent) to heme-iron
acquisition (HMX1-dependent), as demonstrated in situ by laser capture microdissection, RNA amplification and qRT-PCR. This suggested changes in iron
availability in the vicinity of fungus. This was confirmed by *°Fe iron distribution mapping in infected tissues via laser ablation-ICP-MS, which revealed
distinct iron exclusion zones around the lesions. These exclusion zones correlated with the immune infiltrates encircling the fungal mass, and were
associated with elevated concentrations of murine heme oxygenase (HO-1) circumventing the lesions. Also, MALDI Imaging revealed an increase in heme
and hemoglobin alpha levels in the infected tissue, with their distribution roughly corresponding to that of *°Fe. Paradoxically, whilst iron was excluded
from lesions, there was a significant increase in the levels of iron in the kidneys of infected animals. This iron appeared tissue bound, was concentrated
away from the fungal exclusion zones, and was accompanied by increased levels of ferritin and HO-2. This iron accumulation in the kidney correlated with
defects in red pulp macrophage function and red blood cell recycling in the spleen, brought about by the fungal infection. Significantly, this effect could be
replicated by selective chemical ablation of splenic red pulp macrophages by clodronate. Collectively, our data indicate that systemic events shape
micronutrient availability within local tissue environments during fungal infection. The infection attenuates the functionality of splenic red pulp
macrophages leading to elevated renal involvement in systemic iron homeostasis and increased renal iron loading. Simultaneously, localized nutrient
immunity limits iron availability around foci of fungal infection in the kidney. In response, the fungus modulates its iron assimilation strategies.
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Common strategies in plant and human "necrotrophic" pathogens: role of PCD. N. Shlezinger’, H. Irme?, G. Braus’, A. Sharon". 1) Tel Aviv University, Tel
Aviv, Israel; 2) Georg-August University Goettingen, 37077 Goettingen, Germany.

Botrytis cinerea is a model system to study pathogenicity of necrotrophic fungi. As inferred by the term "necrotrophic", such pathogens must first kill
host cells before they can use them as a source of nutrients. To achieve this, B. cinerea promotes apoptotic cell death in infected plants, which facilitates
lesion spreading during late infection stage. How the fungus survives the first encounter with living plant tissue remained unclear. We found that hyphae
of B. cinerea undergo massive PCD during early stages of infection, but fully recover upon transition to second phase of infection. Further studies using the
fungal and plant mutants showed that survival, and hence pathogenicity of the fungus depended on anti-apoptotic machinery; fungal mutants bearing
defects in the anti-apoptotic gene BcBIR1 had reduced virulence whereas strains over-expressing this gene were hypovirulent. A similar phenomenon was
observed with another necrotrophic plant pathogen, but not with two hemi-biotrophic pathogens. These results showed that the anti-PCD machinery is
essential for pathogenic development necrotrophic plant pathogens. In order to extend these finding to other systems, we generated transgenic strains of
the human pathogen Aspergillus fumigatus. This fungus shares common stages of infection with B. cinerea and hence might also need the anti-PCD
machinery for infection. Indeed, when conidia of A. fumigates are inoculated on a sensitive tissue, the developing hyphae undergo massive cell death, and
similar to B. cinerea they fully recover later. Collectively, our results show that certain plant and human fungal pathogen share common strategies and
mechanisms when infecting their host. One such mechanism is control of host-induced cell death, through conserved anti-apoptotic machinery.

Septin-mediated plant tissue invasion by the rice blast fungus Magnaporthe oryzae. Yasin Dagdas, Lauren Ryder, Michael Kershaw, Nick J. Talbot. Dept
Biological Sci, Univ Exeter, Exeter, United Kingdom.

Magnaporthe oryzae is the causal agent of rice blast, one of the most serious economic problems affecting rice production. During plant infection, M.
oryzae develops a differentiated infection structure called an appressorium. This unicellular, dome-shaped structure generates cellular turgor, that is
translated into mechanical force to cause rupture of the rice cuticle and entry into plant tissue. Development of a functional appressorium requires
completion of a single round of mitosis shortly after conidial germination, which also leads to initiation of autophagic recycling of the contents of the
fungal spore to the appressorium. We have recently shown that a hetero-oligomeric septin GTPase complex is necessary for re-organisation of a toroidal F-
actin network at the base of the appressorium which allows re-establishment of polarised fungal growth. Septins scaffold F-actin, via the ezrin-radixin-
moesin (ERM) protein, Teal, and phosphatidylinositide interactions at the appressorium plasma membrane. The septin ring assembles in a Cdc42 and
Chm1-dependent manner and forms a diffusion barrier to localize the Inverse-Bin-Amphiphysin-RVS (I-BAR)-domain protein, Rvs167, and Wiskott-Aldrich
Syndrome protein (WASP), Las17 at the point of penetration. This leads to formation of a penetration hyphae that breaches the host cuticle and leads to
plant tissue colonization. We present evidence that septin-mediated plant infection is regulated by a specialised NADPH oxidase-tetraspanin complex
necessary for control of F-actin dynamics. We also describe the potential operation of a pressure-mediated checkpoint pathway that leads to initial septin
assembly and activation and the re-orientation of the cortical F-actin cytoskeleton to facilitate plant tissue invasion.

Components of the urease complex govern virulence of Fusarium oxysporum on plant and animal hosts. Katja Schaefer, Elena Pérez-Nadales, Antonio Di
Pietro. Departamento de Genética, Universidad de Cérdoba, 14071 Cordoba, Spain.

In the soilborne pathogen Fusarium oxysporum, a mitogen-activated protein kinase (MAPK) cascade homologous to the yeast filamentous growth
pathway controls invasive growth and virulence on tomato plants. Full phosphorylation of Fmk1 requires the transmembrane protein Msb2, a member of
the family of signalling mucins that have emerged as novel virulence factors in fungal plant pathogens. A yeast two-hybrid screen for proteins interacting
with the Msb2 cytoplasmic tail identified UreG, a component of the urease enzymatic complex. UreG belongs to a set of accessory proteins needed to
activate Apo- urease, which converts urea to yield ammonia and carbon dioxide. The F. oxysporum genome contains two structural urease genes, urel and
ure2. Mutants in ureG or urel showed reduced growth on urea as the sole carbon and nitrogen source. Lack of urease activity in the mutants resulted in
failure to secrete ammonia and to increase the extracellular pH. The DureG mutants caused significantly reduced mortality on tomato plants and on the
animal model host Galleria melonella, while Durel mutants only showed reduced virulence on tomato plants. Real-time qPCR analysis of key genes
involved in nitrogen uptake and assimilation, as well as in the urea cycle, during infectious growth of F. oxysporum in G. melonella revealed increased
transcript levels of arginase, which converts arginine to urea. Our results suggest a role for the urease accessory protein UreG in fungal virulence on plant
and animal hosts.

The role of LysM effectors in fungal fitness. Anja Kombrink, Jason Rudd?, Dirk-Jan Valkenburgl, Bart Thomma®. 1) Phytopathology, Wageningen
University, Wageningen, Netherlands; 2) Department of Plant Pathology and Microbiology, Rothamsted Research, Harpenden, Hertfordshire, United
Kingdom.

LysM effector genes are found in the genomes of a wide range of fungal species. The encoded LysM effectors are secreted proteins that contain a varying
number of LysM domains, which are carbohydrate-binding modules. Ecp6, secreted by tomato leaf mould fungus Cladosporium fulvum, is the first
characterized LysM effector. We demonstrated that Ecp6 specifically binds chitin, the major constituent of fungal cell walls that acts as a microbial-
associated molecular pattern (MAMP) and triggers immune responses upon recognition by the host. Ecp6 outcompetes plant receptors for chitin binding,
and thus prevents the activation of immune responses. Many fungal genomes, including saprophytes, carry multiple LysM effector genes that share only
low sequence conservation and encode a varying number of LysM domains. We speculate that fungal LysM effectors might bind different carbohydrates
and exert various functions in fungal fitness. In the fungal wheat pathogen Mycosphaerella graminicola, two LysM effectors were identified. Mg3LysM, but
not MglLysM, suppresses chitin-induced immune responses in a similar fashion as Ecp6. Interestingly, unlike Ecp6, both MglLysM and Mg3LysM inhibit
degradation of fungal hyphae by plant chitinases, revealing an additional function for LysM effectors in pathogen virulence. We recently observed that
Mg1LysM binds to the bacterial cell wall constituent peptidoglycan. Similarly, a LysM effector from the saprophytic fungus Neurospora crassa showed
peptidoglycan binding. We hypothesize that peptidoglycan binding by LysM effectors plays a role in the interaction of fungal species with bacterial
competitors. The soil-borne fungal pathogen Verticillium dahliae contains seven LysM effectors genes of which one (Vd2LysM) is induced during tomato
infection. Inoculation with two independent knock-out mutants revealed that Vd2LysM is required for full virulence of V. dahliae. However, Vd2LysM does
not specifically bind chitin and does not function in a similar fashion as previous characterized LysM effectors. Thus, its function in virulence remains
unclear.
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Genes important for in vivo survival of the human pathogen Penicillium marneffei. Harshini C. Weerasinghe, Michael J. Payne, Hayley E. Bugeja, Alex
Andrianopoulos. Genetics, The University of Melbourne, Parkville, Victoria, Australia.

Pathogenic fungi are having an increasing global impact in the areas of health, agriculture and the environment. As such it is essential to understand the
mechanisms that fungi employ to survive and grow within a host. The emergence of many new “opportunistic fungal pathogens” has to a great extent
altered the traditional view that pathogenicity was solely reliant on the inherent properties of the pathogen. In fact, the ability of a pathogen to cause
disease in some hosts but not in others suggests that pathogenic determinants are complex and dynamic, and are largely dependent on specific pathogen-
host relationships. Despite this there are conserved aspects of the interactions between host and pathogen. For example., hosts employ innate immune
responses as an almost immediate recognition and attack mechanism against invading pathogens. Penicillium marneffei is a temperature dependent
dimorphic fungus, growing in a hyphal form producing conidia at 25°C and as a yeast form at 37°C. Despite its importance as an opportunistic pathogen,
little is known about the biology and mechanism of infection of P. marneffei. The infectious agents (conidia) are believed to be inhaled, reaching the
alveoli of the lungs, where they are phagocytosed by alveolar macrophages for elimination. At this point that P. marneffei switches growth to a pathogenic
yeast cell form, and is able to withstand macrophage cytotoxic attacks to cause infection. In order to understand how P. marneffei responds to the host,
RNA-seq analysis was used to create a transcriptomic profile of P. marneffei, when infected in murine macrophages. These results were compared to RNA-
seq data from hyphal (25°C) and yeast (37°C) cells grown in vitro in order to identify genes that are specifically upregulated during infection. Based on this
analysis a group of genes of varying functions were chosen for gene deletion studies and tested for defects in pathogenicity. Among these is a group of
Pep1-like aspartic endopeptidases which are a uniquely expanded family in P. marneffei and that show reduced virulence in a macrophage model.
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Genomic profiles of secondary metabolism genes in Cochliobolus pathogens. B. Condon"", D. Wu', K. Bushley?, I. Grigoriev?, C. Elliott*, B. Howlett®, B. G.
Turgeon®. 1) Plant Pathology & Plant-Micro Biology, Cornell University, Ithaca, NY; 2) DOE Joint Genome Institute, Walnut Creek, CA; 3) Dept of Plant
Pathology, Oregon State University, Corvallis OR; 4) School of Botany, University of Melbourne, Melbourne, AU.

The genomes of five Cochliobolus heterostrophus strains, two Cochliobolus sativus strains, and three additional Cochliobolus species (Cochliobolus
victoriae, Cochliobolus carbonum, Cochliobolus miyabeanus) were sequenced at the Joint Genome Institute (JGI). These species are notable pathogens of
economically important grasses and many produce a signature secondary metabolite host selective toxin, conferring high virulence to a host of a particular
genotype. We catalogued the suites of secondary metabolism genes [focusing on those encoding backbone nonribosomal peptide synthetases (NRPSs) and
polyketide synthases (PKSs)] in these genomes and performed comparative phylogenomic analyses within the Cochliobolus genus and in a kingdom-wide
context. We found that NPS and PKS genes were broadly conserved, disparately conserved, or species-unique. Distribution patterns for conserved or
disparately conserved genes suggest an evolutionary mechanism involving rapid duplication, loss, and recombination of protein domains. Genes
categorized as species unique within our dataset often had lone orthologs in phylogenetically distant species. Expanding genomic resources may reveal
that ‘signature’ genes, formerly thought to be species-unique are present broadly, but sporadically, in other fungi. These results have strong implications
for understanding evolution of genes for host selective toxins and associated virulence.

A biosynthetic gene cluster for the antifungal metabolite phomenoic acid in the plant pathogenic fungus, Leptosphaeria maculans. Candace Elliott’,
Damien Callahan?, Daniel Schwenk®, Markus Nett?, Dirk Hoffmeister®, Barbara Howlett'. 1) School of Botany, University of Melbourne, Melbourne,
Australia; 2) Metabolomics Australia, School of Botany, The University of Melbourne, Victoria 3010, Australia; 3) Friedrich-Schiller-Universitat, Department
Pharmaceutical Biology at the Hans-Knéll-Institute, Beutenbergstrasse 11a, 07745 Jena, Germany; 4) Leibniz Institute for Natural Product Research and
Infection Biology e.V., Hans-Knoll-Institute, Beutenbergstrasse 11a, 07745 Jena, Germany.

Phomenoic acid, a long chain aliphatic carboxylic acid, is a major metabolite produced by Leptosphaeria maculans, a fungal pathogen of Brassica napus
(canola). Early biosynthetic studies suggested that the methyl group derived from S-adenosylmethionine (SAM), whereas the incorporation pattern of
[13C] acetate suggested a polyketidic origin of the linear portion of phomenoic acid (Devys et al., 1984). We have used domain modelling to predict a
candidate polyketide synthase (PKS) for phomenoic acid biosynthesis. Of the 15 predicted polyketide synthases (PKS) in the L. maculans genome, seven
were reducing with the appropriate domains (KS - keto-synthase; AT - acyltransferase; DH - dehydratase; MT- methyltransferase; ER - enoylreductase; KR -
ketoreductase; ACP- acyl carrier protein) for the biosynthesis of phomenoic acid. The most highly expressed of these seven genes, PKS2, was silenced to
10% of that of wild type levels and the resultant mutant produced 25 times less phomenoic acid than the wild type did, indicating that PKS2 is involved in
phomenoic acid biosynthesis. This gene is part of a cluster and nearby genes are co-regulated. A two-fold reduction in the expression of the adjacent
transcriptional regulator C6TF, led to at least a 20-fold reduction in expression of PKS2, as well as of other genes in the cluster (P450, YogA, RTA1 and
MFS), but not of the adjacent ChoK or a hypothetical gene (Hyp). This down-regulated mutant also showed a marked reduction in phomenoic acid
production. Phomenoic acid is toxic towards another canola pathogen Leptosphaeria biglobosa ‘canadensis’, but L. maculans and to a lesser extent the
wheat pathogen, Stagonospora nodorum are more tolerant. Phomenoic acid may play a role in allowing L. maculans to outcompete other fungi in its
environmental niche.

Fusarin C biosynthesis in Fusarium fujikuroi: the fusarin C gene cluster, their function and regulation. Eva-Maria Niehaus", Karin Kleigrewe?, Philipp
Wiemann®, Lena Studt"?, Hans-Ulrich Humpf?, Bettina Tudzynski'. 1) Institute of Plant Biology and Biotechnology, Schlossplatz 8, 48143 Muenster,
Germany; 2) Institute of Food Chemistry, Corrensstr. 45, 48149 Muenster, Germany.

The filamentous fungus F. fujikuroi is known to produce a variety of structurally diverse secondary metabolites such as the plant hormones gibberellins,
pigments and mycotoxins. In order to reduce the health risk of mycotoxins in food, feed and biotechnologically produced gibberellin preparations,
identification of mycotoxin biosynthesis genes is of great importance. The recently sequenced genome of F. fujikuroi contains 17 polyketide synthases
(PKS). So far only four of them can be linked to specific products: bikaverin, fusarins, fumonisins and fusarubins. The focus of this work is studying the
biosynthesis and regulation of the mutagenic mycotoxin fusarin C by external signals, such as nitrogen availability and pH. Furthermore the involvement of
potential transcription factors and global regulators such as AreA, AreB, GS, PacC and three members of the velvet-like complex (Vell, Vel2, Lael) were
investigated. We show that all nine genes are co-expressed under nitrogen sufficient conditions. Chromatin immunoprecipitation (ChIP) experiments
revealed a high level of H3K9 acetylation under these favorite conditions. By combination of gene deletion and overexpression of the cluster genes and co-
cultivation of different mutants, we were able to identify the intermediates and finally unraveled the entire fusarin biosynthetic pathway which we are
presenting in a model.
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Cellular development integrating primary and induced secondary metabolism in the filamentous fungus Fusarium graminearum. Jon Menke", Jakob
Weberz, Karen Broza, H. Corby Kistler™*". 1) Department of Plant Pathology, University of Minnesota, St. Paul, USA; 2) Molekulare Phytopathologie,
Universitat Hamburg, Germany; 3) USDA ARS Cereal Disease Laboratory, St. Paul, MN, USA.

Several species of the filamentous fungus Fusarium colonize plants and produce toxic small molecules that contaminate agricultural products, rendering
them unsuitable for consumption. Among the most destructive of these species is F. graminearum, which causes disease in wheat and barley and often
contaminates the grain with harmful trichothecene mycotoxins. Induction of these secondary metabolites occurs during plant infection or in culture in
response to chemical signals. Here we report that trichothecene biosynthesis involves a complex developmental process that includes dynamic changes in
cell morphology and the biogenesis of novel subcellular structures. Two cytochrome P-450 oxygenases (Tridp and Trilp) involved in early and late steps in
trichothecene biosynthesis were tagged with fluorescent proteins and shown to co-localize to vesicles we call “toxisomes.” Toxisomes, the inferred site of
trichothecene biosynthesis, dynamically interact with motile vesicles containing a predicted major facilitator superfamily protein (Tril2p) previously
implicated in trichothecene export and tolerance. The immediate isoprenoid precursor of trichothecenes is the primary metabolite farnesyl
pyrophosphate. When cultures are shifted from non-inducing to trichothecene inducing conditions, changes occur in the localization of the isoprenoid
biosynthetic enzyme HMG CoA reductase. Initially localized in the cellular endomembrane system, HMG CoA reductase increasingly is targeted to
toxisomes. Metabolic pathways of primary and secondary metabolism thus may be coordinated and co-localized under conditions when trichothecene
synthesis occurs.

LaeA sleuthing reveals cryptic gene clusters in pathogenic Aspergilli. Nancy Keller’, Wenbing Yin®, Saori Amaike’, Katharyn Affeld, JinWoo Bok’, Daniel
Schwenk®, Dirk Hoffmeister®, Joshua Baccile’, Ry Forseth®, Frank Schroeder. 1) Boyce Thompson Institute and Department of Chemistry and Chemical
Biology, Cornell University, Ithaca, NY 14853, USA; 2) Department of Plant Pathology, Department of Medical Microbiology and Immunology, and
Department of Bacteriology, University of Wisconsin-Madison, Madison, WI 53706, USA; 3) Department of Pharmaceutical Biology at the Hans-Knoll-
Institute, Friedrich-Schiller-Universitat, Beutenbergstrabe 11a, 07745 Jena, Germany.

The human and plant pathogenic Aspergilli, Aspergillus fumigatus and A. flavus, are known to produce a plethora of secondary metabolites. However,
most of these metabolites are not yet characterized although their gene clusters are apparent from genomic sequence. In both species, the nuclear
protein LaeA regulates the expression of many of these uncharacterized gene clusters. Following leads from laeA mutant microarray data, we created gene
deletion and overexpression strains and used 2D NMR-based comparative metabolomic analyses to identify previously undescribed metabolites from both
species. In A. fumigatus a tryptophan-derived iron(lll)-complex, hexadehydro-astechrome (HAS), was found to be the major product of the cryptic has non-
ribosomal peptide synthetase (NRPS) cluster. In A. flavus we show that two separate clusters encode enzymes that produce partially overlapping sets of
novel piperazines, pyrazines, and morpholines. These L-tyrosine metabolites are activated by two NRPS-like proteins, LnaA and LnbA. Loss and
overexpression of these metabolites impacted fungal development in these species.

The KMT6 Histone H3 K27 Methyltransferase Regulates Expression of Secondary Metabolites and Development in Fusarium graminearum. Kristina M.
Smith, Lanelle R. Connolly, Michael Freitag. Department of Biochemistry and Biophysics, Center for Genome Research and Biocomputing, Oregon State
University, Corvallis, OR 97331.

The cereal pathogen Fusarium graminearum produces secondary metabolites toxic to humans and animals, yet coordinated transcriptional regulation of
secondary metabolite gene clusters remains largely a mystery. By ChIP-sequencing we found that regions of the F. graminearum genome with secondary
metabolite clusters are enriched for a histone modification, trimethylated histone H3 lysine 27 (H3K27me3), associated with gene silencing. This
modification was found predominantly in regions that lack synteny with other Fusarium species, generally subtelomeric regions. H3K27me3 and di- or
trimethylated H3K4 (H3K4me2/3), modifications associated with gene activity, are found in mutually exclusive regions of the genome. To better
understand the role of H3K27me3, we deleted the gene for the putative H3K27 methyltransferase, KMT6, a homolog of Drosophila Enhancer of zeste, E(z).
The kmt6 mutant lacks H3K27me3, as shown by western blot and ChIP-sequencing, displays growth defects, is sterile, and produces mycotoxins under
conditions where they are not generated in wildtype (WT) strains. RNA-sequencing showed that genes modified by H3K27me3 are most often silent, as
about 75% of the 4,449 silent genes are enriched for H3K27me3. Surprisingly, we found 22% of the 8,855 expressed genes enriched for H3K27me3. A
subset of genes that were enriched for H3K27me3 in WT gained H3K4me2/3 in kmt6 (1,780 genes), and an overlapping set of genes showed increased
expression. Almost 95% of the remaining 2,720 annotated silent genes showed no enrichment for either H3K27me3 or H3K4me2/3. In these cases absence
of H3K27me3 is insufficient for expression, which suggests a requirement for additional factors for gene expression. Taken together, we show that absence
of H3K27me3 allows expression of 14% of all annotated genes, resulting in derepression of predominantly secondary metabolite pathways and other
species-specific functions, including potentially secreted pathogenicity factors. This study provides the framework for novel targeted strategies to control
the “cryptic genome” and specifically secondary metabolite expression.
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Secondary metabolism in Botrytis cinerea: the grey and pink sides of a pathogen. M. Viaud", H. Sghyer’, J. Schumacher’, A. Simon", B. Dalmais", J.M.
Pradier’. 1) INRA, BIOGER, Av. L. Brétigniéres, 78850 Grignon, France; 2) Department of Botany and Plant Pathology, Purdue University, West Lafayette, IN
47906, USA.

Sequencing the genome of the grey mould fungus Botrytis cinerea revealed 40 secondary metabolism (SM) gene clusters corresponding to the
biosynthesis of mostly unknown compounds including polyketides (21), terpenes (11) and non-ribosomal peptides (8). The two identified phytotoxic
metabolites are the polyketide botcinic acid (BOA) and the sesquiterpene botrydial (BOT). Transcriptomic studies previously identified the corresponding
BOA and BOT gene clusters. Deletion of the key enzyme BcBOAG (PolyKetide Synthase) or BcBOT2 (SesquiTerpene Cyclase) encoding genes did not cause
any defects, while bcboa6/bcbot2 double mutants were significantly impaired in necrotrophic development on several hosts suggesting that the two
compounds have a redundant function. We are currently investigating how the BOT and BOA gene clusters are regulated: The BOA cluster contains a gene
(bcboa13) encoding a C6H6 zinc finger transcription factor (TF). Surprisingly, while bcboaé mutant has no virulence defect, bchoa13 mutant shows a
drastic reduced virulence which is even more pronounced than that of the bcboa6/bcbot2 double mutant lacking both known toxins. A whole
transcriptome analysis of bchoal3 mutant is underway to determine whether other genes apart from those of the BOA cluster are regulated by this TF. In
opposite to the BOA cluster, the BOT cluster does not contain any TF-encoding gene. We therefore set up a Yeast-One-Hybrid library that contains the
majority of B. cinerea TFs (393 out of 406) and screened it with the promoter of bcbot2. This led to the identification of a C2H2 TF called BcYOH1.
Inactivation of bcyohl1 gene and expression analysis revealed that this TF acts as a global regulator of SM, regulating the expression of genes of the BOT,
BOA, and 20 other SM clusters. As in other fungi, the Velvet complex takes part in regulation of light-dependent development and SM in B. cinerea. Gene
inactivation of bcvell, however, does not significantly modify the production of BOA and BOT. Instead, BcVEL1 plays a significant role in the regulation of
oxalic acid (OA) formation and pigmentation: it regulates negatively the synthesis of melanin and positively the synthesis of OA and bikaverin (BIK) another
polyketidic pigment that is only produced in rare pink strains of B. cinerea.

Is fungal secondary metabolism regulated by competing insects? Annika Regulin®, Nancy Keller’, Frank Kempken®. 1) Department of Botany, Christian-
Albrechts University, Kiel, Germany; 2) Department Medical Microbiology and Immunology, Dept of Bacteriology, UW-Madison, USA.

Fungi synthesize an astonishing variety of secondary metabolites, some of which belong to the most toxic compounds in the living world. Even though
little is known about the benefit of these metabolites, the ability to regulate the secondary metabolism might be seen as an evolutionary adaptation.
Presumably fungi regulate secondary metabolites (e.g. mycotoxin) in response to confrontation with natural competitors like insects to guarantee efficient
exploitation of environmental resources (1-3). Admittedly it should be mentioned that secondary metabolites are not the only defence mechanisms of
fungi (4). In order to enlighten the biological function of these secondary metabolites with reference to chemical defence reactions of insect-fungal
interactions, we utilized complementary approaches of experimental ecology and functional genomic techniques. The vinegar fly Drosophila melanogaster
and its natural antagonist Aspergillus nidulans are used as an ecology model system. To analyse fungal up- or down regulated target genes in the
interaction of A. nidulans with Drosophila larvae microarray analysis was performed. This led to the identification of secondary metabolite genes up- or
down-regulated under these conditions. Quantitative RT-PCR was employed to analyze secondary metabolite gene expression at different time points.
Fungal single, double and triple mutations of identified up-regulated genes are currently analyzed in confrontation assays to identify potential
modifications in gene expression and the survival rate of larvae concerning to chemical defense reaction of fungus-insect interaction compared to wild
type. This could reveal insights about the biological function of secondary metabolite genes and clusters such as stc and mdp.

(1.) Rohlfs, M., Albert, M., Keller, N. P., and Kempken, F. (2007) Biol Lett 3, 523-25. (2.) Kempken, F., and Rohlfs, M. (2010) Fungal Ecol 3, 107-14. (3.)
Rohlfs, M., Trienens, M., Fohgrub, U., and Kempken, F. (2009) in "The Mycota XV. (Anke, T., Ed.), Springer Heidelberg, New York, Tokyo, pp. 131-51 (4.)
Kempken, F. (2011) Mol Ecol 20, 2876-77.
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Light Sensing and Circadian Rhythms

Co-chairs: Luis Larrondo and Reinhard Fischer

Circadian rhythms in gene expression in Aspergillus nidulans. Maria Olmedo™, Julio Rodriguez-Romero™, Julian Réhrig’, Martha W. Merrow"’, Reinhard
Fischer®. 1) Institute for Medical Psychology, Ludwig-Maximilians-Universitit-Miinchen, Miinchen, Bavaria, Germany; 2) Department of Molecular
Chronobiology, University of Groningen, The Netherlands; 3) Institute for Applied Biosciences, Karlsruhe Institute of Technology, Germany; 4) Centre for
Plant Biotechnology and Genomics Universidad Politécnica de Madrid(UPM) Campus de Montegancedo Autopista M-40 (Km 38) 28223-Pozuelo de Alarcén
(Madrid).

The circadian clock is an endogenous timekeeper that allows organisms to predict cyclic changes in their environment derived from the rotational
movement of the Earth. The fungus Neurospora crassa has substantially contributed to the understanding of the mechanism of the circadian clock, mainly
due to the presence of an easily assayable rhythm in conidiation. Our understanding of circadian rhythms tells us that they are present in most organisms
(from bacteria to humans), yet they have been difficult to detect in other fungal species, likely due to the absence of a clear readout. To circumvent this
problem, we have adopted a tool developed for the study of the clock in Neurospora and other model organism, namely bioluminescent reporter proteins,
to study circadian rhythms in Aspergillus nidulans, where a previous report has suggested a circadian clock (Greene et al. 2003). The characterization of the
Aspergillus clock represents a further step in the understanding of the biology of this fungal genus, which is of great importance for medical, industrial and
agricultural reasons. We have produced strains with the promoters of Neurospora clock controlled gene homologs conJ, ccgA and gpdA fused to the (A.
nidulans optimized) firefly luciferase ORF. We observe an oscillation in the bioluminescence signal in these strains in constant conditions, implying the
presence of an endogenous oscillator. This free running rhythm is detectable in both constant light and darkness and is entrained by environmental
signals. Using these reporters we are studying the contribution of the wc (white collar) homologs and other photoreceptors to the Aspergillus clock. The
protein WC-1 is a central molecule of the best-studied Neurospora oscillator, which also comprises the protein FRQ (FREQUENCY). The absence of a FRQ
homolog in Aspergillus implies that the characterization of its clockwork may unveil new components of additional Neurospora oscillators.

Circadian clock-gated cell division cycles in Neurospora crassa. C. Hong", J. Zamborszky®, M. Baek?, K. Ju', H. Lee', L. Larrondo?, A. Goity?, A. Csikasz-Nagy’.
1) Molecular and Cellular Physiology, University of Cincinnati, Cincinnati, OH; 2) Departamento de Genética Molecular y Microbiologia, Facultad de
Ciencias Bioldgicas, Pontificia Universidad Catdlica de Chile, Casilla 114-D, Santiago, Chile; 3) Randall Division of Cell and Molecular Biophysics, and
Institute for Mathematical and Molecular Biomedicine, King’s College London, London, SE1 UL, UK.

Asynchronous nuclear divisions are readily observed in filamentous fungi such as Ashbya gossypii and Neurospora crassa. Our computational simulations,
however, predict synchronous circadian clock-gated mitotic divisions if the division cycles of such multinucleated organisms are coupled with circadian
rhythms. Based on this hypothesis, we investigate the coupling between the cell cycle and the circadian clock in Neurospora crassa. First, we show WC-1-
dependent light-induced expression of stk-29 mRNA (homolog of weel), which suggests that there exists a conserved coupling between the clock and the
cell cycle via STK-29 in Neurospora as in mammals. Second, we demonstrate that G1 and G2 cyclins, CLN-1 and CLB-1, respectively, show circadian
oscillations with luciferase bioluminescence reporters. Moreover, clb-1 and stk-29 gene expressions show circadian clock-dependent light-induced phase
shifts, which may alter the timing of divisions. Third, we show circadian clock-dependent synchronized nuclear divisions by tracking nuclear morphology
with histone hH1-GFP reporter. Synchronized divisions occur late in the evening, and they are abolished in the absence of circadian rhythms (frg“°). Our
findings demonstrate the importance of circadian rhythms for synchronized mitotic cycles and establish Neurospora crassa as an ideal model system to
investigate mechanisms that couple the cell cycle and the circadian clock.

Light regulates growth, stress resistance and metabolism in the fungal pathogen Aspergillus fumigatus. Kevin K. Fuller, Carol S. Ringleberg, Jennifer J.
Loros, Jay C. Dunlap. Genetics, Geisel School of Medicine at Darmouth, Hanover, NH.

Light serves as an important environmental cue that influences developmental and metabolic pathways in a variety of fungi. Interestingly, orthologs of a
conserved blue light receptor, WC-1, promote virulence in two divergently related pathogenic species, Cryptococcus neoformans and Fusarium oxysporum,
suggesting that photosensory systems may be conservatively linked to fungal pathogenesis. Aspergillus fumigatus is the predominant mold pathogen of
immunocompromised patients, but if and how the organism responds to light has not been described. In this report, we demonstrate that the fungus can
indeed sense and distinctly respond to both blue and red portions of the visible spectrum. Included in the A. fumigatus photoresponse is a reduction in
conidial germination kinetics, increased hyphal pigmentation, enhanced resistance to acute ultra-violet and oxidative stresses, and an increased
susceptibility to cell wall perturbation. Through gene deletion analysis we have found that the WC-1 ortholog, LreA, is a bone fide blue light receptor in A.
fumigatus that is required for the photopigmentation response. However, the DIreA mutant retains several blue light mediated responses, including the
germination and stress resistance phenotypes , suggesting other blue light receptors are operative in this fungus. We also show that the putative red light
sensing phytochrome, FphaA, is involved with some, but not all, blue light specific phenotypes, indicating a complex interaction between red and blue light
photosystems in A. fumigatus. Finally, whole genome microarray analysis has revealed that A. fumigatus displays broad patterns of gene induction and
repression upon exposure to light. Affected genes are largely metabolic and include those involved in lipid and sterol synthesis, respiration, carbohydrate
catabolism, amino acid metabolism and metal ion homeostasis. Taken together, these data demonstrate the importance of the photic environment on the
physiology of A. fumigatus and provide a foundation for future studies into an unexplored area of this important pathogen.
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Shedding light on Botrytis biology: characterization of the WC1 photoreceptor and FRQ homologues in the necrotrophic plant pathogen Botrytis
cinerea. Paulo Canessal, Montserrat Hevial, Julia Schumacherz, Paul Tudzynski3, Luis F Larrondo’. 1) Depto. Genética Molecular y Microbiologia, Pontificia
Universidad Catolica de Chile, Santiago, Chile; 2) Purdue University, USA; 3) West F Wilhelms Univ Muenster Germany.

The non-pathogenic fungus Neurospora crassa has been a premier model for the study of circadian clocks, but it is the only fungus where clocks have
been molecularly characterized. In Neurospora the circadian oscillator is based on the transcriptional control of frq expression by the White Collar complex
(WCC) composed of WC-1, a blue-light photoreceptor and WC-2, its functional partner. The WCC activates frq expression until FRQ promotes the
phosphorylation of the WCC, shutting down its transcriptional activity. Then FRQ is progressively phosphorylated and degraded setting the bases of
circadian rhythmicity. While circadian clocks modulate defense in plants, little is known about its participation in fungal pathogenicity. In an effort to
characterize light responses and the circadian clock in B. cinerea, we have generated KO of homologues of wc-1 and frq (bcwcl1 and bcfrql). Our results
indicate that light can modulate B. cinerea growth and activates transcriptional responses. Most -but not all of them- are mediated by BcWCL1. Moreover,
the obtained bcwcl1 KO mutant strains exhibit enhanced conidiation patterns and susceptibility to hydrogen peroxide. Virulence assays show significantly
reduced lesion formation under constant light conditions (LL) and light:dark cycles (LD), but not under constant darkness (DD). Further analysis of the
bcwcll KO strains indicates non-altered ROS patterns in planta but delayed penetration on onion epidermis. RT-qPCR experiments have confirmed daily
oscillations in bcfrgl levels under LD and DD conditions. Using a BcFRQL-luciferase translational reporter, we have further observed oscillatory levels of the
BcFRQL protein under both temperature cycles and constant culture conditions. Both BcFRQL and bcfrgl respond to light pulses, while under oscillatory
culture conditions, BCFRQL anticipates cyclical-environmental changes, a key characteristic of circadian behavior. Finally, bcfrgl KO mutants also exhibit
impaired pathogenicity, with a drastic reduction in spore production. To our knowledge, these results provide the first evidence of functional
light/circadian machineries in B. cinerea, showing that in this necrotroph, homologues of circadian clock components modulate the plant pathogen
interaction from a fungal perspective. Fondecyt 1090513, postdoc 3110127, AT24121100, ICGEB CRPCHI0902.

The transcription factor FL is phosphorylated and interacts with a trehalose related protein in Neurospora crassa. Carmen Ruger-Herreros', Gencer
Sancar’, Michael Brunner?, Luis M. Corrochano’. 1) Departamento de Genetica, Universidad de Sevilla, Spain; 2) BZH, Universitit Heidelberg, Germany.

Several environmental cues, including light, promote a developmental transition in Neurospora crassa that leads to the formation of conidia. Conidiation
is controlled by FLUFFY (FL), a zinc finger transcription factor. Light activates the transcription of fl through the transient binding of the WC complex to the
fl promoter. Light also activates the transcription of several conidiation genes in Aspergillus nidulans, and their Neurospora homologs have been identified
in the Neurospora genome. We have assayed the activation by light of the Neurospora homologs of A. nidulans conidiation genes (fIbA, flbC, flbD, medA
and stuA), and the Neurospora conidiation gene con-10 as a control. Unlike con-10, none of the Neurospora homologs of the A. nidulans conidiation genes
were induced by light in vegetative mycelia. However, we found that deletion fI resulted in light-dependent mRNA accumulation for all the conidiation
genes. This result indicated that the absence of FL allows the binding of the WC complex to the promoter of these genes to activate transcription in a light-
dependent manner. We have assayed the amount of WC proteins in the Dfl and wild type strains but we did not find any difference between the two
strains. We expect to identify additional genes deregulated by the absence of FL after massive sequencing of total RNA (RNAseq) using a Dff strain and
wild-type strain in dark and light conditions. We have investigated the role of FL during conidiation in Neurospora using a tagged version of FL. FL is
present in vegetative mycelia but the amount increses after light exposure. We observed several forms of FL due to phosphorylation, and and we have
determined by mass spectrometry that FL is phosphorylated in several residues. We have immunoprecipitated FL to identify proteins that may interact
with FL. We have found a protein that interacts with FL in different growth conditions. This protein has been described in other organisms and plays a role
in the ability to grow in the presence of trehalose. Since FL is a transcription factor, we have use FL::3XFLAG strain to do ChIPseq in order to identify the
putative binding sites of FL to the DNA. We expect that the results from these experiments will help us to understand in more detail the role of FL in the
activation of gene transcription during development.

Regulation of gene expression in response to light in Trichoderma atroviride. Jose Cetz', Nohemi Carreras-Villasefior', Monica Garcia-Esquivel’, Ulises
Esquivel-Naranjo, Jose M. Villalobos-Escobedo, Cei Abreu-Goodger", Alfredo H. Herrera-Estrella’. 1) National Laboratory of Genomics for Biodiversity,
CINVESTAV-IPN, Irapuato, Irapuato, Mexico; 2) Facultad de Ciencias Naturales. Universidad Auténoma de Queretaro. Queretaro, Mexico.

Trichoderma is used as a photomorphogenetic model due to its ability to conidiate upon exposure to light. In total darkness, T. atroviride grows
indefinitely as a mycelium provided that nutrients are not limiting. However, a brief pulse of blue light given to a radially growing colony induces
synchronous sporulation. Photoconidiation in Trichoderma is controlled by the bir1 and blr2, orthologs of the N. crassa white-collar genes. We applied
high-throughput sequencing technology to RNA samples from the wild type strain grown in the dark or after exposure to a pulse of white or blue-light, as
well as from a photoreceptor mutant (Dblr-1) exposed to white light. We identified 331 transcripts regulated by white light and 204 responsive specifically
to blue light, both induced and repressed, the majority of them bir1 dependent. Among the genes identified there is a set of transcription factors. We have
obtained gene disruption mutants of several of the transcription factors, and all potential light receptors. Using this strategy we have obtained mutants
that do not conidiate in response to light, as well as mutants that do not require this stimulus to conidiate, and a conection between light and carbon
metabolism. Further, transcriptional analysis in RNAi machinery mutants indicated that light induced conidiation is defective in the Ddcr2, Ddcr1Ddcr2,
Drdr3 and Dago2 mutants, and significant differences were found in the set of light responsive genes between the dicer mutants and the wild type. These
data indicate that in T. atroviride, the RNAi machinery plays an important role in controlling development.
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Genome-wide analysis of light responses in Mucor circinelloides. Victoriano Garre, Sergio Lépez-Garcia, Eusebio Navarro, Santiago Torres-Martinez.
Departamento de Genética y Microbiologia, Universidad de Murcia, 30100 Murcia, Spain.

Light regulates developmental and physiological processes in a wide range of fungi. Particularly, Zygomycete fungi have developed complex mechanisms
to control the responses to light that await detailed characterization at molecular level. The zygomycete Mucor circinelloides is a good model for this
purpose because its genome has been sequenced and several molecular tools are available. Mucor, like other Zygomycetes, has three white collar-1 genes
(mcwc-1a, mewce-1b and mcwe-1c) that code for proteins which present characteristics of photoreceptors. Each mcwc-1 gene controls a specific response
to light. Thus, mcwc-1a and mcwc-1c control phototropism and photocarotenogenesis, respectively, whereas the mcwc-1b function in regulation by light
has not been proved. In order to deepen in the regulation by light in Mucor, a systematic approach using microarrays was followed to characterize white
light-inducible transcriptional changes in wild-type and knockout mutants for each mcwc-1 gene. Analysis of microarray data revealed that light is mainly a
positive signal for transcription in Mucor, as in other fungi, since 123 genes were up-regulated in the wild-type strain in response to light, whereas only 26
were down-regulated, considering a threshold of threefold change. Genes strongly induced by light included genes known to be up-regulated by light, like
the carotenogenic gene carB (74-fold), cryptochrome (45-fold) and mcwec-1c (22-fold), supporting reliability of the microarray data. Although many of up-
regulated genes code for proteins implicated in protection against light-induced damage, several of them code for protein involved in signal transduction
that could be involved in light responses like phototropism. Transcriptomic analysis of mcwc-1 mutants showed that induction of around 60% of the genes
is mediated by mcwc-1a, whereas only 1% is mediated by mcwc-1c and none is mediated by mcwc-1b, suggesting that mcwc-1a is the main photoreceptor.
Searching for cis-acting regulatory motifs upstream of genes regulated by mcwc-1a identified consensus sequences similar to those found in light
regulated genes of Neurospora crassa. Moreover, the identification of a small group of genes regulated by the three mcwc-1 genes points out that the
three proteins form complexes to regulate gene expression. Funded by MINECO (BFU2012-32246), Spain.

Shedding light on secondary metabolite cluster gene expression, sporulation, UV-damage repair and carotenogenesis in the rice pathogen Fusarium
fujikuroi. Phillipp Wiemann, Bettina Tudzynski. Institut fiir Biologie und Biotechnologie der Pflanzen Westfalische Wilhelms-Universitat Minster
Schlossplatz 8 48143 Miinster Germany.

The rice pathogen Fusarium fujikuroi produces economically important secondary metabolites like gibberellic acids and carotenoids as well as
mycotoxins like bikaverin and fusarin C. Their production is activated in response to environmental stimuli such as light, pH or nutrient availability. In this
study, we evaluate the effects of light and different putative light receptors on growth and differentiation as well as secondary metabolism. Bimolecular
fluorescence complementation proved that homologs of the Neurospora crassa White Collar proteins in F. fujikuroi (WcoA and WcoB) form a nuclear
localized complex (WCC) that is needed for full functionality. Deletion and complementation of both genes revealed that the WCC represses bikaverin gene
expression in constant light conditions and induces immediate light-dependent carotenoid gene expression as shown by northern blot analyses.
Additionally the WCC represses conidiogenesis in response to light. The effects observed regarding bikaverin and carotenoid gene expressions as well as
conidiogenesis are antagonistically to the ones observed in the velvet mutant, making a connection between the WCC and the velvet complex feasible,
similarly to the situation in Aspergillus nidulans. Since carotenoid production was maintained in both wcoA and wcoB single as well as in wcoA/B double
mutants in constant light conditions, we focused on characterization of additional putative light receptors in F. fujikuroi. Deletion of the phytochrome-like-
encoding gene fph1 did not show any significant phenotype. Deletion of phl1, coding for a cryptochrome/photolyase demonstrated impaired carotenoid
biosynthesis gene expression upon exposure to light. Additionally, gene expression and HPLC analyses of these mutants demonstrated loss of fusarin C
gene expression and concomitant production formation compared to the wild type, suggesting a distinct transcriptional activity for this barely
characterized class of enzymes. Finally UV mutagenesis experiments and gRT-PCR demonstrate that WcoA, WcoB and Phl1 are involved in UV-damage
repair most likely by transcriptionally activating phr1, encoding a CPD-photolyase. The data presented here allow us to draw a first model of how light
receptors function in a signaling network in the rice pathogen F. fujikuroi.
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Fungal Evo-Devo

Co-chairs: Steve Harris and Brian Shaw

The Molecular Foundations of the Fungal Lifestyle. Antonis Rokas. Department of Biological Sciences, Vanderbilt University, Nashville, TN.

A defining characteristic of Fungi is that, in contrast to plants and animals, they are typically embedded in their food and digest it externally in the
presence of competitors (think of the blue lines of mold in blue cheese). Thus, different fungi specialize in “eating” different foods (hence their diverse
primary metabolism), and because digestion happens externally, fungi have also evolved potent food defense mechanisms (hence their diverse secondary
or specialized metabolism). In many ways, the genes involved in fungal primary metabolism are their “teeth”, whereas the genes involved in secondary
metabolism are their “horns”, “spines” and “claws”. | will use examples from our recent studies on fungal human pathogens, domesticated fungi and
fungal genome evolution to argue that metabolism and more generally physiology is fundamental to the fungal lifestyle. In contrast to plants and animals,
in which most phenotypic evolution proceeds largely through developmental changes affecting growth and morphological form, phenotypic evolution in

the fungal kingdom occurs largely through changes in metabolism.

Gene expression and regulation during conidial morphogenesis in Neurospora crassa. Daniel J. Ebbole, Shengli Ding, Dawoon Chung, Heather
Wilkinson, Shaw Brian. Plant Pathology & Microbiol, Texas A&M Univ, College Station, TX.

The regulatory pathway controlling conidiation in N. crassa consists of five genes, acon-4 (aconidiate), fl (fluffy), acon-3, csp-1 (conidial separation) and
csp-2. The first three genes are required for the transition of aerial hyphae from filamentous growth to the budding pattern resulting in proconidial chain
formation. Maturation of the proconidial chain to individual conidia relies on the activation of genes for two additional transcription factors, csp-1 and csp-
2 that are required for proper interconidial septum formation and spore release. High throughput mRNA sequencing defined a set of genes induced during
conidiation and allowed us to identify genes for cell wall degrading enzymes required for conidial separation. Based on expression patterns and epistasis
among the regulators, we defined the order of gene action required for conidial morphogenesis from the initiation of budding to the release of mature
conidia.

Comparative developmental morphology in lentinoid mushrooms: toward a new fungal evo-devo? David S. Hibbett. Biology, Clark University, Worcester,
MA.

Fungi produce a mind-boggling diversity of complex forms, including mushrooms, puffballs, coral fungi, and others. Reconstructing patterns of
morphological transformations has been a major focus of fungal molecular systematics, and developmental morphology has been a traditional source of
characters for fungal taxonomy. However, few studies have explicitly compared developmental programs in a phylogenetic context, and research into the
genetic bases of morphological evolution in fungi has lagged far behind that in plants and animals. In this talk, | will review three cases of naturally
occurring developmental variation in the polyphyletic “lentinoid” fungi, which may suggest profitable avenues for studies in fungal evo-devo: 1) Normally
agaricoid species of Lentinus, Neolentinus and Lentinellus may be induced to produce coralloid forms under conditions of light deprivation or low
temperatures. These phenomena provide examples of phenotypic plasticity that may reflect evolvability of developmental programs. 2) Panus rudis has a
short lateral stipe and fruits directly on wood, while the closely related P. fulvus has a dramatically elongated stipe and often fruits from sclerotia
immersed in leaf litter. The developmental transformation between forms suggests a case of hypermorphosis, with a delayed onset of pileus initiation in P.
fulvus. Light-induced formation of pilei in P. rudis may provide clues to the mechanisms of offset in stipe elongation. 3) Lentinus tigrinus is a gilled
mushroom that has a naturally occurring “secotoid” mutant that has an enclosed, puffball-like hymenophore. The secotioid morphology appears to be
conferred by a recessive allele at a single locus. Resolving the gene(s) responsible for the secotioid phenotype may provide clues to the evolution of
gasteromycetes. Complete genome sequences have been (or are being) produced for species of Lentinus, Panus, Lentinellus and Neolentinus, which will
provide opportunities to study the mechanisms underlying inter- and intraspecific developmental variants in lentinoid mushrooms.

The Cdc42 GTPase module and the evolution of conidiophore architecture in Aspergillus. Steven D. Harris. Center Plant Sci Innovation, Univ Nebraska,
Lincoln, NE.

Conidiophores are reproductive structures that enable filamentous fungi to produce and disseminate large numbers of asexual spores. The diversity in
conidiophore morphology is sufficiently large to serve as a basis for fungal systematics. Aspergillus and Penicillium species are members of the family
Trichocomaceae that form conidiophores with characteristic architecture. Whereas the Penicillium conidiophore appears to be a modified branched
hyphal structure, the Aspergillus conidiophore is seemingly more complex and includes additional cell types. Here, it is proposed that the “aspergillioid”
conidiophore may have evolved from a “penicillioid” ancestor via changes in expression of key regulators of the GTPases Cdc42 and RacA. In particular,
mutations that affect these regulators in A. nidulans dramatically alter conidiophore morphology by eliminating terminal vesicles and permitting formation
of branched stalks. Because the transcriptional regulatory network that controls conidiophore development in Aspergillus is well characterized, further
study of how this network links to regulators of Cdc42 should provide fundamental insight into the evolution of developmental morphogenesis in fungi
(i.e., fungal evo-devo).

Cdc14 association with basal bodies in the oomycete Phytophthora infestans indicates potential new role for this protein phosphatase. Audrey M.V. Ah-
Fong, Howard S. Judelson. Plant Pathology & Microbiology, University of California, Riverside, CA.

The dual-specificity phosphatase Cdc14 is best known as a regulator of cell cycle events such as mitosis and cytokinesis in yeast and animal cells.
However, the diversity of processes affected by Cdc14 in different eukaryotes raises the question of whether its cell cycle functions are truly conserved
between species. Analyzing Cdc14 in Phytophthora infestans should provide further insight into the role of Cdc14 since this organism does not exhibit a
classical cell cycle. Prior study in this organism already revealed novel features of its Cdc14. For example, instead of being post-translationally regulated
like its fungal and metazoan relatives, PiCdc14 appears to be mainly under transcriptional control. It is absent in vegetative hyphae where mitosis occurs
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and expressed only during the spore stages of the life cycle which are mitotically quiescent, in contrast to other systems where it is expressed
constitutively. Since transformants overexpressing PiCdc14 exhibit normal nuclear behavior, the protein likely does not play a critical role in mitotic
progression although PiCdc14 is known to complement a yeast Cdc14 mutation that normally arrests mitosis. Further investigation into the role of PiCdc14
uncovered a novel role. Subcellular localization studies based on fusions with fluorescent tags showed that PiCdc14 first appeared in nuclei during early
sporulation. During the development of biflagellated zoospores from sporangia, PiCdc14 transits to basal bodies, which are the sites from which flagella
develop. A connection between Cdc14 and flagella is also supported by their phylogenetic distribution, suggesting an ancestral role of Cdc14 in basal
bodies and/or flagellated cells. To help unravel the link between PiCdc14 and the flagella apparatus, searches for its interacting partners using both yeast
two hybrid and affinity purification are underway. Together with colocalization studies involving known basal body/centrosome markers such as centrin
and gamma-tubulin, the location and hence the likely roles of PiCdc14 will be revealed.

Molecular Determinants of Sporulation in Ashbya gossypii. Jurgen W. Wendland, Lisa Wasserstroem, Klaus Lengeler, Andrea Walther. Yeast Genetics,
Carlsberg Laboratory, Copenhagen V, Kopenhagen V, Denmark.

Previously we have analysed the pheromone response MAPK signal transduction cascade in A. gossypii. The major findings were (i) deletion of both
pheromone receptor genes STE2 and STE3 did not inhibit sporulation whereas (ii) deletion of the transcription factor STE12 resulted in hypersporulation
(Wendland et al. 2011). Here we present our analysis of key A. gossypii homologs of Saccharomyces cerevisiae sporulation specific genes. We show that
mutants in IME1, IME2, KAR4, and NDT80 are blocked in sporulation. Mutants in IME4, KAR4, and UMEG6 also confer a vegetative growth defect. IME4
expression was found during vegetative growth while IME2 was not detected under these conditions. We performed transcriptional profiling of non-
sporulating strains and determined a core set of about 50 down-regulated sporulation specific genes in these mutants. Interestingly, this set of down-
regulated genes is upregulated in the A. gossypii ste12 mutant providing regulatory evidence of the hypersporulation phenotype of this mutant. Other
genes identified in the RNAseq data indicated that during development of sporangia metabolic genes for nutrient uptake are active. Therefore we
performed Return-To-Growth assays with mutants inhibited in the sporulation pathway. These strains were kept under conditions in which the wild type
initiates sporulation. This lead to induction of sporangium formation, a stage at which these strains remained. Supply of new nutrients resulted in hyphal
outgrowth in all mutants indicating that after initiation of the sporulation program A. gossypii can reverted to vegetative growth at different stages. In
addition we identified differential regulation of two endoglucanases encoded by ENG1 and ENG2. While ENG1 was not differentially regulated, ENG2 was
down-regulated in e.g. imel but strongly up-regulated in ste12. Deletion analysis of ENG2 showed that Eng2 is required for hyphal fragmentation into
individual sporangia. We can thus provide a detailed overview of the genetic regulation of sporulation in A. gossypii. A comparison with S. cerevisiae
highlights the role of KAR4 in sporulation upstream of IME1. Finally, our study provides further evidence that the pheromone signaling response MAPK-
cascade in A. gossypii has a regulatory control function over sporulation alongside regulation of sporulation by nutritional cues.

THE velvet regulators in Aspergilli. Heesoo Park, JJae-Hyuk Yu. Bacteriology, University of Wisconsin Madison, Madison, WI.

The velvet regulators are the key players coordinating fungal growth, differentiation and secondary metabolism in response to various internal and
external cues. All velvet family proteins contain the conserved velvet homology motif (~190 a.a.), and define a novel class of fungal specific transcription
factors with the DNA binding ability. Some velvet regulators form time and/or cell type specific complexes with other velvet regulators or non-velvet
proteins. These complexes play differential roles in regulating growth, development, sporogenesis and toxigenesis. Among the velvet complexes, the VelB-
VosA hetero-complex acts as a functional unit conferring the completion of sporogenesis (focal trehalose biogenesis and spores wall completion), and the
long-term viability of spore, and the attenuation of conidial germination in the model filamentous fungus Aspergillus nidulans. Both velB and vosA are
activated by AbaA in developing cells, and the VelB-VosA complex plays a dual role in activating genes associated with spore maturation and in exerting
negative feedback regulation of developmental genes. Interestingly, the VelB-VosA complex plays similar yet somewhat distinct roles in spore maturation,
dormancy and germination in Aspergillus fumigatus and Aspergillus flavus. A comprehensive model depicting the roles of the velvet regulators in aspergilli
is presented.

A network of HMG-box transcription factors regulates sexual cycle in the fungus Podospora anserina. J. Ait-Benkhali*?, E. Coppin®?, S. Brun™*?, T.
Martin®, C. Dixelius®, R. Debuchy™?. 1) Univ Paris-Sud, Institut de Génétique et Microbiologie, Orsay, France; 2) CNRS, Institut de Génétique et
Microbiologie, Orsay, France; 3) UFR des Sciences du Vivant, Université Paris-7 Diderot, Paris, France; 4) Department of Plant Biology and Forest Genetics,
Uppsala BioCenter, Swedish University of Agricultural Sciences and Linnean Center for Plant Biology, Uppsala, Sweden.

High-mobility group B proteins are eukaryotic DNA-binding proteins characterized by the HMG-box functional motif. These transcription factors play a
pivotal role in global genomic functions and in the control of genes involved in specific developmental or metabolic pathways. The filamentous ascomycete
Podospora anserina contains 12 HMG-box genes. Of these, four have been previously characterized; three are mating-type genes that control fertilization
and development of the fruiting-body, whereas the last one encodes a factor involved in mitochondrial DNA stability. Systematic deletion analysis of the
eight remaining uncharacterized HMG-box genes indicated that none were essential for viability, but that seven were involved in the sexual cycle. Two
HMG-box transcription factors display striking features. Pa_1_13940, an ortholog of SpStel1 from Schizosaccharomyces pombe, is a pivotal activator of
mating-type genes in P. anserina, whereas Pa_7_7190 is a repressor of several phenomena specific to the stationary phase, most notably hyphal
anastomoses. Constitutive expression of mating-type genes in a DPa_1_13940 strain did not restore fertility, indicating that Pa_1_13940 has additional
functions related to sexual reproduction besides activating mating-type genes. RT-gPCR analyses of HMG-box genes in different HMG-box deletion strains
indicated that Pa_1_13940 is at the hub of a network of several HMG-box factors that regulate the sexual cycle. Complementation experiments with a
strain deleted for mating-type genes revealed that this network control fertility genes in addition to mating-type target genes. This study points to the
critical role of the HMG-box members in sexual reproduction in fungi, as 11 out of 12 members were involved in the sexual cycle in P. anserina.
Pa_1_13940 and SpStel1l are conserved transcriptional regulators of mating-type genes, although P. anserina and S. pombe have diverged 1.1 billion years
ago. Two HMG-box genes, SOX9 and its upstream regulator SRY, play also an important role in sex determination in mammals. The mating-type genes and
their upstream regulatory factor form a module of HMG-box genes similar to the SRY/SOX9 module, suggesting it may be ancestral in Opisthokonta.
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Microbial Responses to a Changing Climate: Implications for the Future Functioning of Terrestrial Ecosystems. Donald R. Zak. University of Michigan, Ann
Arbor, MI.

Soil harbors a phylogenetically diverse community of microorganisms whose physiological activity mediates the biogeochemical cycling of carbon and
nitrogen at local, regional, and global scales. These microbial communities are structured by the physical environment as well as the availability of growth-
limiting resources (i.e., organic compounds in plant detritus). Presently, human activity is manipulating both the physical conditions and the availability of
limiting resources to soil microbial communities at a global scale, but the implications of doing so for the future functioning of ecosystems is presently
unclear. In this presentation, | will discuss the ways in which humans are manipulating the ecological constraints on microbial communities in soil, the
compositional and functional responses that may result, and identify gaps in our knowledge that limit our ability to anticipate the response of microbial
communities and ecosystem processes in a changing environment. Using an array of metagenomic approaches, | will provide evidence that rates of
atmospheric N deposition expected in the near future can down regulate the transcription of fungal genes with lignocellulolytic function, thereby altering
microbial community composition, slowing plant litter decay, and increasing soil C storage. This mechanism is not portrayed by any biogeochemical model
simulating ecosystem response to atmospheric N deposition, and it demonstrates that microbial communites in soil may respond to a changing
environment in ways that have unanticipated consequences for the future functioning of terrestrial ecosystems.

The Interaction of Mycoplasma-related Endobacteria with their Arbuscular Mycorrhizal Fungal Host. Mizue Naito’, Teresa Pawlowska’. 1) Dept. of
Microbiology, Cornell University, Ithaca, NY; 2) Dept. of Plant Pathology & Plant-Microbe Biology, Cornell University, Ithaca, NY.

Arbuscular mycorrhizal fungi (AMF), comprising the monophyletic phylum Glomeromycota, are obligate biotrophs, and form symbiotic associations with
80% of terrestrial plants. AMF associate symbiotically with the roots of plants, and are specialized in the transfer of nutrients from the soil to the plant
host. In return for increased nutrient uptake, the plants supply AMF with up to 20% of their photosynthetically derived carbohydrates. Thus, AMF
symbiosis contributes significantly to global nutrient cycling and terrestrial ecosystems. AMF have been known to harbour two types of bacteria in their
cytoplasm: (i) the Burkholderia-related Candidatus Glomeribacter gigasporarum and (ii) a Mycoplasma-related bacteria, which we refer to as Mycoplasma-
related endobacteria (MRE). MRE live freely in the AMF cytoplasm, and have been found associated with all lineages of AMF worldwide. Virtually nothing
is known about the MRE, such as their evolution, biological capabilities, and whether they are mutualists or parasites of their AMF hosts. In order to
understand the nature of this symbiosis, and determine the role that the MRE play in arbuscular mycorrhizae, next generation sequencing (Roche 454 and
Illumina) was performed on MRE isolated from 3 distinct AMF hosts, Claroideoglomus etunicatum, Funneliformis mosseae, and Racocetra verrucosa.
Phylogenetic reconstruction and divergence dating using 22 conserved genes have revealed that MRE form a novel monophyletic subclade of the
Mycoplasmas and have diverged from their Mycoplasma relatives at least 400 million years ago, which may indicate the establishment of the MRE-AMF
association to be quite ancient. Analysis of annotated genes have revealed novel proteins that are likely to play a role in interacting directly with the fungal
host. Preliminary data suggest that MRE are important in enabling the completion of the life cycle of their AMF hosts.

Metagenomic analysis reveals hidden fungal diversity in grass rhizosphere and tree foliage. Ning Zhang', Stephen Miller!, Shuang Zhao, Hayato Masuya’.
1) Plant Biology and Pathology, Rutgers Univ, New Brunswick, NJ; 2) Dept Forest Microbiology, Forestry and Forest Products Research Institute,
Matsunosato 1, Tsukuba, Ibaraki 305-8687, JAPAN.

The diversity of microorganisms on earth remains poorly understood. Unculturable fungi inhabiting rhizosphere, phyllosphere, and other less studied
niches are thought to represent a large fraction of the unknown diversity. In this study, we used both culture-dependent method and lllumina
metagenomic sequencing approach to explore fungal diversity in two environments: grass (Poa pratensis, Kentucky bluegrass) rhizosphere and tree
(Cornus spp., dogwood) foliage. For the grass rhizosphere sample, lllumina metagenomic analysis identified 1,192 fungal genera from 20.8 million reads,
while the culture-based method identified 21 genera. For the Cornus sample, metagenomic analysis identified 73 fungal genera from 6.6 million reads,
while 22 genera were isolated from culture. From both cases, we found that metagenomic sequencing analysis revealed significantly higher fungal
diversity than culture-based method, which will help us better understand the diversity and role of fungi in the ecosystem.

Host-to-pathogen gene transfer facilitated infection of insects by a pathogenic fungus. Weiguo Fang, Xiaoxuan Chen. College of Life Sciences, Zhejiang
University, Hangzhou, Zhejiang, China.

Inspite being of great concern to human health and the management of plants and animals, the mechanisms facilitating host switching of eukaryotic
pathogens remain largely unknown. The endophytic insect-pathogenic fungus Metarhizium robertsii evolved directly from endophytes and its
entomopathogenicity is an evolutionarily acquired characteristic. We found that M.robertsii acquired a sterol carrier (Mr-NPC2a) from an insect by
horizontal gene transfer (HGT). Mr-NPC2a increased the amount of ergosterol in hyphal bodies by capturing sterol from insect hemolymph, and thus
maintained cell membrane integrity and improved fungal survival rate. On the other hand, the reduction in sterol (substrate for molting hormone
synthesis) in insect hemolymph elongated larval stage, which allows the fungus to fully exploit host tissues and produce more conidia. This is first report of
HGT from host to a eukaryotic pathogen, and the host gene ultimately improved the infectivity of the pathogen.

Structure and function of soil fungal communities across North American pine forests. Kabir Peay’, Jennifer Talbot", Dylan Smith®, Rytas Vilgalys?, John
Taylor®, Thomas Bruns®. 1) Dept. of Biology, Stanford University, Stanford, CA; 2) Dept. of Biology, Duke University, Durham, NC; 3) Plant & Microbial
Biology, UC Berkeley, Berkeley, CA.

Fungi are a critical component of the diversity and function of terrestrial ecosystems. They regulate decomposition rates, facilitate plant nutrient uptake
and have a profound impact on agriculture and economics. Understanding the forces that structure fungal communities thus has important theoretical and
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practical implications. While ecologists have long recognized the importance of scale on ecological processes, fungal communities have primarily been
studied at small-scales, focusing on deterministic processes. To rectify this knowledge gap we are using next generation sequencing techniques to survey
soil fungi in North American pine forests with a sampling design that allows us to examine community structure from roots-to-biomes. Our results show
that soil fungal communities in these ecosystems are highly diverse and are structured primarily by large-scale, macroecological processes, rather than
small-scale deterministic processes. Our results also show that there is high functional redundancy in soil fungal communities. This work demonstrates
that increasing the scale of observation is critical to a complete understanding of the ecological dynamics of soil fungi and the ecosystem processes they
mediate.

Genomic analysis of Mortierella elongata and its endosymbiotic bacterium. Gregory Bonito’, Andrii Gryganskyi', Christopher Schadt?, Dale Pelletier’, Amy
Schaefer3, Gerald Tuskanz, Jessy Labbéz, Sofia Robb4, Rebecca Ortegal, Francis Martins, Mitchel Doktyczz, Kurt LaButtiG, Matt NoIanG, Robin Ohms, Igor
Grigoriev®, Rytas Vilgalys'. 1) Duke University, Durham NC; 2) Oak Ridge National Laboratory, Oak Ridge TN; 3) University of Washington, Seattle WA; 4)
University of California, Riverside CA; 5) Institut National de la Recherche Agronomique, Nancy France; 6) Joint Genome Institute, Walnut Creek CA.

Mortierella belong to a group of basal fungi (Mortierellomycotina) common to soils and the rhizosphere and endosphere of many plant species.
Mortierella species are known for rapid growth and abundant lipid production. Mortierella elongata is one species commonly isolated from forest soils and
healthy plant roots where it grows asymptomatically as an endosymbiont. Mortierella elongata is a heterothallic species but can also reproduce asexually
through chlamydospores and sporangiospores. Recent reports indicate that some isolates of M. elongata host endosymbiotic bacteria, which may be
transmitted vertically via spores. However, it is still unclear whether all Mortierella species host endosymbionts or whether these are lineage-specific
associations. Given the geographically widespread distribution of Mortierella elongata and its ubiquitous presence in forest soils and plants we chose to
sequence its genome through the JGI Forest Metatranscriptome CSP. We also sought to assemble the genome of the bacterial endosymbiont to address
whether there are genomic signatures of co-adaptation or co-evolution in the genomes of Mortierella and its endosymbiotic bacterium, which may impact
the function and growth of Mortierella elongata. The 50 Mb genome of M. elongata was sequenced to 112x coverage. Of the 220,113 putative proteins
identified in M. elongata, 109,093 appear to be unique (e.g. only ~50% have orthologs in other fungal species having sequenced genomes). The M.
elongata genome appears to be enriched in genes related to tryptophan metabolism, siderophore group nonribosomal peptides, glucan 1,4-alpha
glucosidases, and in lipid metabolism (e.g. sphingolipids, etherlipids, and glycerophopholids) compared to genome sequences of other basal fungi. The
endosymbiotic bacterium sequenced along with the M. elongata isolate is related to Glomeribacter (endosymbiont of Gigospora, Scutellospora, and other
Glomeromycota) within the Burkholdariales. The ~2.6 MB endosymbiont genome is larger than that of Glomeribacter but quite reduced compared to free-
living isolates of Burkholdaria. The reduced genome size of this bacterium, and the fact that it has thus far evaded pure culture isolation, supports the view
that this is an ancient and obligate symbiosis.

Integrative genomics of poplar-fungal pathogen interactions. Richard C. Hamelin. Forest Sciences, University of British Columbia, Vancouver, BC, Canada.

Poplar is an important tree, both from an ecosystemic point of view as riparian species, and as a commercial agro-forestry crop for the production of
wood and paper products and increasingly as a source of bioenergy. Fungi in the Urediniales and the Dothideomycetes are responsible for the most
important diseases of poplars. In most tree-fungal pathogen interactions, a few founder species are key determinants of the outcome. To better
understand these interactions at the landscape level and predict their outcome, we are using a variety of genome-based approaches. We have applied
DNA barcoding and multigene phylogeny to poplar pathogens to assess species diversity and host specificity both from environmental and herbarium-
derived samples. We have found a high level of fidelity in host tracking of pathogens vis-a-vis their host. However, this fidelity tends to break down when
poplar is grown in intensive plantations or when interspecific hybrids are planted. To further investigate and understand this pattern, we sequenced the
genomes of 12 poplar pathogens with different host specificity. By comparing these genomes we identified core gene sets as well as genes that are unique
to each species and are candidate determinants of the interaction outcomes. Annotation of these genome sequences with customized pipelines allowed
us to assign putative functions to the candidate genes and detect effector-like sequence profiles. RNAseq profiling of the interaction of poplar rust on
different hosts and their hybrids confirms the uniqueness of expression patterns in host-specific infections. In addition, we are using population genome
re-sequencing approaches to detect selection patterns at the genome level. Several of the candidate genes identified in the upstream analyses encode
secreted proteins and possess a signature of positive selection. Integration of this data can be used as predictive resources to determine the outcome of
poplar-pathogen interactions in the environment.

Fungal pathogen and endophyte genetics within the context of forest community dynamics. M.-S. Benitez', M. H. Hersh?, L. Becker”, R. Vilgalys®, J. S.
Clark™. 1) Nicholas School of the Environment, Duke University, Durham, NC; 2) Department of Biology, Eastern Michigan University, Ypsilanti, Ml; 3)
Department of Biology, Duke University, Durham, NC.

Fungal pathogens play important roles in forest community dynamics, particularly through negative-density dependent regulation. Negative-density
dependence regulation is hypothesized to be regulated by the presence of host-specific pathogens. Studies on forest pathogens, however, indicate the
predominance of generalist seedling pathogens, capable of infecting more than one host species. To understand the mechanisms through which
“generalist” pathogens contribute to forest-community dynamics we conducted extensive surveys of seedling pathogens in temperate hardwood forests
of the eastern U.S.A. Species in the genera Colletotrichum and llyonectria were among the most commonly isolated and recovered amplicon sequence
from seedlings of multiple host species showing disease symptoms. Further, co-infection by both Colletotrichum and Ilyonectria species decreases host
survival, as quantified by posterior model probabilities. To investigate molecular mechanisms associated with multi-host generalism and co-infection, and
to determine whether these “generalist” pathogens are distinct species or species-complexes, the genomes of three common species in our dataset (e.g.
C. fioriniae, C. gloesporoides and llyonectria europea) were sequenced. The largest genome of the three belonged to llyonectria at 63.66 Mb, which also
contained the highest number (22,250) of genes. The smallest genome belonged to C. fioriniae with 50.04 Mb and 15,777 genes. Genome size and number
of predicted genes appears expanded, confirming their role as seedling pathogens. For instance, three out of four polysaccharide lyase (PL) enzyme
domains found in fungal genomes, are enriched in these three species. PL enzymes are relevant in plant pathogenicity since they may contribute to initial
stages of host penetration. The genome sequence of these fungal groups will serve as a reference set for population level studies to address host-
specificity and local adaptation within our isolate database.
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Epigenetic Switching Regulates the Yeast-Hyphal Transition in Candida albicans. Haoyu Si*, Allison Porman’, Matthew Hirakawa®, Stephen Jones’, Aaron
Hernday?, Alexander Johnson?, Richard Bennett'. 1) Mol Microbiol & Immunology, Brown University, Providence, RI; 2) Mol Microbiol & Immunology,
UCSF, San Francisco, CA.

Candida albicans is a dimorphic yeast that is normally found as a commensal organism in the mammalian gastrointestinal tract. It is also a prevalent
opportunistic pathogen able to infect multiple mucosal and internal sites in the human body. A principle feature of C. albicans biology is its ability to grow
in multiple phenotypic states, including both yeast and filamentous forms. Phenotypic plasticity is also exemplified by the “white-opaque switch”, in which
cells can reversibly transition between the white and opaque states. White and opaque forms differ in multiple aspects including their shape, their
interaction with host immune cells, their mating competency, and their pathogenesis. Furthermore, white cells are induced to form hyphal filaments when
grown at 37°C, neutral pH, or in the presence of serum, whereas opaque cells do not form filaments in response to these conditions, and this difference
could explain the decreased virulence of opaque cells in models of systemic infection. In this study, we show that opaque cells can undergo the yeast-
filament transition in response to environmental cues, but that these cues are distinct from those that induce the transition in white cells. For example,
growth on low phosphate medium or medium containing the sugar sorbitol induced efficient filamentous growth in opaque cells, while these conditions
did not induce filamentous growth in white cells. Genetic dissection of the regulation of opaque cell filamentation showed extensive overlap with the
regulation of filamentation in white cells, including roles for the established transcriptional regulators Ume®6, Efgl, and Tupl. However, genes induced by
filamentous growth in opaque cells showed only limited overlap with those induced during white cell filamentation. Together, these studies indicate that
C. albicans white and opaque cells are both capable of undergoing filamentation but do so in response to different environmental signals and generate
distinct transcriptional profiles, reflecting intrinsic differences in the programming of the two phenotypic states.

Extracellular and intracellular signaling orchestrates morphotype-transition and virulence in human pathogen Cryptococcus neoformans. Lingi Wang,
Xiuyun Tian, Rachana Gyawali, Xiaorong Lin. Biology, College Station, TX.

Interactions with the environment and divergent species drive the evolution of microbes. To sense and rapidly respond to these dynamic interactions,
“simple” microbes developed bet-hedging social behaviors, including the construction of heterogeneous biofilm communities and transition between
different morphotypes. The human fungal pathogen Cryptococcus neoformans can undergo morphotype transition between the yeast and the filamentous
form. Most recently, we demonstrated that the zinc-finger regulator Znf2 bridges the bi-direction yeast-hypha transition and virulence in this pathogen.
One of Znf2 downstream targets is extracellular protein Cfl1. Cfl1 is a cell-wall bound adhesin and a signaling molecule when it is released. This matrix
protein Cfl1 plays a similar but less prominent role than Znf2 in orchestrating morphogenesis and virulence in C. neoformans. Through transcriptome
analyses and screening Znf2 downstream targets by overexpression, we identified an additional player in the control of morphogenesis and biofilm
formation. This factor is an intracellular RNA-binding protein Pum1. As expected, Pum1 affects filamentation in a Znf2 dependent manner. However, the
effect of Pum1 on morphogenesis is independent of Cfl1. The pum1D cfl1D double mutant shows a more severe defect in filamentation than either of the
single mutant, indicating that Pum1 and Cfl1 act in two parallel pathways. Two of Pum1’s targets, Fad1l and Fad2, form a Cryptococcus-specific adhesin
family. Like Cfl1, these two extracellular adhesins show regulatory roles in conducting morphogenesis and virulence in C. neoformans and thus may be
involved in extracellular signaling transduction. Our results indicate that complex regulatory cascades composed of extracellular and intracellular circuits
may be responsible for mediating morphological transition in response to the cues in the environments and the host.

Histoplasma strain variations and differences in pathogenic-phase transcriptomes. Jessica A. Edwards’, Chenxi Chen?, Megan M. Kemski®, Thomas K.
Mitchell?, Chad A. Raggleyel. 1) Microbiology, Ohio State University, Columbus, OH; 2) Plant Pathology, Ohio State University, Columbus, OH.

The morphological dimorphism of Histoplasma capsulatum reflects an underlying change in gene expression that is essential for pathogenesis. In the
yeast-phase, Histoplasma infects the mammalian lung and proliferates within phagocytic cells. Geographically distinct strains of Histoplasma exhibit
differences in their relative virulence and in their pathogenic mechanisms. The close similarity in the genome sequences of these diverse strains suggests
that phenotypic variations result from gene expression differences rather than gene content. To better understand how the transcriptional program
translates into morphological and pathogenic differences between strains, we profiled the yeast-phase transcriptomes of two Histoplasma strains by
RNAseq methodology. For both strains, about 50% of sequence reads align to the genome providing evidence for approximately 9000 genes. Quantitative
comparisons reveal about 200 genes are at least 10-fold differentially expressed between strains, and these include genes related to Histoplasma
pathogenesis (SOD3, YPS3, AGS1). The genes encoding the secreted calcium-binding protein (CBP1), histone proteins (H2B, H3, and H4) and an ammonium
transporter are among the most highly expressed genes overall. Using GFP-transcriptional fusions and their introduction into both strain backgrounds, we
demonstrate that dissimilarity in the transcriptional activity of individual genes reflects variations in the trans-acting factors between strains rather than
the sequence of the promoters, themselves. These studies lay an essential foundation to facilitate discovery of the factors that contribute to strain-specific
virulence differences of Histoplasma.
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The C;H, transcription factor HgrA promotes hyphal growth in the dimorphic pathogen Penicillium marneffei. Hayley E. Bugeja, Michael J. Hynes, Alex
Andrianopoulos. Department of Genetics, University of Melbourne, Parkville, VIC, Australia.

Penicillium marneffei (recently renamed Talaromyces marneffei) is well placed as a model experimental system for investigating fungal growth processes
and their contribution to pathogenicity. An opportunistic pathogen of humans, P. marneffei is a dimorphic fungus that displays multicellular hyphal growth
and asexual development (conidiation) in the environment at 25°C and unicellular fission yeast growth in macrophages at 37°C. We have characterised the
transcription factor hgrA (hyphal growth regulator), which contains a C;H, DNA binding domain closely related to that of the stress-response regulators
Msn2/4 of Saccharomyces cerevisiae. HgrA is not required for controlling yeast growth in response to the host environment, nor does it appear to have a
key role in response to stress agents, but is both necessary and sufficient to drive the hyphal growth program. hgrA expression is specific to hyphal growth
and its deletion affects multiple aspects of hyphal morphogenesis and the dimorphic transition from yeast cells to hyphae. Loss of HgrA also causes cell
wall defects, reduced expression of cell wall biosynthetic enzymes and increased sensitivity to cell wall, oxidative, but not osmotic stress agents. As well as
causing apical hyperbranching during hyphal growth, overexpression of hgrA prevents conidiation and yeast growth, even in the presence of inductive
cues. HgrA is a strong inducer of hyphal growth and its activity must be appropriately regulated to allow alternative developmental programs to occur in
this dimorphic pathogen.

A conserved splicing factor is required for vesicle transport in Ustilago maydis. Nikola Kellner', Kai Heimel™, Florian Finkernagel®, Theresa Obhof", Joerg
T. Kaemper'. 1) Dept. of Genetics, Karlsruhe Institute of Technology, Karlsruhe, Germany; 2) Dept. of Molecular Microbiology and Genetics, Georg-August-
University Gottingen, Gottingen, Germany; 3) Institute for Molecular Biology and Tumor Research, Marburg, Germany.

In the corn smut fungus Ustilago maydis, sexual development is initiated by the fusion of two yeast-like haploid sporidia, resulting in a filamentous
dikaryon that is capable to infect the plant. Growth as a dikaryon requires an elaborate coordination of the cell cycle, the migration and distribution of the
nuclei and polar hyphal growth. We have identified the U. maydis Num1 protein with a pivotal function during these processes. Num1 is homologous to
SPF27, a core component of the evolutionary conserved Prp19/CDC5 complex (NTC). The NTC contributes to splicing efficiency and fidelity, but is also
involved in cell cycle checkpoint control, response to DNA damage or formation and export of mRNP-particles. Deletion of num1 in U. maydis has no
obvious phenotype in sporidia, however, hyphae exhibit polarity defects; in addition, the num1 mutation affects the cell cycle and cell division. We
identified Cdc5 and Prp19, two conserved components of the Prp19/CDC5 complex, as Num1 interactors. In line with the function of the NTC, we
demonstrated by means of a genome-wide mRNA-Seq analysis that splicing in num1 deletion strains is impaired on a global level. In addition to the NTC
components, several proteins with putative functions during vesicle-mediated transport processes were identified as Num1 interactors; in particular the
conventional kinesin 1 motor protein Kinl was shown to physically interact with Num1. Both num1- and kin1-deletion strains exhibit identical phenotypes
with respect to filamentous and polar apical growth, the morphology of vacuoles, the subcellular distribution of the Dynein motor protein as well as the
motility of early endosomes, strongly corroborating a genetic interaction between Num1 and Kinl. Our data implicate a previously unidentified connection
between a component of the splicing machinery and cytoplasmic transport processes. As the num1 mutation also affects cytoplasmic mRNA transport, the
protein might constitute a novel functional interconnection between the two disparate processes of splicing and trafficking.

N-acetylglucosamine (GIcNAc) Triggers a Morphogenetic Program in Systemic Dimorphic Fungi. Sarah A. Gilmore', Shamoon Naseem?, James B.
Konopkaz, Anita Sil". 1) Department of Microbiology and Immunology, University of California, San Francisco, San Francisco, CA; 2) Department of
Molecular Genetics and Microbiology, Stony Brook University, Stony Brook, NY.

Cellular differentiation is an essential process for the development and growth of multicellular eukaryotic organisms. Similarly, many unicellular
organisms undergo a program of cellular differentiation to produce a new cell type specialized for survival in a distinct environmental niche. Systemic
dimorphic fungal pathogens, such as Histoplasma capsulatum (Hc) and Blastomyces dermatitidis (Bd), can switch between a unicellular parasitic yeast form
adapted for growth within mammals and an infectious soil-growing filamentous form as part of their natural life cycles. Temperature is thought to be the
predominant environmental cue that promotes cellular differentiation of systemic dimorphic fungi; however, work with other fungi indicates that
additional environmental cues including CO2, light, and nutrient availability can influence how an organism responds to its environment. Recent work
suggests that the ubiquitous monosaccharide N-acetylglucosamine (GIcNAc) can play a role in cell signaling in fungi. We identified GIcNAc as a potent
inducer of the yeast-to-filament transition in Hc and Bd. Micromolar concentrations of exogenous GIcNAc were sufficient to induce a robust morphological
transition of Hc yeast cells to filamentous cells at room temperature, indicating that dimorphic fungal cells may be sensing GIcNAc, or one of its catabolic
byproducts, to promote filamentation. Using GIcNAc as a tool to induce a robust and more synchronous phase transition of Hc yeast cells to filaments, we
examined the temporal regulation of the Hc transcriptome during morphogenesis to reveal candidate genes involved in establishing the filamentous
growth program. Two genes we identified during transcriptome analysis included NGT1 and NGT2, which encode GIcNAc major facilitator superfamily
transporters. RNAi depletion of NGT1 or NGT2 rendered Hc cells unable to respond to exogenous GIcNAc. Furthermore, wild type levels of NGT1 and NGT2
transcripts were important for efficient Hc yeast-to-filament conversion even in the absence of exogenously added GIcNAc. These data suggest that Ngtl
and Ngt2 may monitor endogenous GIcNAc as part of an autoregulatory system that allows Hc to regulate its filamentous growth.

A GATA transcription factor encoded by SREB functions as a global regulator of transcription in Blastomyces dermatitidi. Amber Marty, Aimee T.
Broman, Christina Kendziorski Gregory M. Gauthier. University of Wisconsin - Madison, 1550 Linden Drive, Microbial Sciences Building, Madison, WI,
53706.

The thermally dimorphic fungi infect several million people each year including those with normal immune defenses. These fungi grow as mold in the soil
(22°C) where they produce infectious conidia. Upon soil disruption, aerosolized conidia are inhaled into the lungs (37°C) where they convert into yeast.
This reversible, temperature-dependent phase transition defines the lifestyle of the dimorphic fungi. In Blastomyces dermatitidis, we discovered SREB
(siderophore biosynthesis repressor in Blastomyces), which encodes a GATA transcription factor that promotes the conversion to mold at 22°C and also
regulates iron homeostasis. To begin to dissect how SREB affects the transcriptional response to temperature, we used gene expression microarrays and
chromatin immunoprecipitation with quantitative real-time PCR (ChIP-qPCR). For microarrays, RNA was isolated from SREBA and wild type (WT) isolates at
baseline (yeast) and 6, 24, and 48-hours after a drop in temperature to 22°C. LIMMA and EBarrays were used to identify differentially expressed (DE)
genes. For ChIP, we engineered SREB to contain an in-frame, C-terminal 3x-HA tag. SREB-3xHA was cross-linked to its DNA binding targets in vivo using 1%
formaldehyde at 37°C and 48-hours at 22°C. Following chromatin shearing and reversal of cross-links, enrichment for SREB-3xHA binding (vs. isogenic
control) at GATA motifs was assessed by qPCR. Gene expression microarray analyses indicated that SREB was a global regulator of transcription at 37°C
and 22°C. Gene Ontology enrichment demonstrated SREB was involved with diverse processes including iron ion binding, amino acid transport, metabolic
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process, and fatty acid biosynthesis. Complementary analysis using weighted gene co-expression network analysis identified modules with DE genes
enriched for transmembrane transport, metabolic process, transcription factor activity, translation, and fatty acid biosynthesis. To identify candidate genes
for ChIP-gPCR, we integrated gene expression microarray data with genome-wide in silico analysis of GATA transcription factor binding motifs. Using this
approach, we identified a subset of genes bound and regulated by SREB including SIDA, MIRB, WD, HAPX, and PDH at 37°C and 22°C. In contrast,
enrichment for SREB-3xHA binding of EC/1 occurred at 22°C, but not 37°C. In conclusion, integration of microarray analysis, in silico GATA motifs, GO
enrichment, and ChIP-gPCR indicates that SREB affects pleiotropic events in B. dermatitidis.

Functional Analysis of Genes in Regions of Introgression in Coccidioides. Bridget M. Barker. Immunology & Infectious Diseases, Montana State Univ,
Bozeman, MT.

Coccidioides immitis and C. posadasii are dimorphic fungi endemic to the Americas. Genomic analysis of sequenced strains of C. posadasii and C. immitis
reveals insights into the population biology of these organisms. There is strong evidence for hybridization and introgression, such that for many of the C.
immitis strains, there are several regions that have a closer match to C. posadasii, but few regions within C. posadasii matching C. immitis. Multiple
hybridization regions were located in several genomes analyzed, and at least one region containing ten genes exhibits a pattern consistent with
introgression in C. immitis. This conserved region was further evaluated in a larger collection of isolates. Approximately half of the C. immitis isolates
contain the C. posadasii fragment, and the majority of those are from the southern California and Mexico populations. The region of introgression
represents a unique opportunity to functionally assess genes that are likely to be relevant for species-specific virulence and adaptation to mammalian
hosts or the environment. This region has a shared recombination point flanking a metalloproteinase, Mep4; genes that are highly expressed in the
parasitic phase; and genes of unknown function. Importantly, evolutionary selection has preserved this region in multiple strains of C. immitis further
emphasizing the possible role in virulence of these genes. Variation among strains for virulence in murine models of coccidioidomycosis has been
observed, but has not been tested in the context of the newly discovered species or with a targeted underlying genetic mechanism hypothesis to test.
Gene deletion mutants are being generated for three genes in the conserved introgression region to determine effects on in vitro growth and
morphological change under host relevant conditions.
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Saturday, March 16 2:00 PM-5:00 PM
Scripps

Tropic Growth and Fusion

Co-chairs: Andre Fleissner and Nick Read

Role of the cell fusion gene idcA in fungal mutualism. Carla J. Eaton"’, Cornelia Staerkel’, Barry Scott™’. 1) Institute of Molecular BioSciences, Massey
University, Palmerston North, New Zealand; 2) Bio-Protection Research Centre, Massey University, Palmerston North, New Zealand.

Maintenance of the mutualistic association between the fungal endophyte Epichloé festucae and perennial ryegrass relies on a number of important
signalling pathways including ROS signalling by the NADPH oxidase (Nox) complex, and the cell integrity- and stress-activated MAP kinase pathways.
Perturbation of these signalling pathways leads to a dramatic switch from mutualistic to pathogenic-like association with perennial ryegrass. Interestingly,
all E. festucae ‘symbiotic regulator’ genes identified to date are involved in vegetative cell fusion in other fungi, suggesting hyphal fusion may play an
important role in maintenance of the mutualistic association. To investigate this putative link, the role of the cell fusion gene IDC1 (ham-5) was examined.
IDC1 is of particular interest as in addition to its role in cell fusion it is also linked to Nox signalling in Podospora anserina. Disruption of E. festucae idcA
leads to a dramatic symbiotic switch from mutualistic to pathogenic-like association with perennial ryegrass. Infected plants are severely stunted and
display precocious senescence. Biomass of the DidcA mutant in planta is significantly increased relative to the wild-type strain, and hyphae extensively
colonise host vascular tissues. Formation of intra-hyphal hyphae by the DidcA mutant in planta is also abundant, possibly due to defective hyphal fusion or
defects in septation. The importance of idcA for maintenance of mutualistic association with perennial ryegrass supports the hypothesis that hyphal fusion
is required for establishment of an interconnected hyphal network essential for mutualism.

Role of extracellular calcium in budding yeast cell fusion. Pablo S. Aguilar. Cell Membranes Laboratory, Institut Pasteur de Montevideo, Montevideo,
Uruguay.

The molecular details of membrane fusion during yeast mating are poorly understood. The tetraspanner protein Prm1 is one of the few known
components that acts at the step of bilayer fusion. In its absence, mutant mating pairs lyse or arrest in the mating reaction with tightly apposed plasma
membranes. The absence of another tetraspanner, Figlp, which controls pheromone-induced Ca”" influx, yields similar cell fusion defects. Although
extracellular Ca** is not required for efficient cell fusion of wild-type cells, cell fusion in prm1 mutant mating pairs is dramatically reduced when Ca*" is
removed. A genetic screen was conducted to uncover genes that promote mating-dependent lysis in the absence of extracelular Ca**. The role of different
candidates in relation to Prm1p will be reviewed here.

The role of calcium and calmodulin during cell fusion and colony initiation in Neurospora crassa. Chia-Chen Chang, Nick Read. Fungal Cell Biology Group,
Institute of Cell Biology, University of Edinburgh, Edinburgh EH9 3JH.

Calcium is an ubiquitous signalling molecule which regulates many important processes in filamentous fungi including spore germination, hyphal growth,
mechanosensing, stress responses, circadian rhythms, and virulence. Transient increases in cytosolic free calcium ([Ca®"]o) act as intracellular signals. As the
primary intracellular Ca>* receptor, calmodulin (CaM) converts these Ca”" signals into responses by regulating the activity of numerous target proteins. We
have found that both Ca*-free medium and two CaM antagonists (calmidazolium and trifluoperazine) selectively inhibit a form of cell fusion called conidial
anastomosis tube (CAT) fusion that occurs during colony initiation in the fungal model Neurospora crassa. GFP labelled CaM localized as dynamic particles
associated with the plasma membrane and moved around within the cytoplasm in both germ tubes and CATs. In particular, CaM showed a dynamic
accumulation at two growing tips of CATs that exhibit chemoattraction towards each other. CaM also localized at developing septa in germ tubes. The b-
tubulin inhibitor, benomyl, reduced the movement of CaM in the cytoplasm. Moreover, the absence of extracellular Ca** inhibited the recruitment of CaM
to CAT tips as well as inhibiting CAT chemoattraction. The deletion of the myosin-5 (myo-5) gene caused the mis-localization of CaM in tips of growing
germ tube and CATs. This suggests that the movement of cytoplasmic CaM involves transport along microtubules, and the recruitment of CaM to tips
involves myosin-5 along F-actin and is dependent on extracellular Ca™".

LFD-1 is a component of the membrane merger machinery during cell-cell fusion in Neurospora crassa. Javier Palma-Guerrero, N. Louise Glass. Plant and
Microbial Biology Department, UC Berkeley, Berkeley, CA.

Cell-cell fusion is an essential part of the development of most eukaryotic organisms, playing an important role both during sexual development and
vegetative growth. In the filamentous fungus Neurospora crassa, cell fusion events occur during all stages of the life cycle. This, together with the
sequenced and annotated genome and the genetic tools available, makes this fungus a good model system for dissecting cell fusion. Plasma membrane
merger is the last step in the cell-cell fusion process, occurring after cell wall remodeling, and it is the definitive event that allows for cytoplasm mixing
between the fusing cells. Although molecular mechanisms associated with intracellular membrane fusion are well characterized, the molecular
mechanisms of plasma membrane merger between cells are poorly understood. Only one gene encoding a protein involved in this last step of cell fusion
had been previously identified in N. crassa: Prm-1, a deletion of which results in strains that show a »50% reduction in vegetative and sexual cell fusion.
We have identified a second gene, Ifd-1, which is also involved in plasma membrane merger in N. crassa. LFD-1 is a plasma membrane protein only present
in ascomycete filamentous fungi. N. crassa strains carrying a deletion of /fd-1 results in a reduction in both vegetative and sexual cell fusion, and having a
similar, but less severe, phenotype than a Prm-1 deletion strain. Strains carrying both Prm-1 and Ifd-1 deletions indicate that LFD-1 acts independently of
PRM-1. Strains carrying Prm-1 or Ifd-1 mutations result in increased cell lysis during cell-cell fusion, a phenotype that was enhanced by reducing
extracellular calcium concentration. These results suggest that the lysis phenotype associated with cell fusion events is due to membrane damage caused
by defects during membrane merger, and which may be repaired in a calcium dependent process. Our results indicate that both PRM-1 and LFD-1 are
important, but non-essential components of the cell fusion membrane merger machinery.
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Specific Structural Features of Sterols Affect Cell-Cell Signaling and Fusion in Neurospora crassa. Martin Weichertl, Ewald Priegnitzl, Raphael Brandtl,
Thorben Nawrathz, Stefan Schulzz, André Fleissner. 1) Institut fur Genetik, Technische Universitdt Braunschweig, Spielmannstrasse 7, 38106
Braunschweig, Germany; 2) Institut fir Organische Chemie, Technische Universitat Braunschweig, Hagenring 30, 38106 Braunschweig, Germany.

Sterols are major constituents in the plasma membrane of eukaryotic cells. They modulate the physical properties of the lipid bilayer, e.g. fluidity. By
interacting with certain lipids and proteins in the plasma membrane, sterols cluster into microdomains which might act as platforms for many biological
functions, such as signal transduction. In the early stages of colony formation in Neurospora crassa, germinating spores direct their growth towards each
other, establish physical contact, and fuse. Cell-to-cell signaling requires the coordinated dynamic recruitment of the MAP kinase MAK-2 and the
cytoplasmic protein SO to the tips of interacting cells. Subsequent plasma membrane fusion is facilitated by the transmembrane protein PRM1. Here, we
report that mutants affected in the biosynthesis of ergosterol, the major sterol in most fungal species, show distinct defects during germling fusion.
Deletion of erg-2, which encodes an enzyme mediating the last step in the pathway, strongly impairs both directed growth and cell fusion. Interestingly,
both MAK-2 and SO mislocalize at the tips of interacting Derg-2 germlings. In contrast, the absence of ERG-10a and ERG-10b, two enzymes with redundant
function that act upstream of ERG-2, does not affect cell-to-cell communication. However, Derg-10a Derg-10b germling pairs show DPrm1-like deficiencies
in plasma membrane merger. By relating the sterol composition and fusion competence of several erg mutants, we find that not the absence of ergosterol
but the accumulation of sterol intermediates specifically impairs distinct steps of germling fusion. While the presence of two double bonds in the sterol
side chain provokes Derg-2-like deficiencies, an altered double bond arrangement in the sterol ring system causes DPrm1-like defects. During sexual
development, cell fusion precedes the fertilization of fruiting bodies. Unlike the defects during germling fusion, female and male mating partners of Derg-2
and Derg-10a Derg-10b efficiently fuse, suggesting that alterations in the sterol composition specifically impair signaling mechanisms mediating vegetative
cell fusion. These data suggest that specific structural features of sterols differentially affect membrane properties and functions, such as the membrane
recruitment of proteins, the assembly of signaling complexes, and plasma membrane fusion.

Co-option of a sex pheromone receptor and MAPK signalling pathway for chemotropism of Fusarium oxysporum towards plant host compounds. David
Turra, Federico Rossi, Antonio Di Pietro. Departamento de Genética, Universidad de Cérdoba, 14071 Cérdoba, Spain.

Fungal hyphae explore the surrounding environment in search of nutrient sources, mating partners or host organisms by sensing gradients of tropically
active cues. Chemotropism is crucial for fungal development and virulence, but the underlying mechanisms are poorly understood. Here we followed a
genetic approach to dissect chemotropism in the soilborne plant pathogen Fusarium oxysporum. A plate assay was used to measure directed growth of
germ tubes towards different classes of compounds, including carbon and nitrogen sources, sex pheromones, plant secondary metabolites and tomato
root exudate. F. oxysporum mutants lacking the mitogen activated protein kinase (MAPK) Fmk1 or the transcription factor Ste12, two components of the
conserved Pathogenicity MAPK cascade, were impaired in chemotropism towards nutrients, but fully responsive to a-pheromone and root exudate. By
contrast, Rhol and Mpk1, two components of the cell integrity MAPK cascade, were specifically required for directed growth towards a-pheromone and
root exudate. Deletion of the seven transmembrane G protein coupled receptor Ste2 abolished the chemotropic response to a-pheromone and,
unexpectedly, also to tomato root exudate. Our results provide evidence for co-option of a cognate sex pheromone receptor and a conserved MAPK
signalling pathway for chemotropism of F. oxysporum towards plant host compounds.

Characterization of new STRIPAK complex interaction partners in the filamentous ascomycete Sordaria macrospora. Britta Herzog, Yasmine Bernhards,
Berit Habing, Eva Reschka, Sabine Riedel, Stefanie Poggeler. Institute of Microbiology and Genetics, Department of Genetics of Eurkaryotic
Microorganisms, Georg-August-University Gottingen, Germany.

Using Sordaria macrospora as model organism we investigate the complex process of fruiting-body development and involved proteins in this
filamentous ascomycete. This differentiation process is regulated by more than 100 developmental genes. Recently, we have shown that a homologue of
the human STRIPAK (striatin-interacting phosphatase and kinase) complex engages a crucial role in sexual development in fungi. The S. macrospora striatin
homologue PRO11 and its interaction partner SmMMOB3 are key components of this complex (Bloemendal et al., 2012). PRO11 contains a conserved WD40
repeat domain and is supposed to function as scaffolding protein linking signaling and eukaryotic endocytosis (Péggeler and Kiick, 2004). SmMOB3
(phocein) is a member of the MOB family (Bernhards and Poggeler, 2011). Beside their important role in multicellular development and hyphal fusion both
proteins seem to be involved in vesicular trafficking and endocytosis.

By means of yeast two-hybrid screens and GFP-Trap analysis we identified several new interaction partners of PRO11 and SmMOBS3. Similar to PRO11
and SmMOB3, a multitude of them are predicted to be involved in vesicular trafficking and are localized to the ER or to the Golgi. Here, we show the
results of a detailed analysis of the new STRIPAK complex interaction partners. Initially, we isolated the cDNA of the genes and confirmed the interaction
by yeast two-hybrid. For further characterization and to get knowledge about their cellular functions we created knock-out strains and analyzed their
morphological phenotypes. For localization and expression studies we constructed EGFP-tagged fusion proteins and expressed them in S. macrospora.

Bernhards and Poggeler, 2011; Curr Genet 57 (2): 133-49.

Bloemendal et al., 2012; Mol Microbiol 84 (2): 310-23.
Poggeler and Kiick, 2004; Eukaryot Cell 3 (1): 232-40.
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Characterisation of contact-dependant tip re-orientation in Candida albicans hyphae. Darren Thomson, Silvia Wehmeier, Alex Brand. Aberdeen Fungal
Group, Aberdeen University, Aberdeen, United Kingdom.

Candida albicans is a pleiomorphic fungus that lives as a commensal yeast in the human body but can become pathogenic in susceptible patient groups.
Virulence is strongly linked with the production of penetrative hyphae that can adhere to and invade a wide range of substrates, including blood vessels,
organ tissue, keratinised finger-nails and even soft medical plastics. Using live-cell imaging and nanofabricated surfaces, we are characterising the spatio-
temporal dynamics of contact-induced hyphal tip behaviour (thigmotropism). To test whether tip re-orientation responses positively correlate with levels
of hyphal adhesion, we generated substrates with increasing adhesive force. Hyphal tip re-orientation was absent in poorly-immobilised hyphae and a
threshold adhesive force was required sub-apically to generate the hyphal tip pressure required for re-orientation. Interestingly, sub-threshold adhesion
resulted in sub-apical hyphal bending. Localization of fluorescent protein markers for the Spitzenkdrper and the Polarisome (Mlc1-YFP and Spa2-YFP,
respectively) showed that C. albicans hyphal tips grow in an asymmetric, ‘nose-down’ manner on a surface. Additionally, hyphal tips can detect surface
stiffness and show a distinct preference for nose-down growth on the softer of two substrates. Localisation of fluorescent cell-cycle reporter proteins over
time revealed that hyphal tip contact slowed the cell-cycle, suggesting that tip-contact perturbs cell-cycle mechanics. Finally, we examined the role of
cytoskeleton regulators in thigmotropism and determined the force that can be generated by the hyphal tip. Our results suggest that C. albicans hyphae
can exert sufficient force to penetrate human epithelial tissue without the need for secreted enzyme activity. This is consistent with the observed hyphal
penetration of medical-grade silicone, which has a similar Young’s modulus to human cartilage.

102



LISTING OF ALL POSTER ABSTRACTS

Biochemistry and Metabolism

1. Heme regulation in Aspergillus fumigatus., Nicola Beckmann

2. Key Steps in the Biosynthesis of the Fungal Virulence Factor
Gliotoxin., Pranatchareeya Chankhamjon

3. Identification of a gene cluster mediating the biosynthesis of the
Aspergillus fumigatus cell wall and secreted polysaccharide,
galactosaminogalactan., Fabrice N. Gravelat

4. A fasciclin-like protein in Aspergillus fumigatus., Thomas Hartmann

5. Characterization of fumiquinazoline biosynthesis in Aspergillus
fumigatus., Fang Yun Lim

6. Identification of local and cross-chromosomal biosynthetic gene
clusters in filamentous fungi using gene expression data. Mikael R.
Andersen

7. N-glycan profiling of Aspergillus nidulans using solid-phase glycan
extraction and mass spectrometry. Diana Anyaogu

8. Targeting of AcvA to peroxisomes increases penicillin production in
Aspergillus nidulans. Andreas Herr

9. Characterization of the 3-methyl orsellinic acid gene cluster in
Aspergillus nidulans. Jakob B. Nielsen

10. Induction of sclerotia and Aspergillus section Nigri. Jens Frisvad

11. Analyzing the impact of compartmentalization on organic acid
production in Aspergillus niger. Matthias G. Steiger

12. Subcellular localization of aphidicolin biosynthesis enzymes from
Phoma betae expressed heterologously in Aspergillus oryzae. K. Gomi

13. Increased production of fatty acids and triglycerides in Aspergillus
oryzae by modifying fatty acid metabolism. Koichi Tamano

14. Improved Properties of Thermostable Cellobiohydrolase in a
Treatment of Cellulosic Material. Taija Leinonen

15. The phytopathogenic fungus Botrytis pseudocinerea is resistant to
the fungicide fenhexamid due to detoxification by a cytochrome P450
monooxygenase Cyp684. Daniéle Debieu

16. Evolutionary rewiring of ubiquitination targets in Candida albicans
promotes efficient carbon assimilation in host niches. Alistair J. P.
Brown

17. Can-Hsp31 is important for Candida albicans growth and survival.
S. Hasim

18. Influence of N-glycans on a-/B-(1,3)-glucanase and a-(1,4)-amylase
from Paracoccidioides brasiliensis yeast cells. Fausto Bruno Dos Reis
Almeida

19. Cell wall structure and biosynthesis in oomycetes and true fungi: a
comparative analysis. Vincent Bulone

20. Investigating the function of a putative chitin synthase from
Phytophthora infestans. Stefan Klinter

21. Deciphering cell wall structure and biosynthesis in oomycetes
using carbohydrate analyses and plasma membrane proteomics. Hugo
Melida

22. Identification and characterization of the chitin synthase genes in
the fish pathogen Saprolegnia parasitica. Elzbieta Rzeszutek

23. Role of Ccr4-mediated mRNA turnover in
nucleotide/deoxynucleotide homeostasis and Amphotericin B
susceptibility in Cryptococcus neoformans. D. Banerjee

24. WITHDRAWN

25. Blue light induce Cordyceps militaris fruiting body formation and
cordycepin production. Chun-Hsiang Yang

26. Insight into alkaloid diversity of the epichloae, protective
symbionts of grasses. Carolyn A. Young

27. Extracellular polysaccharide degrading capabilities of various
Agaricus bisporus strains during compost cultivation. A.
Patyshakuliyeva

28. Reconstruction of the rubrofusarin biosynthetic pathway in
Saccharomyces cerevisiae. Rasmus J. N. Frandsen

29. Expression and purification of hydrophobin fusion proteins
targeted to intracellular protein bodies in T. reesei . Nina K. Aro

30. Metabolic adaptations in Phytophthora infestans and the role of a
phosphagen kinase system in energy metabolism. Meenakshi Kagda

31. Platforms for secondary metabolite analysis in filamentous fungi.
Uffe H. Mortensen

32. Transcriptional analysis of oxalate degradation in the white rot
basidiomycete Dichomitus squalens. Miia R. Makela

33. Creation of temperature-influenced hyphal growth mutantsin a
basidiomycete fungus through the use of UV mutagenesis. Stephen J.

Horton

34. Functional Analysis of a Novel Diaminopimelate Decarboxylase
from the Oomycete Saprolegnia parasitica. Paul Morris

35. Living on Air?: Ustilago maydis cells grow without being provided
nitrogen in their growth media. Michael H. Perlin

36. Saprotrophic metabolism of the White-Nose Syndrome fungus
Geomyces destructans in bat hibernacula. Hannah Reynolds

37. Cellulose acting enzymes of the white-rot fungus Dichomitus
squalens: expression of the genes and characterization of the

enzymes. Johanna Rytioja

38. Metabolomics of growth and type B trichothecenes production in
Fusarium graminearum. N. Ponts

39. Diversity of telomeric sequences and telomerase RNA structures
within Ascomycetes. Xiaodong Qi

40. Characterizing a putative three-step formaldehyde oxidation
pathway in Neurospora crassa. Ethan Addicott

41. Nitrate assimilation in Neurospora crassa. Oleg Agafonov

27th Fungal Genetics Conference | 103



LISTING OF ALL POSTER ABSTRACTS

42. Protein kinases affecting glycogen accumulation and likely
regulating the glycogen synthase phosphorylation status in
Neurospora crassa. T. Candido

43. Endogenous ergothioneine is required for wild type levels of
Neurospora crassa conidiogenesis and conidial survival, but does not
protect against uv-induced kill or mutagenesis. Lynn Epstein

44. Thiolutin inhibits protein turnover in Neurospora and yeast. Linda
Lauinger

45. Characterization of a Phanerochaete chrysosporium glutathione
transferase reveals a novel structural and functional class with
ligandin properties for wood extractive molecules. Melanie Morel

46. Secretome analysis of Trichoderma harzianum cultivated in the
presence of Fusarium solani cell wall or glucose. Marcelo HS Ramada

47. Analysis of carbon catabolite repression (CCR) during cellulase
formation by Trichoderma reesei (Hypocrea jecorina) using two-
dimensional differential gel electrophoresis (2D-DIGE). Roberto N.
Silva

48. Transposon-associated evolution of a fungal NRPS. Daniel Berry

49. Velvet family control of penicillin production in Penicillium
chrysogenum: PcVelB binding to isopenicillin N synthase suggests a
novel regulatory mechanism. Sandra Bloemendal

50. Genome mining reveals the evolutionary origin and biosynthetic
potential of basidiomycete polyketide synthases. Gerald Lackner

51. Engineering Cyclic Peptide Biosynthesis in Poisonous Mushrooms.
Hong Luo

52. Spatial assessment of oxidative and enzymatic reactions in brown
rotted wood. Jon R. Menke

53. Molecular biological basis for statin resistance in naturally statin-
producing organisms. Ana Rems

54. Molecular genetic characterization of secondary metabolism
pathways in Asperillus species. Clay Wang

55. A branched biosynthetic pathway is involved in production of
roquefortine and related compounds in Penicillium chrysogenum.
Arnold Driessen

56. A biosynthetic gene cluster for the antifungal metabolite
phomenoic acid in the plant pathogenic fungus, Leptosphaeria
maculans. Candace Elliott

57. Exploring and Manipulating Pleuromutilin Production. Patrick M.
Hayes

58. Improvement of Monascus pilosus for the production of functional
foods by overexpression of the laeA gene. In H. Lee

59. Molecular genetics studies on secondary metabolism in
Chaetomium globosum reveal involvement of aureonitol and
chaetoglobosins in gene regulation and sexual reproduction. Takehito

Nakazawa

60. Identification of T. asperellum CAZyme genes. Lasse Bech

104

61. Identification of a lactose permease of Trichoderma reesei that is
required for cellulase gene expression. Christa lvanova

62. The diversity of the Mannosylerythritol lipids depends on the
peroxisomal targeting of the Mannosylerythritol acyl transferases
Mac1 and Mac2 in Ustilago maydis. Bjorn Sandrock

63. Metabolic adaptation of the oomycete Phytophthora infestans
during colonization of plants and tubers. Carol E. Davis

64. Multi-copper oxidase genes of Heterobasidion irregulare. Bastian
Doernte

65. The two novel class Il hydrophobins of Trichoderma stimulate
enzymatic hydrolysis of polyethylene terephthalate (PET). Irina S.

Druzhinina

66. Analysis of polyketide synthase gene clusters in Cladonia
metacorallifera genome. J.-S. Hur

67. Inhibition of benzoate 4-monooxygenase (CYP53A15) from
Cohliobolus lunatus by cinnamic acid derivatives. Branka Korosec

68. Higher yields of cyclodepsipetides from Scopulariopsis brevicaulis
by random mutagenesis. Linda Paun

Cell Biology and Development

69. Generation of pathogenic diploids from heterogeneous conidial
populations of Aspergillus flavus. Farhana Runa

70. Inhibition of appressorium formation of Magnaporthe oryzae by
roxithromycin and its possible molecular target. Akira Ishii

71. Identification of novel genes involved in induction of
appressorium development triggered by plant-derived signals in
Colletotrichum orbiculare. Sayo Kodama

72. Unique protein domains regulate Aspergillus fumigatus RasA
localization and signaling during invasive growth. Jarrod R. Fortwendel

73. Light regulates growth, stress resistance and metabolism in the
fungal pathogen Aspergillus fumigatus. Kevin K. Fuller

74. Analysis of critical domains in calcineurin A required for septal
targeting and function in Aspergillus fumigatus. Praveen R. Juvvadi

75. Calcium imaging and measurement during growth and response to
stresses in Aspergillus fumigatus. Alberto Mufioz

76. WITHDRAWN

77. The copper transporter ctpA in Aspergillus fumigatus is critical for
conidial melanization and virulence in an invertebrate infection
model. Srijana Upadhyay

78. Aspergillus nidulans SNXA"™®" is an SR/RRM family protein that
rescues defects in the CDC2/CYCLINB pathway. Sarah Lea Anglin

79. The Aspergillus nidulans MAPK module AnSte11-Ste50-Ste7-Fus3

controls development and secondary metabolism. Oezguer Bayram

80. Functional analysis of sterol transporter in filamentous fungus
Aspergillus nidulans. Nicole Biihler



LISTING OF ALL POSTER ABSTRACTS

81. Mechanisms of cellular resistance to copper and arsenic in
Aspergillus nidualans. Steven H. Denison

82. Functional characterization of Aspergillus nidulans ANID_05595.1:
a possible homologue of the polarisome component Pea2. Nathan W.
Gross

83. Aspergillus nidulans septin interactions and post-translational
modifications. Yainitza Hernandez-Rodriguez

84. A highly conserved sequence motif is required for PkcA
localization to septation sites and protein function in Aspergillus
nidulans. Terry Hill

85. The MpkB MAP kinase plays a role in autolysis and conidiation of
Aspergillus nidulans. Kwang-Yeop Jahng

86. Beyond green mining: analysis of fungal cytochemistry using gold
nanoparticles. Susan GW Kaminskyj

87. Aspergillus nidulans as an experimental system to identify novel
cell wall growth and maintenance genes through identification of anti-
fungal drug resistance mutations. Susan Kaminskyj

88. Aspergillus nidulans cell walls lacking galactofuranose are more
susceptible to glucan degrading enzymes. Susan Kaminskyj

89. The GATA-type transcription factor NsdD is a key regulator of
conidiation and secondary metabolism in Aspergillus. Mi-Kyung Lee

90. THE velvet regulators in Aspergilli. Heesoo Park

91. Coordinated regulation of asexual development, cell death and
autolysis by the C2H2 zinc finger transcription factor BrlA in
Aspergillus nidulan. Istvan Pdcsi

92. Whole-genome sequencing identifies novel alleles of genes
required for organelle distribution and motility in Aspergillus
nidulans. Samara Reck-Peterson

93. Two methyltransferase protein complexes control fungal
development and secondary metabolite production. Oezlem Sarikaya
Bayram

94. Control of Multicellular Development by the Physically Interacting
Deneddylases DEN1/DenA and COP9 Signalosome. Josua Schinke

95. Visualization of apical membrane domains in Aspergillus nidulans
by Photoactivated Localization Microscopy (PALM). Norio Takeshita

96. Cellular morphogenesis of Aspergillus nidulans conidiophores: a
systematic survey of protein kinase and phosphatase function.
Lakshmi Preethi Yerra

97. The Putative Guanine Nucleotide Exchange Factor RicA Mediates
Upstream Signaling for Growth and Development in Aspergillus. Jae-
Hyuk Yu

98. Evidence for a role of peroxisomes in microtubule organization.
Ying Zhang

99. Autophagy promotes survival in aging submerged cultures of the
filamentous fungus Aspergillus niger. Maria A. Burggraaf

100. Inactivation of fIbA results in increased secretome complexity
and reduced secretion heterogeneity in colonies of Aspergillus niger.

Pauline Krijgsheld

101. Functional characterization of A. niger class Ill and class V chitin
synthases and their role in cell wall integrity. Jean-Paul Ouedraogo

102. Exploiting transcriptomic signatures of Aspergillus niger to
uncover key genes important for high protein traffic through its
secretory pathway. Joohae Park

103. Identification of two Golgi-localized putative UDP-
galactofuranose transporters with overlapping function in Aspergillus
niger. Joohae Park

104. Maltose permease-encoding mRNA is cleaved under induction
condition of amylolytic gene expression in Aspergillus oryzae. Mizuki
Tanaka

105. Functional characterisation of Rac GTPase in Botrytis cinerea
reveals impact on polarity, cell cycle and pathogenicity. Anna Minz-
Dub

106. Light matters: The transcription factor LTF1 regulates virulence
and light responses in the necrotrophic plant pathogen Botrytis
cinerea. Julia Schumacher

107. Functional analysis of genes in the mating type locus of Botrytis
cinerea. Jan van Kan

08. The role of hydrophobins in sexual development of Botrytis
cinerea. Jan van Kan

109. The pescadillo homolog, controlled by Tor, coordinates
proliferation and growth and response in Candida albicans yeast.
Tahmeena Chowdhury

110. Uncovering the mechanisms of thermal adaptation in Candida
albicans. Michelle Leach

111. Characterisation of contact-dependant tip re-orientation in
Candida albicans hyphae. Darren Thomson

112. Cdc14 association with basal bodies in the oomycete
Phytophthora infestans indicates potential new role for this protein
phosphatase. Audrey M. V. Ah-Fong

113. Colletotrichum orbiculare Bub2-Bfal complex, a spindle position
checkpoint (SPOC) component in Saccharomyces cerevisiae, is
involved in proper progression of cell cycle. Fumi Fukada

114. Metazoan-like mitotic events in the basidiomycetous budding
yeast Cryptococcus neoformans - a human fungal pathogen. L.
Kozubowski

115. Distinctive Mitotic Localization of a Novel Suppressor of nimA1
Provides New Insight into NIMA Function. Jennifer R. Larson

116. Investigating Cell Cycle-Regulated Control of Appressorium
Morphogenesis in the Rice Blast Fungus Magnaporthe oryzae. Wasin
Sakulkoo

117. THE ROLE AND TRAFFIC OF CHITIN SYNTHASES IN Neurospora
crassa. R. Fajardo

118. DFG5 and DCW!1 cross-link Cell Wall Proteins into the Cell Wall
Matrix. Stephen J. Free

119. Cell wall biology to illuminate mechanisms of pathogenicity in

27th Fungal Genetics Conference | 105



LISTING OF ALL POSTER ABSTRACTS

Phytophthora infestans. Laura Grenville-Briggs

120. Analysis of the cell wall integrity (CWI) pathway in Ashbya
gossypii. Klaus B. Lengeler

121. Dynamics of exocytic markers and cell wall alterations in an
endocytosis mutant of Neurospora crassa. Rosa R. Mourifio-Pérez

122. Comprehensive genome-based analysis of cell wall biosynthesis
in the filamentous phytopathogen Ashbya gossypii. P. Philippsen

123. cAMP regulation in Neurospora crassa conidiation. Wilhelm
Hansberg

124. Stel2 is a negative regulator of conidiation and cell wall lytic
enzymes production in response to nitrogen deprivation and light in
Trichoderma atroviride. Maria Fernanda Nieto-Jacobo

125. Black holes in fungal virulence: loss of RNAi in C. gattii outbreak
strains reveals a novel RNAi factor. Marianna Feretzaki

126. The Crz1/Sp1 transcription factor of Cryptococcus neoformans is
activated by calcineurin and regulates cell wall integrity. Sophie Lev

127. A Fungal Adhesin Guides Community Behaviors by Autoinduction
and Paracrinal Signaling. Lingi Wang

128. The PacC Signal Transduction Pathway regulates Sexual
Development in Neurospora crassa. Stephen J. Free

129. Aspergillus flavus MAP kinase AfIMpkB positively regulates
developmental process but not aflatoxin production. Kap-Hoon Han

130. Subcellular localization and kinase activity of GK4, a
Phytophthora infestans GPCR-PIPK involved in actin cytoskeleton
organisation. Chenlei Hua

131. External calcium ions and deletion of per-1 gene suppressed the
abnormal morphology of och-1 and frost mutants in Neurospora
crassa. Masayuki Kamei

132. Functional analysis of carbonic anhydrases from the filamentous
ascomycete Sordaria macrospora. Ronny Lehneck

133. The Coprinopsis cinerea cag1 (cap-growthless1) gene, whose
mutation affects cap growth in fruiting body morphogenesis, encodes
the budding yeast Tup1 homolog. H. Muraguchi

134. Adaptation of the microtubule cytoskeleton to multinuclearity
and chromosome number in hyphae of Ashbya gossypii as revealed by

electron tomography. P. Philippsen

135. High resolution proteomics of spores, germlings and hyphae of
the phytopathogenic fungus Ashbya gossypii. P. Philippsen

136. Indoor Fungal Growth and Humidity Dynamics. Frank J. J. Segers

137. Essentiality of Ku70/80 in Ustilago maydis is related to its ability
to suppress DNA damage signalling at telomeres. Jose Perez-Martin

138. Magnaporthe oryzae effectors with putative roles in cell-to-cell
movement during biotrophic invasion of rice. Mihwa Yi

139. Functional characterization of autophagy genes Smatg8 and
Smatg4 in the homothallic ascomycete Sordaria macrospora. Stefanie

106

Poeggeler

140. Laser microdissection and transcriptomics of infection cushions
formed by Fusarium graminearum. Marike Boenisch

141. Biochemical and biophysical analysis of the CarO rhodopsin of
Fusarium fujikuroi. Jorge Garcia-Martinez

142. Roles of membrane and organellar calcium channels and
transporters in controlling pulsatile [Ca*']. signatures. Hye-Seon Kim

143. Characterization of positive regulator for asexual and sexual
reproduction in the cereal head blight pathogen Gibberella zeae.
Jungkwan Lee

144. Functional analysis of Elongator complex protein 3 in Gibberella
zeae. Y. ). Lee

145. Functional analyses of regulators of G protein signaling (FgRGS)
and GzGPA proteins in Gibberella zeae. A. R. Park

146. A novel gene, GEA1, is required for ascus cell wall development
in the ascomycete fungus, Gibberella zeae. H. SON

147. A systems-biology approach to build gene-regulatory network
models connecting osmotic stress responses and asexual
development in Fusarium graminearum. A. Thompkins

148. Starvation enhances heterokaryon formation between
incompatible strains of Fusarium oxysporum. Shermineh Shahi

149. Requirements for horizontal chromosome transfer in the plant
pathogenic fungus Fusarium oxysporum. Ido Vlaardingerbroek

150. Characterization of the endocytotic proteins Yell-Arf3-Gts1 in
Ashbya gossypii and the role of Gts1 in endocytosis, actin localization
and filamentous growth. Therése Oskarsson

151. A Late Embryogenesis Abundant (LEA) protein in Neosartorya
fischeri confers protection against desiccation. Martin Richard van
Leeuwen

152. Coordination of polarized secretion by the exocyst complex is
critical for filamentous growth and cytokinesis in Ustilago maydis.
Michaela Wehr

153. Localization of Neurospora crassa Cell Fusion Proteins. Ci Fu

154. Identification of novel Neurospora crassa genes involved in
hyphal fusion by tanscriptomic analysis. Wilfried Jonkers

155. N-acetylglucosamine (GIcNAc) Triggers a Morphogenetic Program
in Systemic Dimorphic Fungi. Sarah A. Gilmore

156. How water influences fungal growth on "real" materials. H. P.
Huinink

157. Identification and characterization of two genes required in the
control of a cell degeneration in the filamentous fungi Podospora
anserina. Herve Lalucque

158. Dynein drives oscillatory nuclear movements in the
phytopathogenic fungus Ashbya gossypii and prevents nuclear
clustering. P. Philippsen

159. Quantification of the thigmotropic response of Neurospora
crassa to microfabricated slides with ridges of defined height and
topography. Karen Stephenson



LISTING OF ALL POSTER ABSTRACTS

160. Specificity determinants of GTPase recognition by RhoGEFs in
Ustilago maydis. Britta A. M. Tillmann

161. Moisture dependencies of P. Rubens on a porous substrate. K. A.
van Laarhoven

162. Localization of Ga proteins during germination in the filamentous
fungus, Neurospora crassa. llva Esther Cabrera

163. Deciphering the roles of the secretory pathway key regulators
YPT-1 and SEC-4 in the filamentous fungus Neurospora crassa. E.
Sanchez

164. Functional characterization of CBM18 proteins, an expanded
family of chitin binding genes in the Batrachochytrium dendrobatidis
genome. Jason Stajich

165. The exocyst complex is necessary for secretion of effector
proteins during plant infection by Magnaporthe oryzae. Yogesh K.
Gupta

166. Functional analysis of protein ubiquitination in the rice blast
fungus Magnaporthe oryzae. Yeonyee Oh

167. The role of autophagy in Cryphonectria hypovirus 1 (CHV1)
infection in Cryphonectria parasitica. M. Rossi

168. Neurospora crassa protein arginine methyl transferases are
involved in growth and development and interact with the NDR
kinase COT1. D. Feldman

169. Role of teal and tea4 homologs in cell morphogenesis in Ustilago
maydis. Flora Banuett

170. Sex determination directs uniparental mitochondrial inheritance
in Phycomyces blakesleeanus. Viplendra P. S. Shakya

171. Exploring the role of a highly expressed, secreted tyrosinase in
Histoplasma capsulatum mycelia. Christopher F. Villalta

172. Hypobranching induced by both anti-oxidants and ROS control
gene knockouts in Neurospora crassa. Michael K. Watters

173. Septum formation starts with the establishment of a septal actin
tangle (SAT) at future septation sites. Diego Delgado-Alvarez

174. Characterization of the Neurospora crassa STRIPAK complex.
Anne Dettmann

175. Does the CENP-T-W-S-X tetramer link centromeres to
kinetochores? Jonathan Galazka

176. Proper actin ring formation and septum constriction requires
coordination of SIN and MOR pathways through the germinal centre
kinase MST1. Yvonne Heilig

177. Regulatation of the BUD3-BUD4 landmark complex by the NDR
kinases DBF2 and COT1 during septum formation in Neurospora
crassa. Yvonne Heilig

178. Development of a Protein-Protein Interaction Platform in
Neurospora Crassa. Shougiang Ouyang

179. Specific Structural Features of Sterols Affect Cell-Cell Signaling
and Fusion in Neurospora crassa. Martin Weichert

180. The role of NADPH oxidases in Neurospora crassa cell fusion.
Nallely Cano-Dominguez

181. DYNAMICS OF THE PROTEINS BUD-2 AND BUD-5 DURING CELL
POLARIZATION IN NEUROSPORA CRASSA. E. Castro-Longoria

182. The role of calcium and calmodulin during cell fusion and colony
initiation in Neurospora crassa. Chia-Chen Chang

183. Deletion of cAMP phosphodiesterase pde-2/acon-2 gene causes
the enhanced osmotic sensitivity in 0s-1 and o0s-2 mutants of N. M.
Fujimura crassa.

184. Genetic analysis of GNB-1 and CPC-2 with the G alpha subunits in
Heterotrimeric G protein signaling in Neurospora crassa. AMruta
Garud

185. Communication Interference during Cell Fusion in Neurospora
crassa is controlled by a Region under Balancing Selection in the
Heterokaryon Incompatibility Locus het-c. Jens Heller

186. The N. crassa Bem46 protein: alternative splicing and eisosomal
association. Frank Kempken

187. The alternative oxidase induction pathway is involved in
senescence associated with over-replication of a mitochondrial
plasmid in Neurospora crassa. John Kennell

188. Relationship among mutagen sensitivity, senescence and
mitochondrial morphology in the ultraviolet sensitive-5 mutant of
Neurospora crassa. Kiminori Kurashima

189. Localization of EGL-1 and EGL-2, two GPI anchored cell wall B (1-
3) endoglucanases, at hyphal apices and septa, and in interconidial
septa in Neurospora crassa. Leonora Martinez

190. Stability of a G protein alpha subunit in genetic backgrounds
lacking the G beta subunit or a cytosolic guanine nucleotide exchange
factor. Alexander V. Michkov

191. Functional analysis the Saccharomyces cerevisiae Ste20, Cla4
homologue in Neurospora crassa. Yuhei Nogami

192. Dissecting the Pathway of Cellulase Secretion in Neurospora
crassa. Trevor Starr

193. Towards understanding the endoplasmic reticulum associated
degradation process of misfolded glycoproteins in Neurospora crassa.
Georgios Tzelepis

194. Withdrawn

195. Genetic analysis of the role of peroxisomes in the virulence and
survival in Fusarium graminearum. K. Min

196. roGFP and anti-oxidant defences in the rice blast fungus
Magnaporthe oryzae. Marketa Samalova

197. Dimorphism and virulence in pathogenic zygomycetes. Soo Chan
Lee

198. Genetic analysis of the components of the ime-2 mediated
signaling events during nonself recognition and programmed cell
death (PCD) in Neurospora crassa. Joanna A. Bueche

199. PROA4S is a component of the conserved STRIPAK complex in
Sordaria macrospora. Steffen Nordzieke

27th Fungal Genetics Conference | 107



LISTING OF ALL POSTER ABSTRACTS

200. Molecular Determinants of Sporulation in Ashbya gossypii.
Jurgen W. Wendland

201. VELVET is regulated by ENV1 and impacts development of
Trichoderma reesei. Hoda Bazafkan

202. Sexual reproduction and mating type function in the penicillin
producing fungus Penicillium chrysogenum. Julia B6hm

203. Exponentiate complexity: non-mating GPCRs in the
basidiomycete Schizophyllum commune. Daniela Freihorst

204. Characterization of new STRIPAK complex interaction partners in
the filamentous ascomycete Sordaria macrospora. Britta Herzog

205. Hypocrea jecorina meiosis generates segmentally aneuploid
progeny to enhance production of xylan-degrading hemicellulases. T.-
F. Wang

206. Deletion of MAT 1-2-1 gene results in mating type switching in
Ceratocystis fimbriata. Brenda D. Wingfield

207. Mannitol is essential for the development of stress resistant
ascospores in Neosartorya fischeri. Timon T. Wyatt

208. A small lipopeptide pheromone with limited proline substitutions
can still be active. Thomas J. Fowler

209. Function of Ras proteins in fungal morphogenesis of
Schizophyllum commune. E.-M. Jung

210. The developmental PRO40/SOFT protein participates in signaling
via the MIK1/MEK1/MAK1 module in Sordaria macrospora. Ines
Teichert

211. Map-based identification of the mad photosensing genes of
Phycomyces blakesleeanus. Silvia Polaino Orts

212. The C;H, transcription factor HgrA promotes hyphal growth in
the dimorphic pathogen Penicillium marneffei. Hayley E. Bugeja

213. Involvement of a specific ubiquitin ligase in the assembly of the
dynein motor. Michael Plamann

214. Identification and characterization of new alleles required for
microtubule-based transport of nuclei, endosomes, and peroxisomes.
K. Tan

215. Pheromone-induced G2 cell cycle arrest in Ustilago maydis
requires inhibitory phosphorylation of Cdk1. Sénia M. Castanheira

216. Microtubule-dependent mRNA transport and mitochondrial
protein import in Ustilago maydis. T. Langner

217. “The vacuole” of Neurospora crassa may be composed of
multiple compartments with different structures and functions. Barry
J. Bowman

218. Comparisons of two wild type A mating type loci and derived
self-compatible mutants in the basidiomycete Coprinopsis cinerea.
Ursula Kiies

219. Transformation of an NACHT-NTPase gene NWD2 suppresses the
pkn1 defect in fruiting body initiation of the Coprinopsis cinerea
mutant Proto159. Ursula Kiies

108

220. Dynamics of the actin cytoskeleton in Phytophthora infestans.
Harold Meijer

Comparative and Functional Genomics

221. A novel approach for functional analysis of genes in the rice blast
fungus. Sook-Young Park

222. Distribution and evolution of transposable elements in the
Magnaporthe oryzae/grisea clade. Joelle Amselem

223. Alternative structural annotation of Aspergillus oryzae and
Aspergillus nidulans based on RNA-Seq evidence. Gustavo C. Cerqueira

224. Improved Gene Ontology annotation for biofilm formation,
filamentous growth and phenotypic switching in Candida albicans.
Diane O. Inglis

225. Genome sequencing of Verticillium albo-atrum pathotypes in
order to understand wilt disease in hop production. J. Jakse

226. Aegerolysin proteins from Aspergillus species. Nada Krasevec

227. Assembly, Annotation, and Analysis of Multiple Mycorrhizal
Fungal Genomes. Alan Kuo

228. Comparative reannotation of 21 Aspergillus genomes. Asaf A.
Salamov

229. Using the phenotypic information in the PHI-base database to
explore pathogen genomes, transcriptomes and proteomes. Martin
Urban

230. RNA-Seq analysis reveals new gene models and alternative
splicing in Fusarium graminearum. Theo vanderLee

231. Comparison of transcriptome technologies in the MpkA deletion
mutant of Aspergillus fumigatus. Clara Baldin

232. Spliceosome twintrons ( “stwintrons”) revealed by fungal nuclear
genomes. Erzsébet Fekete

233. NGS data revealed that the NSDA sterile mutant contains a
mutation in the SCF ubiquitin ligase subunit gene, culC, in Aspergillus
nidulans. Kap-Hoon Han

234. Whole genome sequencing of two Aspergillus oryzae strains
isolated from Meju, a traditional brick of dried fermented soybean, in
Korea. Kap-Hoon Han

235. Systematic analysis of the uncharacterized genes, which widely
conserved among filamentous fungi, in Aspergillus oryzae.
K. Iwashita

236. Penicillium purpurogenum degrades lignocellulose. What can we
learn of this process by analyzing the genome, transcriptome and
secretome of the fungus? Jaime Eyzaguirre

237. Functional genomics of lignocellulose degradation in the
Basidiomycete white rot Schizophyllum commune. Robin A. Ohm

238. Functional characterization of genes expressed in early infection
stages by the phytopathogenic fungus Botrytis cinerea. J. Espino



LISTING OF ALL POSTER ABSTRACTS

239. Regulation of biofilm formation in Candida parapsilosis. Linda
Holland

240. Functional analysis of the Mps1 MAP kinase pathway in the rice
blast fungus Magnaporthe oryzae. E. Grund

241. A RNA-Seq directed functional genomics screen to identify novel
cell wall genes in the hyphal tip of Neurospora crassa. Divya Sain

242. Identification of centromeres in the plant pathogen
Zymoseptoria tritici (synonym Mycosphaerella graminicola). Klaas
Schotanus

243. Loss of the RNAi pathway in VGII Cryptococcus gattii sheds light
on the intact system in Cryptococcus neoformans. R. Blake Billmyre

244. A chemical-genetic map of a human fungal meningitis pathogen.
Jessica C. S. Brown

245. Whole genome sequencing of high-mortality and low-mortality
strains of Cryptococcus neoformans var. grubii to discover genetic
determinants of virulence. Tami R. McDonald

246. ldentification of high temperature-regulated genes controlled by
Sch9 through comparative transcriptome analysis in Cryptococcus
neoformans. Dong-Hoon Yang

247. Genome-wide analysis of eleven white- and brown-rot
Polyporales provides insight into mechanisms of wood decay. Chiaki
Hori

248. Genomic context and distribution of effector genes in Fusarium
oxysporum. Sarah Maria Schmidt

249. Whole genome sequencing reveals new links between diverse
plant pathogens; an expanded AvrLmé6-like gene family in Venturia
species. Jason Shiller

250. O6mycetes Protein Array Project. Samantha Taylor

251. Extensive chromosomal reshuffling drives evolution of virulence
in an asexual pathogen. Ronnie de Jonge

252. Genomic census of transmembrane proteins of the marine
fungus, Corollospora maritima. Derek Johnson

253. Fungal Calcium Signaling Database (FCSD). Venkatesh Moktali

254. Evolutionary genomic analysis of cytochrome P450 proteins in
the subphyla Pezizomycotina. Venkatesh Moktali

255. Uncovering the evolutionary pressures shaping the
Glomeromycota-Glomeribacter endosymbiosis. Stephen J. Mondo

256. The Unique family of Telomere-Linked Helicases in Fungi. Olga
Novikova

257. Evolution of proteins containing intein- and Hedgehog-like Vint
domains in Fungi. Olga Novikova

258. The genome and development-dependent transcriptome of
Pyronema confluens: a window into fungal evolution. Minou
Nowrousian

259. Genome and transcriptome analysis of the mycoparasite
Clonostachys rosea. Kristiina Nygren

260. The mitochondrial genomes of Fusarium circinatum, F.
verticillioides and F. fujikuroi are unexpectedly similar. G. Fourie

261. Comparative pathogenomics: next generation dissection of
mechanisms of pathogenesis on plants. Donald M. Gardiner

262. Characterisation of stuA homologue in Fusarium culmorum.
Matias Pasquali

263. Comparative analysis of noncoding sequences in the Gibberella
fujikuroi species complex. Christian Sieber

264. Virulence of Fusarium circinatum on Pinus species. S. L. Slinski

265. Understanding the remodeling of the wheat grain genome
expression during infection, a gate to get new insights on the
molecular cross-talk controlling the development of the interaction
between the wheat and Fusarium graminearum.. Chetouhi Cherif

266. Genetic and epigenetic changes in Fusarium graminearum
following serial subculture. Heather E. Hallen-Adams

267. Evolutionary and functional analysis of mitosis-related kinase
genes in Fusarium graminearum. Huiquan Liu

268. Functional analysis of A MADS-box transcription Mcm1 in
Fusarium graminearum . Chen fang Wang

269. Genome sequencing of the Fusarium graminearum species
complex in Korea. Sung-Hwan Yun

270. Identification and functional analysis of virulence genes in
different host-pathogenic forms of Fusarium oxysporum. P. van Dam

271. Protocol for generating gene knock-out transformants of the
fungal pathogen Verticillium albo-atrum. M. Flajsman

272. Functional analysis of catalase-peroxidase encoding genes in the
fungal wheat pathogen Zymoseptoria tritici. A. Mirzadi Gohari

273. Efficient recycling of selective marker genes with the Cre-loxP
recombination system via anastomosis in Cryphonectria parasitica.
Dong-Xiu Zhang

274. RNA-seq reveals the pleiotropic regulating functions of the
transcription factor XYR1 in Trichoderma reesei. Liang Ma

275. Tyrosinase an important enzyme for melanin production in the
oomycete Saprolegnia parasitica. Marcia Saraiva

276. Comparative transcriptomics of Cordyceps bassiana to
understand expression levels of its NRPS related genes. B. Shrestha

277. Global analysis of the Colletotrichum gloeosporioides genome
and transcriptome reveals a conserved role for pacC pH regulation in
fungi. Noam Alkan

278. WITHDRAWN

279. Anisogramma anomala: a unique fungus with a huge genome.
Guohong Cai

280. Leptosphaeria maculans 'brassicae': "Transposable Elements
changed my life, | feel different now". Jonathan Grandaubert
281. Genomics of fungal interactions for bioenergy crops. Igor
Grigoriev

27th Fungal Genetics Conference | 109



LISTING OF ALL POSTER ABSTRACTS

282. Genomic analysis of oleaginous fungi. H. Koike

283. Genome sequencing, assembly and annotation of a marine fungal
isolate of Scopulariopsis brevicaulis using three different next
generation sequencing technologies. Abhishek Kumar

284. Genome sequencing, assembly and annotation of a marine fungal
isolate of Pestalotiopsis using next generation sequencing
technologies. Abhishek Kumar

285. Genome sequencing, assembly and annotation of a marine fungal
isolate of Calcasporium using different next generation sequencing
technologies. Abhishek Kumar

286. Genome sequencing, assembly and annotation of three marine
fungal isolates using different next generation DNA sequencing
methods for pharmaceutically important secondary metabolites.
Abhishek Kumar

287. From Shiitake genomics to comparative mushroom genomics:
Mushroomics. Hoi Shan Kwan

288. Comparative genomics of Ceratocystis polonica and Ophiostoma
bicolor, two bark beetle-associated pathogenic fungi. Ljerka Lah

289. The largest fungal mitochondrial genome of a basidiomycete
contains signs of genetic flexibility and recombination events. Taina K.
Lundell

290. De Novo Assembly of Fungal Genomes and Detection of
Structural Variation using Extremely Long Single-Molecule Imaging.
Nicholas R. Rhind

291. Discovering host specificity candidate genes of Sporisorium
reilianum by genotyping mixed-variety offspring. J. Schirawski

292. Comparing comparative “omics” in Coccidioides spp. Emily A.
Whiston

293. The transcriptional response during cell-fusion incompatibility in
Podospora anserina. Sven J. Saupe

294. Comparative Analysis of Putative Rhodopsins in Early Diverging
Fungal Lineages. Steven Ahrendt

295. Molecular Tools to Silence and Confirm Genes in Phytophthora
Sojae. Felipe R. Arredondo

296. Functional Characterization of Transcription Factor Genes,
MOoNIT4 and MoLEU3, in Magnaporthe oryzae. Jaehyuk Choi

297. Comparative genomic analysis of world-wide Magnaporthe
oryzae isolate collection. Jaeyoung Choi

298. Functional characterization of two genes encoding putative
Zn(1),Cyse transcription factors, MoCOD1 and MoCOD2 in
Magnaporthe oryzae. Hyunjung Chung

299. Comparative proteomics of monoclonal-antibody enriched
haustoria from three races of Puccinia triticina. Christof Rampitsch

300. RNA-seq analyses of gene expression in the microsclerotia of
Verticillium dahliae. Steven J. Klosterman

301. Exploring the Genome Diversity of Mycorrhizal Fungi to
Understand the Evolution and Functioning of Symbiosis. Francis M.

110

Martin

302. Known unknown genes: evolution of eukaryotic BEM46.
Abhishek Kumar

303. Sugar ‘cubed’ - A Comparative Systems Analysis of Plant Cell Wall
Polysaccharide Recognition and Degradation Using the Model
Filamentous Fungus Neurospora crassa. J. P. Benz

304. Building upon whole genome resequencing in Neurospora. Kevin
McCluskey

305. Genome based phylogeny of early diverging fungal lineages. A. P.
Gryganskyi

306. Comparative analysis of 35 basidiomycete genomes reveals
diversity and uniqueness of the phylum. Robert Riley

307. Functional analysis of roles of expanded genes in fruiting body
development in Coprinopsis cinerea. Jinhui Chang

308. Comparative analysis of fungal kinomes. Abhishek Kumar

309. VeA, VelB and FluG affect conidiation and aflatoxin production of
Aspergillus flavus. L. Scharfenstein

310. The Environmental Molecular Sciences Laboratory molecular
analysis capabilities for fungal biology. S. E. Baker

311. Comparative Genomics and Transcriptomics of Insect
Pathogenesis. Kathryn E. Bushley

312. Integrated transcriptional profiling and analysis for identification
of Cryptococcus neoformans genes regulated during human
cryptococcal meningitis. Y. Chen

313. Structural and functional characterization of microRNA-like RNAs
in the penicillin producing fungus Penicillium chrysogenum. Tim
Dahlmann

314. Metatranscriptomic analysis of ectomycorrhizal root clusters in
Pinus taeda: new methodologies for assessing functional gene
expression in situ. H.-L. Liao

315. Transcriptomic response of Neurospora crassa germinating
conidia to chitosan in sub-lethal dose. Federico Lopez-Moya

316. Transcriptomic analysis of the interaction between Trichoderma
harzianum and the phytopathogen Sclerotinia sclerotiorum using the
RNA-seq approach. Andrei S. Steindorff

317. Genome evolution of the original Saccharomyces carlsbergensis
lager yeast strain, Unterhefe Nol, as revealed by whole genome
sequencing. Andrea Walther

318. Retention of genes in a secondary metabolite gene cluster that
has degenerated in multiple lineages of the Ascomycota. Daren W.
Brown

319. Functional characterization of unique non-ribosomal peptide
synthetase genes in the cereal fungal pathogen Cochliobolus sativus.
Yuegiang Leng

320. Phylogenomics unveils secondary metabolites specific to
mycoparasitic lineages in Hypocreales. C. Alisha Owensby

321. Genome and transcriptome sequence of the apomictic fungus
Arnium arizonense (Podospora arizonensis). R. Debuchy



LISTING OF ALL POSTER ABSTRACTS

322. Role of MAP kinase pathways in the pathogenicity of the wheat
pathogen Mycosphaerella graminicola . Elisabetta Marchegiani

323. WITHDRAWN

324. Ancient and abundant MITEs in epichloae genomes. Damien
Fleetwood

325. Exploring the biomass modifying enzymes of new filamentous
fungal isolates from Vietnam, using secretome and transcriptome
analyses. George E. Anasontzis

326. Fusarium Comparative Transcriptomics and Transcriptional
Regulatory Network Reconstruction. L. Guo

327. The mycorrhizal genome initiative (MGl): Identification of
symbiosis-regulated genes by using RNA-Seq. A. Kohler

328. Transcriptome, secreted enzymes and systematics of the white
rot basidiomycete Phlebia radiata. Jaana Kuuskeri

329. Characterization of molecular mechanisms underlying the multi-
drug-resistant phenotypes of Mycosphaerella graminicola field
isolates. Sabine Fillinger

330. Candidate pathogenesis gene identification via Ustilago maydis
“first gen” genomic analyses. M. E. Donaldson

331. A biocontrol agent among pathogens : How Pseudozyma
flocculosa genome relates to singular lifestyle. F. Lefebvre

332. A tale of two poplar pathogens - Moving from sequence to
function. B. Dhillon

333. Defining Open Chromatin Regions in Coprinopsis cinerea Oidia by
FAIRE. Virginia K. Hench

334. Ensembl Fungi - genome-scale data portal from fungal species.
Uma Maheswari

335. A draft genome of the ectomycorrhizal fungus Rhizopogon
vesiculosus: Characterization of mating system and heterozygosity
within the dikaryon. Alija Mujic

336. Diverse Lifestyles and Strategies of Plant Pathogenesis Encoded
in the Genomes of Eighteen Dothideomycetes Fungi. Robin A. Ohm

337. Domains of meiotic DNA recombination and gene conversion in
Coprinopsis cinerea (Coprinus cinereus). Patricia J. Pukkila

338. FungiDB: An integrated functional genomics database for fungi.
Raghuraman Ramamurthy

339. Letters from the front: The Microbotryum violaceum genome and
transcriptome project. Su San Toh

340. The Aspergillus and Candida Genome Databases: Recent
Developments and Future Plans. Martha B. Arnaud

341. The Trichoderma reesei polyketide synthase gene pks1 is
necessary for yellow-green pigmentation of conidia and is involved in
the establishment of environmental fitness. Lea Atanasova

342. Functional Analysis of Genes in Regions of Introgression in
Coccidioides. Bridget M. Barker

343. Classification and accurate functional prediction of carbohydrate-
active enzymes by recognition of short, conserved peptide motifs.
Peter K. Busk

344. The mechanism of introner-like element multiplication in fungi.
Jéréme Collemare

345. Fungi use prion folds for signal transduction processes involving
STAND proteins. Asen Daskalov

346. RNA silencing in poplar anthracnose fungus Colletotrichum
gloeosporioides. Simeng Li

347. Comparative Genomics of L and S Morphotypes of Aspergillus
flavus. Mana Ohkura

348. Searching for Functional Mobile Elements in Coprinopsis cinerea.
Marilee A. Ramesh

349. Genome-wide analysis of small RNA machineries in fungal
kingdom. Jiayao Wu

350. Comparative Analysis of Malassezia Mating Loci. Jun Xu

Education and Professional Development

351. The internet effectiveness for gaining students enrolled at college
of education The scientific facts and concepts about Biofuel issue
according to the Responsibility Spiral model. Khlood S. AlSheikh

352. ComGen Authentic Research Experiences (C-ARE): Fungal genetic
analysis. Andrea Gargas

353. Facilitating an Interdisciplinary Learning Community Amongst

Undergraduate Research Fellows By Emphasizing Scientific Inquiry as
the Unifying Thread. Virginia K. Hench

Gene Regulation

354. YAB- An Agrobacterium-based vector system for direct cloning of
eukaryotic gene constructs via yeast recombination. M. Alejandra
Mandel

355. Removal of C4-methyl Sterol Accumulation in a SREBP-null
Mutant of Aspergillus fumigatus Restores Hypoxia Growth. Sara J.
Blosser

356. VeA Regulates Conidiation, Gliotoxin Production and Protease
Activity in the Opportunistic Human Pathogen Aspergillus fumigatus.
Sourabh Dhingra

357. HapXcess and C-terminal truncation impairs Aspergillus
fumigatus' iron homeostasis. Fabio Gsaller

358. The CCAAT-Binding-Complex mediates Iron Regulation in
Aspergillus fumigatus. Hubertus Haas

359. Protein kinase A signaling in Aspergillus fumigatus: Identification
of downstream targets. Juliane Macheleidt

360. Aspergillus nidulans galactofuranose biosynthesis affects
antifungal drug sensitivity. Md. Kausar Alam

27th Fungal Genetics Conference | 111



LISTING OF ALL POSTER ABSTRACTS

361. WITHDRAWN

362. Sulfur metabolism regulatory mutations induce environmental
stress response. J. Brzywczy

363. RNA 3' tagging - signalling transcript degradation and
translational repression. Mark X. Caddick

364. A novel C2H2 type finger transcription factor, MtfA, regulates
mycotoxin biosynthesis and development in Aspergillus nidulan. Ana
M. Calvo-Byrd

365. Histidine 704 of the Aspergillus nidulans GATA factor AreA is
required for nuclear export. Damien Downes

366. Redundant Nuclear Localization Signals Mediate Nuclear Import
of the Aspergillus nidulans Transcription Activator of Nitrogen
Metabolic Genes AreA. Cameron C. Hunter

367. Conditional expression of the phospho-transmitter gene ypdA
and the signaling interaction of YpdA with response regulators; SskA
and SrrA in Aspergillus nidulans. Mayumi Nakayama

368. WITHDRAWN

369. FigA, a putative member of low-affinity calcium system, is
involved in both asexual and sexual differentiation in Aspergillus
nidulans. Shizhu Zhang

370. The Saccharomyces cerevisiae FUS3 homologue MAKB in
Aspergillus niger is a central regulator connecting differentiation and
secondary metabolite production with nutrient availability and light.
Bert-Ewald Priegnitz

371. Engineering and characterizing protein secretion in Aspergillus
niger. Y. Zheng

372. Design of culture conditions for secondary metabolite production
of fungi based on large-scale transcriptome data. M. Umemura

373. The effect of the c/bR overexpression on cellulose degrading
enzyme production in Aspergillus aculeatus. S. Tani

374. Regulation of the a-tubulin B-encoding gene during early
development of the phytopathogenic fungus Botrytis cinerea. Y. Faivre
Talmey

375. The regulation of D-galacturonic acid utilization in Botrytis
cinerea. Lisha Zhang

376. Epigenetic Regulation of Subtelomeric Gene Noise in Candida
albicans. Matthew Z. Anderson

377. Signaling and Cell Behavior: Pheromone Response in Candida
albicans. Ching-Hsuan Lin

378. Transcriptional regulatory networks controlling the early hypoxic
response in Candida albicans. A. Nantel

379. Gene expression and function during invasive Candida infection.
Wenjie Xu

380. Effects of histone H3 point mutations on centromere
maintenance. Steven Friedman

381. Analysis of the transcriptional regulation of genes involved in the
synthesis and organization of the cell wall of Ustilago maydis during

112

infection of an alternatiive host. Angélica Mariana Robledo Briones

382. Expression of the Trichophyton rubrum ace2 and pacC genes
during degradation of keratinized substrates. Larissa Silva

383. Control and Function of Two Fatty Acid Regulators in Neurospora
crassa. Erin L. Bredeweg

384. Characterization of genomic targets for the Neurospora crassa
hypothetical transcription factor NCU04390 by ChIP-sequencing. R.
Gongalves

385. The KMT6 Histone H3 K27 Methyltransferase Regulates
Expression of Secondary Metabolites and Development in Fusarium
graminearum. Kristina M. Smith

386. Circadian clock-gated cell division cycles in Neurospora crassa. C.
Hong

387. Protein Binding Microarrays and high-throughput real-time
reporters studies: Building a four-dimensional understanding of
transcriptional networks in Neurospora crassa. L. F. Larrondo

388. Glycogen metabolism is regulated by the circadian clock in
Neurospora crassa. S. Virgilio

389. Genetic and Molecular Dissection of the Neurospora Circadian
Oscillatory System. Qijun Xiang

390. Non-optimal codon usage determines the expression level,
structure and function of the circadian clock protein FREQUENCY.
Mian Zhou

391. Two putative long non-coding RNAs upstream of transcription
factor Znf2 may regulate morphogenesis (or dimorphic transition) in
Cryptococcus neoformans. Nadia Chacko

392. Introns in Cryptococcus neoformans. Guilhem Janbon

393. Unravelling of sexual differentiation mediated by Irel via HxI1-
independent manners in Cryptococcus neoformans. Kwang-Woo Jung

394. Functional analysis of PUF mediated post-transcriptional
regulation in Cryptococcus neoformans. Jan Naseer Kaur

395. Determining the direct targets of two master regulators of sexual
development in Cryptococcus neoformans. Matthew E. Mead

396. Post-transcriptional gene regulation contributes to host
temperature adaptation and virulence in Cryptococcus neoformans.
Amanda L. Misener Bloom

397. Protein arginine methylation in post-transcriptional gene
regulation and stress adaptation of Cryptococcus neoformans. J. T.
Graham Solomons

398. UVEL is a Photo-regulated Gene Required for the Protection of
Mitochondrial DNA in Cryptococcus neoformans from UV Induced
DNA Damage. Surbhi Verma

399. Uvel endonuclease protects Cryptococcus neoformans from UV
damage through regulation by the White collar complex. Surbhi

Verma

400. Multiple laccase genes in Schizophyllum commune. S. Madhavan



LISTING OF ALL POSTER ABSTRACTS

401. Regulation of DNA repair genes expression by UV stress in
Neurospora crassa. Tsukasa Takahashi

402. Diverse classes of small RNAs originating from genomic hotspots,
tRNA and the mitochondrial genome in Phytophthora infestans.
Sultana N. Jahan

403. Epigenetic control of effector gene expression in the plant
pathogen fungus Leptosphaeria maculans. Jessica Soyer

404. Discovering the link: The NOX-GSA network for sexual
development and ascospore germination in Sordaria macrospora.
Daniela Dirschnabel

405. The bZIP transcription factor Atfl acts as a global regulator for
secondary metabolite production in Fusarium fujikuroi. Sabine E.
Albermann

406. Role of the Vivid ortholog of Fusarium fujikuroi VvdA in
carotenoid biosynthesis and development. Marta Castrillo Jimenez

407. Gene expression of secondary metabolism gene clusters by
different Fusarium species during in planta infection. J. Espino

408. A cis-acting factor modulating the transcription of FUM1 in
Fusarium verticillioides. Matias Pasquali

409. Shedding light on secondary metabolite cluster gene expression,
sporulation, UV-damage repair and carotenogenesis in the rice
pathogen Fusarium fujikuroi. Phillipp Wiemann

410. Fgapl-mediated response to oxidative stress in trichothecene-
producing Fusarium graminearum. N. Ponts

411. Functional analyses of FgLaeA in Fusarium graminearum. Sung-
Hwan Yun

412. Molecular cloning and differential expression of two novel Family
1 B-glucosidases genes from the rare fungus Stachybotrys microspora.
Salma Abdeljalil

413. The transcriptional factors XYR1 and CRE1 regulate the
expression of Cellulolytic and Xylanolytic genes at carbon source
dependent-manner in Hypocrea jecorina (Trichoderma reesei).
Amanda C. C. Antoniéto

414. Characterization of tannic acid-inducible and hypoviral-regulated
CpsHsp1 expression level of the chestnut blight fungus Cryphonectria
parasitica. ).-H. Baek

415. Artificial miRNA constructs for Phytophthora sojae
transformation. Stephanie R. Bollmann

416. RNAi-dependent epimutations evolve antifungal drug resistance
in the zygomycete fungal pathogen Mucor. Silvia Calo Varela

417. Heterochromatic marks are involved in the repression of plant-
regulated secondary metabolism in Epichloé festucae and for
symbiotic interaction with the host perennial ryegrass. Tetsuya Chujo

418. Cellulose Degradation Regulator 2 Induces Expression of a
Conserved Core of Genes for Plant Cell Wall Saccharification in
Neurospora crassa and Aspergillus nidulans. Samuel T. Coradetti

419. The transcriptional repressor CRE-1 regulates glycogen
metabolism in Neurospora crassa. Fernanda B. Cupertino

Juwen C. DuBois
420. Transcriptional Response to Hypoxia in the Dimorphic Fungus
Histoplasma capsulatum . Juwen C. DuBois

421. The Neurospora crassa SEB1 transcription factor binds to STRE
motif and modulates stress responses through different pathways. F.
Freitas

422. WITHDRAWN

423. Regulation of glycolysis and gluconeogenesis by antisense
transcription in Aspergillus nidulans? Michael Hynes

424. CIbR and its paralog, CIbR2, regulate gene expression of cellulase
genes in response to cellobiose in Aspergillus aculeatus. E. Kunitake

425. Expression of a bacterial xylanase in Trichoderma reesei under
the egl2 and cbh2 glycosyl hydrolase gene promoters. Helena
Nevalainen

426. A single argonaute gene participates in exogenous and
endogenous RNAi and controls different cellular functions in the basal
fungus Mucor circinelloides. F. E. Nicolas-Molina

427. The transcription factor, AtrR, regulates the expression of ABC
transporter genes and ergosterol biosynthesis genes in aspergilli.
Ayumi Ohba

428. Effects of intron deletions in production of a heterologous
protease in Trichoderma reesei. Marja Paloheimo

429. Novel core promoter elements in the oomycete Phytophthora
infestans and their influence on expression pattern detected by
genome-wide analysis. Laetitia Poidevin

430. New insights into the phosphate-sensing network in Neurospora
crassa. Antonio Rossi

431. Carbon source and light dependent regulation of gene clusters in
Trichoderma reesei (Hypocrea jecorina). Monika Schmoll

432. Identification of regulators for enzyme production in
Trichoderma reesei using genome-wide approaches. M. Valkonen

433. The central core of the response to light and injury and their
regulation by RNAi machinery in the filamentous fungus Trichoderma
atriviride. ). M. Villalobos-Escobedo

434. RNA-mediated Gene Silencing in Candida albicans: Reduction of
Fungal Pathogenesis by Use of RNAi Technology. M. Moazeni

435. RNAi machinery controls the asexual reproduction induced by
light of the filamentous fungus Trichoderma atroviride. N. Carreras-
Villasefior

436. Genome-wide analysis of light responses in Mucor circinelloides.
Victoriano Garre

437. Gene expression profiling of the basidiomycetous fungus
Lentinula edodes after light stimulation. H. Sano

438. Further Characterization of Surface Recognition Mechanisms in
Magnaporthe oryzae. Guanghui Wang

439. Evidence of Microbial Epigenetics; Loss-of-function mutant of the

27th Fungal Genetics Conference | 113



LISTING OF ALL POSTER ABSTRACTS

Bck1l Homolog, CpBCK1, from the chestnut blight fungus
Cryphonectria parasitica resulted in the sectoring accompanied with
the changes in DNA methylation. J.-M. Kim

440. NUP-6 (Importin a) is required for DNA methylation in
Neurospora crassa. Andrew D. Klocko

441. Identification and characterization of a Blastomyces dermatitidis
mutant with a bidirectional defect in the phase transition. Gregory M.
Gauthier

442, Transcriptional regulation of peptidases and nitrogen
transporters during the assimilation of organic nitrogen by the
ectomycorrhizal fungi Paxillus involutus. Firoz Shah

Evelina Y. Basenko
443. Characterization of genome maintenance components in
Neurospora crassa using whole-genome high-throughput approach.

444, Circadian regulation and carbon catabolite repression in
Neurospora crassa: Two integrated regulatory systems? Rodrigo Diaz-
Choque

445. Opposing activities of the HCHC and DMM complexes maintain
proper DNA methylation in Neurospora crassa. Shinji Honda

446. The transcription factor FL is phosphorylated and interacts with a
trehalose related protein in Neurospora crassa. Carmen Ruger-
Herreros

447. Transcriptomic profiling of fumonisin B biosynthesis by Fusarium
verticillioides. N. Ponts

448. Differential transcriptome analysis of Zymoseptoria tritici
infecting wheat reveals novel effectors. Stefano F. F. Torriani

449. Role of the xprG gene in autolysis, secondary metabolism and
asexual development in Aspergillus nidulans. Margaret E. Katz

450. Fugal-specific sirtuin HstD coordinates the secondary metabolism
and development via the LaeA. M. Kawauchi

451. Improved flavor production by manipulation of the Ehrlich
pathway in ascomycetes. D. Ravasio

452, Suppressor mutagenesis of a AlaeA mutant reveals novel
regulators of secondary metabolism in Aspergillus nidulans. Alexandra
Soukup

453. A network of HMG-box transcription factors regulates sexual
cycle in the fungus Podospora anserina. R. Debuchy

454, Sclerotinia sclerotiorum MAT genes function in fertility and
apothecial morphogenesis. Benjamin Doughan

455. The Sclerotinia sclerotiorum mating type locus (MAT) contains a
3.6-kb region that is inverted in every generation. Patrik Inderbitzin

456. Repression of the phosphor-transmitter gene ypdA resulting in
growth defect in Aspergillus fumigatus. Daisuke Hagiwara

457. Unravelling the GTPase polarity complex in Claviceps purpurea.
Andrea Herrmann

458. Atypical GB and RACK homolog Gib2 is a signal transducing
adaptor protein affecting growth and virulence of Cryptococcus
neoformans. Ping Wang

114

459. Consequences of the loss of transcription factors SreA and HapX
on siderophore biosynthesis and iron homeostasis in the perennial
ryegrass endophyte, Epichloé festucae. Natasha T. Forester

460. Who is to blame: defining the host responses that lead to ToxA-
induced susceptibility. lovanna Pandelova

461. RNA silencing of pacC increases aflR transcript levels under
alkaline pH conditions in Aspergillus flavus. Benesh M. Somai

462. High-throughput prediction and functional validation of
promoter motifs regulating gene expression in spore and infection
stages of Phytophthora infestans. H. Judelson

463. Cooperative regulation of Aspergillus nidulans cellulase genes by
transcription factors McmA and ManR/CIrB. Tetsuo Kobayashi

464. Transcription factor shuttling during cellulase induction in
Trichoderma reesei. Alex Lichius

465. Trichophyton rubrum ap-1 gene expression in response to
environmental challenges. Nalu TA Peres

466. Vib-1 is required for cellulose utilization in Neurospora crassa. Yi
Xiong

467. The stringency of start codon selection in the filamentous fungus
Neurospora crassa. Matthew S. Sachs

468. A temperature-dependent complex transcriptional network
controls cell shape and virulence in Histoplasma capsulatum. Sinem
Beyhan

469. Evolutionary analysis of Dicer proteins: a preliminary analysis to
study of microRNAs in the mushroom, Coprinopsis cinerea. Xuanjin
Cheng

470. Effect of the trp1 gene on transformation frequencies in
Coprinopsis cinerea. Bastian Doernte

471. The first promoter for conditional gene expression in
Acremonium chrysogenum: iron starvation-inducible mir1’. Fabio

Gsaller

472. Mutagenic effect of high-LET ion beam irradiation in Neurospora
crassa. Ligiu Ma

473. The Mad complex binds to light-regulated promoters in
Phycomyces blakesleeanus. Alejandro Miralles-Duran

474. Down Regulation of sidB Gene by Use of RNA interference
Technology in the Filamentous Fungi Aspergillus nidulans. S, Rezaie

475. SmallRNA mediated meiotic silencing of a transposable element
in Neurospora crassa. Yizhou Wang

Pathogenic and Mutalistic Interactions

476. Functional Characterization of Small, Cysteine-Rich Secreted
Effectors from the Filamentous Fungus Magnaporthe oryzae. William
C. Sharpee

477. Penetration-specific effectors from Phytophthora parasitica
favour plant infection. Edouard Evangelisti

478. Transcriptional regulatory circuits necessary for appressorium-



LISTING OF ALL POSTER ABSTRACTS

mediated plant infection by Magnaporthe oryzae. Miriam Oses- Ruiz

479. Differential activation of ammonium transporters during the
accumulation of ammonia by Colletotrichum gloeosporioides and its
effect on appressoria formation and pathogenicity. Dov B. Prusky

480. Functional analysis of Nbs1 of Magnaporthe oryzae. K. Sasaki

481. Influence of hypoxia on antifungal susceptibility, sterole pattern
and biomarker release of Aspergillus spp. Ulrike Binder

482. Sit and wait: Special features of Aspergillus terreus in
macrophage interactions and virulence. M. Brock

483. Identification and characterization of an RXLR-like effector family
from medically relevant fungi. Shiv D. Kale

484. A role for PalH-mediated signal transduction in A. fumigatus
virulence and cell wall integrity: An exploitable target for combination
therapy? M. Bertuzzi

485. Aspergillus fumigatus trehalose-6-phosphate regulates innate
immune responses and virulence through modulation of fungal cell
wall composition. Robert A. Cramer

486. Fungal lipoxygenases: a novel instigator of asthma? Gregory J.
Fischer

487. F-box protein 15 (Fbx15) links virulence of Aspergillus fumigatus
to protein degradation and stress response. Bastian Johnk

488. The sfp-type phosphopantetheinyl transferase, PPTA, is critical
for the virulence of Aspergillus fumigatus. A. E. Johns

489. Characterization of effectors of the barley pathogen
Rhynchosporium commune. Daniel Penselin

490. Molecular and genetic basis guiding the establishment of a
mutualistic relationship between Epichloé festucae and perennial
ryegrass. Sladana Bec

491. Puccinia graminis and Brachypodium distachyon: contrasting
profiles of host-pathogen incompatibility. Melania Figueroa

492. Magnaporthe oryzae has evolved two distinct mechanisms of
effector secretion for biotrophic invasion of rice. Martha C. Giraldo

493. Trichoderma rhizosphere’s competency, endophytism and plant
communication: A molecular approach. Artemio Mendoza

494, Ustilago bromivora - Brachypodium distachyon: a novel
pathosystem. Franziska Rabe

495. T-DNA mediated insertional mutagenesis: evidence of a new
gene implied in the early phase of pathogenic development of Botrytis

cinerea. Nathalie Poussereau

496. The NADPH Oxidase Complexes in Botrytis cinerea. Ulrike
Siegmund

497. A putative function of small RNAs in the plant pathogen Botrytis
cinerea. Arne Weiberg

498. The Role of Quorum-sensing Molecules in Interactions between
Candida albicans and its Host. Jessica C. Hargarten

499. The Role of ISW2 for in vitro and in vivo Chlamydospore

Production in Candida albicans. Ruvini U. Pathirana

500. Nutrient immunity and systemic readjustment of metal
homeostasis modulate fungal iron availability during the development
of renal infections. Joanna Potrykus

501. Identification of the gut fungi in humans with nonconventional
diets. Mallory Suhr

502. The mutational landscape of gradual acquisition of drug
resistance in clinical isolates of Candida albicans. Dawn Thompson

503. Yeast-Hypha transition and immune recognition of Candida
albicans influenced by defects in cell signal transduction pathways.
Pankaj Mehrotra

504. GPI PbPgal of Paracoccidioides brasiliensis is a surface antigen
that activates macrophages and mast cells through the NFkB signaling
pathway. C. X. R. Valim

505. Cladosporium fulvum effector Ecp6 outcompetes host immune
receptor for chitin binding through intrachain LysM dimerization.
Andrea Sanchez-Vallet

506. Genotypic and phenotypic characterization of Setosphaeria
turcica reveals population diversity and a candidate virulence gene
location. Santiago Mideros

Santiago Mideros
507. The secretome is linked to virulence in the yeast pathogen
Cryptococcus. Santiago Mideros

508. Post-Transcriptional Regulation of the ER Stress Response in
Cryptococcus neoformans. Virginia E. Havel

509. A morphogenesis regulator controls cryptococcal neurotropism.
Xiaorong Lin

510. Extracellular and intracellular signaling orchestrates
morphotype-transition and virulence in human pathogen
Cryptococcus neoformans. Lingi Wang

511. Evidence for alkaloid diversity and independent hybridization
events of Elymus endophytes. Nikki D. Charlton

512. The functional characterization of candidate genes involved in
host specialization of Zymoseptoria grass pathogens. Stephan Poppe

513. Diversity and Phylogeny of genus Suillus (Suillaceae, Boletales)
from Pakistan (Asia). Samina Sarwar

514. Saprolegnia species can switch hosts to cause infection: a new
insight into host pathogen interaction. Mohammad N. Sarowar

515. The Plant-Microbe Interfaces project: defining and understanding
relationships between Populus and the rhizosphere microbiome.
Christopher Schadt

516. Do the fungal homologs of Verticillium dahliae effector Avel act
as virulence factors? Jordi C. Boshoven

517. The candidate effector repertoire of closely related Venturia
pathogens of the Maloideae revealed by whole genome sequence and
RNA sequencing analyses. Joanna Bowen

27th Fungal Genetics Conference | 115



LISTING OF ALL POSTER ABSTRACTS

518. Thermodynamic characterization of RXLR and RXLR-like effectors
binding to phosphatidylinositiol-phosphates. Kelly Drews

519. Investigating virulence effectors in the poplar-poplar rust
pathosystem. Sebastien Duplessis

520. Functional analysis of Aphanomyces euteiches effectors, a
legume root pathogen. E. Gaulin

521. Participation of effector proteins from Trichoderma spp. in
interaction with Arabidopsis thaliana. P. Guzman-Guzman

522. The role of LysM effectors in fungal fitness. Anja Kombrink
523. WITHDRAWN

524. Functional analysis and localization of SnTox1, a necrotrophic
effector produced by the wheat pathogen Stagonospora nodorum.
Zhaohui Liu

525. Host-targeting protein 3 (SpHtp3) from the oomycete
Saprolegnia parasitica translocates specifically into fish cells in a pH
and tyrosine O-sulfate-dependent manner. Lars Lobach

526. Avel-like orthologs in Venturia: another expanded effector
family emerges. Kim M. Plummer

527. Identification of targets of mycorrhizal effector proteins in
planta. Natalia Requena

528. Structural basis for interactions of the Phytophthora sojae RXLR
effector Avh5 with phosphatidylinositol 3-phosphate and for host cell
entry. Brett M. Tyler

529. Dose-dependent induction of plant immunity by application of
the Fusarium mycotoxin deoxynivalenol. Christian A. Voigt

530. How Oomycete Pathogens Exploit PI3P to Target Secreted RxLR
Effectors into Host Cells. Q. Wang

531. Identification and functional assay of Phytophthora sojae
avirulence effectors. Yuanchao Wang

532. Evaluating the translocation- and phospholipid binding abilities
of the Phytophthora infestans AVR3a and Phytophthora sojae Avrlb
RxLR-leaders. Stephan Wawra

533. Identifying essential effectors from the soybean pathogen
Phytophthora sojae. Hua Z. Wise

534. The LysM effector, Ecp6, is a virulence factor in the interaction of
the hemibiotroph, Setosphaeria turcica, but not the necrotroph,
Cochliobolus heterostrophus, with their common host, maize.
Dongliang Wu

535. Nematode-trapping fungi eavesdrop on nematode pheromones.
Yen-Ping Hsueh

536. Molecular diagnosis to discriminate pathogen and apathogen
species of the hybrid Verticillium longisporum on the oilseed crop
Brassica napus. VVan Tuan Tran

537. Investigating the Pathogenicity of Armillaria. Kathryn Ford
538. Detoxification of nitric oxide by flavohemoglobin and the
denitrification pathway in the maize pathogen Fusarium
verticillioides. Thomas Baldwin

116

539. Family disintegration: One Fusarium verticillioides beta-
lactamase gene at a time. Scott E. Gold

540. A Fungal Metallo-Beta-Lactamase Necessary for
Biotransformation of Maize Phytoprotectant Compounds. Scott E.
Gold

541. Nectria haematococca DNase: role in dynamics and localization
of pea root infection. D. Huskey

542. FVSNF1, a protein kinase of Fusarium virguliforme that affects
SDS development in Soybean. K. T. Islam

543. Functional and molecular analysis of AstA sulfate transporter in
pathogenic Fusarium sambucinum with respect to its virulence and
ability to infect potato. Sebastian Pilsyk

544. WITHDRAWN

545. The adenylate cyclase of the cereal pathogen Fusarium
graminearum controls infection structure development, mycotoxin
production and virulence to wheat. J6rg Bormann

546. The ATF/CREB transcription factor Atfl is essential for full
virulence, deoxynivalenol production and stress tolerance in the plant
pathogen Fusarium graminearum. J6rg Bormann

547. The stress-activated protein kinase FgOS-2 is a key regulator in
the life cycle of the cereal pathogen Fusarium graminearum. Jorg
Bormann

548. Innate Immunity in Fusarium graminearum. \Vong shian Simon Ip
Cho

549. Balanced posttranslational activation of eukaryotic translation
initiation factor 5A is required for pathogenesis in Fusarium
graminearum. Ana Lilia Martinez-Rocha

550. The Con7 transcription factor, essential for pathogenicity,
regulates the expression of genes involved in glycolysis and virulence
in Fusarium oxysporum. M. Isabel G. Roncero

551. Fusarium oxysporum produces volatile organic compounds that
enhance the growth and stress resistance of Arabidopsis thaliana.
Vasileios Bitas

552. Lipolytic system of the tomato pathogen Fusarium oxysporum
f.sp. lycopersici. G. A. Bravo Ruiz

553. Role of glycogen metabolism in the pathotypic behavior of
Fusarium oxysporum f.sp. lycopersici on tomato plants. C. Corral
Ramos

554. Identification of chemoattractant compounds from tomato root
exudate that trigger chemotropism in Fusarium oxysporum. E| Ghalid
Mennat

555. TOR-mediated control of virulence functions in the trans-
kingdom pathogen Fusarium oxysporum. Gesabel Y. Navarro Velasco

556. Components of the urease complex govern virulence of Fusarium
oxysporum on plant and animal hosts. Katja Schaefer

557. Knock-out of the Fusarium oxysporum f.sp. lycopersici homologs
of the DNA-methylation genes DIM2 and HP1 does not affect effector
gene expression. Charlotte van der Does



LISTING OF ALL POSTER ABSTRACTS

558. Mechanistic investigation of Trichoderma cf. harzianum SQR-
T037 mycoparasitism against Fusarium oxysporum f. sp. cubense 4,
(banana wilt disease). Jian Zhang

559. Epichloénin A, a unique siderophore of Epichloae endophytes
and its role in restricting fungal growth in planta. Linda J. Johnson

560. Interaction between the saprotrophic fungus Serpula lacrymans
and living pine roots. Nils OS Hogberg

561. You turn me on: Pyrenophora tritici-repentis genes differentially
regulated early during infection of wheat. V. A. Manning

562. Characterisation of genes in Quantitative Trait Loci affecting
virulence in the basidiomycete Heterobasidion annosum s.l. Ake Olson

563. Elevation of FPP synthase activity in Trichoderma atroviride
results in higher biocontrol abilities. Sebastian Pilsyk

564. The life history of Ramularia collo-cygni. Maciej Kaczmarek

565. Mechanical stress sensing in Epichloé fungal symbionts during
colonization of grasses. Kahandawa G. S. U. Ariyawansa

566. Aspergillus flavus hypertrophy and hyphal entry by Ralstonia
solanacearum is mediated by bacterial type three secretion system
function. Joe E. Spraker

567. Vegetative hyphal fusion in epichloae endophytes. Jun-ya Shoji

568. Oxygen and the stomatal cue: Dissecting stomatal tropism in
Cercospora zeae-maydis. R. Hirsch

569. Host colonisation processes by symbiotic epichloid fungi are
regulated through cAMP. Christine R. Voisey

570. Role of VCP1 and SCP1 proteases in the mutitrophic behaviour of
the nematophagous fungus Pochonia chlamydosporia. Nuria Escudero

571. Cellular development integrating primary and induced secondary
metabolism in the filamentous fungus Fusarium graminearum. H.
Corby Kistler

572. DNA double-strand breaks generated by yeast endonuclease /-
Sce | induce ectopic homologous recombination and targeted gene
replacement in Magnaporthe oryzae. T. Arazoe

573. Investigation of the Magnaporthe oryzae proteome and
phosphoproteome during appressorium formation. William L. Franck

574. Characterization of the binding site and downstream targets of
the MST12 transcription factor in Magnaporthe oryzae. Guotian Li

575. CorA Magnesium transporters are key regulators of growth and
pathogenicity in the rice blast fungus M. oryzae. Md Hashim Reza

576. Magnaporthe oryzae AVR-Pia protein: induction of resistance
reaction in Pia rice by the recombinant AVR-Pia and preparation of
anti-AVR-Pia antibody. Y. Satoh

577. Homologous recombination causes the spontaneous deletion of
AVR-Pia in Magnaporthe oryzae. T. Sone

578. The interactome of pathogenicity factors in the rice blast fungus
Magnaporthe oryzae. Xiaoying Zhou

579. Interaction between phenolic and oxidant signaling in

Cochliobolus heterostrophus. Benjamin A. Horwitz

580. Mode of Action of Chitosan: Antifungal and Gene Modulator
from Natural Origin. Luis V. Lopez-Llorca

581. Unraveling the metabolome: how zombie ant fungi
heterogeneously control ant brains. Charissa de Bekker

582. Gene expression of fungal aldehyde dehydrogenases in
ectomycorrhiza. Catarina Henke

583. Interaction of ectomycorrhizal fungi with environment. Katrin
Krause

584. Genetic exchange in an arbuscular mycorrhizal fungus;
Rhisophagus irregularis. Pawel Rosikiewicz

585. A surface hydrophobin in ectomycvorrhiza interaction. Dominik
Senftleben

586. Response of Alternaria brassicicola to the antifungal activity of
isothiocyanates. Benoit Calmes

587. Redox regulation of an AP-1-like transcription factor, YapA, in the
fungal symbiont Epichloé festucae. Gemma M. Cartwright

588. Genomic approaches to understand pathogenesis in the
basidiomycete pathogen of food and energy crops, Rhizoctonia solani.
Jonathan P. Anderson

589. The Cpcl (CpcA/Gcnd) regulator of the cross-pathway control of
amino acid biosynthesis is required for plant infection of the vascular
pathogen Verticillium longisporum. Susanna A. Braus-Stromeyer

590. Fungal-Specific Transcription Factor AbPf2 Activates
Pathogenicity in Alternaria brassicicola. Yangrae Cho

591. WITHDRAWN

592. Host-to-pathogen gene transfer facilitated infection of insects by
a pathogenic fungus. Weiguo Fang

593. Characterization of the CoPRF1 mutant of Colletotrichum
orbiculare defective in evasion of host defense responses. Yasuyuki
Kubo

594. CPS1 mutants in Coccidioides are avirulent and act as an
attenuated vaccine in the valley fever mouse model. Marc J. Orbach

595. Elucidating the response of wheat to the exposure of
Stagonospora nodorum effectors. Peter S. Solomon

596. Nep1-like proteins of the downy mildew Hyaloperonospora
arabidopsidis trigger immunity, but not necrosis, in the Arabidopsis
host. Guido Van den Ackerveken

597. Genes important for in vivo survival of the human pathogen
Penicillium marneffei. Harshini C. Weerasinghe

598. Oxalate-minus mutants of Sclerotinia sclerotiorum via T-DNA
insertion accumulate fumarate in culture and retain pathogenicity on
plants. Liangsheng Xu

599. Molecular characterization of fungi associated with superficial

blemishes of potato tubers in Al-Qasim region, Saudi Arabia. Rukaia
M. Gashgari

27th Fungal Genetics Conference | 117



LISTING OF ALL POSTER ABSTRACTS

600. Patterns of Distribution of Bacterial Endosymbionts in Lower
Fungi. Olga Lastovetsky

601. Phylogenetic and genomic analysis of a novel, nematophagous
species of Brachyphoris. S. Sharma Khatiwada

602. The proteome of the traps of the nematode-trapping fungus
Monacrosporium haptotylum . K.-M. Andersson

603. Sequencing the in planta transcriptomes of Colletotrichum
species provides new insights into hemibiotrophy. Richard J. O'Connell

604. Biological activities of natural products synthesized by the
mammalian fungal pathogen, Histoplasma capsulatum. A. Henderson

605. From antagonism to synergism: roles of natural phenazines in
bacterial-fungal interactions between Pseudomonas aeruginosa and
Aspergillus fumigatus. Yun Wang

606. Genomic analysis of Mortierella elongata and its endosymbiotic
bacterium. Gregory Bonito

607. Diversity and Content of Maize Leaf Endophytes are Correlated
With Maize Genotype. Alice C. L. Churchill

608. Characterisation of epichloae endophytes from the Triticeae and
their potential use in modern cereals. Richard D. Johnson

609. The Interaction of Mycoplasma-related Endobacteria with their
Arbuscular Mycorrhizal Fungal Host. Mizue Naito

610. The Velvet gene is required for mutualism between Epichloé
festucae and perennial ryegrass. Mostafa Rahnama

611. An examination of phosphate solubilization and hormone
production by two Penicillium species growing in the rhizoplane. Tim
Repas

612. The role of Epichloe festucae RacA interacting proteins, PakA,
PakB and RhoGDI, on cell polarity in culture and synchronized growth
in Lolium perenne. Barry Scott

613. A Host-Induced Gene Silencing Approach to Control Mycotoxin
Contamination in Corn. B. H. Bluhm

614. CDIiT1, a novel type of proteinaceous toxin secreted by the
necrotrophic pathogen of the roots of tomato Pyrenochaeta
lycopersici. Pierre-Henri Clergeot

615. Nonhost-specific phytotoxicity of the polyketide-derived toxin
solanapyrone A produced by Ascochyta rabiei and Alternaria solani.
W. Kim

616. Crosstalk of the unfolded protein response and regulatory
pathways controlling pathogenic development in Ustilago maydis. Kai
Heimel

617. Transcriptional profiling of the APSES genes in Trichophyton
rubrum during growth on human nail. Elza A. S. Lang

618. Carbohydrate binding proteins of two Leptosphaeria pathogens
of Brassica napus. Rohan G. T. Lowe

619. Domains for plant uptake of Ustilago maydis secreted effectors.
Anupama Ghosh

620. Lipid metabolism influences virulence in Ustilago maydis. Scott

118

Lambie

621. Functional characterization of the putative cell surface receptor
for hydrophobicity, Msb2, in Ustilago maydis.
Marino Moretti

622. The U. maydis effector Pit2 inhibits maize cysteine proteases to
suppress host defense. Andre Mueller

623. The Ustilago maydis MAP Kinase signaling pathway:
Identification of direct MAP kinase targets by phospho-peptide
enrichment. Vikram Naik

624. Seel : A novel organ specific effector in the Ustilago maydis -
maize interaction. Amey Redkar

625. Investigation of unconventionally secreted proteins in Ustilago
maydis. Stefanie Reissmann

626. Identification of a key regulator for the developmental switch
leading to sporogenesis in Ustilago maydis. Marie Tollot

627. Genetic characterization of virulence in the Pyrenophora teres f.
teres - barley pathosystem. Timothy L. Friesen

628. lllumina-based genetic linkage map for wheat leaf rust. David L.
Joly

629. The deletion of the Histoplasma capsulatum RYP1 homolog in
Coccidioides posadasii is avirulent. M. Alejandra Mandel

630. Cpkk2, a MEK from Cryphonectria parasitica is necessary for
maintenance of CHV1 virus infection. M. Turina

631. Deep RNAseq of wheat leaf infection by M. graminicola identifies
phase-specific in planta expressed genes and varying transcriptional
contributions of fungal chromosomes. Mikaél S. Courbot

632. A genomic analysis of the infection strategies employed by
Phoma medicaginis a necrotrophic fungal pathogen of alfalfa and the
model legume Medicago truncatula. Angela H. Williams

633. Two G protein-coupled receptors, GprC and GprD, regulate
density-dependent development in Aspergillus flavus. Katharyn J.

Affeldt

634. Characterization of genes encoding putative secreted proteins
during pathogenesis in Magnaporthe oryzae. Seongbeom Kim

635. The biosynthesis of oxalate is entirely dependent on
oxaloacetate acetylhydrolase in Sclerotinia sclerotiorum . X. Liang

636. In vivo efficacy of antifungal treatment of Aspergillus terreus
infections and the influence on host immune response in Galleria

mellonella. Elisabeth Maurer

637. Recognition and response to non self in Podospora anserina: a
model of the fungal immune system. Mathieu Paoletti

638. Increased late blight resistance in HIGS potato lines targeting a P.
infestans gene. N. Temme

639. WITHDRAWN

Population and Evolutionary Genetics




LISTING OF ALL POSTER ABSTRACTS

640. Fertility in Aspergillus fumigatus and the identification of an
additional ‘supermater’ pair. Céline M. O'Gorman

641. Understanding the dynamic plant pathogen Ramularia collo-cygni
at both the sequence and field level. James Fountaine

642. Comparing germination dynamics of co Kolea C. K. Zimmerman
nidia and ascospores from natural isolates of Neurospora crassa.

643. Cryptococcus gattii and the origins of outbreaks. Dee Carter

644. Evolution of the mating type locus in the species within and
closely related to the pathogenic Cryptococcus species complex. Sheng
Sun

645. Evolutionary history and genetic diversity of Exobasidium sp., the
cause of an emerging disease of blueberry. Marin Brewer

646. Microsatellite markers reveal population structure and genetic
diversity in the blueberry pathogen Monilinia vaccinii-corymbosi.
Kathleen M. Burchhardt

647. Genetic diversity of Australian Pyrenophora tritici-repentis
isolates using microsatellites. Caroline Moffat

648. WITHDRAWN

649. Fungal community composition analysis by Internal Transcribed
Spacer (ITS) sequencing using lllumina MiSeq. Robin A. Ohm

650. Estimation of genetic diversity of Ramularia collo-cygni
populations using nuclear SSR markers to infer its potential to adapt
to environmental changes. Marta Piotrowska

651. Alkaloid genotype profiling of tall fescue endophytes to
determine influence of ancestral progenitors. J. E. Takach

652. Evolution of the pan-secretome among lineages of Magnaporthe
oryzae attacking different host-plants. E. Fournier

653. Exploiting the high evolutionary potential of Leptosphaeria
maculans minimises severity of blackleg disease of canola. Barbara J.
Howlett

654. Experimental demonstration of Crozier's paradox in fungi. Duur
K. Aanen

655. A completely unknown lifecycle in mushrooms: cyclical
inbreeding and haplo-diploidy. Duur K. Aanen

656. Diversity and evolution of ABC proteins in basidiomycetes. Fred
O. Asiegbu

657. Co-evolution and life cycle specialization of plant cell wall
degrading enzymes in a hemibiotrophic pathogen. Patrick C. Brunner

658. Recombination landscape of the plant pathogenic fungus
Zymoseptoria tritici (syn. Mycosphaerella graminicola). D. Croll

659. The evolution of Sfp1 mediated, cell size control in Ascomycete
fungi. Toni M. Delorey

660. Cryptic population subdivision, sympatric coexistence and the
genetic basis of local adaptation in Neurospora discreta. Pierre
Gladieux

661. WITHDRAWN

662. Evolutionary genomics of NRPS gene clusters in Beauveria and its
allies. J.-G. Han

663. Neurospora presents a model for the evolution of mating
systems. Christopher Hann-Soden

664. Profiling conditionally dispensable chromosomes of the plant-
pathogenic fungus Zymoseptoria tritici (syn. Mycosphaerella
graminicola). Ronny Kellner

665. Take a walk on the wild side: evolutionary consequences of
resistance to apple scab introgressed from a wild host. C. Lemaire

666. Genomic footprint of adaptive divergence in Ophiostoma
montium, a fungal symbiont associated with the mountain pine
beetle. J. F. Mao

667. Ecological context in symbioses: when is your enemy also your
friend? Georgiana May

668. Population shifts and mating-type heterokaryosis in Aspergillus
flavus. Rodrigo A. Olarte

669. Structural variation of trichothecene mycotoxins has resulted
from multiple evolutionary processes in the fungal order Hypocreales.
R. H. Proctor

670. Evidence for birth-and-death evolution and horizontal transfer of
the fumonisin mycotoxin biosynthetic gene cluster in Fusarium. R. H.
Proctor

671. Chemotype predominance in Fusarium graminearum is not
directly affected by the use of the fungicides trifloxystrobin and
isopyrazam. Matias Pasquali

672. Evolution of races within f.sp lycopersici of Fusarium oxysporum.
BV. Chellappan

673. Detection of Mitochondrial DNA Heteroplasmy in the progeny of
crossed genetically divergent isolates of Arbuscular Mycorrhizal Fungi.
Maryam Nadimi

674. Evolution of mode of infection in the rice blast fungus and allied
species. Ning Zhang

675. WITHDRAWN

676. Population genomic analysis reveals a complex evolutionary
history of Neurospora tetrasperma.
Padraic Corcoran

677. Rapid evolution of female-biased genes: a novel example from
the eukaryotic model organism Neurospora crassa. Hanna
Johannesson

678. Fungal Community Dynamics During Biomass Degradation in the
Cow Rumen Determined by ITS Sequencing. Matthias Hess

679. A Systematic and Genomic Description of Undulatus ophiodiicola,
Formerly Referred to as Chrysosporium ophiodiicola, an Emerging

Fungal Pathogen of Snakes. Mana Ohkura

680. Pair-wise linkage disequilibrium decay among linked loci suggests

27th Fungal Genetics Conference | 119



LISTING OF ALL POSTER ABSTRACTS

meiotic recombination in natural populations of Sclerotinia
sclerotiorum. Renuka Nilmini Attanayake

681. Population genomics of Suillus brevipes. Sara Branco
682. Ugly, understudied and undertreated: population genomics of
the most common human fungal pathogen - the dermatophyte

Trichophyton rubrum. M. Gajdeczka

683. Poppr: an R package for genetic analysis of populations with
mixed reproduction. Zhian N. Kamvar

684. The heterothallic fungus Cercospora beticola contains fragments
of both mating type genes. Melvin D. Bolton

685. Population structure from mountain to coast of two
Lophodermium endophytes; a case study comparing rare and

common fungal species in pine needles. Ryoko Oono

686. Fungal pathogen and endophyte genetics within the context of
forest community dynamics. M.-S. Benitez

687. Discovery of Sexual Reproduction in the Black Aspergilli. Heather
L. Darbyshir

688. Culture-based survey of soil fungi from bat hibernacula. Andrea
Gargas

Other Topics

689. Understanding the cellular basis of Azole resistance in Aspergillus
fumigatus. Michael J. Bromley

690. Chemically Induced Haploinsufficiency Screens to Identify Drug
Mechanism of Action in Aspergillus Fumigatus. D. A. Macdonald

691. Antifungal Pisum sativum defensin 1 Induces a non-Apoptotic
Death in Aspergillus nidulans. Caroline M. Fernandes

692. Is fungal secondary metabolism regulated by competing insects?
Frank Kempken

693. Eisosome distribution and localization in the meiotic progeny of
Aspergillus nidulans. V. Sophianopoulou

694. Fungal-bacterial interactions: Bacillus subtilis forms biofilm on
Aspergillus niger hyphae. Isabelle Benoit

695. Co-cultivations of fungi: microscopic analysis and influence on
protein production. Isabelle Benoit

696. Improving heterologous protein production in Aspergillus
vadensis . Ourdia Bouzid

697. Production and characterization of esterases from Chaetomium
thermophilum and their applicability in biomass conversion. Xiaoxue
Tong

698. Antioxidant adaptation by Eugenol and its derivatives and their
affect on the expression of virulence in candida species. Aijaz Ahmad

699. Elevation of chitin is linked with multiparallel mechanisms in
response to C. albicans cell wall stress. F. Nogueira

700. Prezygotic and postzygotic control of uniparental mitochondrial
DNA inheritance in Cryptococcus neoformans. Rachana Gyawali

120

701. SIS, a sex genome defense mechanism operating in Cryptococcus
neoformans. Xuying Wang

702. Effects of the use of biocontrol agent (Phlebiopsis gigantea) on
fungal communities of Picea abies stumps. E. Terhonen

703. Diversity of yeast and mold species in different cheeses. Nabaraj
Banjara

704. Heterologous expression and characterization of soil organic
matter-specific proteases secreted by the ectomycorrhizal fungus

Paxillus involutus. Morten N. Grell

705. Effector proteins in fungal defense against fungivorous
nematodes: Targets and functional significance. Markus Kiinzler

706. Microfluidic platforms for monitoring interactions between fungi
and bacteria. Martina A. Stockli

707. WITHDRAWN

708. The French Fusarium Collection: a living resource for mycotoxin
research. N. Ponts

709. Chemical genetics: Discovery of novel fungicides and their targets
in the phytopathogen Fusarium graminearum. G. Subramaniam

710. Functional characterization of an Aspergillus flavus polyketide
synthase gene necessary for the synthesis of a sclerotium-specific

pigment. J. W. Cary

711. Functional Analysis of the Pleurotus ostreatus Manganese-
Peroxidase Gene Family. Yitzhak Hadar

712. Temperature- and pH characteristics of endo-cellulases in
Rhizophlyctis rosea. Bo Pilgaard

713. Applying unconventional secretion of the endochitinase Cts1 to
export heterologous proteins in Ustilago maydis. K. Schipper

714. A new method for fungal genetics: flow cytometry of
microencapsulated filamentous microcolonies. D. Canovas

715. DNA methylation dynamics during development in the rice blast
fungus. Junhyun Jeon

716. pH-enotype array: a novel phenomics platform for filamentous
fungi. Jaejin Park

717. GFP analysis of meiotic recombination in Neurospora Amsh-2
homozygotes. David E. A. Catcheside

718. Residual recombination in Neurospora crassa spo11 mutant
homozygotes occurs during meiosis. David E. A. Catcheside

719. Controlled synthesis of gold nanoparticles by Neurospora crassa
extract and their SERS properties. Katrin Quester

720. Cellulase production in Neurospora crassa. M. Reilly

721. Identification and Functional analysis of New Neurospora crassa
Nonself Recognition Loci. Jiuhai Zhao

722. Combinatorial cationic and oxidative stresses promote the killing
of Candida albicans cells by human neutrophils. Alistair J. P. Brown



LISTING OF ALL POSTER ABSTRACTS

723. Phosphoproteomic analysis of the aquatic fungus Blastocladiella
emersonii during germination. J. Crestani

724. Towards an accurate genome: high-throughput proteogenomic
validation of Stagonospora nodorum genes via sub-cellular
proteomics. Kar-Chun Tan

725. Evolutionary Imprint of Fungal PKS-NRPS Catalytic Domains.
Daniela Boettger

726. Secondary metabolism and development is mediated by LImF
control of VeA subcellular localization in Aspergillus nidulans.
Jonathan M. Palmer

727. Overproduction of phleichrome by synthetic inducers and cloning
of polyketide synthase genes in phytopathogenic fungus
Cladosporium phlei. D.-H. Kim

728. Symbiotic fungal endophytes that confer tolerance for plant
growth in saline soil. Susan GW Kaminskyj

729. Stable cesium and radiocesium response of Schizophyllum
commune. Matthias Gube

730. The completion of meiosis in Ustilago maydis requires an Ndt80
ortholog. B. J. Saville

731. Impact of changes in the target P450 CYP51 enzyme associated
with altered triazole-sensitivity in the Wheat pathogen
Mycosphaerella graminicola. Michael Csukai

732. Molecular Evolutionary Analysis and Synteny of Fungal GAL
Genes. Julien S. Gradnigo

733. Meiotic Drive: A Single Gene Conferring Killing and Resistance in
Fungal Spore Killer. Pierre Grognet

734. Alkaliphilic fungi from soda lakes and soda soils. Alexey A. Grum-
Grzhimaylo

735. A new method for gene mining and enzyme discovery. Y. Huang

736. Occurrence of dsRNA mycovirus (LeV-FMRI 2427) in edible
mushroom Lentinula edodes and its meiotic stability. J.-M. Kim

737. Analysis of fungal communities associated with grapevine wood
diseases, based on fungal ITS pyrosequencing. Nicolas Lapalu

738. The Antidepressant Sertraline Provides a Promising Therapeutic
Option for Neurotropic Cryptococcal Infections. Xiaorong Lin

739. Analysis of gene expression of proteases of Trichoderma spp
during confrontation with plant pathogens in vivo. Valdirene Monteiro

740. Analysis of differential protein profile during antagonism of
Trichoderma harzianum and Sclerotinia sclerotiorum. Valdirene
Monteiro

741. Effector proteins in fungal defense against fungivorous
nematodes: Diversity and regulation of expression. D. F. Plaza

27th Fungal Genetics Conference | 121



FULL POSTER SESSION ABSTRACTS

Biochemistry and Metabolism

1. Heme regulation in Aspergillus fumigatus. Nicola Beckmann’, Ernst R. Werner?, Hubertus Haas". 1) Division of Molecular Biology, Biocenter, Innsbruck
Medical University, Austria; 2) Division of Biological Chemistry, Biocenter, Innsbruck Medical University, Austria.

Sufficient iron supply is indispensable for survival of almost all organisms. However, an excess of iron is potentially toxic. In the opportunistic human-
pathogenic fungus Aspergillus fumigatus the ability to adapt to iron limitation represents a crucial virulence factor. Iron regulation is tightly interconnected
with heme metabolism, as iron-containing heme is an essential cofactor of a variety of cellular processes, e.g. respiration, sterol biosynthesis, oxidative
stress detoxification and also reductive iron assimilation. Most knowledge on fungal heme regulation derives from studies in Saccharomyces cerevisiae. A.
fumigatus, as well as most other fungal species, lack homologs of key heme regulators found in S. cerevisiae. The goal of this study is to elucidate heme-
dependent regulation in A. fumigatus (wt). As a first step, we generated a mutant strain (DhemA) lacking the gene encoding aminolevulinic acid synthase
(HemA), which catalyzes the committed step in heme biosynthesis. This mutation offers the possibility to control the cellular heme content by
supplementation with aminolevulinic acid (ALA). Growth of DhemA was blocked at ALA concentrations below 20 mM, but fully restored by addition of 200
mM on solid as well as in liquid media. Supplementation with protoporphyrin IX (PplX), the iron free heme precursor, and hemin (chloroprotoporphyrin IX
iron(l11)) supported growth of DhemA, proving that A. fumigatus is able to utilize exogenous porphyrins. Nevertheless, A. fumigatus in contrast to several
other fungal species is not able to utilize hemin as iron source. Under iron starvation, ALA supplementation led to a tremendous accumulation of PpIX in
both DhemA and wt, which indicates that HemA represents the major rate limiting step in heme biosynthesis when iron is scarce. In DhemA, ALA
restriction transcriptionally increased the heme-biosynthetic coproporphyrinogen(lil)oxidase and the putative heme receptor CFEM3. Additionally, ALA
limitation decreased the resistance of DhemA to oxidative stress and the triazole antifungal drug posaconazole, which underlines the crucial role of heme
in detoxification and sterol biosynthesis. This work was supported by the Austrian Science Foundation grant FWF P21643-B11 to HH.

2. Key Steps in the Biosynthesis of the Fungal Virulence Factor Gliotoxin. Pranatchareeya Chankhamjonl, Daniel H. Scharfz, Kirstin Scherlachl, Nicole
Remme?, Andreas Habel’, Thorsten Heinek?, Martin Roth®, Axel A. Brakhagez, Christian Hertweck®. 1) Biomolecular Chemistry, HKI, Jena, Jena, Germany; 2)
Molecular and Applied Microbiology,HKI, Jena, Jena, Germany; 3) Bio Pilot Plant,HKI, Jena, Jena, Germany.

The prototype of epipolythiodioxopiperazine (ETP) family, gliotoxin, is an infamous virulence factor of the human pathogen Aspergillus fumigatus,
notably the leading cause of invasive aspergillosis in the immunocompromised patients. Its toxicity has been attributed to the unusual intramolecular
disulfide bridge, which is the functional motif of all ETPs. A number of studies showed that the diketopiperazine core of gliotoxin is assembled by a non-
ribosomal peptide synthetase. However, downstream pathway steps have remained elusive, mainly because of the scarcity and instability of pathway in
the mediates produced. Here we present the critical role of a specialized glutathione S-transferase (GST), GliG, in the enzymatic sulfurisation and the key
step of epidithiol formation by an unprecedented twin carbon-sulfur lyase, Glil. Our studies not only unveil the understanding of key steps in the
biosynthesis pathway of an important virulence factor, but also outline a new function of microbial GSTs and gain insights into the formation of
organosulfur compounds.

3. Identification of a gene cluster mediating the biosynthesis of the Aspergillus fumigatus cell wall and secreted polysaccharide, galactosaminogalactan.
Fabrice N. Gravelatl, Mark J. Leel, Alexander GeIIerl, Dan Chenz, Anne Beauvais3, Hong Liu4, William C. Niermanz, Jean-Paul Latge3, Thierry Fontaines, Scott
G. Filler*, Donald C. Sheppard®. 1) Microbiology & Immunology Department, McGill University, Montréal, Qc, Canada; 2) J. Craig Venter Institute, Rockuville,
Maryland, USA; 3) Aspergillus Unit, Institut Pasteur, Paris, France; 4) Division of Infectious Diseases, Los Angeles Biomedical Research Institute at Harbor-
UCLA Medical Center, Torrance, California, USA.

Aspergillus fumigatus is the most common cause of invasive mold disease in humans. Although adherence of fungal hyphae to host constituents is a
critical early step in the pathogenesis of invasive aspergillosis, the molecular mechanisms underlying this process have not been elucidated. Using a
forward genetic approach, we identified a glucose epimerase, Uge3, which is required for adherence of hyphae to a wide variety of substrates.
Biochemical analyses confirmed that Uge3 is required for the synthesis of the secreted glycan galactosaminogalactan (GAG), which in turn functions as the
dominant adhesin of A. fumigatus hyphae and is required for virulence. However, the biochemical and regulatory pathways governing GAG synthesis
remain unknown. Using comparative transcriptome analysis, we found that uge3 is found within a cluster of 5 co-regulated genes on chromosome 3.
Interestingly, 3 of the 5 proteins (Uge3, Gtb3 and Ega3) encoded by these genes are predicted to contain conserved domains involved in polysaccharide
metabolism. The 2 other proteins (Sph3 and Esr3) have no homologs in other organisms. We hypothesized that this cluster of genes may be required for
GAG biosynthesis. To test this hypothesis, we constructed deletion mutants of two of the cluster genes: sph3, encoding a cell surface spherulin 4-like
protein; and esr3, encoding an extracellular serin-rich protein. Phenotypic analysis of both the Desr3 and Dsph3 mutant strains confirmed that deletion of
these genes resulted in both impaired GAG production and impaired adherence, similar to the phenotype of the Duge3 mutant strain. Gene deletion for
the 2 remaining genes is ongoing. Collectively, these data suggest that the 5 gene cluster identified on chromosome three is likely a carbohydrate
biosynthetic cluster required for the synthesis of GAG. Importantly, this is the first description of a gene cluster for the biosynthesis of a cell wall
polysaccharide in A. fumigatus, and suggests the possibility that other similar gene clusters may govern the synthesis of glycans in this fungus. The
discovery of this cluster, and the subsequent characterization of the role of each of the component elements, may provide insight into the synthesis and
function of GAG.

4. A fasciclin-like protein in Aspergillus fumigatus. Thomas Hartmann®, Lei Sun’, Cheng lJin. 1) Institute of Microbiology, Chinese Academy of Sciences,
Beijing, China; 2) Institute of Biophysics, Chinese Academy of Sciences, Beijing, China.

The saprophytic filamentous fungus Aspergillus fumigatus has been gaining importance as an opportunistic human pathogen over the past decades, as
advances in modern medicine have created a growing group of patients susceptible to potentially deadly invasive aspergillosis. The role of fungal adhesion
during infection progression is still poorly understood and this work aims to focus on this neglected aspect of the infection process. Fasciclin-like proteins
can be found in a wide variety of organisms, where they often perform functions related to surface adhesion. Here we describe a fasciclin-like protein in A.
fumigatus. The Fas protein was first discovered as differentially expressed in an O-mannosyltransferase Dpmt1 deletion strain, which indicates that it may
be substantially glycosylated. We generated Dfas deletion strains in two different A. fumigatus strain backgrounds. The Dfas deletion strains grew
normally on plates and in solution and neither bright field microscopy, nor TEM revealed phenotypical differences to the wildtype strains. Interestingly, the
Dfas deletion strains showed reduced adhesion to hydrophobic plastic surfaces, but adhered normally to glass slides. Whether these altered adhesive
properties have an effect on the strains’ virulence in mammalian hosts such as mice remains to be investigated.
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5. Characterization of fumiquinazoline biosynthesis in Aspergillus fumigatus. Fang Yun Lim", Brian Ames’, Christopher Walsh?, Nancy Keller". 1) Medical
microbiology and Immunology, University of Wisconsin-Madison, Madison, WI; 2) Biological chemistry and molecular pharmacology, Harvard Medical
School, Boston, MA.

The fumiquinazolines (FQs) comprise a related, sequentially generated family of bioactive peptidyl alkaloids that are signature metabolites of Aspergillus
fumigatus. The FQ framework is built by nonribosomal peptide synthetase (NRPS) machinery with anthranilate as a key non-proteinogenic amino acid
building block. Despite being prevalent across the species, its gene cluster has not been characterized. Prior bioinformatic analysis coupled with
heterologous expression of the putative A. fumigatus proteins termed here FmgA -FmqD led to the identification of a four-enzymatic process that builds
increasingly complex FQ scaffolds. Briefly, FmgA, a trimodular NRPS condenses alanine, tryptophan, and anthranilic acid to form fumiquinazoline F (FQF).
The tandem action of a flavoprotein (FmgB) and a monomodular NRPS (FmqC) converts FQF to fumiquinazoline A (FQA). Finally, FmgD, a FAD-dependent
oxidoreductase converts FQA to the heptacyclic fumiquinazoline C (FQC). Interestingly, FmgD contains an N-terminus signal peptide predicted for
extracellular transport. This study is aimed at providing in vivo validation to the FQ biosynthetic framework and characterizing how cellular localization of
FmqD affects production of FQC in A. fumigatus. We found that the conidial metabolite, FQC, is the predominant FQ moiety in two wild type isolates and is
selectively accumulated in the conidia. Targeted single gene deletions of FmgA through FmqgD coupled with metabolomic profiling of the single
biosynthetic gene mutants supported previous biochemical prediction of FQ biosynthesis. Fluorescent microscopy of mutants bearing a C-terminal FmqD-
GFP fusion showed that FmqgD is localized to the cell wall of the fungus and this localization is abolished when the signal peptide is removed. Future studies
will elucidate if cell wall localization of FmqD is crucial for FQC production.

6. Identification of local and cross-chromosomal biosynthetic gene clusters in filamentous fungi using gene expression data. Mikael R. Andersen®, Jakob
B. Nielsenl, Andreas KIitgaardl, Lene M. Petersenl, Tilde J. Hansenl, Lene H. Blicherl, Charlotte H. Gottfredsenz, Thomas O. Larsenl, Kristian F. Nielsenl,
Uffe H. Mortensen™. 1) Department of Systems Biology, Technical University of Denmark, Kgs Lyngby, Denmark; 2) Department of Chemistry, Technical
University of Denmark, Kgs Lyngby, Denmark.

Biosynthetic pathways of secondary metabolites from fungi are currently subject to an intense effort to elucidate the genetic basis for these compounds
due to their large potential within pharmaceutics and synthetic biochemistry. The preferred method is methodological gene deletions to identify
supporting enzymes for key synthases one cluster at a time.

In earlier work we presented a method for using a gene expression compendium to accurately predict co-regulated gene clusters in general, and in
particular the members of gene clusters for secondary metabolism. A benchmarking of the method in Aspergillus nidulans by comparison to previous gene
deletion studies showed the method to be accurate in 13 out of 16 known clusters and nearly accurate for the remaining three.

In this work, we have expanded the algorithm to identify cross-chemistry between physically separate gene clusters (super clusters), and validate this
both with legacy data and experimentally by prediction and verification of a new supercluster consisting of the non-ribosomal peptide synthetase (NRPS)
AN1242 (on chr VIIl) and the prenyltransferase AN11080 (on chromosome V) as well as identication of the shared product compound nidulanin A.

We also propose further implications of the gene clustering, as our analysis shows that approximately 10 % of the genes seem to be non-randomly
(p<0.05) co-regulated with more than two neighboring genes.

We have employed A. nidulans for our method development and validation due to the wealth of available biochemical data, but the method can be
applied to any fungus with a sequenced and assembled genome, thus supporting further secondary metabolite pathway elucidation in the fungal kingdom.
We furthermore present the preliminary analysis of the application of the method to A. niger.

7. N-glycan profiling of Aspergillus nidulans using solid-phase glycan extraction and mass spectrometry. Diana Anyaogu®, Shuang Yang?, Jakob B.
Nielsen®, Hui Zhang®, Michael Betenbaugh?®, Uffe Hasbro Mortensen’. 1) Department of Systems Biology, Technical University of Denmark, 2800 Kgs.
Lyngby, Denmark; 2) Department of Pathology, Johns Hopkins University, Baltimore, Maryland 21287, United States; 3) Department of Chemical and
Biomolecular Engineering, Johns Hopkins University, Baltimore, Maryland 21218, United States.

Filamentous fungi from the Aspergillus species are widely used as cell factories for the production of chemicals and enzymes, especially Aspergillus niger
and Aspergillus oryzae are used as protein producers. Fungi have a high secretion capacity in comparison to other eukaryotic expression systems as algae,
yeast and insect cells. The majority of the secreted proteins are glycosylated, thus glycosylation plays an important role in the secretory pathway.
Glycosylation is also important in the production of therapeutic proteins as it is involved in protein stability, ligand binding, immunogenicity and serum
half-life. Furthermore the efficacy of many therapeutic proteins depends on correct glycosylation. Thus, understanding the glycosylation will enable the
directed glycoengineering in Aspergilli to improve protein production. In the present study the Solid-Phase Glycan Extraction (SPGE) method was used to
isolate and purify N-glycans from the secretome and whole cell lysates from Aspergillus nidulans. The mass of the glycans was determined using a MALDI-
TOF MS. In addition, A. nidulans strains with mutations in the glycosylation pathway were analyzed and compared to the reference strain. This study
shows that some of the mutations had an effect on the N-glycan profile, which shifted the profile towards glycans with a lower mass. The method
presented here is thus very efficient for extracting N-glycans and for quantifying the relative abundance of different N-glycans in the secretome and whole
cell lysate .

8. Targeting of AcvA to peroxisomes increases penicillin production in Aspergillus nidulans. Andreas Herr, Reinhard Fischer. Karlsruhe Institute of
Technology, Inst. for Applied Biosciences, Dept. of Microbiology, Karlsruhe, BW, Germany.

Aspergillus nidulans produces a great variety of secondary metabolites such as mycotoxins and antibiotics. The biosynthesis requires often a large
number of enzymes, and the corresponding genes are located in clusters. Each cluster normally contains a specific transcription factor, whose expression
induces t