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Posters

Please set up your poster in the garage below Fred Farr Forum immediately after lunch the day of your poster session. Posters will be available to
view beginning as they are set up following lunch. The size of the poster should not exceed 4 feet x 4 feet. Two authors will share a4 x 8 poster
stand. Authors of ODD numbered posters should be at their poster from 7:30- 8:30 and authors of EVEN numbered posters should be at their posters
from 8:30 - 9:30. If you have a poster that is not in the program book, you may post it at a space where the poster was listed as "Withdrawn."

Topic # Range Posters | Posters || Posters ||
Comparative and Functional Genomics 1-112 1-112

Gene Regulation 113- 223 113- 223

Cell Biology 224- 321 224 -321

Biochemistry and Metabolism 322- 388 322 - 388

Population and Evolutionary Genetics 389- 445 389 - 445
Pathogenic and Symbiotic Interactions 446- 601 446 - 601
Education 602- 606 602 - 606
Other Topics 607- 678 607 - 653 654 - 670 671- 678
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TWENTY SIXTH FUNGAL GENETICS CONFERENCE

SCIENTIFIC PROGRAM

Tuesday, March 15

3:00 pm — 10:00 pm Registration Administration Building
6:00 Dinner Crocker Hall
7:30 pm — 10:30 pm Social Reception (Mixer) Merrill Hall

W ednesday, M arch 16

7:30 am - 1:00 pm Registration Administration
7:30 am - 8:30 am Breakfast Crocker Hall
8:30 am — 12:00 pm Plenary Session | Merrill Hall and Chapel

Genome Evolution

Jeff Townsend
David Hibbett

Antonis Rokas
Geraldine Butler
Martijn Rep

12:00- 1:00 pm Lunch

Chair: Ralph Dean

Comparative transcriptomics and development of perithecia

Deep Rot: Phylogenetic and comparative genomics per spectives on the evolution of the wood
decay apparatusin Agaricomycotina

The birth, evolution and death of metabolic pathwaysin fungi

Evolution of hypoxic regulation in Candida species

Genome dynamicsin the Fusarium oxysporum species complex

Crocker Hall

Box lunches will be available on afirst come, first served basis for meeting attendees on the deck outside of the Administration Building.

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

12:15 pm — 1:30 pm, Ad hoc workshops  (Please do not take box lunches from ad hoc sessions unless you are attending the session)

Neurospora Lunch/Policy Committee Chapel

M agnaporthe Comparative Genomics (until 1:45 pm) Fred Farr Forum
3:00 pm — 6:00 pm Concurrent Sessions |

Comparative and Functional Genomics Jason Stajich and Dawn-Anne Thompson  Merrill Hall
Photobiology Alex Idnurm and Luis Corrochano Chapel

Fungal Effectors Mark Glijzen and Bart Thomma Heather
Symbiosis Alga Zuccaro and Sebastien Duplessis Fred Farr Forum
Evolution of Sex in Fungi Paul Dyer and Robert Debuchy Kiln

Evolution of Centromeres Kaustuv Sanyal and Judy Berman Nautilus

6:00 Dinner, Crocker Hall
7:30 pm —10:30 pm Poster Session | Fred Farr Forum Garage
Poster Number Topics

113 - 223 Gene Regulation

322 - 388 Biochemistry and Metabolism

607 - 653 Other Topics

Authors of ODD numbered posters should be at their poster from 7:30- 8:30 and authors of EVEN numbered posters should be at their posters from

8:30 - 9:30.
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Thursday, March 17

7:30 am - 1:00 pm Registration Administration
7:30 am - 8:30 am Breakfast Crocker Hall
8:30 am — 12:00 pm Plenary Session |1 Merrill Hall and Chapel
Symbioses Chair: Francis Martin
Regine Kahmann Effectors and the establishment of biotrophy in smut fungi
Natalia Requena Root sweet home: signaling in the arbuscular mycorrhizal symbiosis
Duur Aanen Artificial selection of Termitomyces fungi by termites
Christian Hertweck Endofungal bacteria as producers of mycotoxins
Elizabeth Arnold Evolutionary origins of endophytic fungi
12:00- 1:00 pm Lunch Crocker Hall

Box lunches will be available on afirst come, first served basis for meeting attendees on the deck outside of the Administration Building.

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

12:15 pm — 2:00 pm, Ad hoc workshops  (Please do not take box lunches from ad hoc sessions unless you are attending the session)
Career Luncheon Seascape Dining Room

Trainees are welcome to seek advice from career scientists at the Career Luncheon. Career mentor tables will be located in the
Seascape Dining Room of Crocker Hall, and will arranged by mentoring topic. Table-hopping is encouraged.

JGI Fungal Genomics Program:Tools and Applications Merrill Hall

3:00 pm — 6:00 pm Concurrent Sessions |1

Fungus-Host Signaling Barbara Howlett and Gunther Déhlemann  Merrill

Interactions between Fungi and Prokaryotes Teresa Pawlowska and Paola Bonfante Kiln

Emergent Fungal Diseases John Taylor and M atthew Fisher Chapel

Regulation of Septation During Growth Oded Y arden and Stephan Seiler Heather
and Development

Secretion, Endocytosis and M embrane Brian Shaw and Miguel Pefialva Fred Farr Forum
Trafficking

ChlP-chip/ChlP-seq: protein Tom Michell and Michael Freitag Nautilus
interactions with DNA

Education and Public Outreach Pat Pukkila and Mimi Zolan Scripps

6:00 Dinner Crocker Hall

7:30 pm —10:30 pm Poster Session |1 Fred Farr Forum Garage

Poster Number Topics

1-112 Comparative and Functional Genomics

224- 321 Cell Biology

654 - 670 Other Topics

Authors of ODD numbered posters should be at their poster from 7:30- 8:30 and authors of EVEN numbered posters should be at their
posters from 8:30 - 9:30.
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Friday, March 18

7:30 am - 1:00 pm Registration Administration
7:30 am - 8:30 am Breakfast Crocker Hall
8:30 am — 12:00 pm Plenary Session I11 Merrill Hall and Chapel
Growth and Reproduction Chair: Steve Harris
Jeff Rollins The developmental determinacy and reprogramming of Sclerotinia sclerotiorum apothecia
Amy Gladfelter Nuclear anarchy and cortical order in Ashbya gossypii
Jose Perez-Martin Connections between cell cycle, morphogenesis and pathogenicity in fungi:
the case of Ustilago maydis
Stephan Seiler Dissecting COT1 NDR kinase regulation and signaling in Neurospora crassa
Hanna Johannesson L ongstanding evolutionary puzzles: Fungi as holders of the missing pieces
12:00- 1:00 pm Lunch Crocker Hall

Box lunches will be available on afirst come, first served basis for meeting attendees on the deck outside of the Administration Building.

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

Ad hoc workshops (Please do not take box lunches from ad hoc sessions unless you are attending the session)

12:15 pm — 1:45 pm
Colletotrichum Workshop Scripps

12:15 pm - 1:30 pm

Fungal Genome Tools Chapel
3:00 pm — 6:00 pm Concurrent Sessions |11
Cell Cycle, Development, and M or phology Nick Talbot and M eritxell Riquelme Fred Farr Forum
Host Selective Toxins B. Gillian Turgeon and Tim Friesen Nautilus
Fungicides and Antifungals Leah Cowen and Sabine Fillinger Chapel
Biobased products, Biofuels, and Bioenergy Jonathan Walton and Peter Punt Merrill
High Throughput M ethods Marco Berg-van-den and Aric Wiest Heather
for Filamentous Fungi
Population Genomics Jim Anderson and Eva Stuckenbrock Kiln
Dimorphic Transitionsin Fungi Julia Kohler and Anne Dranganis Scripps
6:00 Dinner Crocker Hall
7:30 pm —10:30 pm Poster Session |11 Fred Farr Forum Garage
Poster Number Topics
389 - 445 Population and Evolutionary Genetics
446 - 601 Pathogenic and Symbiotic Interactions
602 - 606 Education
671- 678 Other Topics

Authors of ODD numbered posters should be at their poster from 7:30- 8:30 and authors of EVEN numbered posters should be at their
posters from 8:30 - 9:30.

26" Fungal Genetics Conference 5



Saturday, M arch 19

7:30 am - 1:00 pm Registration Administration
7:30 am - 8:30 am Breakfast Crocker Hall
8:30 am — 12:00 pm Plenary Session |V Merrill Hall and Chapel

Regulatory Networks  Chair: Nancy Keller

Brenda Andrews M apping cellular pathways using yeast functional genomics

Dawn Anne Thompson  It's About Time: Evolutionary rewiring of regulatory networks

Brett Tyler How fungal and oomycete proteins enter plant and animal cells

Jay Dunlap Genetic and genomic approachesto light and clock regulation of development

John Linz Regulation of the compartmentalization of secondary metabolite biosynthesis
12:00- 1:00 pm Lunch Crocker Hall

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

2:00 pm —5:00 pm Concurrent Sessions |V
Genome Defense M echanisms, Epigenetics Rodolfo Aramayo and Yi Liu Merrill Hall
and RNAI
Systems and Synthetic Biology Han de Winde and Merja Pentilla Fred Farr Forum
Fungi that Infect Humans Aaron Mitchell and Jennifer Lodge Chapel
Proteomics and M etabolomics Peter Solomon and Kim Hammond-K osack Kiln
Stress Signalling Amir Sharon and Jesus Aguirre Nautilus
Hyphal Tip Growth Neal Gow and Jurgen W endland Heather
5:30- 6:15 pm  Perkins/ M etzenberg L ecture: Prof. Salomon Bartnicki-Garcia Merrill Hall
6:30 Banquet Crocker Hall
8:30 pm - 12:30 am Closing party featuring "The Amplified DNA Band" Merrill Hall
8:30 pm - 12:30 am Quiet alternative Surf and Sand Living room

Sunday, M arch 20
7:30 am - 8:30 am Breakfast Crocker Hall

12:00 pm Check-out
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Ad Hoc Workshops

W ednesday

Neurospora Lunch/Policy Committee
12:15 pm —1:30 pm

Chapel

M agnaporthe Comparative Genomics
12:15 pm — 1:45 pm
Fred Farr Forum

Thursday

JGI Fungal Genomics Program:Tools and Applications
12:15 pm —1:30 pm

Merrill Hall

Friday

Colletotrichum Workshop
12:30 pm — 1:45 pm
Scripps

Fungal Genome Tools

12:15 pm — 1:30 pm
Chapel
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Concurrent Session Schedules

Concurrent Sessions |

Comparative and Functional genomics Merrill Hall
Jason Stajich and Dawn-Anne Thompson

Abstracts for this session begin on page 43

3:00 - 3:20

Minou Nowrousian

L aser capture microdissection, RNA-seq, and mutant genome sequencing: How to use next-generation sequencing to
characterize developmental genesin filamentous fungi

3:20 - 3:40
Michael E. Donaldson
Identification and potential function of natural antisense transcriptsin the fungal plant pathogen Ustilago maydis

3:40 - 4:00
Mikael R. Andersen
A method for accurate prediction of the size of secondary metabolite clustersin Aspergillus nidulans

4:00 - 4:20
Sushmita Roy
Arboretum: Thinking about treesto cluster expression acr0ss species

4:20 - 4:40 Break

4:40 - 5:00

Jirgen Wendland

The genome sequence for Eremothecium cymbalariae establishes a link between the S. cerevisiae ancestor and the streamlined
genome of Ashbya gossypii

5:00 - 5:20
Toni Gabaldén
Fungal genomes as seen through the lens of evolution

5:20 - 5:40
A. Diego Martinez
Comparative Analysis of Dermatophyte Genomes

5:40 - 6:00

Sophien Kamoun
Genome evolution in the Irish potato famine pathogen lineage
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Photobiology Chapel
Alexander Ildnurm and Luis Corrochano

Abstracts for this session begin on page 46

3:00 - 3:20
Alfredo Herrera-Estrella
M olecular basis of photoconidiation in Trichoderma atroviride

3:20 - 3:40
Hun Kim
Regulation of stomatal tropism and infection by light in Cercospora zeae-maydis

3:40 - 4:00
Santiago Torres-M artinez
Characterization of Mucor circinelloides light-response mutants by high-throughput sequencing

4:00 - 4:20
M aria Olmedo
Expanding the molecular clock network of Neurospora crassa

4:20 - 4:40 Break

4:40 - 5:00
Michael Brunner
Light Sensitivity of First and Second Tier Clock-Controlled Genesin Neurospora.

5:00 - 5:20
Chandrashekara M allappa
Rolesfor CSP-1in Light and Circadian Clock-Regulated Gene Expression

5:20 - 5:40
M aren Hedtke
Light-dependent gene induction in A. nidulansrequiresrelease of the repressor LreA and binding of the activator FphA

5:40 - 6:00

Gerhard Braus
Light Control of Fungal Development and Secondary M etabolism in Aspergillus nidulans,

26" Fungal Genetics Conference 9



Fungal Effectors Heather
Mark Glijzen and Bart Thomma

Abstracts for this session begin on page 49

3:00 - 3:20
Bart Thomma
Fungal LysM effectors perturb chitin-triggered host immunity

3:20 - 3:40
Jim Beynon
Pathogen effectorsreveal a complex host immune network

3:40 - 4:00
Barbara Valent
Magnaporthe oryzae effector dynamics during invasion of living rice cells

4:00 - 4:20

Thorsten Nurnberger

The superfamily of necrosis and ethylene-inducing peptide 1 (Nep1l) like proteins (NL Ps) harbors cytotoxic and non-cytotoxic,
virulence-promoting members

4:20 - 4:40 Break

4:40 - 5:00

Isabelle Fudal

Crystal Structure Of The Avirulence Gene AvrLm4-7 Of Leptosphaeria maculans |lluminates Its Evolutionary And Functional
Characteristics. (abstract 187)

5:00 - 5:20

Stephan Wawra

The oomycete RxL R-effectors AVR3a and SpHtp1l show cell type specific import and their RxL R-leaders mediate
dimerisation.

5:20 - 5:40
Jan Schirawski
Symptom formation of Sporisorium reilianum on maize is mediated by secreted effectors.

5:40 - 6:00

Liliana Cano

Genome analysis of a strain from the UK blue 13 clonal lineage of Phytophthora infestans reveals significant genetic and
expression polymorphismsin effector genes.
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Symbiosis
Alga Zuccaro and Sebastien Duplessis

Abstracts for this session begin on page 52

3:00 - 3:20
Uta Paszkowski
Theart and design of harmony: novel arbuscular mycorrhizal factorsfrom cereals

3:20 - 3:40
Uwe Nehls
Aquaporin function in ectomycorrhizal symbiosis: what can we learn from Laccaria bicolor?

3:40 - 4:00
Cristina Albarran
Identification of secreted Glomusintraradices signals activating the plant symbiotic program

4:00 - 4:20
Pietro Spanu
Genome expansion and genelossin powdery mildew fungi reveal functional tradeoffsin extreme parasitism

4:20 - 4:40 Break
4:40 - 5:00
Alga Zuccaro

Genome and transcriptome analyses of Piriformospora indica provide hintsinto endophytic life strategies

5:00 - 5:20
Barry Scott

Fred Farr Forum

Identification of a transcription regulator controlling in planta hyphal growth of Epichloé festucae, a mutualistic symbiont of

perennial ryegrass

5:20 - 5:40
Richard Johnson

M etabolomics meets Genomics: Solving the puzzle of how multiple cyclic oligopeptides are synthesised by epichloae

endophytesvia a single ribosomally encoded gene, gigA.
5:40 - 6:00

Carolyn Y oung
Deconvoluting the Neotyphodium coenophialum genome
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Evolution of Sex in Fungi Kiln
Paul Dyer and Robert Debuchy

Abstracts for this session begin on page 55

3:00 - 3:20
Joe Heitman
Sex in basal fungi: Phycomyces, Mucor, and Rhizopus

3:20 - 3:40
Tom Martin
Tracing the origin of the fungal alphal domain placesits ancestor in the HM G-box superfamily

3:40 - 4:00
Jan van Kan.
Unusual features of the Botrytis cinerea mating system.

4:00 - 4:20
Sijmen Schoustra
Fitness associated sexual reproduction in Aspergillus nidulans

4:20 - 4:40 Break

4:40 - 5:00
Ines Teichert
Fungal developmental networks: Control of fruiting body formation in Sordaria macrospora.

5:00 - 5:20
Zheng Wang
Sex-specific expression during asexual development of Neurospora crassa under constant light.

5:20 - 5:40
Racquel Sherwood
Regulation of the M eiotic Program in Candida lusitaniae.

5:40 - 6:00

Han A. B. Wasten
Regulation of mushroom development
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Evolution of centromer es and centromer e function in fungi Nautilus
Judith Berman and K austuv Sanyal

Abstracts for this session begin on page 58

3:00 - 3:20
Kaustuv Sanyal
Tracing the path of centromere evolution in yeasts

3:20 - 3:40
Michael Frietag
Centromeresin filamentous fungi

3:40 - 4:00
Pallavi Phatale
Genetic analyses of centromer e-specific histone H3 proteins from three ascomycetesin Neurospora crassa.

4:00 - 4:20
Ajit Joglekar
Outside looking in — A view of the centromer e ar chitecture from the kinetochore

4:20 - 4:40 Break

4:40 - 5:00
Xiangwei He
Plasticity and Epigenetic Inheritance of CENP-A Nucleosome Positioning in the Fission Y east Centromere

5:00 - 5:20
Judith Berman
Therequirement for the Dam1 complex is dependent upon the number of kinetochore proteins and microtubules

5:20 - 5:40
M eleah Hickman
Genome-wide identification of replication originsin Candida albicans

5:40 - 6:00

M aitreya Dunham
Comparative functional genomics of two Saccharomyces yeasts.
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Concurrent Sessions ||

Fungus-host signaling
Barbara Howlett and Gunther Ddhlemann

Abstracts for this session begin on page 61

3:00 - 3:20
Antonio di Pietro
Crosstalk between nutrient and M APK signalling in the trans-kingdom pathogen Fusarium oxysporum

3:20 - 3:40
Carla Eaton
Decoding symbiosis - molecular insightsinto the basis of grass-fungal interactions

3:40 - 4:00
Tim Friesen
Interaction between dothideomycete toxins and receptorsin wheat

4:00 - 4:20
Gunther Doehlemann
M anipulation of plant defense signaling by Ustilago maydis effectors

4:20 - 4:40 Break

4:40 - 5:00
Annegret Kohler
Theimpact of the mycorrhizal symbiosison the transcriptome of Laccaria bicolor and Poplar

5:00 - 5:20
Andreas Thywissen
Aspergillus fumigatus conidia modulate the endocytic pathway of alveolar macrophages

5:20 - 5:40
Christian Voigt

Pathogen-caused release of linolenic acid suppresses plant defense by inhibition of callose synthesisin wheat.

5:40 - 6:00
Thomas Guillemette

Cellular pathways activated in the necrotrophic fungus Alternaria brassicicola in response to camalexin exposure

26" Fungal Genetics Conference 14

Merrill Hall



Interactions between Fungi and Prokaryotes Kiln
Teresa E. Pawlowska & Paola Bonfante

Abstracts for this session begin on page 64

3:00 - 3:20
Diana K. Morales
Understanding chemical crosstalk between bacteria and fungi in biofilms

3:20 - 3:40
Hans-Wilhelm Nitzmann
Interaction between Streptomycetes and Aspergillus nidulans

3:40 - 4:00

Danielle Troppens

Unraveling the biological activities of a bacterial metabolite using Saccharomyces cerevisiae and Neurospora crassa as model
organisms

4:00 - 4:20
Jonathan L. Klassen
Ants, agriculture, and antibiotics

4:20 - 4:40 Break

4:40 - 5:00
Martin Grube
Lichen symbioses as microecosystems

5:00 - 5:20
Aurélie Deveau
Ectomycorrhizal fungi and their bacterial associates: what's new about the mechanisms of their interactions?

5:20 - 5:40
Paola Bonfante
The genome of the obligate endobacterium of an AM fungusreveals an interphylum network of nutritional interactions

5:40 - 6:00

Stephen J M ondo
400 million year old facultative dependence of arbuscular mycorrhizal fungi on Glomeribacter endobacteria.
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Emergent fungal diseases Chapel
M att Fisher and John Taylor

Abstracts for this session begin on page 67

3:00 - 3:20
Sarah Gurr
Policy to prevent the transport of pathogens

3:20 - 3:40

Todd Ward

Global molecular surveillance provides a framework for understanding diversity within the Fusarium graminearum species
complex

3:40 - 4:00
Jean Ristaino
Inferring evolutionary relationships of Phytophthora speciesin the Ic clade using nuclear and mitochondrial genes

4:00 - 4:20
Rhys Farrer
Comparative genomics of Batrachochytrium dendrobatidisreveals recombination in a single globalised hypervirulent lineage

4:20 - 4:40 Break

4:40 - 5:00
David Blehert
The emer gence of Geomcyes destructans and bat white-nose syndrome in North America

5:00 - 5:20
Christopher Desjardins
Comparative genomics of human fungal pathogens causing paracoccidioidomycosis

5:20 - 5:40
WenJdun Li
M olecular epidemiology of Cryptococcus gattii in the Pacific Northwest

5:40 - 6:00

Pierre Gladieux
“Magic traits” drive the emergence of pathogens
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Regulation of Septation During Growth and Development Heather
Oded Y arden and Stephan Seiler

Abstracts for this session begin on page 70

3:00 - 3:20
Peter Philippsen
Dynamics of septum formation in Ashbya gossypii

3:20 - 3:40
Rosa M ourifio-Pérez
Dynamics of actin and actin binding proteinsduring septum formation in Neurospora crassa

3:40 - 4:00
David Caballero-Lima
Regulation of Septins assembly by Rtsl during Candida albicans morphogenesis

4:00 - 4:20
Michael Bolker
Genetic regulation of septation in the dimorphic basidiomycete Ustilago maydis

4:20 - 4:40 Break

4:40 - 5:00
Robert-Jan Bleichrodt
M echanisms of septal closurein filamentous fungi as a response to mechanical damage and stress

5:00 - 5:20
Sandra Bloemendal
Thevacuolar membrane protein PRO22 from Sordaria macrospora isinvolved in septum formation in early sexual structures

5:20 - 5:40

Bo Liu

Antagonistic interaction between the RSC chromatin-remodeling complex and the septation initiation network in the
filamentous fungus Aspergillus nidulans

5:40 - 6:00

Steven D. Harris
Developmental regulation of septum formation in Aspergillus nidulans
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Secretion, endocytosis & trafficking Fred Farr Forum
Brian D. Shaw & Miguel Pefialva

Abstracts for this session begin on page 73

3:00 - 3:20
Meritxell Riquelme
Exocytosis and tip growth in Neurospora crassa

3:20 - 3:40
Norio Takeshita
Functional analysis of SPFH domain-containing proteins, Flotillin and Stomatin, in Aspergillus nidulans

3:40 - 4:00

Gui Shen

Cryptococcal WA Sp homolog Wspl functions as an effector of Cdc42 and Racl to regulate intracellular trafficking and actin
cytoskeleton

4:00 - 4:20
Brian Shaw
Imaging actin dynamicsin Aspergillus nidulans using L ifeact

4:20 - 4:40 Break

4:40 - 5:00
Gero Steinberg
M otor cooperation in membrane trafficking

5:00 - 5:20
Xin Xang
Roles of the dynactin complex in early endosome transport

5:20 - 5:40
Andreas M ayer
Vacuole homeostasis by a balance of membrane fission and fusion

5:40 - 6:00

Miguel Pefialva
Theinterface between the Golgi and the endosomal system in Aspergillus nidulans
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ChlIP-chip/ChlP-seq: Protein interactionswith DNA Nautilus
Thomas Mitchell & Michael Freitag

Abstracts for this session begin on page 76

3:00 - 3:20
M arc Facciotti
Integration of ChlP-Chip/Seq data in a systems biology framework

3:20 - 3:40
Agnieszka Gacek
Histone H3 demethylases are involved in regulating primary and secondary metabolism

3:40 - 4:00
Sinem Beyhan
Regulatory networksthat control morphology and virulence in Histoplasma capsulatum

4:00 - 4:20
Philippe Lefrancois
Identification of kinetochore-like regions using ChlP-seq and chromosome segr egation analyses

4:20 - 4:40 Break

4:40 - 5:00
Abby Leeder
Regulatory networks during cell-cell communication and germling fusion in Neurospora crassa

5:00 - 5:20
Rigzin Dekhang
Characterization of circadian clock output pathwaysregulated by adv-1in Neurospora crassa using ChlP-seq

5:20 - 5:40
Gopal Subramaniam
ChlP sequencing reveal dual role for thetranscription regulator Tri6 in the phytopathogen Fusarium graminearum

5:40 - 6:00

James Galagan
Using Chip-Seq to Disect Microbial Regulatory Networks
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Education and Public Outreach Scripps
Pat Pukkila and Mimi Zolan

Abstracts were not requested for this session.

3:00 - 3:20
Beth Ruedi
The Genetics Society of America and Education: A new initiative, a new program director, and how you can get involved

3:20 - 3:40
Porter Ridley
NSF Broader Impacts from a Program Officer’s per spective

3:40 - 4:00
Roundtable discussion of Innovationsin Public Outreach and Education led by Pat Pukkila

4:00 - 4:20
Roundtable discussion continued

4:20 - 4:40 Break

4:40 - 5:00
Claire Burns
M aking the transition from researcher to teacher: one post-doc's per spective

5:00 - 5:20
Julio Soto
M oder nizing a freshman biology sequence with support from HHM I: kinesthetic and inquiry approaches

5:20 - 5:40
M arilee Ramesh
Applying Writing Pedagogy to College Biology L aboratory Assignments

5:40 - 6:00

Andrea Gargas
COM GEN : Fungal genetic analysis as a pedagogical tool
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Concurrent Sessions |11

Cell cycle, development and mor phogenesis Fred Farr Forum
Nick Talbot & Meritxell Riquelme

Abstracts for this session begin on page 80

3:00 - 3:20
Michelle M omany
RNA isasymmetrically localized in Aspergillus fumigatus

3:20 - 3:40
Jun-ya Shoji
M acr oautophagy-mediated degradation of whole nuclei in the filamentous fungus Aspergillus oryzae

3:40 - 4:00

Hye-Seon Kim

Comparative analysis of hyphal Ca?* dynamicsin three Fusarium species and the role of calcium channel genesin the
generation of hyphal tip Ca®" pulses

4:00 - 4:20
Nick Talbot
Investigating the role of the septin gene family in Magnaporthe oryzae during rice infection

4:20 - 4:40 Break

4:40 - 5:00

Ane Sesma

RNA-binding protein mediates M. oryzae cellular differentiation and plant infection through regulation of mMTOR, HOG1,
cAM P, and pH signalling cascades

5:00 - 5:20

Ulrich Kiick

Thevelvet-like complex from Penicillium chrysogenum: A regulatory network of five subunits controls secondary metabolism
and mor phogenesis

5:20 - 5:40
Jorg Kamper
Regulatory networks coordinating nuclear division and pathogenic development in Ustilago maydis

5:40 - 6:00

Nandini Shukla
Identification of a microtubule associating protein that interacts with nuclear pore complex proteins during mitosis
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Host Selective Toxins
B. Gillian Turgeon & Tim Freisen

Abstracts for this session begin on page 83

3:00 - 3:20
Gillian Turgeon
Comparative genomics of host selective toxin producing pathogens of cereals

3:20 - 3:40
Tom Wolpert
A ‘Born Again’ fungal virulence effector

3:40 - 4:00
M otochiro Kodama
Pathogenicity chromosomes in host-specific toxin-producing Alternaria species

4:00 - 4:20
Wanessa Wight
Histone deacetylase inhibitor HC-toxin from Alternaria jesenskae

4:20 - 4:40 Break

4:40 - 5:00
Lynda Cuiffetti
Same fungus, two different host-selective toxins: perceptions and outcomes

5:00 - 5:20
Zhaohui Liu

Nautilus

A novel, cysteine-rich fungal effector triggerslight-dependent susceptibility in the wheat-Stagonospora nodorum interaction

5:20 - 5:40
Delphine Vincent
A proteomics approach to dissect SnToxA effector mode-of-action in wheat

5:40 - 6:00
Richard Oliver

Quantitative variation in activity of ToxA haplotypes from Stagonospora nodorum and Pyrenophora tritici-repentisrefinesthe

distinction between biotrophic and necrotrophic interactions
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Fungicides & Antifungals Chapel
Leah Cowen & Sabine Fillinger

Abstracts for this session begin on page 86

3:00 - 3:20
Hugo Wurtele
Control of the Chromosome Acetylation Cycle as a novel anti-fungal therapeutic strategy

3:20 - 3:40

Scott Erdman

Genome-wide screens using a natural product saponin identify three PDR pathway target genes, PDR19, PDR20 and PDR21,
which influence lipid homeostasis and membrane permeability in Saccharomyces cerevisiae.

3:40 - 4:00
Popchai Ngamskulrungroj
Characterization of Fluconazole-related Chromosomal duplication in Cryptococcus neoformans

4:00 - 4:20
Daniéle Debieu
Natural and acquired fenhexamid resistance in Botrytis spp. What’s the difference?

4:20 - 4:40 Break

4:40 - 5:00
Paul E. Verweij
Resistance to medical triazoles and exposure to azole fungicides in the opportunistic fungus Aspergillus fumigatus

5:00 - 5:20
Michaela Leroch
M echanisms of multiple fungicide resistance in Botrytis cinerea populations from vineyards and strawberry fields

5:20 - 5:40

Nalu Peres

Remodeling of the fungal cell wall contributesto Fludioxonil and Ambruticin resistance in the der matophyte Trichophyton
rubrum

5:40 - 6:00

Sheena D. Singh-Babak
Global analysis of the evolution and mechanism of echinocandin resistance in a series of Candida glabrata clinical isolates

26" Fungal Genetics Conference 23



Biobased products, biofuels, and bioenergy Merrill Hall
Johnathan Walton & Peter Punt

Abstracts for this session begin on page 89
3:00 - 3:20

N. Louise Glass
Systems biology approachesto understanding plant cell wall degradation in a model filamentous fungus

3:20 - 3:40
Goutami Banerjee
Improving fungal enzymes for biomass conver sion

3:40 - 4:00
Antonius J.A. van Maris
Engineering of Saccharomyces cerevisiae for efficient alcoholic fer mentation of plant biomass hydrolysates

4:00 - 4:20
Dana Wohlbach
Comparative genomics of xylose-fermenting fungi to enhance microbial biofuel production

4:20 - 4:40 Break

4:40 - 5:00
Marcus Hans
Production of pravastatin by metabolically engineered Penicillium chrysogenum cells

5:00 - 5:20
Dominik M ojzita
Oxido-reductive metabolism of L-arabinose and D-galactose in filamentous fungi: M etabolic crosstalk versus specific enzymes

5:20 - 5:40

Gary Foster

Biobased antibiotics from basidios: Identification and manipulation of the pleuromutilin gene cluster from Clitopilus
passeckerianus

5:40 - 6:00

Niels B. Hansen
Production of dicarboxylic acids by Aspergillus carbonarius, the engineering of a novel biochemical cell factory
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High Throughput M ethods for Filamentous Fungi Heather
Marco Berg-van-den & Aric Wiest

Abstracts for this session begin on page 92

3:00 - 3:20
Marco van den Berg
New methods for High Throughput generation of precise gene knock-outs of Penicillium chrysogenum

3:20 - 3:40
Suzana Car
Fungal enzymes for biomass deconstr uction

3:40 - 4:00
Kevin M cCluskey
From oneto ten thousand mutants: the development of high-throughput methods at the Fungal Genetics Stock Center

4:00 - 4:20 Richard Wilson
Comparative phenotyping coupled with high throughput forward genetics and gene deletion strategies reveals novel
determinants of pathogenicity in therice blast fungus Magnaporthe oryzae

4:20 - 4:40 Break

4:40 - 5:00 Luis Larrondo
A reverse and forward genetic clock-screening strategy to identify new circadian regulatorsin Neurospora crassa

5:00 - 5:20
Suzanne Noble
Screens of a Candida albicans homozygous gene disruption library reveal novel regulators of virulence and commensalism

5:20 - 5:40
M asayuki M achida
High throughput analysis of gene function by comparative genomics

5:40 - 6:00

Doris Roth
Secretome discovery reveals lignocellulose degradation capacity of the ectomycorrhizal fungus Paxillusinvolutus
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Population Genomics Kiln
James Anderson & Eva Stukenbrock

Abstracts for this session begin on page 95

3:00 - 3:20
Sarah M. Schmidt
Evolution of lineage-specific chromosomesin the Fusarium oxysporum species complex

3:20 - 3:40
Rodrigo A. Olarte
Sexual recombination and the possibility of cryptic heterokaryosisin Aspergillus flavus

3:40 - 4:00
Christopher E. Ellison
Population genomics and local adaptation in Neurospora crassa isolates from the Caribbean Basin

4:00 - 4:20

EvaH. Stukenbrock

The making of a new pathogen: Insight from comparative population genomics of the domesticated wheat pathogen
Mycosphaerella grmainicola and itswild sister species

4:20 - 4:40 Break

4:40 - 5:00
Alexander ldnurm
Sex determination in the original sexual fungus

5:00 - 5:20
Jason E Stajich
Population genomics of the amphibian pathogen Batrachochytrium dendrobatidis from genome resequencing

5:20 - 5:40
Anna Selmecki
How polyploidy and aneuploidy impact the speed of adaptation

5:40 - 6:00

Takao Kasuga
Host induced epigenetic alteration in Phytophthora ramorum
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Dimorphic Transitions Scripps
Julia Koehler & Anne Dranginis

Abstracts for this session begin on page 98

3:00 - 3:20
Y asin F Dagdas
Septin-mediated morphological transitions during plant infection by the rice blast fungus

3:20 - 3:40

Amritha S. Wickramage

RIG1, a gene essential for pathogenicity in Magnaporthe oryzae, isrepresentative of Gtil_Pac2 family membersrequired for
invasive growth in fungal pathogens of plants and animals

3:40 - 4:00

Haoping Liu

Hyphal development in Candida albicansrequires two temporally linked regulations of promoter chromatin for initiation and
maintenance

4:00 - 4:20
Xiaorong Lin
Characterization of ZNF2 as a master regulator for hyphal morphogenesis and virulence in Cryptococcus neoformans

4:20 - 4:40 Break

4:40 - 5:00
Soo Chan Lee
The calcineurin pathway governs dimorphic transition in the pathogenic zygomycete Mucor circinelloides

5:00 - 5:20
Alex Andrianopoulos
Shared regulation during asexual development and dimor phic switching in the human fungal pathogen Penicillium marneffei.

5:20 - 5:40
Jo&o Menino
M orphological heterogeneity of Paracoccidioides brasiliensis: characterization and relevance of the Rho-like GT Pase Pbcdc42

5:40 - 6:00

Peter N. Lipke
Cell adhesion nanodomainsresult from amyloid formation on fungal cell surfaces
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Concurrent Sessions |V

Genome Defense M echanisms, Epigenetics and RNAI Merrill Hall
Rodolfo Aramayo & Yi Liu

Abstracts for this session begin on page 101

2:00 - 2:20
Eric Selker
Control of DNA methylation in Neurospora

2:20 - 2:40

Rosa M. Ruiz-V azquez

Functions of Mucor circinelloides RNA-dependent RNA polymerasesin the Dicer-dependent and Dicer-independent regulation
of endogenous MRNAs

2:40 - 3:00
M att Sachs
Genome-wide analysis of Neurospora crassa transcripts regulated by the nonsense-mediated mMRNA decay pathway

3:00 - 3:20
Patricia J. Pukkila
Domains of DNA methylation in Coprinopsis cinerea (Coprinus cinereus)

3:20 - 3:40 Break

3:40 - 4:00

Donald Nuss

Severe symptoms observed for infected RNA silencing mutants of Cryphonectria parasitica ar e associated with a central region
of the Hypovirus genome

4:00 - 4:20
Qiuying Yang
Diverse Pathways Generate Aberrant RNAs, MicroRNA-like RNAs and Dicer-Independent Small Interfering RNAsin Fungi

4:20 - 4:40
Patrick Shiu
M apping and characterization of the Neurospora Spore killer elements

4:40 - 5:00

Rodolfo Aramayo
M eiotic Silencing in Neurospora
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Systems and Synthetic Biology
Han de Winde & Merja Penttila

Abstracts for this session begin on page 104

2:00 - 2:20
Rachel Brem
Pathway evolution in Saccharomycetes

2:20 - 2:40
Jurg Bahler
Genome Regulation in Fission Y east

2:40 - 3:00
Charles Hall

Fred Farr Forum

The development of genetics and genomics for analysis of complex traitsin the model filamentous fungus, Neurospora crassa

3:00 - 3:20
Tiina Pakula

A genomics based search for regulatorsfor enzyme production

3:20 - 3:40 Break

3:40 - 4:00
Jean-Marc Daran

Systems-based analysis of adipic acid catabolism in Penicillium chrysogenum

4:00 - 4:20
Charissa de Becker

Systems analysis of hyphal heterogeneity in Aspergillus niger

4:20 - 4:40
Jeremy Zucker

Genome-scale metabolic reconstruction and curation of the filamentous fungus Neurospora crassa

4:40 - 5:00
Guido Melzer

Systems-level design of filamentous fungi; integration of in silico flux modes and in vivo pathway fluxestowards desired

production properties
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Fungi that infect humans Chapel
Aaron Mitchell & Jennifer Lodge

Abstracts for this session begin on page 107

2:00 - 2:20
Leah Cowen
Hsp90 Governs Drug Resistance and Dispersion of Fungal Biofilms

2:20 - 2:40
Tamara Doering
A systems approach to regulation of a fungal virulence factor

2:40 - 3:00
Bettina Fries
Allergen 1 and 2 constitute a novel class of virulence associated genesthat are regulated by phenotypic switching

3:00 - 3:20
Lorina Baker Boomhower
Chitosan is necessary to establish Cryptococcus neoformansinfection

3:20 - 3:40 Break

3:40 - 4:00
Brendan Cormack
Candida glabrata sub-telomeres and virulence gene evolution

4:00 - 4:20
Leona Campbell
Analysis of the secretomes of Cryptococcus gattii strainswith different virulence profiles

4:20 - 4:40
Ashraf Ibrahim
Iron iscritical for mucormycosis pathogenesisin the diabetic ketoacidotic host

4:40 - 5:00

Adnane Sellam
Insight into transcriptional regulatory mechanisms controlling filamentation in Candida albicans under hypoxia
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Proteomics and M etabolomics Kiln
Peter S. Solomon & Kim Hammond-K osack

Abstracts for this session begin on page 110

2:00 - 2:20

Silas Vilas-Boas

A metabolomic study of Candida albicans morphogenesis reveals the potential role of the cell redox balance on the
mor phological transition

2:20 - 2:40

Martin Urban

M etabolome phenotyping of Fusarium graminearum wt and single gene deletion mutant strains affected in virulence under
DON-inducing and non-inducing conditions

2:40 - 3:00
Sabine Fillinger
The fludioxonil induced phosphoproteomes of the phytopathogenic fungi Alternaria brassicicola and Botrytis cinerea

3:00 - 3:20
Peter Punt
A functional genomics study of extracellular protease production by Aspergillus niger

3:20 - 3:40 Break

3:40 - 4:00
Stephen Strelkov
A proteomics approach to understanding virulence in Pyrenophora tritici-repentis, the causal agent of tan spot of wheat

4:00 - 4:20
Dee Carter
The Cryptococcus gattii proteome in growth and response to fluconazole

4:20 - 4:40
Liam Cassidy
A quantitative proteomic analysis of the wheat pathogen Stagonospora nodorum during sporulation

4:40 - 5:00

William Franck
A M ass Spectrometry Based Examination of the Magnaporthe oryzae Proteome During Appressorium Development
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Stress signaling, ROS signaling, and programmed cell death Nautilus
Jesus Aguirre & Amir Sharon

Abstracts for this session begin on page 113

2:00 - 2:20
Kaz Shiozaki
Signaling mechanismsthat sense and combat oxidative stress in Schizosaccharomyces pombe.

2:20 - 2:40
Axel A. Brakhage
The CCAAT-binding complex coordinates the oxidative stressresponse in eukaryotes

2:40 - 3:00
Alexander Lichius
On therole of NOX-derived ROS during cell fusion in Neurospora crassa

3:00 - 3:20
Nicole Donofrio
TheHYR1 genein thericeblast fungus functionsto tolerate plant-produced reactive oxygen species during infection

3:20 - 3:40 Break

3:40 - 4:00

Marty Dickman

Tipping the Balance: Sclerotinia sclerotiorum regulates autophagy, apoptosis and disease development by manipulating the
host redox environment

4:00 - 4:20

Heinz D. Osiewacz

Scavenging of reactive oxygen species (ROS) as part of a hierarchical network of mitochondrial pathways involved in aging
and lifespan control

4:20 - 4:40
Amir Sharon
Apoptotic fungal cell death mediates host invasion by pathogenic fungi

4:40 - 5:00

Margaret E. Katz
Evidence that HxkC, an Aspergillus nidulans mitochondrial hexokinase-like protein, is anti-apoptotic
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Hyphal tip growth Heather
Neil Gow & Jurgen Wendland

Abstracts for this session begin on page 113

2:00 - 2:20
Zhenbiao Y ang
M echanisms of tip growth in pollen tubes

2:20 - 2:40
Reinhard Fischer
Organization and role of the microtubule cytoskeleton in Aspergillus nidulans

2:40 - 3:00
Alex Brand
Role of the Cdc42 polarity complex in hyphal tip steering

3:00 - 3:20
Y ue Wang
Linking the Hgc1-Cdc28 CDK to the polarity machinery in Candida albicans hyphal development

3:20 - 3:40 Break

3:40 - 4:00
Marianna Feretzaki
Role of hyphal development in virulence of human fungal pathogen Cryptococcus neoformans

4:00 - 4:20

Daniel Lanver

The signaling mucin M sb2 is processed into cellular and extracellular fragments during its function in appressorium formation
of Ustilago maydis

4:20 - 4:40
Christine V oisey
Intercalary growth in vegetative hyphae of the ryegrass endophyte Epichloé festucae

4:40 - 5:00

Daigo Takemoto
Polarity proteins Bem1 and Cdc24 are components of the filamentous fungal NADPH oxidase complex

26" Fungal Genetics Conference 33



Abstractsfor Plenary Session Talks

Plenary Session |: Genome Evolution
Chair: Ralph Dean, North Carolina State University

Fruiting body development and transcriptomicsin Neur ospora species
Nina Lehr, Zheng Wang, Francesc Lopez-Giraldez, M arta Farre, Frances Trail, and Jeffrey P. Townsend

Shiftsin gene expression drivedifferentiation of tissuesand the evolution of new morphologiesin multicellular organisms. However, studies
linking the evolution of gene expression and the evolution of development are difficult in complex organisms whose gene expression
depends on environmental as well as genetic differences. We have carefully controlled the environment and developed novel techniques
to examine microscopic phenotype and to assay genome-wide gene expression during perithecial development using next-generation
sequencing in three species of Neurospora: the heterothallics N. crassa and N. discreta, and the pseuodohomothallic N. tetrasperma. We
have revealed elements of the underlying transcriptional program of fruiting body development. These developmental processes are
fundamental to sexual reproduction, recombination, and to the adaptive dynamicsof pathogens and hosts. Thisinformation, by comparison
to other species such as Fusarium, will be used to estimate the ancestral evolutionary transitions that resulted in the shifts in morphology
and ecology.

Diversity and evolution of thewood-decay apparatusin saprotrophic Agaricomycotina. David Hibbett!, Dan Cullen? FrancisMartin®,
Daniel C. Eastwood”, Antonio Pisabarro®, Igor Grigoriev®. 'Biology Department, Clark University, Worcester, M assachusetts 01610 USA.
2USDA Forest Products Laboratory, One Gifford Pinchot Drive, Madison, W| 53726 USA. SUMR INRA/UHP 1136, Interactions
Arbres/Micro-Organismes, INRA-Nancy, 54280 Champenoux, France. “College of Science, University of Swansea, Singleton Park,
Swansea SA 2 8PP Wales UK . SDepartment of Agrarian Production, Public University of Navarre, 31006 Pamplona, Spain. ®US DOE Joint
Genome Institute, Walnut Creek, California, USA.

The Agaricomycotina is a clade of over 21000 described species that includes mushrooms, jelly fungi, and certain yeasts. Most
Agaricomycotinaare either saprotrophs(decayers) or ectomycorrhizal (ECM) symbionts, but the group also containslichen-formers, insect
symbionts, plant and animal pathogens, and mycoparasites. Saprotrophic Agaricomycotina are of great interest for biotechnological
applications, as they are active and abundant degraders of all classes of plant tissues, including the recalcitrant lignin fraction. The
Saprotrophic Agaricomycotina Project (SAP) seeks to generate whole genome sequences of thirty species, emphasizing white and brown
rot wood decay taxa, with afocuson familiesof genesencoding decay-related carbohydrate-active enzymes (CAZY s) and oxidoreductases.
Analyses of the first nine SAP genomes along with exemplars of other groups of Fungi suggest that white rot species are enriched in decay-
related CAZY s and oxidoreductases relative to brown rot and ECM species. Gene tree/species tree reconciliation analyses suggest that
fungal class |1 peroxidases, which function in lignin degradation, have expanded independently in multiple white rot lineages. Preliminary
molecular clock analyses suggest that initial duplications of fungal class Il peroxidases occurred early in the evolution of Agaricomycetes,
which is consistent with the fossil record of white rot wood decay in the Triassic period.

The birth, evolution and death of metabolic pathwaysin fungi
Antonis Rokas, Department of Biological Sciences, Vanderbilt University, VU Station B #35-1634, Nashville, TN 37235

Fungal species are typically saprobes, embedded in their food sources and required to digest their food externally in the presence of
competitors. To survive in such a hostile environment, fungi have evolved a bewildering diversity of metabolic capabilities. Importantly,
this phenotypic diversity isreflected in their genomes. Thus, by examining the fungal DNA record we can gain valuable insightsinto the
evolution of their metabolic lifestyles. Using a variety of evolutionary and functional genomic techniques, we have begun a systematic
investigation of metabolic pathways across 100 fungal genomesthat span the entire fungal kingdom, which are beginning to elucidate their
origins and evolutionary fate. For example, a notable characteristic of fungal metabolic pathways is that their genes are often physically
clustered. We have discovered that such clustered fungal metabolic pathways can evolve independently, that they are easier lost than their
non-clustered counterparts, but also that they are also more likely to transfer horizontally between species. Surprisingly, such transfers can
move even the largest known metabolic pathways. For example, we found that a complete sterigmatocystin gene cluster in Podospora
anserina, which contains 24 genes and spans 57 Kb, was horizontally transferred from Aspergillus. We conclude that the fungal DNA
record is atreasure-trove for understanding adaptation to changing environments through the acquisition and loss of metabolic capacities.

26" Fungal Genetics Conference 34 Plenary Session Abstracts



Evolution of hypoxic regulation in Candida species
School of Biomolecular and Biomedical Science, Conway Institute, University College Dublin, Belfield, Dublin 4, Ireland.

Exposure of fungi to hypoxic (low oxygen) conditions results in numerous transcriptional changes, including an increase in expression of
genes required for ergosterol synthesis, metal transport, and glycolysis, and reduction in expression of respiratory genes. Within the
Pezizomycotina (filamentousascomycetes), expression of ergosterol genesisregulated by membersof thebHLH SREBP (Sterol Regulatory
Element Binding proteins) family. The function of SREBP proteins in regulating sterol synthesis is generally conserved from mammals
to fungi, though with some notable variations. For example, the sterol-sensing protein SCA P protein hasbeen lost from the Eurotiomycetes
(including Aspergillus species). There are no SREBP family members in most members of the Saccharomycotina (Candida and
Saccharomyces species). In these lineages, SREBP is apparently functionally replaced by Upc2, a zinc-finger containing transcription
factor. We show that the function of Upc2 is conserved in members of the pathogenic Candida clade (C. albicans and C. parapsilosis).
Upc2 regulates expression of sterol synthesis genes in low oxygen conditions. In several species that have undergone whole genome
duplication (including S. cerevisiae and C. glabrata) there are two paralogs of Upc2, called Upc2 and Ecm22. In S. cerevisiae, Upc2 plays
amajor role in hypoxic regulation, and Ecm22 has a minor role. In C. glabrata however, Ecm22 has the major role, and the most likely
paralog of Upc2 does not regulate expression in hypoxia. S. cerevisiae cells also sense oxygen via levels of heme. Biosynthesis of heme
regulates the activity of the transcription factor Hapl, which controls expression of the repressor Rox1. When oxygen levels drop, Rox1
is not expressed and therefore no longer represses expression of >100 hypoxic genes. Rox1 in an HM G—domain protein that is apparently
restricted to the Saccharomycotina. We show that Rox1 is present in many of the Saccharomycotina species, together with a Rox1-like
protein, Rxl1. Thereisno RxI1 proteinintheS. cerevisiae genome, and Rox1 playsamajor rolein repression of hypoxic genes. C. glabrata
in contrast has lost Rox1, but maintained RxI1. Surprisingly the C. glabrata RxI1 gene is also involved in hypoxic regulation. In C.
albicans, the Rx|1 paralog has no role in hypoxic regulation (and Rox1 islost). We are currently investigating the role of Rox1 and RxI1
in species where both genes are present.

Genomedynamicsin the Fusarium oxysporum speciescomplex. Martijn Rep?, Li-JunMa®, H. Corby Kistler?, Charlotte van der Does'*,
Ido Vlaardingerbroek®, Shermineh Shahi?, Petra Houterman?, Ben Cornelissen® and Sarah M. Schmidt®. * Plant Pathology, Swammerdam
Institute for Life Sciences, University of Amsterdam, P.O. Box 94215, 1090 GE Amsterdam, The Netherlands. 2 Broad Institute,
Cambridge, MA /University of M assachusetts Amherst, MA, USA. ®Plant Pathology, College of Food, Agricultural and Natural Resource
Sciences, Minneapolis, USA. 4 Current affiliation: Department of Plant Microbe Interactions, Max Planck Institute for Plant Breeding
Research, Cologne, Germany.

The Fusarium oxysporum species complex is a collection of apparently asexually propagating clonal lines. The complex is well known
foritsgenetic diversity, ecological versatility including host-specific pathogenicity, karyotope variability and transposon richness. Itisnow
clear that these phenomena are correlated to the presence of lineage-specific (L S) genomic regions of many megabases as an addition to
a conserved ‘core’ genome. These regions are present as either entire LS chromosomes or extensions to core chromosomes and can
constitute as much as 25% of the entire genome. The LS genomic regions contain the bulk of the transposons, are extremely variable in
organisation even within a clonal line and highly diverse in gene composition between clonal lines. Some LS chromosomes contain genes
involved in virulence towards plants and can be transferred horizontally between clonal lines. Through comparative genomics of strains
from different clonal lines and with different host-specificity we aim to better understand the evolutionary dynamics of the L S metagenome
of the Fusarium oxysporum species complex.
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Plenary Session I1: Symbioses
Chair: Francis Martin, INRA, France

The effectors of smut fungi. Regine Kahmann, Max Planck Institute for Terrestrial Microbiology, D-35043 Marburg, Germany.
kahmann@mpi-marburg.mpg.de

Smut fungi like Ustilago maydis are biotrophic pathogensthat need living plant tissueto completetheir life cycle. To establish acompatible
interaction smut fungi secrete a large arsenal of protein effector molecules that either function in the apoplast or are translocated to plant
cells. M any of the respective effector genesreside in gene clusters that are highly divergent in related pathogens parasitizing on either the
same or on different hosts. This suggests that effectors from this group have diverged in response to rapidly evolving host targetsto avoid
recognition. Other effectors are highly conserved, suggesting that they interact with conserved targetsin different host plants. Besidesthis
comparative genomics approach | will focus on the functional analysis of two effectors that both suppress plant defense responses but do
so by different mechanisms. For Stpl a mutational analysis will be presented that reveals distinct functional domains in the N- and C-
terminal parts of the molecule. For Cmul, a secreted chorismate mutase, | will provide evidence that thisenzymeistaken up by plant cells
and primes the host metabolism prior to colonization by U. maydis.

Root sweet home: signaling in the arbuscular mycorrhizal symbiosis. Natalia Requena, Silke Kloppholz and Hannah Kuhn. Plant-
Microbe Interactions Dept., Karlsruhe Institute of Technology (KIT) natalia.requena@kit.edu

Biotrophic fungi interacting with plants establish long-term relationship with their hoststo fulfil their life cycles. In contrast to necrotrophs,
biotrophic fungi need to sort out the defense mechanisms of the plant to develop within the host and feed on living cells. Arbuscular
mycorrhizal (AM) fungi are obligate biotrophs of plant roots. They establish stable associations that can last the life span of the plant
providing this with mineral nutrients in exchange for photoassimilates. This is only possible through a complex exchange of molecular
information between both partners that allows the life in symbiosis. In the meantime it is generally accepted that microbial pathogens
produce and deliver a myriad of effector proteins to hijack the cellular program of their hosts. We investigated whether in the mutualistic
arbuscular mycorrhizal symbiosisthe delivery of fungal effector molecules play arolein short cutting the defense program of the host. We
show here that the fungus G. intraradices secretes a protein, SP7, that interacts with an ERF pathogenesis-related transcription factor in
the plant nucleus. The expression of this ERF transcription factor is highly induced in roots by infection with the fungal pathogen
Colletotrichum trifolii but only transiently during early mycorrhiza colonization. SP7 constitutively expressed in planta leads to higher
mycorrhization while reduces the levels of C. trifolii-mediated ERF induction. Furthermore, expression of SP7 in the rice blast fungus M.
oryzae attenuates root decay symptoms. Taken together these results suggest that SP7 is an effector that contributes to establish/maintain
the biotrophic status of arbuscular mycorrhizal fungi in roots by counteracting the early plant immune response.

Artificial selection of Termitomycesfungi by ter mites. Duur K. Aanen. Laboratory of Genetics, W ageningen University, W ageningen,
The Netherlands

In termites, a single transition has occurred to the cultivation of edible mushrooms, in the subfamily M acrotermitinae, whose ancestor
domesticated basidiomycete fungi (genus Termitomycees) ca30 mya. Thefungi produce most of thefood for thetermites, whilethetermites
provide optimal stable growth conditions for the fungi. Despite the obligate nature of this relationship, both partners still reproduce and
disperse independently and potentially can form associations with many alternative genotypes.

Inmy talk, | will discuss recent findings on the evolution of thismutualism, focusing on how termites can select fungi during several stages
of their life cycle. First, studies on large-scale co-evolutionary patterns have shown that interaction specificity occurs, mainly at the genus
level. I will discuss how specificity may arise, and how partners select each other. Second, experimental work shows how colonies succeed
in propagating only asingle heterokaryon of their Termitomycessymbiont, despiteinitiating culturesfrom genetically variable sexual spores
from the habitat at the start of a colony. This exclusive lifetime association of a host colony with a single fungal symbiont hinders the
evolution of cheating. However, | will argue that continuous “artificial' selection of the fungus by termites during a colony's life time is
required in order to keep the fungus productive.
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Microbial Interactionsin a Phytopathogenic Bacterial-Fungal Symbiosis. Christian Hertweck. Leibniz Institute for Natural Product
Research and Infection Biology (HKI), and Friedrich Schiller University, Jena, Germany

Pathogenic fungi generally exert their destructive effects through virulence factors. An important example is the macrocyclic polyketide
rhizoxin, the causative agent of rice seedling blight, from the fungus Rhizopus microsporus. The phytotoxin efficiently binds to rice 3-
tubulin, which results in inhibition of mitosis and cell cycle arrest.

By a series of experiments we could unequivocally demonstrate that rhizoxin is not biosynthesized by the fungus itself, but by
endosymbiotic bacteria of the genus Burkholderia. Our unexpected findings unveil a remarkably complex symbiotic-pathogenic alliance
that extends the fungus—plant interaction to a third, bacterial key player. In addition, we were able to culture the symbionts to produce
antitumoral rhizoxin derivatives, and to elucidate the biosynthesis of the toxin. A second example for the formation of a ‘mycotoxin’ by
endofungal bacteria is the cyclopeptide rhizonin.

Surprisingly, in the absence of bacterial endosymbionts the fungal host is not capable of vegetative reproduction. Formation of sporangia
and sporesisonly restored upon re-introduction of endobacteria. The fungus has become totally dependent on endofungal bacteria, which
in return provide a highly potent toxin for defending the habitat and accessing nutrients from decaying plants.

Thistalk highlights the significance of toxin-producing endofungal bacteriain the areas of ecology, medicine, and nutrition. Furthermore,
progress in studying the molecular basis for the development and persistence of this rare microbial interaction is presented.

Evolutionary originsof endophytic fungi. A. Elizabeth Arnold, School of Plant Sciences, The University of Arizona, Tucson, AZ 85721

Endophytic fungi occur in all lineages of land plants, and in lichens as ‘ endolichenic fungi,” in biomes ranging from tropical foreststo dry
desertsand Arctic tundra. Despite their ubiquity little is known about the ecological roles and evolutionary origins of these highly diverse,
avirulent symbionts. Synthesizing culture-based and culture-free studies from >150 species of plants and lichens in 10 biogeographic
provinces, in vitro and in vivo assessments of functional traits, and ancestral state reconstructions derived from robust phylogenies, | will
addressthree main questions: (1) What are the evolutionary origins of these ubiquitous symbionts? (2) To what degree do they demonstrate
co-evolution with their hosts? (3) How do these previously unknown fungi clarify the structure of the fungal tree of life, and inform our
understanding of major trophic and ecological transitions in the most species-rich lineages of Fungi?
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Plenary Session I11: Growth and Reproduction
Chair: Steve Harris, University of Nebraska

The developmental determinacy and reprogramming of Sclerotinia sclerotiorum apothecia. Jeffrey Rollins, Department of Plant
Pathology, University of Florida, Gainesville, FL 32611

The Ascomycota produce a great diversity of sexual fruiting body forms united by the requirement for cooperation between maternally-
derived haploid hyphae and dikaryotic hyphae. The fruiting body itself is a determinate structure; likewise, within the context in which
they are produced, participating tissues take on specialized determinate functions. My lab is using the homothallic L eotiomycetes fungus
Sclerotinia sclerotiorum to explore the underlying genetic regulators and biochemical signals that condition tissue determinacy and allow
for the spatial and temporal coordination of proper apothecium development. We have taken candidate gene approaches guided by
microarray datain addition to forward genetic screens with T-DNA-tagged lines to identify candidate factors that perceive and integrate
external signals as well as the endogenous regulators affecting apothecial development. Evolutionarily conserved as well as Eumycota-
specific factorsare beginning to be revealed that function in pattern formation and tissue determinacy. Emerging modelsbased on thiswork
are allowing us to test new hypothesis that will refine our understanding of the cooperative and robust development of the apothecium.

Nuclear anarchy in multinucleate Ashbya gossypii cells. Cori D’Ausilio and Amy S. Gladfelter. Department of Biological Sciences,
Dartmouth College, Hanover, NH

Genetically identical cellsthat share the same environment commonly vary in the length of their cell division cycles. In some multinucleate
cells, variable and asynchronous nuclear division cycles are even observed between nuclei residing in the same cytosol. How variation
is generated and tolerated within the tight regulatory controls of the cell cycleis not well understood. We study nuclear asynchrony in a
model filamentous hemi-ascomycete, Ashbya gossypii. Nuclear asynchrony arises even in the earliest divisions of Ashbya germlings
indicating that timing variability is an intrinsic feature of the cell cycle. Additionally, we see that sisters born of the same mitosis diverge
in their cell cycletimesearly in G1. To determine if nuclear timing differences between sisters arises due to a stochastic or systematic
process, we performed large scale pedigrees to evaluate timing of many related nuclei. We use a specialized statistical test to determine
the nature of associations between the division times of related nuclei. Remarkably, we find a systematic and positive association between
sister nuclei division cycle timing indicating that while sisters differ in absolute cycle times, they are more similar to each other than other
nuclei. To determineif thisrelationship was due to common cytoplasmic or nuclear signals shared by sisters we determined whether sister
nuclei share the same cytoplasm after birth. Tracking the trajectories of sister pairs demonstrates that even sistersthat travel far apart (>50
microns) retain similar cycle times. Thisindicates that a nuclear intrinsic feature is inherited and leads to a timing connection between
genetically related but physically distant nuclei. We have begun a search for nuclear intrinsic features that unite sister nuclei in time and
are investigating how nuclear size and genome instability contribute to asynchronous division in multinucleate cells.

Connections between cell cycle, morphogenesis and pathogenicity in fungi: the case of Ustilago maydis. José Pérez-M artin. Centro
Nacional de Biotecnologia-CSIC, Madrid, Spain

Ustilago maydis, a plant pathogen, is worthy of attention since it is perfectly suited to analyze the relationships between cell cycle,
morphogenesis and pathogenicity. Previous to infect the plant, U. maydis suffers a strong yeast-to-hyphatransition that is triggered by the
mating of sexually compatible haploid cells. After cell fusion, astraight hyphacalled infective tubeisformed, whichiscomposed of asingle
dikaryotic cell that is cell cycle arrested, and that supports a strong polarized growth. The arrest is transient and eventually the filament
manages to enter the plant tissue, where it startsto proliferate as a dikaryotic filament. Therefore the induction of the pathogenic program
implies not only strong morphological changes (bud to hypha transition) but also genetic changes (haploid to dikaryotic transition).
Subsequently, an accurate control of the cell cycle and morphogenesis is predicted during these transitions. Our laboratory have been
focused in the study of the connections between cell cycle regulation and the induction of pathogenic program that correlates with the
induction of the infective tube. In this communication, we will summarize our current knowledge of cell cycleregulationin U. maydis and
how this regulation is related to the different morphogenetic changes produced during the pathogenic program. We also would like to
discuss how manipulation of fungal cell cycle could produce strong morphological effects and hypothesize how these could bein principle
be applied to modify the morphology of filamentous fungi.
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Dissecting COT1 NDR kinase regulation and signaling in Neurospora crassa. Sabine M &rz*, Anne Dettmann?®, Carmit Ziv? Oded
Y arden?, and Stephan Seiler®. * Institute for Microbiology and und Genetics, University of Géttingen, Germany. 2 Department of Plant
Pathology and Microbiology, Hebrew University of Jerusalem, Israel

NDR kinasesareimportant for cell polarity and differentiation in various organisms, yet theregulation of their activity and their integration
into a cellular signaling context is still elusive. The NDR kinase COT1 is essential for hyphal elongation and inhibits excessive branch
formation in Neurospora crassa, while related kinases are important for fungal pathogenicity and differentiation in other fungi. We
demonstratethat COT lisregulated through differential interaction with several scaffolding proteinsand coactivatorsand show that Ser419
and Thr589 are key regulatory phosphorylation sites that determine COT 1's activity in vitro and its function and membrane association
in vivo. Specifically, we determined that the NDR kinase COT1 forms homodimers. These kinase dimers interact through a N-terminal
extension, which is also necessary for the interaction of COT 1 with MOB2A and M OB2B, suggesting the presence of mutually exclusive
homo- and heterocomplexes. I nitial activation of thekinase requiresautophosphorylation of COT 1lincisat Ser417 of the activation segment
and interaction with M OB 2, autonomous events that are independent of each other and are not regulated by the upstream germinal centre
kinase POD6. Thr589 in the hydrophobic motif of COT1 is phosphorylated by POD®6, further activating COT1 by inducing a
conformational change through the interaction of the phosphorylated hydrophobic motif in the C-terminus with the hydrophobic pocket
in the N-terminal lobe of the kinase. Intriguingly, Thr589 phosphoryation is not only important for maximal in vitro activity, but is also
the critical signal for targeting the active kinase-M OB complex to the apical membrane of the hypha.

L ongstanding evolutionary puzzles: Fungi asholder sof themissing pieces. KristiinaNygren, A nastasia Gioti and Hanna Johannesson.
Uppsala University, Uppsala, Sweden, Hanna.Johannesson@ebc.uu.se

Evolutionary transitions are changesin adaptive traitsthat spread to replace ancestral conditions because they increase fitness. The driving
forces, genetic mechanisms and genomic consequences of such transitions constitute puzzles for evolutionary biologists. The fungal
kingdom exhibits a rich variety of reproductive strategies, and emerging genomic data from fungi could provide important insights into
evolutionary transitionsin reproductive mode. I n thistalk, | focus on theoretical predictions regarding the relationship between the mode
of reproduction and genome evolution, and relate this to recent empirical data from Neurospora. According to theory, sexual inbreeding
and asexuality are associated with smaller effective population sizes than sexual outbreeding, giving rise to reduced selection efficiency
and genetic hitchhiking. This, inturn, ispredicted to resultin an accumulation of deleterious mutationsand other genomic changesin selfing
lineages. W e used sequenceinformation of multiple nuclear geneloci from 43 taxato create aphylogeny of Neurospora, and gathered large-
scale genomic data from four Neurospora lineages exhibiting an obligate selfing reproductive mode (homothallic species). The results
suggest that transitionsin reproductive mode from heterothallism to homothallism have occurred at | east six timeswithin thisgroup of fungi,
by different genetic mechanisms. Likelihood ratio tests indicate that reproductive mode is an important factor driving genome evolution
in Neurospora. First, we found an increased ratio of nonsynonymous/synonymous substitution ratesin homothallic branches as compared
to heterothallics, suggesting areduced efficiency of purifying selectionin homothallic species. Furthermore, an elevated neutral substitution
rate was found in heterothallic lineages as compared to the homothallic lineages. The latter finding islikely due to the presence of conidia
in heterothallic species, i.e., a higher rate of mitotic divisions inducing mutations. One may speculate that the homothallic species of
Neurospora have evolved a lower mutation rate to avoid genomic degeneration, possibly by switching off the conidial pathway. Taken
together, we present a phylogenetic framework of Neurospora, opening up for in depth studies of transitionsin reproductive behavior over
evolutionary time.
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Plenary Session IV: Regulatory Networks
Chair: Nancy Keller, University of Wisconsin, M adison

M apping regulatory pathways using yeast functional genomics. Brenda Andrews, Karen Founk, Erin Styles, Lee Zamparo, Y olanda
Chong, Zhaolei Zhang, Michael Costanzo and Charlie Boone. The Donnelly Centre, 160 College Street, University of Toronto, Toronto,
ON, Canada M5S 3E1

To discover general principles of genetic networks and to define gene functional and biological pathways, our group has focused on the
systematic identification of genetic interactions in the budding yeast. Synthetic genetic array (SGA) analysis provides a high throughput
approach for systematic analysis of genetic interactionsin budding yeast. We have used SGA analysisto construct agenome-scal e genetic
interaction map by examining 5.4 million gene-gene pairs for synthetic genetic interactions, generating quantitative genetic interaction
profiles for about 75% of all genes in Saccharomyces cerevisiae. The global network identifies functional cross-connections between all
bioprocesses including chromosome replication, repair and dynamics, mapping a cellular wiring diagram of pleiotropy.

W e have also expanded our SGA platform to encompass other types of genetic interactions and to include cell biological phenotypes and
quantitativeread-outs of the activity of specific biological pathways. Inone project, we have coupled synthetic SGA) technology with high-
content screening (HCS) to detect subcellular morphology defects in yeast mutants. HCS enables virtually any pathway that can be
monitored with afluorescent reporter to be assessed quantitatively within the context of numerous genetic and environmental perturbations.
As a proof-of-principle, we assessed DNA damage repair pathways by evaluating Rad52p-GFP foci in single mutants and a variety of
genetically or chemically sensitized backgrounds. Computational analyses of single mutants alone using support vector machine-based
classification revealed over 100 mutants exhibiting increased DNA damage foci, 60% of which were known to be sensitive to a variety of
DNA damaging agents, validating our approach. Collectively, our experiments establish SGA-HCS asapowerful in vivo tool for revealing
known and novel players of the DNA damage response in yeast. Aswe expand our method to include many more cellular compartments,
we ultimately aim to provide an invaluable long-term resource of mutant subcellular morphology.

The evolution of generegulation in Ascomycota fungi.
Aviv Regev and Dawn Anne Thompson, Broad Institute, MIT Department of Biology

Divergence of generegulationislikely amajor driving forcein species evolution, but this hypothesisrelies on afew specific examples and
very general observations, because comparative functional studies are few and limited. In early studies, we traced the cis-regulatory
evolution of gene modules, showing how alternative regulatory mechanisms evolve to perform the same function. However, functional
information from few distant organisms is insufficient to decipher the evolution of regulatory mechanisms.M ore recently, our lab has
developed an integrated experimental and computational system for comparative functional genomics of generegulation. Inthisapproach,
we measure transcriptional responses and regulatory mechanisms across many species in a phylogeny, develop innovative algorithms to
reconstruct the evolution of function, and use genetic manipulation to test the resulting model. We use 15 Ascomycota fungi, including S.
cerevisiae, S. pombe, and C. albicans. Experimentally, we identified growth conditions for each species, and used species-specific
microarrays, sequencing and metabolomicsto measure mRNA, chromatin and metabolic profilesin each. Computationally, we developed
Synergy, CladeoScope and Arboretum, algorithms that respectively chart the evolution of gene histories, cis-regulatory motifs, and the
organization of regulatory gene modules.As afirst demonstration, we studied the evolution of the ribosomal protein module in our system
showing that an activator and arepressor that control RP generegulationin S. cerevisiae were derived from the duplication and subsequent
specialization of asingle ancestral protein, and how another duplication led to sub-functionalization of the regulation of RP and RB genes.
We also showed how loss of the derived repressor led to the loss of a stress-dependent repression in one species. We next tackled the
mechanistic changes that explain differences in expression profiles in mid-log growth across all species. We measured chromatin
organization and mRNA levels across 12 species, and discovered that chromatin organization at key gene modules — including carbon
metabolism, mating, meiosis, and the peroxisome — has substantially diverged, consistent with changes in their regulation. This was
mediated by changes in both intrinsic anti-nucleosomal sequences and trans-acting chromatin modifiers. We are now systematically
reconstructing the regulation of expression levels following glucose depletion, showing the important role of sporadic gene duplications
and whole genome duplications at presenting regulatory innovation in an other-wise well conserved response.
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How oomycete and fungal effectors enter plant and animal cells. Brett M. Tyler?, Shiv D. Kale!, Vincenzo Antignani*?, Julio V ega-
Arreguint, Ryan Anderson?, Biao Gu'®, Daniel G. S. Capelluto®, Daolong Dou?, Emily Feldman?, AmandaRumore!, Felipe D. Arredondo?,
Regina Hanlon!, Jonathan Plett*, Rajat Aggarwal® Isabelle Fudal®, Thierry Rouxel®, Francis Martin® Jeff J. Stuart® John McDowell?,
Christopher B. Lawrence', Weixing Shan®. ! Virginia Polytechnic Institute and State University, Blacksburg, VA, USA: 2 University of
Naples Federico Il , Naples, Italy; 3 Northwest A & F University, Yangling, Shaanxi, China;  Centre INRA de Nancy, Champenoux,
France; ® Purdue University, West Lafayette, IN, USA; ® INRA-Bioger, Campus AgroParisTech, Thiverval-Grignon, France.

Symbionts, both pathogenic and beneficial, must integrate their physiology with that of their host in order to achieve a successful
colonization. Effector proteins that enter the cytoplasm of host cells are widely utilized for this purpose by bacterial, fungal, oomycete,
protistan, nematode, and insect symbionts. W hile substantial progress has been madein understanding the molecular mechanisms of action
of prokaryotic effectors, much less is known about the action of eukaryotic effectors, including the mechanisms by which they enter hosts
cells. Oomycetes and fungi are destructive pathogens of a very wide range of hosts, including both plants and animals. The soybean
pathogen Phytophthora sojae, one of the best characterized oomycete pathogens, encodes in its genome nearly 400 potential effector
proteinswith the cell-entry motif RXLR. Wehaverecently identified the mechanism by which effector proteinsfrom pathogens mutualists
from two different kingdoms of life, Fungi and Oomycetes, enter the cells of their plant hosts[1]. Surprisingly, the same mechanism also
enables those proteins to enter human cells. The mechanism involves the previously undetected presence of the phospholipid
phosphatidylinositol-3-phosphate (PI-3-P) on the outer surface of the plasma membrane of both plant and human cells. The virulence
proteins utilize PI-3-P as areceptor to gain entry vialipid-raft mediated endocytosis. M ore recently, we have discovered that two diverse
insect pests of plants (hessian flies and aphids) also produce proteins that can bind PI-3-P via RXLR motifsin order to enter plant cells,
where they suppress host defenses while the insects feed. Prompted by the observation of PI-3-P on human lung epithelial cells, we are
currently exploring whether fungal pathogensthat invade human lungsalso utilize PI-3-P-binding virulence proteins. We are also exploring
methodologies for disrupting PI-3-P-mediated effector entry in order to create new means for managing oomycete and fungal diseases and
insect pests. 1. Kale SD, et al. 2010. External lipid PI3P mediates entry of eukaryotic pathogen effectorsinto plant and animal host cells.
Cell 142: 284-295.

Regulatory NetworksGoverning Global Responsesto Changesin Light and Time. Jay C. Dunlap, Department of Genetics, Dartmouth
M edical School, Hanover, NH 03755

Free-living fungi live in aprofoundly rhythmic environment characterized by daily changesin 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 W C-2, acts as atranscription factor
(TF) to drive expression of frq. FRQ stably interacts with a putative RNA helicase (FRH) and with casein kinase 1, and the complex
downregulates the White Collar Complex (W CC). With appropriate phosphorylation mediated delays, this feedback loop oscillates once
per day (Baker, Loros, & Dunlap, FEM SMicrobiol. Rev., in press). Inturn, bluelightisdetected by FAD stably bound by WC-1, eliciting
photochemistry that drives a conformational change in the W CC resulting in activation of gene expression from promoters bound by the
WCC (Chen, Dunlap & Loros, FGB 47, 922-9, 2010).

With this as context, we** can now be at play in the genome using the tools of next generation sequencing, recombineering and luciferase
reporters, finding out how the initial simple steps of clock control and light perception ramify via regulatory networks to command the
genometo 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, and genes encoding TFs that do not affect
the feedback loop provide circadian output. The transcriptional repressor CSP-1 isone of anumber of TFsinduced within minutes by blue
light (Chenetal. EMBO J.2009) and it isalso regulated by the circadian clock (Lambreghtset al. GENETICS 2007) with an mRNA peak
in the late night and the CSP-1 protein following in the morning. ChlP-seq shows CSP-1, like W CC, binding to many regions of the genome
to influence the expression of both light- and clock-controlled genes, but leading to peaks at times of day different from the spectrum of
genes controlled by WCC. In this manner CSP-1 acts as a second order regulator, transducing regulation from light responses or the core
circadian oscillator to a bank of output clock-controlled genes (ccgs), some of which are in turn other transcription factors. Assembling
the global regulatory networks governing light and clock regulation is a privilege that will occupy us for a while.

**Pls: Jennifer Loros and members of the Program Project Team, “Functional Analysis and Systems Biology of M odel Filamentous
Fungi”, including the PIs Deb Bell-Pedersen, K athy Borkovich, Michael Freitag, James Galagan, Heather Hood, Kevin M cCluskey, Steve
Osmani, Mike Plamann, M att Sachs , Eric Selker, Jeff Townsend
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Regulation of the compartmentalization of secondary metabolite biosynthesis. John E. Linz, Ludmila Roze, Anindya Chanda;
Michigan State University

W e previously demonstrated that vesicles play animportant rolein the synthesis, storage, and export of aflatoxinin Aspergillusparasiticus.
As part of this work, we demonstrated that the late aflatoxin enzymes OmtA and OrdA are present and functional in this sub-cellular
compartment; middle and early enzymes were also present but their function was not analyzed. To detect additional aflatoxin enzymes
and other enzymesinvolved in secondary metabolism, we recently analyzed the proteome of a vesicle-vacuole (V) fraction purified from
A. parasiticus grown under aflatoxin inducing and non-inducing conditions by multidimensional protein identification technology
(MudPIT). Weidentified over 300 proteins associated with (V) fraction under both growth conditions. Of particular significance, we
identified 8 aflatoxin enzymes with high reliability and 8 additional enzymes at lower reliability only under aflatoxin inducing conditions
suggesting that the entire aflatoxin pathway may be present in vesicles. We also identified enzymes involved in synthesis of other
secondary metabolites as well as catalase, superoxide dismutase, heat shock proteins, trehalose synthase, and xylulose synthase that are
associated with fungal response to oxidative, thermal, and osmotic stress. These data suggest that vesicles are broadly involved in
secondary metabolism and in mediating stress response. W e are now analyzing the function of stress response and secondary metabolism
enzymesin (V) fraction.

Recent data suggest that members of the bZIP family of transcriptional regulators (AtfB, AP-1) aswell as a global regulator of secondary
metabolism (VeA) play key rolesin aregulatory network that coordinates the biogenesis of vesicles as well as the synthesis, localization,
and the function of many enzymes contained in this sub-cellular compartment. This regulatory network appears to coordinate expression
of secondary metabolism, stress response, and tethering complex genes (necessary for vesicle fusion to vacuoles). ldentification of
consensus binding sites in target gene promoters and the role of chromatin remodeling in this network are further topics for current work.
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Abstractsfor Concurrent Session Talks

Comparative and Functional Genomics (Stajich/Thompson) Merrill Hall

L ascer capturemicrodissection, RNA-seq, and mutant genomesequencing: How to usenext-gener ation sequencingto characterize
developmental genesin filamentous fungi. Minou Nowrousian, Ines Teichert, Ulrich Kiick Lehrstuhl fir Allgemeine und M olekulare
Botanik, Ruhr-Universitdt Bochum, Bochum, Germany; email minou.nowrousian@rub.de

Next-generation sequencing (NGS) techniqueshaverevolutionized thefield of genomics/functional genomics. We haverecently sequenced
and assembled the genome of the filamentous ascomycete Sordaria macrospora, a model organism for fungal development, solely from
NGS reads (PL0oS Genet 6:€1000891). We are now applying NGS in two approaches for the identification and characterization of
developmental genes. (I) With laser capture microdissection, we can separate protoperitheciafrom the surrounding hyphae. RNA isolation
and amplification from 150 protoperitheciayields enough material for RNA-seq analysis. Theresulting datawill be compared to RNA-seq
data from whole mycelial exctracts to characterize the genome-wide spatial distribution of gene expression during sexual development.
(11 We sequenced the genomes from two mutants that were generated by conventional mutagenesis, and identified two causative mutations
through bioinformatics analysis. One mutant carriesamutation in the known developmental gene pro41. The second, aspore color mutant,
has a point mutation in a gene that encodes an enzyme of the melanin biosynthesis pathway. For both mutants, transformation with a
wild-type copy of the affected gene restored the wild-type phenotype. These data show that whole genome-sequencing of mutant strains
is arapid method for the identification of developmental genes.

Identification and potential function of natural antisense transcriptsin the fungal plant pathogen Ustilago maydis. Michael E.
Donaldson® and Barry J. Saville. ! Trent University, DNA Building, 2140 East Bank Dr., Peterborough, ON, K9J 7B8, Canada.

Natural antisense transcripts (NATSs) corresponding to anumber of open reading framesin the fungal plant pathogen Ustilago maydiswere
uncovered during the analysis of ESTs. Roles of NATs in regulating gene expression include: (1) transcriptional interference, (2) RNA
masking, and (3) dsRNA -dependent mechanisms such asthe broadly conserved RNA interference (RNAI) pathway. While plants, animals
and most fungi contain functional RNAi machinery, phylogenetic and functional analyses have revealed that select yeast species and U.
maydis do not. The role of NATs in U. maydis is currently unknown. We have characterized over 200 NATs by fully sequencing their
corresponding antisense cDNAs. Using strand-specific RT-PCR, we determined that NATs are differentially expressed across a range of
cell types, or expressed in acell type-specific manner. The relationship between sense-antisense transcript pairs at four loci was examined
in detail. In haploid cells, strand-specific quantitative-PCR, showed that at one of these four loci, the over-expression of antisense
transcripts, whose expression naturally occurs in the dormant teliospore, increased the levels of its corresponding sense transcript. As a
whole, experiments suggest that specific U. maydis antisense transcripts have the ability to stabilize sense transcripts. This action may be
linked to the maintenance of mMRNA integrity during teliospore dormancy and the controlled transition to actively translated mRNAs upon
germination.

A method for accurate prediction of the size of secondary metabolite clustersin Aspergillus nidulans. Mikael R. Andersen?, Jakob
B. Nielsen®, Mia Zachariassen?, Tilde J. Hansen?, Kristian F. Nielsen®, and Uffe H. Mortensen®. 'Center for Microbial Biotechnology,
Technical University of Denmark, Denmark.

Fungal secondary metabolites (SMs) are receiving increasing interest due to their role as bioactives, ranging from antibiotics over
cholesterol-lowering drugs to food toxins. The identification of SM s and their biosynthetic gene clusters are thus a major topic of interest.
Identifying these genesis a tedious and time-consuming affair, with the standard method requiring the knockout of genes on both sides of
putative SM synthases. Furthermore, one does not know the number of genesin the cluster and thereby extent of thiswork before starting
the experiment. Inthiswork, we present an algorithm for prediction of the size of SM clustersin Aspergillus nidulans. The method is based
on an gene expression catalog of >60 transcriptome experiments, using a diverse set of strains, media, carbon sources, and solid/liquid
cultivations. Furthermore, the method is independent of the quality of annotation. Application of the algorithm has allowed the accurate
prediction of the number of included genes in well-characterized gene clusters. including the 25 genes of the sterigmatocystin cluster and
the emericellamide cluster (4 genes). The method has provided strong predictions of unknown clusters, some of which we have verified
experimentally and identified the corresponding metabolites.
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Arboretum: Thinking about treesto cluster expression across species. Sushmita Roy*, Dawn Anne Thompson?, Jay Konieczka®®,
Manolis K ellis*?, Aviv Regev!®*, ‘Broad Institute of MIT and Harvard, 2M T Biology, *MIT Computer Scienceand Al Lab, ‘HHM | Early
Career Scientist, °FAS Center of Systems Biology, Harvard University

Advances in high-throughput functional genomics are generating massive amounts of transcriptional data for many species spanning
millions of years of evolution. These data enable comparative genomics approaches to go beyond the primary sequence level to the
functional level, and systematically relate the evolution of complex phenotypes to the rewiring of transcriptional regulatory networks.
However, methods for comparative analysis of these data scale to only a handful of species at a time requiring the development of novel
computational algorithmsthat can maximally interrogate these multi-species data, and improve our understanding of the role of regulatory
networks in adaptive complexity. We developed a novel computational algorithm, Arboretum, that extends expression clustering, a
canonical type of analysis of microarray data, to dozens of species.

Arboretum isbased on a probabilistic model of the data that incorporates phylogenetic information encoded in both gene and speciestrees
to identify modules, defined as clusters of co-expressed genes, that are conserved across various subsets of species. Arboretum infersthe
clusters of genesin extant species, as well as the ““hidden’’ cluster assignment in the ancestral species. This unique ability of Arboretum
allows us to reconstruct the evolutionary trajectories of individual genes, and modules.

We applied Arboretum to expression data of 15 Ascomycota species spanning more than 300 million years of evolution, measuring
transcriptional response under carbon limitation. Arboretum identified five main expression profiles that were conserved across the all
Ascomycota species measured: highly induced, medium induced, no-change, medium repressed and highly repressed genes. Genesin the
highly induced cluster were involved in stress related processes, while those in the highly repressed cluster were enriched in ribosomal
biogenesis. Examination of theancestral and extant cluster assignment of mitochondrial genesrecapitul ated the known convergent evolution
of up-regulated mitochondrial genesin respiro-fermentative species, and the respiratory state of the most ancient ancestor. Arboretum also
identified many previously unknown evolutionarily coherent shifts in cluster assignment (expression pattern) of groups of orthologous
genes. This coherence allows us to make predictions about the functions of unknown genes in S. cerevisiae and their orthologs in other
species. Overall, these results are consistent with known information about transcriptional pattern and evolution of mitochondrial genes
under carbon limitation, and provide new insightsinto the evolutionary patterns of other previously unstudied groups of genes. Applying
Arboretum to transcriptional data from other environmental conditions across different sets of species will help dissect the mechanisms
of regulatory network evolution and its effect on the adaptability and evolvability of organisms.

The genome sequence for Eremothecium cymbalariae establishes a link between the S. cerevisiae ancestor and the streamlined
genome of Ashbya gossypii. Juergen Wendland and AndreaW alther, Carlsberg Laboratory, Y east Biology, DK-2500 V alby, Copenhagen,
Denmark; jww@crc.dk

E. cymbalariae is a close relative of A. gossypii. Both species are filamentous fungi that show bifurcational (Y -shaped) tip growth. In
contrast to A. gossypii, E. cymbalariae generates an aerial mycelium with hyphae that form sporangia at their tips. E. cymbalariae spores
lack appendices with which spores of A. gossypii stick together in bundles. To explore these differences on a genomic level we have
established the complete genome sequence for E. cymbalariae using a 454 approach. W e obtained a 40x coverage of the genome and with
additional paired-end sequencing of fosmidsand directed PCRs assembled the genome of app 9.6M b into E. cymbalariae’ s8 chromosomes
in contrast to only 7 chromosomesin A. gossypii. We found orthologs of app. 4700 genes present in the yeast ancestor plusapp 170 tRNAS.
M ost of the genes of E. cymbalariae are within blocks of synteny with the yeast ancestor. Strikingly the conservation of synteny is greater
between E. cymbalariae and the ancestral yeast rather than to A. gossypii. At syntenic positions several homolgs to S. cerevisiae or e.g.
K. lactis are present in the E. cymbalariae genome that are absent from A. gossypii. This indicates that the E. cymbalariae genome
represents a preW GD genome with close tiesto the ancestral yeast. During evolution several decisive changes occurred in the A. gossypii
genomethat affected for examplethe mating-typeloci, theremoval of atransposon, the condensation of intergenic regions, astrong increase
in GC-content, and chromosomal rearrangements. We will present phenotypic comparisons of E. cymbalariae and A. gossypii aswell as
insights into genome evolution of the Eremothecium lineage.

Fungal genomes as seen through the lens of evolution. Toni Gabaldon. Centre for Genomic Regulation (CRG), UPF, Barcelona, Spain

With more than a hundred genomes already available and many more in the pipeline, fungi constitute an ideal dataset to inquire about
processes underlying genome evolution. The application of phylogenetics at genome scales (phylogenomics) allows us to look at the
evolution of genomes from the perspective of all of its genes. Here | will describe how the reconstruction and analysis of genome-wide
collections of gene phylogenies (i.e. phylomes) has enabled us to address several evolutionary-related questions, including the robustness
of the fungal species tree, the impact of inter-domain horizontal gene transfer in fungal evolution, the establishment of orthology and
paralogy predictions, and the evolution acrossfungal lineages of particular metabolic pathways. Our analysesreveal that large topological
variations across gene trees is largely neglected in multi-locus species tree reconstructions and may confound reconciliation-based
orthology prediction methods. Processes such as gene duplication and horizontal gene transfer were found to be generally widespread,
providing the substrate for the acquisition of key functional innovations. Fungal phylomes and derived orthology and paralogy predictions
are accessible at http://phylomedb.org.
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Comparative Analysis of Dermatophyte Genomes. Diego A. Martinez?, Sarah Y oung?, Qiandong Zeng', Dermatophyte Genome
Consortium, Bruce Birren?, Ted White®, and Christina Cuomo®. ‘Broad Institute of MIT and Harvard, Cambridge, MA
2Seattle Biomedical Research I nstitute, Seattle, WA * Current address, University of Missouri- K ansas City, School of Biological Sciences.

Dermatophytes are fungi that cause superficial infectionsin humans and animals and are the most common fungal infectious agents on the
planet, with current treatment costs exceeding one half-billion dollars annually. Despite the common occurrence of the disease little is
known at the molecular level about the fungi that cause dermatomycosis. To unravel the genetic basis of this disease we have sequenced
five dermatophyte genomesincluding the most common human dermatophyte, Trychophyton rubrum, along with related speciesthat show
differences in host preference and mating competence. These genomes were compared to outgroups including dimorphic fungi and
Aspergilli toidentify changesin content specific to the Dermatophytesaswell asindividual species. The Dermatophyte genomesare smaller
than the outgroups, ranging from 22.5 to 24.1 M b; the largest genome (T. equinum) has a larger amount of repetitive elements. Using
comparative methods, we updated the annotations of the five species based on conservation of gene structures. Between 8,523 and 8,915
genes were predicted in each genome; this is slightly smaller than the outgroup fungi. The core gene set conserved in all five genomes
includesnearly 80% of the protein coding genes. Based on whole genome alignments, the genomes are highly syntenic, with asmall number
of rearrangements between Trichophyton and Microsporon species. Further analysis of differences between genomes may help identify
genes important for the specific adaptation of each species including potential virulence factors.

Genomeevolution in thelrish potato famine pathogen lineage. Sophien Kamoun, The Sainsbury Laboratory, Norwich Research Park,
Norwich, United Kingdom.

Eukaryotic plant pathogens, such as oomycetes and fungi, cause highly destructive diseases that negatively impact commercial and
subsistence agriculture worldwide. Many plant pathogen species, including those in the lineage of the Irish potato famine organism
Phytophthora infestans, evolve by host jumps followed by adaptation and specialization on distinct hosts. However, the extent to which
host jumps and host specialization impact genome evolution remains largely unknown. This talk will provide an update on our work on
genome evolution in the P.

infestansclade 1c lineage. T o determinethe patternsand selective forcesthat shape sequence variation in thiscluster of closely related plant
pathogens, we and our collaborators resequenced several representative genomes of four sister species of P. infestans. Thiswork revealed
extremely uneven evolutionary rates across different parts of these pathogen genomes (a two-speed genome). Genes in low density and
repeat-rich regions show markedly higher rates of copy number variation, presence/absence polymorphisms, and positive selection. These
loci are also highly enriched in genesinduced in planta, such as disease effectors, implicating host adaptation in genome evolution. These
results demonstrate that highly dynamic genome compartments enriched in non-coding sequences underpin rapid gene evolution following
host jumps.
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Photobiology (Idnurm/Corrochano) Chapel

M olecular basis of photoconidiation in Trichoderma atroviride. Ulises Esquivel-Naranjo, Miguel Hernandez-Ofate, Enrique
Ibarra-L aclette, and Alfredo Herrera-Estrella. Laboratorio Nacional de Genomica para la Biodiversidad, Centro de Investigacion y de
Estudios Avanzados Campus Guanajuato. M exico. aherrera@langebio.cinvestav.mx

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 amycelium provided that nutrients are not limiting. However, a brief pulse of blue light given to aradially growing
colony induces synchronoussporulation. Photoconidiationin Trichodermaiscontrolled by the orthologsof the N. crassa white-collar genes
(blrl and bir2). Recently, we have applied high-throughput sequencing technology to the study of the Trichoderma atroviride
transcriptome. We obtained RNA samples from the wild type strain grown in the dark or after exposure to a pulse of white or blue-light,
aswell as from a photoreceptor mutant (Ablr-1) exposed to white light. We identified over 300 light responsive genes, both induced and
repressed, the majority of them Blrl dependent. However, there is an important set of genes that is induced independently of this
photoreceptor. Among the genes identified there are TFs, DNA-repair enzymes, and a set chaperons, including heat shock proteins,
suggesting that light is perceived as a stress signal by Trichoderma. We have obtained gene disruption mutants of several of the
transcription factors, and other key genes; resulting in mutants that do not photoconidiate, and mutants that do not require light conidiate.

Regulation of stomatal tropism and infection by light in Cercospora zeae-maydis. Hun Kim?, John Ridenour?, Larry Dunkle? and
Burton Bluhm®. *Department of Plant Pathology, University of Arkansas, Fayetteville, AR 72701, USA. *Crop Production & Pest Control
Research Unit, USDA-ARS, Purdue University, West L afayette, IN 47907, USA.

The fungal genus Cercospora, comprised of over 3,000 named species, is one of the most ubiquitous and destructive groups of plant
pathogenic fungi, and incurs extensive damage on staple food cropsthroughout theworld. In thisstudy, the discovery that light wasrequired
for C. zeae-maydistoinfect |leavesled to theidentification of the putative blue-light photoreceptor CRP1. Disrupting CRP1 viahomologous
recombination revealed rolesin multiple aspects of pathogenesis, including tropism of germ tubesto stomata, the formation of appressoria,
conidiation, and the biosynthesis of phytotoxins. CRP1 was also required for photoreactivation after lethal doses of UV exposure.
Intriguingly, putative orthologs of CRP1 are central regulators of circadian clocksin other filamentousfungi, raising the distinct possibility
that C. zeae-maydis uses light as a key environmental input to coordinate pathogenesis with maize photoperiodic responses. This study
identified a novel molecular mechanism underlying infection through stomata in a filamentous fungus, underscores the critical role light
playsin pathogenesisin C. zeae- maydis, and highlightsthe tractability of the maize/C. zeae-maydis pathosystem as a model for examining
infection via stomata and the integration of host and pathogen responses to photoperiod.

Characterization of Mucor circinelloideslight-r esponse mutantsby high-throughput sequencing. Santiago Torres-M artinez, Eusebio
Navarro and Victoriano Garre. Department of Geneticsand Microbiology, Faculty of Biology, University of Murcia, Murcia30071, Spain.
storres@um.es

Light regulates devel opmental and physiological processesin awide range of organisms, including fungi. Particularly, Zygomycete fungi
have developed complex mechanisms to control the responses to light that await detailed characterization at molecular level. The basal
fungus Mucor circinelloides is a good model for this purpose because its genome has been sequenced and several molecular tools are
availablefor itsmanipulation. Mucor, like other Zygomycetes, hasthree white collar-1 genes (mcwc-1a, mcwc-1b and mcwe-1c) that code
for photoreceptor-like proteins. Analyses of knockout mutants suggest that each of these genes controls a specific response to light. Thus,
mcwc-1a and mcwce-1c control phototropism and photocarotenogenesis, respectively. Toidentify new genesinvolvedinregulation by light,
a number of mutants showing either reduced carotene accumulation in the light or increased carotene accumulation have been isolated.
Some of them present mutations on known structural and regulatory carotenogenic genes. High-throughput genome sequencing of others
revealed the presence of non-conservative SNPs in 1 to 20 gene coding regions. Although some mutations map in genes of unknown
function, others are in genes coding for proteins that may be involved in light transduction, such as a F-Box protein. Progress in the
characterization of these genesin regulation by light will be shown.
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Expanding the molecular clock network of Neurospora crassa. Maria Olmedo , Rachel Edgar 2, John O’ Neill 2 Akhilesh Reddy % and
M arthaM errow *. * M olecul ar Chronobiology, University of Groningen, The Netherlands. >Department of Clinical Neurosciences, Institute
of Metabolic Science, University of Cambridge, UK.

Organismsfrom all phylaare exposed to environmental changes that stem from the highly predictable day-night cycle. The circadian clock
allows organisms to anticipate these cyclic changes that occur due to the rotational movement of the Earth. The eukaryotic molecular
clockwork isthought to be based on transcription/translation feedback loops although the proteins that comprise these loops are different
across organisms. In N. crassa, thisloop is made up of FRQ, WC 1 and WC 2, however aless robust form of rhythmic conidiation persists
in the absence of these proteins. Furthermore, post-transcriptional and post-translational regulation of clock components is emerging as
an additional clock mechanism with ancient evolutionary roots. The antioxidant enzyme Peroxiredoxin 6 (Prdx6) was previously shown
to be subject to time dependent post translational modificationsin mouse liver. The N. crassa genome contains agene for amitochondrial
PEROXIREDOXIN that shows 60% similarity with the mouse Prdx6. W e haveinvestigated the contribution of N. crassa PRX to thefungal
circadian clock

Light Sensitivity of First and Second Tier Clock-Controlled Genes in Neurospora. Gencer Sancar!, Erik Malzahn?, Stilianos
Ciprianidis’, KrisztinaK adi? BrittaBriigger®, Elan Gin®, Thomas Hoefer®, Axel Diernfellner®, Tobias Schafmeier?, and Michael Brunner!
. YUniversity of Heidelberg Biochemistry Center, Im Neuenheimer Feld 328, 69120 Heidelberg, Germany; >Department of Physiology,
Semmelweis University, POB 259 H-1444 Budapest, Hungary; *German Cancer Research Center and BioQuant Center, Modeling of
Biological Systems, Im Neuenheimer Feld 280, 69120 Heidelberg, Germany

Light responses and photoadaptation of Neurospora depend on the photosensory light-oxygen-voltage (LOV) domains of the circadian
transcription factor White Collar Complex (WCC) and its negative regulator Vivid (VV D). We found that light triggers L OV -mediated
dimerization of theW CC. VV D disruptsand inactivatesthe W CC homo-dimers by the competitiveformation of WCC-VV D hetero-dimers,
leading to photoadaptation. During the day, expression levelsof VV D correlate with light intensity, allowing photoadaptation over several
orders of magnitude. At night, previously synthesized VV D serves as a molecular memory of the brightness of the preceding day and
suppresses responses to light cues of lower intensity, such as moonlight. The WCC activates morning-specific expression of the
transcription repressor CSP1. Genes controlled by CSP1 are rhythmically expressed and peak in anti-phase to genes directly controlled
by WCC). A negative feedback buffersthe amplitude of CSP1-dependent oscillations with respect to the activity of WCC in light and dark.

Rolesfor CSP-1in Light and Circadian Clock-Regulated Gene Expression. Nicole K nabe!, Chandrashekara M allappa®, Kristina M.
Smith?, Jillian M. Emerson?, Erin L. Bredeweg?, Fei Yang®, Deborah Bell-Pedersen®, Matthew S. Sachs®, Michael Freitag? and, Jay C.
Dunlap®. 'Department of Genetics, Dartmouth M edical School, Hanover, NH, 2Program for M olecular and Cellular Biology, Department
of Biochemistry and Biophysics, and Center for Genome Research and Biocomputing, Oregon State University, Corvallis, OR 97331;
3Department of Biology and Program for the Biology of Filamentous Fungi, Texas A& M University, College Station, TX

The csp-1 gene encodes atranscription factor. Itisinduced by bluelight (Chen etal. EMBO J. 2009) and is also regulated by the circadian
clock (Lambreghtset al. GENETICS 2007). Both the gene and the CSP-1 are expressed with peaksin morning, and using ChlP-sequencing
we find CSP-1 to bind to many regions of the genome and to influence the expression of both light- and clock-controlled genes. In this
manner CSP-1 acts as a second order clock regulator, serving to transduce clock regulation of gene expression from the core circadian
oscillator to a bank of output clock- controlled genes (ccgs) as verified by ccg-luciferase gene fusions.

Light-dependent geneinduction in A. nidulansrequiresrelease of therepressor LreA and binding of the activator FphA. Maren
Hedtke, Julio Rodriguez-Romero and Reinhard Fischer K arlsruhe Institute of Technology, Dept. of Microbiology, Karlsruhe, Germany
Maren.Hedtke@K I T.edu

Light serves as an important environmental signal to regulate development and metabolism in many fungi and has been studied to some
detail in N. crassa and A. nidulans. A. nidulans develops mainly asexually in the light and sexually in the dark. The red-light sensor
phytochrome (FphA) and the W C-1 homologue blue-light receptor LreA have been shown to mediate the light responsein A. nidulans (1).
There is evidence that both proteins form alight regulator complex (LRC). LreB (WC-2) and VeA are probably also components of this
complex (2). Using ChlP and qRT PCR we show that HA-tagged FphA and LreA bind to the promoters of the A. nidulans homologues
of N. crassa con-10 (conJ) and ccg-1 (ccgA). conJ and ccgA are both induced during development but are also strongly upregulated after
short exposure to light. Surprisingly we found LreA bound to the conJ and ccgA promoter only in the dark probably acting as arepressor.
In contrast, FphA is recruited to the promoters after short illumination and seems to function as activator of transcription. These results
suggest that the LRC is not a tight protein complex but rather transient and that light induction depends on derepression followed by
induction through FphA. (1) Blumenstein A. et al., (2005) Curr. Biol 15(20):1833-8 (2) Purschwitz J., M lller S. & Fischer R., (2008) Mol.
Genet. Genomics 18(4):255-9
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Light Control of Fungal Development and Secondary M etabolism in Aspergillus nidulans, Gerhard H. Braus, Molekulare
Mikrobiologie und Genetik, Georg-August-Universitat Gottingen, D-37077 Goéttingen, Germany; gbraus@gwdg.de

Differentiation and secondary metabolism are correlated processes in fungi that respond to various parameters including light. The
heterotrimeric velvet complex VelB/VeA/LaeA (Bayram et al., 2008) and the eight subunit COP9 signalosome complex (Buschetal., 2007;
Brausetal., 2010, Nahlik etal., 2010) arerequired for the sexual cycleresulting in theformation of the closed fruiting bodies (cleistothecia)
of A. nidulans. VeA bridges VelB to LaeA whichisrequired for secondary metabolism and for the formation of nursing Hulle cells. VelB
is part of asecond complex, VelB/V osA, which reduces asexual spore formation and isrequired for spore viability (Bayram et al., 2010).
The current state of the work in the laboratory will be presented.

Bayram OS, Bayram O, Valerius O, Park HS, Irniger S, Gerke J, Ni M, Han KH, Y u JH, Braus GH 2010) LaeA control of velvet family
regulatory proteins for light-dependent development and fungal cell-type specificity. PLoS Genet. 6, €1001226.

Braus GH, Irniger S, Bayram O (2010) Fungal development and the COP9 signalosome. Curr. Opin. Microbiol. 13, 1-5.

Busch S, Schwier EU, Nahlik K, Bayram O, Draht OW, Helmstaedt K, Krappmann S, ValeriusO, Lipscomb WN, Braus GH (2007) An
eight-subunit COP9 signalosome with an intact JAM M motif isrequired for fungal fruit body formation. Proc. Natl. Acad. Sci. USA. 104,
8125-8130. Nahlik K, Dumkow M, Bayram O, Helmstaedt K, Busch S, Valerius O, Gerke J, Hoppert M, Schwier E, Opitz L, Westermann
M, Grond S, Feussner K, Goebel C, Kaever A, Meinecke P, Feussner |, Braus GH (2010) The COP9 signalosome mediates transcriptional
and metabolic response to hormones, oxidative stress protection and cell wall rearrangement during fungal development. Mol. Microb. 78,
962-979.
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Fungal Effectors (Glijzen/Thomma) Heather

Fungal LysM effectorsperturb chitin-trigger ed host immunity. Ronnie de Jonge?, Anja K ombrink?, Peter van Esse’, Naoto Shibuya?,
Bart P.H.J. Thomma® ‘Laboratory of Phytopathology, Wageningen University, Droevendaal sesteeg 1, 6708 PD Wageningen, The
Netherlands; 2Department of Life Sciences, Meiji University, Kawasaki, K anagawa, Japan. *presenting author: bart.thomma@wur.nl

Cladosporium fulvum is a biotrophic fungal pathogen that causes leaf mould of tomato. The in planta abundantly secreted C. fulvum
effector Ecp6 (for extracellular protein 6) acts as a potent virulence factor. The Ecp6 protein contains three lysin motifs (LysM s), protein
domains that were also identified in plant cell surface receptors that activate host immunity upon perception of chitin oligosaccharide
PAM Ps, breakdown products of fungal cell walls that are released during plant invasion. Affinity precipitation assays showed that Ecp6
isachitin-binding protein and three binding sites per molecule were detected. W e found that Ecp6 does not protect fungal cell walls against
hydrolysis by plant chitinases. Rather, Ecp6 appears to prevent the activation of chitin-triggered immunity through scavenging of chitin
oligosaccharide PAM Ps. Interestingly, homologuesof Ecp6 wereidentified in many fungal species. These effectorsare collectively referred
to asLysM effectors. A number of LysM effectors from other fungal plant pathogens have been produced. Similar to Ecp6, most of these
bind chitin and are able to suppress chitin-triggered immunity. However, in contrast to Ecp6, someLysM effectors protect fungal cell walls
against chitinases, while others appear to have different substrates than chitin.

Pathogen effectors reveal a complex host immune network. Jim Beynon?, Jens Steinbrenner?, Susan Donovan?, Laura Baxter!, Mary
Coates!, Rebecca Allen', Georgina Fabro* M. Shahid M ukhtar®, Anne-Ruxandra Carvunis?, M atjia Dreze?, Petra Epple® Jonathan Jones?,
Marc Vidal?, Pascal Braun®and Jeff Dangl®. *Warwick Life Sciences and SystemsBiology, Warwick University, Wellesbourne, Warwick,
CV359EF, UK. 2Centrefor Cancer SystemsBiology, Dana Faber Center, Boston, MA, USA. *Department of Biology, University of North
Carolina at Chapel Hill, Chapel Hill, North Carolina, USA. “The Sainsbury Laboratory, John Innes Centre, Norwich, NR4 7UH, UK.

Plants posses a basal immune system that successfully preventsinvasion by many organisms by detecting conserved structures of potential
pathogens. True pathogens suppress this immune system by delivering a suite of proteins, pathogenicity effectors, to the host cells.
Understanding how these effectors allow successful invasion of the host is the major challenge of plant pathology today. We work on the
biotrophic oomycete pathogen Hyaloperonospor a arabidopsidisthat causesdowny mildew disease on Arabidopsis. To identify the effector
complement of this pathogen we have sequenced the genome of H. arabidopsidis. This has revealed that there are potentially more than
130 effector proteinsthat could be delivered to the plant cell to enable biotrophic pathogenicity. Thisraisesthe question asto what are the
host targets of these effectors? W e have used a high-throughput yeast two hybrid approach to reveal a highly connected network of plant
proteins targeted by the effectors.

M agnaporthe oryzae effector dynamics duringinvasion of living rice cells. BarbaraValent!, Chang Hyun K hang®, Martha C. Giraldo®,
MihwaYi', GloriaMosquera’ and M elinda Dalby'. 'Department of Plant Pathology, K ansas State University, M anhattan, Kansas, U.S.A.
2International Center for Tropical Agriculture (CIAT), Cali, Colombia. bvalent@ksu.edu

To cause blast disease, Magnaporthe oryzae sequentially invadesliving rice cellsusing intracellular invasive hyphae (1H) that are enclosed
in host-derived extrainvasive-hyphal membrane. IH are initially filamentous hyphae and then switch into bulbous hyphae that proliferate
in the host cell. The IH repeat this differentiation process in each subsequently colonized host cell. Hyphal cells that undergo the
morphogenetic switch (thefilamentousand first bulbous|H cells) are associated with the biotrophic interfacial complex (BIC), whichforms
at the filamentous hyphal tip and remains beside the first differentiated bulbous IH cell. Known avirulence effectors and most other
biotrophy-associated-secreted (BAS) proteins accumulate in BICs. The strong correlation between preferential BIC localization and host
translocation and new evidence that the Bl C-associated bulbous IH cells are undergoing active exocytosis support our working hypothesis
that BICs are a staging center for effector translocation into the host cytoplasm. So far, fluorescently-labeled versions of PWL2 and 26
additional BAS proteins localize to BICs and are translocated into the cytoplasm of invaded rice cells. Additionally, the effector PWL2
and 23 of the translocated BA S proteinsmove ahead into uninvaded neighbor cells, presumably to preparethese cellsbeforeinvasion. Some
translocated proteins naturally accumulate in the host nuclei and others accumulate where the IH crossed into neighboring cells. Thistalk
will focuson current understanding of blast IH development and effector biology, and on effector sequencesthat mediate BIC accumulation
and host translocation.
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The superfamily of necrosis and ethylene-inducing peptide 1 (Nep1) like proteins (NL Ps) harbors cytotoxic and non-cytotoxic,
virulence-promoting members. T Nuernberger', | Kuefner!, G Anderluh? C Oecking®; Steve Whisson®, Bart Thomma®, Guido van den
Ackerveken®. University of Tuebingen, Center for Plant M olecular Biology, Tuebingen, Germany; 2University of Ljubljana, Department
of Biology, Ljubljana, Slovenia; ®Scottish Crop Research institute, Dundee, Scotland; “Wageningen University, Lab of Phytopathology,
The Netherlands; *University of Utrecht, Department of Biology, The Netherlands. * presenting author: thorsten.nuernberger@zmbp.uni-
tuebingen.de

M embers of the superfamily of necrosis and ethylene-inducing peptide 1 (Nep1l) like proteins (NLPs) are widely found in bacteria, fungi
and oomycetes. A subset of these proteins causes leaf necrosis on dicot, but not on monocot plants. NLP cytotoxicity was shown to be
crucial for microbial virulenceand anecrotrophic lifestyle of the producing microbe. X -ray crystallography-based analyses of two microbial
NLPs revealed substantial fold conservation of these proteins with cytolytic toxins produced by marine organisms (actinoporins).
Actinoporins bind to animal host sphingomyelin prior to membrane pore formation and cytolysis. While plants do not produce
sphingomyelins, we show that the target site for NL P toxinsis of lipid nature and residesin the outer layer of the plasma membrane of dicot
plants. Membrane binding and phytotoxicity requires the presence of a coordinately bound calcium cation within an electrophilic cavity
on NLPs, suggesting that the plant docking site is negatively charged. In binding assays, NLPs preferentially bind to phosphorylated
phosphatidylinositols (P1P), and incubation of NLPs with PIPsinhibitsthe cytotoxic activities of these proteins. Thus, NLP susceptibility
of plant membranes is determined by its interaction with yet unknown PIP-like lipid structures that define a biologically significant
difference in the composition of plasma membranes from monocot and dicot plants. Recently, the production by various oomycetes and
fungi of non-cytotoxic members of the NL P superfamily was shown. The possible mode of action of these proteins, their biological activity
aswell as their contribution to microbial virulence will be discussed.

Crystal Structure Of The Avirulence Gene AvrLm4-7 Of Leptosphaeria maculans Illuminates Its Evolutionary And Functional
Characteristics. I. Fudal?, F. Blaise', K. Blondeau?, M. Graille?, A. Labarde?, A. Doizy? B.M. Tyler 3, S.D. Kale®, G. Daverdin®, M .H.
Balesdent?, H. van Tilbeurgh?and T. Rouxel® * INRA-Bioger, Grignon, France 2IBBM C-CNRS / Université Paris-Sud, Orsay, France *
Virginia Bioinformatics Institute, Blacksburg, USA

Leptosphaeria maculans, an ascomycete causing stem canker of oilseed rape, develops “gene-for-gene” interactions with its host plant
where fungal avirulence (AvrLm) genes are the counterpart of plant resistance (RIm) genes. AvrLm4-7 encodes a 143 aa cysteine-rich
protein, potentially secreted, strongly induced during primary leaf infection and involved in fungal fitness. AvrLm4-7 istranslocated into
plant and animal cells. Thistranslocation is mediated by binding to PI-3-P and necessitates the presence of a RxLR-like motif. AvrLm4-7
crystal structure was determined following heterologous production in Pichia pastoris. The protein shows the presence of 4 disulfide
bridgesand isstrongly positively charged, suggesting interaction with minus charged molecules (DNA, phospholipids). AvrLm4-7 confers
a dual specificity of recognition by RIm7 or RIm4 resistance genes and occurs as three alleles only: the double avirulent (A4A7), the
avirulent towards RIm7 (a4A7), or the double virulent (a4a7). A unique event of mutation, leading to the change of a glycine residue to
an arginine, an amino acid located on an external loop of the protein, is responsible for the A4A7 to a4A7 phenotype change, strongly
suggesting the importance of this protein region for recognition by the RIm4 gene, but not for the effector function of AvrLm4- 7.

The oomycete RxL R-effectorsAVR3a and SpHtpl show cell type specific import and their RxL R-leaders mediate dimerisation.
Stephan Wawra®, Severine Grouffaud™?, Judith Bain', Anja Matena®, Claire Gachon® Irene de Bruijn?, Stephen Whisson? Peter Bayer®,
Paul Birch? Pieter van West! * Aberdeen Oomycete Laboratory, Aberdeen (UK) 2 Scottish Crop Research Institute, Dundee (UK) 3
Universitat Duisburg-Essen, Essen (Germany)  Scottish Association for M arine Science, Oban (UK)

The fungus-like oomycetes contain several species that are devastating pathogens of plants and animals. During infection oomycetes
translocate effector proteinsinto host cellswhere they interfere with host defence responses. Several oomycete effectors have a conserved
Arg-Xaa-Leu-Arg (RXLR)-motif that isimportant for their delivery. We found that, whereas the RxL R-leader sequence of SpHtpl from
the fish pathogen Saprolegnia parasitica shows fish cell- specific translocation, the RXLR-leader of AV R3a from the potato-late-blight
pathogen Phytophthora infestans promotesefficient binding of the C-terminal effector domainto several cell types. Our resultsdemonstrate
that the RxL R- leaders of SpHtpl and AV R3a are dimerisation sites, able to form heteromers. Furthermore, cell surface binding of both
RxL R-proteinsismediated by an interaction with modified cell surface molecules. Theseresultsreveal anovel effector translocation route
based on effector dimerisation and receptor modification, which could be highly relevant for a wide range of host-microbe interactions.
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Symptom formation of Sporisorium reilianum on maize is mediated by secreted effectors. Hassan Ghareeb, Mohammad T. Habib,
Y ulei Zhao, Jan Schirawski Georg-August-Universitat Gottingen, Albrecht-von-Haller Institute, M olecular Biology of Plant-Microbe
Interactions, Untere Karspiile 2, 37073 Gottingen, Germany. jschira@uni-goettingen.de

Sporisorium reilianum and Ustilago maydis are closely related biotrophic pathogens of maize that cause different symptoms. Upon
penetration of seedling plantsby S. reilianum, fungal hyphae proliferate and spread throughout the plant initially without noticeableimpact
on plant health. Prominent symptomsarevisible at flowering time, when spore-filled sori or leaf-like structures appear in theinflorescences.
Inaddition, infected plantsdevel op more femaleinflorescencesthan mock-treated plants. In contrast, an Ustilago maydisinfection of maize
leadsto the formation of spore-filled tumorsinthe vicinity of the site of infection, which can occur on leaves, stemsor flowers. To elucidate
the molecular basis of the difference in symptom formation, the genome of S. reilianum was sequenced and compared to that of U. maydis
[1]. Both genomesare highly syntenic and most encoded proteinsarewell conserved. However, alarge region on chromosome 19 encoding
morethan 20 secreted effector proteins shows considerable divergence. W e have dissected the contribution of the different fungal effectors
of thisregion to symptom formation of S. reilianum. W e show that different effectors are responsible for different aspects of the symptoms
observed. We have identified one effector whose presence leads to an increase in the number of female inflorescences produced by the
plant. However, effector deletion does not affect virulence of the strains. This shows that the different effectors located in the divergence
region have a distinct contribution to symptom development of S. reilianum. [1] Schirawski et al., 2010. Science 330: 1546-1548.

Genomeanalysisof astrain from the UK blue 13 clonal lineage of Phytophthorainfestansrevealssignificant genetic and expression
polymorphismsin effector genes. LilianaM. Cano?, Sylvain Raffaele’, Ricardo Oliva!, David Cooke? Paul Birch ?and Sophien K amoun™.
1TheSai nsbury Laboratory, JIC Norwich Research Park. NR47UH, Norwich, UK. 2SCRI, Invergowrie, Dundee. DD25DA, Scotland, UK.

Phytophthora infestans is an oomycete pathogen that causes the devastating late blight disease in potatoes. In 2005, aclonal lineage of the
A2 mating type, termed genotype blue 13, was identified in the UK and now this strain has become the most prevalent in the country. P.
infestans blue 13 strains are characterized by an increased aggressiveness and virulence on several resistant potato varieties. Genome
analysis of P. infestans blue 13 UK 3928 strain revealed regions containing RXLRs with copy number variation (CNV) represented by
increased depth of coverage. In addition, awhole-genome microarray screen allowed the detection of specifically induced genes on potato
with no induction in the less virulent P. infestans reference strain T30-4. Our findings suggest that P. infestans blue 13 exhibit significant
CNV and expression polymorphismsin effector genes. A better understanding of the genetic variation of P. infestans blue 13 will help to
provide clues of the evolution of virulence of this epidemic disease.
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Symbiosis (Zuccaro/Duplessis) Fred Farr Forum

Theart and design of harmony: novel arbuscular mycorrhizal factor sfrom cer eals. Ruairidh Sawers, Caroline Gutjahr, M arinaNadal
and Uta Paszkowski. Department of Plant M olecular Biology, The University of Lausanne, Switzerland

The mutualistic arbuscular mycorrhizal symbiosis occurs between roots of most land plants and fungi of the Glomeromycota. M utualism
is manifested in the bi-directional nutrient exchange where the plant provides photosynthates to the fungus and receives minerals, in
particular phosphate, in return. Establishment of the symbiosisinvolves a pre-symbiotic molecular cross-talk that leads to recognition and
subsequent hyphopodia formation on the root surface. The root epidermal cell underneath a hyphopodium prepares for the anticipated
penetration by assembly of aprepenetration apparatusthat guidesthe entering hyphathrough the cell lumen. Fungal growth continuesfrom
the outer cell layerstowardsthe inner cortex of theroot where intercellular proliferation along the longitudinal axesof theroot permitsrapid
colonization of the root. In addition, the fungus develops highly branched hyphae, so called arbuscules, inside living cortex cells. These
elaborate fungal haustoriadramatically change host cell architecture including the production of a extensive periarbuscular membrane that
increases the surface area for nutrient exchange.

Over the past decade anumber of plant encoded AM -factorswereisolated that have provided afirst glimpse into the nature and complexity
of the molecular dialogue underpinning this apparently harmonious symbiosis. During my presentation | will introduce novel AM factors
and candidates recently identified in my laboratory from cereals.

Laccariabicolor aquaporins: functionsin soil growing hyphaeand ectomycorr hizal symbiosis. UweNehls'?, SandraDietz? Juliavon
Bulow?, Eric Beitz®, 1: University of Bremen, Faculty for Biology and Chemistry, Botany, Bremen, Germany 2: University of Tiibingen,
Microbiological Institute, Physiological Ecology of Plants, Tlbingen, Germany 3: University of Kiel, Department of Pharmaceutical and
Medicinal Chemistry, Pharmaceutical Institute, Kiel, Germany nehls@uni-bremen.de

Soil humidity and bulk water transport are essential for nutrient mobilization. Ectomycorrhizal fungi, bridging soil and fine roots of woody
plants, are capable of modulating both by being integrated into water movement driven by plant transpiration and the nocturnal hydraulic
lift. Aquaporins are integral membrane proteins that enable a concentration gradient driven flux of water and small uncharged ions over
biological membranes. To gain insight into ectomycorrhizal fungal aquaporin function, we took advantage of the currently sequenced
Laccaria bicolor genome. Here we present the first comprehensive study of a basidiomycotic agquaporin gene family, covering gene
expression aswell as protein function. Two aspects of aquaporin function were in focus of thisinvestigation: water and solute permeability.
While nearly all of the seven identified L. bicolor aquaporins mediated water permeability of Xenopus laevis oocyte plasma membranes,
only three proteins revealed reasonable high rates for being of physiological significance. Protein function and gene expression data
indicated these aquaporins to be mainly responsible for water permeability of fungal hyphae in soil and ectomycorrhizas. However, as
growth temperature and ectomycorrhiza formation modified gene expression profiles of these aquaporins, specific roles in those aspects
of fungal physiology are suggested. M oreover, two aquaporins, which were highly expressed in ectomycorrhizas, conferred plasma
membrane ammonia permeability in yeast, pointing them towards being an integral part of ectomycorrhizal fungus-based plant nitrogen
nutrition in symbiosis.

Identification of secreted Glomusintraradicessignalsactivating the plant symbiotic program. Cristina Albarran, Hannah Kuhn and
Natalia Requena Plant-Microbe Interactions, Karlsruhe Institute of Technology, Hertzstrasse 16, D-76187 Karlsruhe, Germany.
cristina.albarran@bio.uka.de

Arbuscular mycorrhizal (AM) fungi form long-term symbiosis with roots of more than 80% of all land plants and are obligate biotrophs.
Similar to other biotrophic fungi colonizing plants, AM fungi need to avoid the defense mechanisms of the plant to develop within the host.
A way to achieve thisis the delivery of diffusible fungal effectors molecules, termed Myc-factors, which initiate the symbiotic program
even before both organisms contact. Although our understanding of the molecular dialogue between AM fungi-host has been improved
in the recent yearswith some cluesabout the nature of the M yc-factors, still littleisknow and further investigation isrequired. In our group,
it has been recently shown that some plant genes are specifically induced at early stages by diffusible signals produced by the fungus
Glomus intraradices. While this activation is partially travelling through the symbiotic transduction pathway (SYM pathway) we have
shown that a second cascade is required for the activation of some of those early genes. This suggests that possibly several Myc-factors
are secreted at the same time by the fungus. We have established a reporter-assay for the identification and isolation of these M yc-factors.
Furthermore, the use of SY M -mutant plant lineswill allow distinguish each compound and the signalling cascade that |eadsto the activation
of each gene. Research supported by AvH Foundation and DFG.
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Genome expansion and genelossin powdery mildew fungi reveal functional tradeoffsin extreme parasitism. Pietro Spanu and the
BluGen sequencing Consortium. Imperial College London, UK and Others.

Powdery mildews are phytopathogens whose growth and reproduction are entirely dependent on living plant cells. The molecular basis
of thislifestyle, obligate biotrophy, remains unknown. W e present the genome analysis of barley powdery mildew, Blumeria graminisf.sp.
hordei (Blumeria) , and a comparison with those of two powdery mildews pathogenic on dicotyledonous plants. These genomes display
massive retrotransposon proliferation, genome size expansion and gene losses. The missing genes encode enzymes of primary and
secondary metabolism, carbohydrate- active enzymes and transporters, probably reflecting their redundancy in an exclusively biotrophic
lifestyle. Among the 248 candidate effectors of pathogenesisidentified in the Blumeria genome very few ( <10) defineacore set conserved
in all three mildews, suggesting that most effectors represent species-specific adaptations.

Genomeand transcriptomeanalysesof Piriformosporaindicaprovidehintsinto endophyticlifestrategies. A. Zuccaro™? Lahrmann?,
Giildener?, Pfiffi, Langen? Biedenkopf?, Samans®, Martin®, Wong®, Basiewicz®, Murat*, Kogel?. M ax-Planck-Institut fiir terrestrische
Mikrobiologie K arl-von-Frisch-StraRe 10 D-35043 M arburg, Germany. Research Centre for Biosystems, Land Use, and Nutrition, Justus
Liebig University, 35392 Giessen, Germany. ®I nstitute of Bioinformaticsand SystemsBiology, Helmholtz Zentrum, M tinchen, “I nteractions
Arbres/Micro-Organismes, INRA-Nancy, 54280 Champenoux, France

The multinucleate endophyte Piriformosporaindica (Sebacinal es, Basidiomycota) isan experimental model for mutualistic symbiosiswith
plants. The fungus colonizes the root cortex of a wide range of vascular plants promoting their growth and inducing resistance against
abiotic and biatic stresses. Fungal development in roots combines colonization of dead cortex cells and biotrophic growth. These features
together with its ability to grow readily on various synthetic mediareveal substantial phenotypic plasticity whichisreflected initsgenomic
traits. Inthe 25 megabase genome, 11,768 putative protein encoding geneswereidentified and these comprise clusters of multigenefamilies
with large expansion proposed to function in the regulation of cellular responses to stress and nutrient availability. These traits are shared
by the ectomycorrhizal fungus L accaria bicolor but not by the saprophytic fungus Coprinopsis cinerea. In contrast to ectomycorrhiza, cell
wall degrading enzymes and peptidasesare strongly expanded in P. indicaand proved to be tightly regulated during symbiotic colonization.
A P. indica specific domain expansion was observed for carbohydrate binding proteins. Some of these proteins resemble lectins and may
function to mask ligands during host cell colonization. Gene lossin P. indicareveals tradeoffs towards biotrophic life-style. The missing
genesencode enzymes of primary and secondary metabolism counting nitrate transporter and nitrate reductase, polyketide and nonribosomal
peptide synthetasesindicative of the non pathogenic character of P. indica. M orethan 300 small secreted proteinswereidentified, including
a P. indica specific gene family of unknown function, several of which are strongly expressed during colonization of living roots.
Similaritiesto ectomycorrhizal fungi during symbiosiswere identified but cytological investigations, comparative analysis of the genomic
traits and gene expression profiles during the early penetration phase identified substantial differencesin the colonization strategy. This
support the idea that biotrophic lifestyle in root systems arose independently through different functional specialization.

The transcription regulator ProA is essential for Epichloé festucae-perennial ryegrass symbiosis maintenance. Aiko Tanaka 2,
Sanjay Saikia?, Gemma Cartwright?, Daigo Takemoto? Takashi Tsuge! and Barry Scott®. ‘Nagoya University, Nagoya Japan. 2M assey
University, Palmerston North, New Zealand. Email: d.b.scott@massey.ac.nz

The fungal endophyte, Epichloé festucae, forms a symbiotic association with perennial ryegrass, Lolium perenne. A genetic screen to
identify E. festucae genes required for symbiotic maintenance has been carried out using Agrobacterium T-DNA mediated mutagenesis.
The screen identified one mutant (Ag413) that causes severe stunting of the grass host, an interaction phenotype similar to that observed
for anoxA deletion mutant (Tanaka et al. 2006). Sequence analysis of the T-DNA junction sequencesin Ag413 showed that the T-DNA
was inserted into a gene, designated proA, encoding a Zn(l1) ,Cys, transcription factor. ProA has homology to Prol/NosA, positive
regulators of sexual development in other ascomycetes. Deletion analysis confirmed that stunting of the host plant is caused by disruption
of proA. To identify the gene targets for ProA, we have analysed a publicly available microarray data set of a prol mutant in Sordaria
macrospora (Nowrousian et al. 2007) and selected 12 candidate genes that are down-regulated in prol, and screened expression of the E.
festucae homologues by qRT-PCR analysis. One gene, named esdC, was significantly down-regulated in the ryegrass/proA mutant
interaction. esdC has been shown to be responsible for sexual development in Aspergillus nidulans. T o determine whether ProA bindsthe
esdC promoter directly, we performed electrophoretic mobility shift assays (EM SAs) using apurified M BP (maltose-binding-protein)-ProA
1-145aafusion protein (M BP-ProA 1-145). The EM SA experiments showed direct binding of MBP-ProA 1-145 to a 25-bp region within
the esdC promoter. Tanaka et al. (2006) Plant Cell 18, 1052-1066. Nowrousian et al. (2007) Mol. Microbiol. 64, 927-937.
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M etabolomics meets Genomics: Solving the puzzle of how multiple cyclic oligopeptides ar e synthesised by epichloae endophytes
viaasingleribosomally encoded gene, gigA. Linda J Johnson, Albert Koulman, Geoffrey Lane, Karl Fraser, Christine V oisey, Jennifer
Pratt, Gregory Bryan and Richard D Johnson. AgResearch, Grasslands Research Centre, Tennent Drive, Private Bag 11008, Palmerston
North, New Zealand. Phone: +64 6 351 8090. Fax: 15 +64 6 351 8032. Email: richard.johnson@agresearch.co.nz

Epichloae endophyteslive symptomlessly within the intercellular spaces of cool-season grasses, and confer a number of biotic and abiotic
advantages to their hosts. M etabolomics analysis, by direct infusion mass spectrometry, of the Epichloé festucae-perennial ryegrass
association identified a new class of endophyte derived compounds (multiple cyclic oligopeptides) only in the guttation fluid of infected
plants. In a parallel programme to knock out the most highly expressed endophyte gene during symbiosis, gigA, we found that all cyclic
oligopeptides (COPs) were eliminated in the deltagigA mutant. Initial analysisof the predicted GigA protein, however, suggested that COPs
were not adirect product of the gene. Here we describe how multiple COPs are synthesised via a single ribosomally encoded gene, gigA,
which is expressed preferentially in planta and is one of the most abundantly expressed fungal transcripts in endophyte infected grasses.
The GigA protein contains an N-terminal signal sequence and imperfect 27 amino acid repeats which we propose are processed by akexin
protease to yield multiple COPs of 8 or 9 amino acids. Deletion of gigA, and re-introduction of the mutant into the host plant, leads to
completelossof COP production, altered hyphal ultrastructure and anincrease in fungal biomass. Recent evidence suggeststhat gigA forms
part of a gene cluster with a kexin protease and two hypothetical proteins. This is the first report of multiple cyclic peptides being
ribosomally encoded from a single gene and we are interested in both the mechanism of cyclisation and the function of these COPs in
endophyte-grass symbioses.

Deconvoluting the Neotyphodium coenophialum genome. Carolyn Y oung?, Ranamalie Amarasinghe', Johanna Takach?, Patrick Zhao®,
Jennifer S. Webb?, Neil Moore?, Jolanta Jaromczyk?, Charles T. Bullock?, Jerzy W. Jaromczyk?, Christopher L. Schardl? *The Samuel
Roberts Noble Foundation, Ardmore, Oklahoma; 2U niversity of Kentucky, Lexington Kentucky.

The epichloé endophyte Neotyphodium coenophialum forms a mutualistic association with the cool-season grass, tall fescue (Lolium
arundinaceum). The wide range of benefits the endophyte provides its host has made tall fescue an agriculturally important grass.
Unfortunately, some isolates are known to cause toxicity to grazing livestock due to the production of ergot alkaloids. To unravel the
complexity of the endophyte-grass association, we have embarked on sequencing the N. coenophialum genome and identifying symbiosis
induced genes. N. coenophialum is considered an interspecific hybrid consisting of origins from E. festucae, E. typhina and a Lolium-
associated endophyte closely related to E. baconii, with an estimated genome size of 57Mb. We have started genome sequencing using
cosmid/fosmid end sequencing and ‘454’ shot-gun and paired end reads. Initial assembly of the 454 generated data indicated a larger
genomesize (95 M b) than originally estimated. Transcriptome comparison using Illuminasequencing of mRNA fromin plantavsin culture
conditions showed some of the most highly expressed genes werethoserequired for production of lolines and ergot alkal oids. Laser capture
microscopy will be used to dissect the endophyte from the host to enrich for endophyte transcriptsin planta and will be compared with the
Illumina data. Deconvolution of the N. coenophialum genome will provide insight into the impact of repetitive elements in genome
evolution and allow usto see what gene families, including those of secondary metabolism, have been retained or lost during hybridization.
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Evolution of Sex in Fungi (Dyer/Debuchy) Kiln

Sex in basal fungi: Phycomyces, Mucor, and Rhizopus. Joseph Heitman®, Soo Chan Lee!, Charles H. Li%, Alexander Idnurm? Maria
Cervantes®’, RosaM . Ruiz-V azquez®, Santiago R. Torres-M artinez®, Andrii P. Gryganskyi® and RytasVilgalys®*. 'Department of M olecular
Geneticsand Microbiology, “Department of Biology, Duke University, 2Division of Cell Biology and Biophysics, University of Missouri,
K ansas City, and *Departamento de Geneticay Microbiologia, Universidad de Murcia, Spain

How sexual identity is defined and the roles of sexual reproduction in the generation of diversity and evolution are of general interest.
Givenits ubiquity, sex isthought to have arisen once early in the evolution of eukaryotes. The fungal kingdom provides a broad window
on the evolution of sex and its myriad diversifications, and the close alignment of the fungal and animal kingdoms within the opisthokont
supergroup of eukaryotes suggests that principles that emerge from studies of fungi will further advance our understanding of both
kingdoms and beyond. Many fungi once thought to be asexual have been revealed by genomics to retain the machinery for sex, and
laboratory studies are uncovering extant sexual cycles. In turn, the genomes of fungi with well-established sexual cycles provide insights
on the mechanisms of sex determination and sexual reproduction. M olecular and genetic studies of the sex/mating type locus of model and
pathogenic zygomycete fungi (Phycomyces, Mucor, Rhizopus) reveal divergent HM G domain proteins (SexM, SexP) define sexual identity
and an interesting example of conidia spore size dimorphism linked to virulence. Comparisons of these species highlight the evolutionary
trajectory of the sex locus, and suggest that HM G factors may be the ancestral sex determinant given their rolesin sex determination in the
Mucorales, hemi- and euascomycete species, and asthe mammalian sex determinant Sry. Alternatively, there may have been two ancestral
sex determining systems, one based on HM G factors and the other on homeodomain (HD) proteins, which have vied for pre-eminence
during fungal evolution. Interestingly, in some extant fungal species both HM G and HD factors are encoded by the mating type locus.
Taken together, these studies of sex and itsdetermination, evolution, and impact throughout thefungal kingdom illustrate general principles
by which genetic diversity isgenerated and maintained in eukaryotic microbes, withimplicationsfor both other fungal phylaand metazoans.

Tracing the origin of the fungal alphal domain placesits ancestor in the HM G-box superfamily. Tom, Martin *#, Shun-Wen, Lu
2#, Herman, van Tilbeurgh 3, Daniel, R. Ripoll 2, Christina, Dixelius', B. Gillian, Turgeon 2, Robert, Debuchy ®SLU, Uppsala, Sweden
2Cornell University, Ithaca, USA ®Univ Paris-Sud, Orsay, France # Equal contribution

Fungal mating types in self-incompatible Pezizomycotina are specified by one of two alternate sequences occupying the same locus on
corresponding chromosomes. One sequenceischaracterized by agene encoding an HM G protein, whilethe other, agene encoding aprotein
with an alphal domain. DNA-binding HM G proteins are well characterized. In contrast, alphal domain proteins evolutionary origin is
obscure, precluding a complete understanding of mating-type evolution in Ascomycota. alphal proteins have not yet been placed in any
of the large families of sequence-specific DNA-binding proteins. W e present sequence comparisons, phylogenetic analyses, and in silico
predictions of secondary and tertiary structures, which support our hypothesis that the alphal domain isrelated to the HM G domain. We
have also characterized a new conserved motif in alphal proteins of Pezizomycotina. This motif is downstream of the alphal domain and
consists of acore sequence Y -[LMIF]-x(3)-G-[WL] in alarger conserved motif. Our data suggest that extant alphal-box genes originated
from an ancestral HM G gene, which confirms the current model of mating-type evolution within the fungal kingdom. We propose to
incorporate alphal proteinsin a new subclass of HM G proteins termed MATalpha HMG.

Unusual features of the Botrytis cinerea mating system. Jan A.L. van Kan (1), Paul S. Dyer (2) and Linda M. Kohn (3) 1 Laboratory
of Phytopathology, Wageningen University, The Netherlands, 2 School of Biology, University of Nottingham, United Kingdom; 3
Department of Ecology and Evolutionary Biology, University of Toronto, Canada. E-mail: jan.vankan@wur.nl

Botrytiscinereaisaheterothallic ascomycete with two mating types, MAT1-1and MAT1-2. Fragmentsof the MAT1- 2-1and MAT1-1-1
genes were detected bordering idiomorphs of MAT1-1 and MAT1-2 isolates, respectively. Both these fragments encode truncated,
non-functional proteins. B. cinerea has probably evolved from a homothallic ancestor containing all genes, with MAT1-1 and MAT1-2
arising from the loss of HM G and alpha-domain sequences, leaving the disabled gene fragments present in current loci. Two ORFs,
designated MAT1-1-5 and MAT1-2-3, have not previously been reported from other fungi. In a cross of aMAT1-1-5 knockout mutant
withawildtypeMAT1-2 strain, the stipe develops normally but transition to the differentiation of acup isblocked. M ost B. cinerea isolates
act in a standard heterothallic fashion, but some isolates can mate with both MAT1-1 and MAT 1-2 isolates and are referred to as ‘dual
maters’. Some dual mater isolates can self-fertilize and are truly homothallic. The M AT locus of five dual mater isolates was analysed. Four
of those contain a MAT1-2 locus, without any part of the MAT1-1 locus being detected, whereas one homothallic isolate contains a
MAT1-1 locus, without any part of the MAT1-2 locus being detected. W e conclude that dual mating and homothallism are controlled by
factors other than the MAT locus.
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Fitness associated sexual reproduction in Aspergillus nidulans. Sijmen Schoustra. Wageningen University, the Netherlands

Sex is along-standing evolutionary enigma. Although the majority of eukaryotes reproduce sexually at least sometimes, the evolution of
sex from an asexual ancestor has been difficult to explain becauseit requires sexually reproducing lineagesto overcome the manifold costs
of sex, including the destruction of favorable gene combinations created by selection. Conditionsfor the evolution of sex are much broader
if individuals can reproduce either sexually or asexually (i.e. facultative sex) and allocate disproportionately more resources to sex when
their fitness is low. | will present results of a study using Aspergillus nidulans in a reciprocal transplant experiment across three
environments. The results provide evidence for the existence of fitness associated sexual reproduction, demonstrating that allocation to
sexual reproduction is a function of how well adapted a genotype is to its environment.

Fungal developmental networks: Control of fruiting body formation in Sordaria macrospora. Ines Teichert & Ulrich Kick
Department for General and Molecular Botany, Ruhr-University Bochum, Universitaetsstrasse 150, 44780 Bochum, Germany,
ines.teichert@rub.de

Fruiting body formation in filamentous ascomycetes is a complex differentiation process applicable as model for eukaryotic cell
differentiation in general. Regulation of fruiting body formation involves a plethora of factors ranging from signaling components to
transcription factors and metabolic enzymes, and is still not completely understood. In our studies, the homothallic ascomycete Sordaria
macrospora serves as experimental system to gain a better understanding of the molecular mechanisms underlying fruiting body
development. By complementation of sterile pro mutants, several proteins were identified that are essential for completion of the sexual
lifecycle. Since different PRO proteinslocalize to different compartments, protein-protein interaction studies were employed to link these
proteins and to identify novel regulators of the sexual life cycle. Y east-two hybrid and biochemical analyses hint to an extensive network
regulating cellular differentiation in a fungal model system.

Sex-specific gene expression during asexual development of Neurospora crassa under constant light. Zheng Wang®, Koryu Kin?,
Francesc Lopez-Giraldez!, Hanna Johannesson?, and Jeffrey P. Townsend™. Department of Ecology and Evolutionary Biology, Yale
University, 165 Prospect Street, New Haven, CT06520, USA. Department of Evolutionary Biology, Uppsala University, Sweden.

Theasexual growth and propagation are dominant in the life history of most filamentousfungi. Nevertheless, sexual reproduction reassorts
significant genetic diversity within many fungal populations. Environmental factors such as light and nutrients affect asexual and sexual
development differently in fungi. Nevertheless, homologous asexual and sexual reproductive structures observed in some ascomycetes
suggest that shared genetic mechanisms underly the two types of development. W hile sex-determination loci play important rolesin sexual
developmentin fungi, itiswidely assumed that sex-determination loci have little impact upon the dominant asexual stagein thelife history
of fungi. We investigated differences between mating types during asexual development with mRNA sampled from largely isogenic mat
A and mat aN. crassa strains at early, middle, and late clonal stages of development under a condition of constant light. M ating-type genes,
pheromone precursor and receptor genes were assayed with real-time PCR. M ating type geneswereincreasingly expressed during asexual
development, and expression of pheromone precursors ccg-4 and mfa-1 and receptors pre-1 and pre-2 were detected in both mating types
in all development stages. Gene expression for both mating types throughout vegetative development were characterized with a genome
wide microarray analysis for developmental markers such as transcription factors, for genes related to conidiation, internal clock, cell
division cycle, heat shock, and for light responsive genes. We observed significant differences in overall gene expression between the
strains of different mating types across clonal development, especially at late development stages. I n particular, the mat A genotype showed
ahigher expression level than mat a for numerous genes, and demonstrated greater transcriptional regulatory activity. In both mating types,
significant up-regulation of expression of late light responsive genes was observed for late asexual development stages. Further
investigation of the impact of light and the roles of light response genes in asexual development of both mating types is warranted
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Regulation of the M eiotic Program in Candida lusitaniae. R.K. Sherwood,*?S. Torres® and R.J. Bennett. “?'M olec. Microbiology and
Immunology. Molec. Bio., Cell. Bio., and Biochemistry, Brown University, Providence, RI. Racquel Sherwood@Brown.edu

M any genes involved in mating and meiosis are conserved across hemiascomycete yeast, including model species S.cerevisiae, aswell as
members of the Candida yeast clade. Completion of the mating cycle in sexual species is mediated by meiosis, in which reductive DNA
division gives rise to recombinant progeny cells. Recent studies show that C.lusitaniae is unusual among Candida species in that it
undergoes a complete sexual cycle, despite lacking homologs of several genes essential for meiosisin S.cerevisiae. In particular, IMEZL,
encoding the master meiotic regulator in S. cerevisiae is absent from the C.lusitaniae genome. In this study, we use genetic and genomic
approaches to identify regulators of meiosis in C.lusitaniae. We show that homologs of S. cerevisiae meiotic genes are induced during
C.lusitaniae meiosis, suggesting these genes have retained a conserved function. We also constructed mutant strains lacking the serine
threonine kinase, IMEZ2, in C.lusitaniae. Preliminary experimentsindicate that IME2 plays an important role in multiple aspects of sexual
reproduction in this species. Overall, we propose that elucidation of conserved and novel meiotic regulatorsin C.lusitaniae will provide
further clues as to how different Candida species undergo meiosis, despite lacking factors essential to S.cerevisiae meiosis.

Regulation of mushroom development. Robin A. Ohm, Jan F. de Jong, Luis G. Lugones and Han A. B. Wdsten. Department of
Microbiology and Kluyver Centre for Genomics of Industrial Fermentations, Utrecht University, Padualaan 8, 3584 CH Utrecht, The
Netherlands

M ushrooms are an important food source and they produce molecules with therapeutic activities and enzymes that can be used for
bioconversions. M oreover, they have been identified as promising cell factories for the production of pharmaceutical proteins. M any
mushroom-forming fungi cannot be cultured in thelab nor genetically modified. The basidiomycete Schizophyllum communeisamong the
exceptions. Infact, itisthe only mushroom-forming fungusin which genes have been inactivated by homologousrecombination. M oreover,
the genome of S. commune has been sequenced. The genome of S. commune revealed 472 genesthat are predicted to encode transcription
factors. Seven of these genes have been deleted. This resulted in the absence of mushroom development (in the case of deletion of fst3,
bril and hom2), in arrested development at the stage of aggregate formation (in the case of c2h2) and in the formation of more but smaller
mushrooms (in the case of fst4, homl and gatl). Moreover, it was shown that strains in which hom2 and bril were inactivated formed
symmetrical coloniesinstead of irregular colonies like the wild-type. A genome-wide expression analysis identified several gene classes
that were differentially expressed in the strainsin which hom2 or fst4 were inactivated. Among the genes that were down-regulated in these
strainswere c2h2 and hom1. Based on these results, aregulatory model of mushroom development is proposed. This model probably also
appliesto other mushroom forming fungi and will serve as a basisto understand mushroom formation in nature and to enable and improve
commercial mushroom production. The latter will be facilitated by an inducible promoter system based on a gene encoding a heat shock
protein. Using this system we were able to activate mushroom formation in S. commune by exposing this basidiomycete to a heat shock.
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Evolution of Centromer es (Sanyal/Berman) Nautilus

Tracing the path of centromere evolution in yeasts. Kaustuv Sanyal®, Jitendra Thakur', Gautam Chatterjee’, Y ogitha Tattikota', and
Rahul Siddharthan® *Molecular Mycology Laboratory, Molecular Biology & Genetics Unit, Jawaharlal Nehru Centre for Advanced
Scientific Research, Jakkur, Bangalore 560064, India; 2Institute for M athematical Science, Taramani, Chennai, Indiasanyal @jncasr.ac.in

Faithful chromosome segregation requires an accurate attachment of the spindle microtubules (M Ts) to the kinetochore (KT), a complex
of proteinsthat isassembled on the centromere. The structure of the centromere and the number of M Tsthat attach to the KT varies among
different fungal species. Only one M T attachesto a KT in the budding yeast Saccharomyces cerevisiae, which hasa 125 bp short “point”
centromere, while at least 2 -3 MTs attach to a KT in the fission yeast Schizosaccharomyces pombe, carrying a longer (40 — 110 kb)
“regional” centromere. In addition, it has been observed that the components of the ten protein Dam1p complex (comprising the outer
kinetochore that directly interacts with the spindle M Ts) are essential in S. cerevisiae, but are dispensable for viability in S. pombe. This
suggests that there has been a gradual change in both the centromere organization and the requirement for KT-MT interaction as these
yeasts diverged from each other. Candida species, phylogenetically placed in between S. cerevisiae and S. pombe, are excellent systems
to trace the path of this evolution. To this end, we first determined the centromere structure of the two closely related species, Candida
albicans and C. dubliniensis, and found them to be of an “intermediate” type, with each centromere being unique and different on each
chromosome. By contrast, we have recently discovered that the centromeres of another Candida sp., Candida tropicalis, are very similar
to those of fission yeast. Thus, we can trace the evolution of centromeric DNA regions from simple point centromeres to more complex
regional centromeres within the hemiascomycetesyeasts. |n keeping with this, a comparison between the centromere DNA sequences of
C. albicans and C. dubliniensis showed that these are probably the most rapidly evolving loci in their genomes. The protein machinery
thatisinvolved in KT-MT interaction (such asthe Dam1 complex) appearsto be keeping pace with this evolution of the centromere DNA
as well. Deletion of some of the members of the Dam1p complex in C. albicans (~ 1 MT/KT) is lethal. All of these facts point to a
potential co-evolution of centromere organization and the mechanism of KT-MT interaction in yeasts, which in turn may play an important
role in speciation.

Centromeresin filamentousfungi. KristinaM . Smith?, Pallavi Phatale?, Christopher M . Sullivan® KyleR. Pomraning®, Lanelle Connolly*
and Michael Freitag?***Department of Biochemistry and Biophysics, 2D epartment of Botany and Plant Pathology, ®Program for M olecular
and Cell Biology, “Center for Genome Research and Biocomputing, Oregon State University, Corvallis, OR 97331, USA.

Centromeres serve asthe foundation for kinetochore assembly and properly maintained centromeres are essential for attachment of spindle
microtubules, which transport chromosomes into daughter nuclei during nuclear division. Over the past ten years little new information
has emerged on the centromere organization in filamentousfungi. To date, only Neurospora crassa has been studied in any detail, enabled
by groundbreaking studies on the underlying centromeric DNA structure carried out in the 1990s[1, 2] and the availability of an arsenal
of genetic, biochemical and cytological toolsto study centromere proteinsand centromere DNA composition. W e analyzed the Neurospora
genomefor the presence of satellite or other near-repetitive sequences but found instead that what hasbeen found in earlier studies[2] holds
true: Neurospora centromeric DNA is composed of relics of transposable elements that have undergone RIP. The near-repeat structure of
RIPed DNA allows almost complete assembly of centromeric DNA, something that is difficult in other eukaryotes with large regional
centromeres composed of several hundred kilobases of repetitive DNA sequences. To learn more about centromere assembly and
maintenance, we subjected Neurospora crassa and Fusarium graminearum to ChlP-sequencing with tagged CenH3 and CenpC as well
as antibodies against histone modifications thought to be required for centromere function. In Neurospora, we found colocalization of
CenH3, CenpC and H3K9me3 in a 150-300 kb region on each chromosome. H3K 4me2 was not enriched at Neurospora centromeres, in
contrast to results from studies with plant, fission yeast, Drosophila and human core centromeric regions. DNA methylation was tightly
associated with H3K 9me3 and was enriched at centromere peripheries and overlapped little with Cen protein distribution. M utation of dim-
5, which encodes an H3K 9 methyltransferase (DIM-5), and hpo, which encodes HP1, the chromo domain protein that binds H3 K9me3,
resulted in partial loss of CenH3-GFP binding, mostly from the edges of the centromere regions. Our findings suggest that centromere
maintenance in Neurospora is qualitatively different from that in fission yeast, where expression of small RNA and subsequent
heterochromatin formation isrequired for the assembly but not maintenance of centromeres. [1] M. Centolaand J. Carbon, 1994. Mol. Cell.
Biol. 14:1510-1519. [2] E. Cambareri et al., 1998 Mol. Cell. Biol. 18:5465-77.
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Genetic analyses of centromer e-specific histone H3 proteinsfrom threeascomycetesin Neurospora crassa. Pallavi Phatale, Kristina
M. Smith and Michael Freitag. Department of Botany and Plant Pathology, Department of Biochemistry and Biophysics, and Center for
Genome Research and Biocomputing, Oregon State University, Corvallis, OR 97331.

Centromere assembly and inheritance are dynamic and organism-specific. Protein complexes involved in kinetochore assembly contain
signature proteinsthat are highly conserved in most eukaryotes, while other proteins, or certain domains, are divergent even between strains
within onetaxon. Thispredictsthe existence of both conserved aswell asdivergent protein interactions during centromere and kinetochore
assembly and maintenance. The “centromere identifier”, a centromere-specific histone H3 (CenH3) forms the platform for centromere
assembly and is one of these bipartite proteins. It contains a hypervariable N-terminal region and a highly conserved histone fold domain
(HFD). We previously showed that C-terminally tagged Podospora anserina CenH3 (PaCenH3-GFP) substitutes for Neurospora CenH3
(NcCenH3) in mitosis and meiosis. Replacement of NcCenH3 with Fusarium graminearum CenH3 (FgCenH3) supported only mitosis
in Neurospora and tagging at the C-terminus resulted in defectsin meiosis. Domain swapping experiments of the N-terminus of FgCenH3
with the HFD of PaCenH3 allows mitosis and meiosis, but chimeras with N-terminal NcCenH3 or PaCenH3 combined with the HFD
domain of FgCenH3 were infertile or barren. Results from domain-swapping experiments suggest that only a few amino acids within the
HFD arecrucial during meiosis. Thereare only 16 differences between PaCenH3 and NcCenH3 in the HFD region. W e propose that these
differences play an important role during the assembly and inheritance of regional centromeres.

Outside looking in — A view of the centromere architecture from the kinetochore. Ajit Joglekar, Cell & Developmental Biology,
University of Michigan M edical School

Thethree dimensional architecture of the centromere and its establishment is an extremely complex subject matter that is equally difficult
to study. Thedivergent functional and evolutionary requirementsimposed on the centromerein various model organisms make such astudy
even more challenging. | propose a study of centromere architecture from a purely functional and mitosis-centric view-point. During
mitosis, the main function of the centromereisto assemble akinetochorewith precisely defined protein architecture, so that the kinetochore
can bind persistently to the plus-ends of a set number of microtubules (MTs). Moreover, the end-on geometry of the kinetochore-M T
attachment, along with kinetochore proteins, is highly conserved (constrained by the MT lattice). It is likely necessary for proper
kinetochore-mediated spindle assembly checkpoint function. Protein architecture of the kinetochore-M T attachment, defined asthe spatial
arrangement of kinetochore proteins with respect to the M T plus-end, thus provides a stringent test on the architecture of the kinetochore-
chromatin interface. | am developing a strategy for deducing the in vivo protein architecture of the kinetochore-M T attachment using
fluorescence microscopy. Thisstrategy uses quantification of sensitized emission dueto Forster Resonance Energy Transfer (FRET) along
with structural and copy number data to deduce the distribution of kinetochore proteins with respect to the M T plus-end in budding and
fission yeast. Preliminary data show that (1) Ndc80 complex molecules at least dimerize in vivo, (2) thisis facilitated by the 139 amino
acid unstructured domain at the N-terminus of Ndc80, (3) thereislittle stagger along the M T axis between adjacent Ndc80 molecules, and
(4) this configuration of the Ndc80 complex gets more compact in anaphase. This new view of the kinetochore architecture provides key
insight into the molecular mechanism of force generation. It also provides a road-map for systematically exploring architecture of the
protein interface between the M T-binding and chromatin-binding domains of the kinetochore. In the long term, this strategy will specify
the configuration of the centromere-kinetochoreinterfacethat the centromere must guaranteefor successful chromosome segregation during
mitosis.

Plasticity and Epigenetic I nheritance of CENP-A Nucleosome Positioning in the Fission Y east Centromere. Jianhui Y ao®, Xingkun
Liut, Takeshi Sakuno? Shawn P. Balk?, Yuanxin Xi* Wei Li® Y oshinori Watanabe? and Xiangwei He'. *Department of M olecular and
Human Genetics, Baylor College of M edicine ?Laboratory of Chromosome Dynamics, Institute of Molecular and Cellular Biosciences,
University of Tokyo, Y ayoi, Tokyo 113-0032, Japan. *Division of Biostatistics, Dan L .Duncan Cancer Center and Department of M olecular
and Cellular Biology, Baylor College of Medicine, One Baylor Plaza, Houston, TX 77030, USA

Nucleosomes containing the specific histone H3 isoform — Cenp-A, mark the centromere and initiate kinetochore assembly. For the common
type of regional centromeres, littleisknown in molecular detail of centromeric chromatin organization, its propagation and how the distinct
organization pattern may facilitate kinetochore assembly. Here, we show that in a genetically homogeneous cell population, the positions
of Cnp1 nucleosomes within the centromeric core are highly flexible and variable among the cells. Consistently, a large portion of the
endogenous centromere is dispensable for cell growth. We further show that variable Cnpl1 occupancy directly correlates with stochastic
silencing of the underlying reporter genes, and is largely inherited epigenetically throughout cell generations. Cnpl nucleosomes also
reposition frequently, the rate of which correlates directly with the length of the centromeric core and is enhanced by the histone chaperone
V ps75. Together, our resultsreveal the plasticity in Cnpl nucleosome positioning, and suggest a mechanism for its epigenetic inheritance.

26" Fungal Genetics Conference 59 Concurrent Session Abstracts



Therequirement for theDam1 complexisdependent upon thenumber of kinetochoreproteinsand microtubules. LauraS. Burrack,
Shelly E. Applen and Judith Berman. Department of Genetics, Cell Biology and Development, University of Minnesota, MinneapolisM N
USA

The Dam1 complex attaches the kinetochore to spindle microtubules and is a processivity factor in vitro. In Saccharomyces cerevisiae,
which has point centromeresthat attach to a single microtubule, deletion of any Dam1 complex member resultsin chromosome segregation
failures and cell death. In Schizosaccharomyces pombe, which has regional centromeres that attach to 3-5 kinetochore microtubules per
centromere, Dam1 complex homologs are not essential. To ask why the complex is essential in some organisms and not others, we
used Candida albicans, a fungal species with regional centromeres that attach to a single microtubule. Interestingly, the Dam1 complex
was essential in C. albicans, suggesting that the number of microtubules per centromere is critical for its requirement. Importantly, by
increasing CENP-A expression levels, morekinetochore proteinsand microtubuleswererecruited to the centromeres, which remained fully
functional. Furthermore, Dam1 complex members became less essential for cell growth in cells with extra kinetochore proteins and
microtubules. Thus, the requirement for the Dam1 complex is not due to the DNA -specific nature of point centromeres. Rather, the Dam1
complex is less critical when chromosomes have multiple kinetochore complexes and microtubules per centromere, implying that it
functions as a processivity factor in vivo as well asin vitro.

Genome-wideidentification of replication originsin Candida albicans. M eleah Hickman, Hung-Ji Tsai, Amnon Koren, LauraBurrack,
and Judith Berman

DNA replicationisan essential biological processand the necessary machinery iswell conserved among eukaryotes. However, the genomic
features that specify origins of replication (ORIs) and replication timing are not well understood. Current replication timing data supports
a stochastic origin-firing model where the most efficient origins are in fact the earliest firing. We have found that centromeres are highly
efficient, constitutive ORIsin Candida albicans. These centromeric origins not only bind the origin replication complex (ORC) with high
affinity; they also have asymmetric GC skew patterns. These skew patterns are well conserved at centromeres in other Candida species
aswell asthe distantly related Yarrowia lipolytica and indicate that the centromeric origins are extremely old. Non-centromeric ORIs are
difficult to identify because there are many more ORC binding sites than active origins, and most ORIs do not appear to be constitutive.
W e are using comparative genomics with the yeasts Saccharomyces cerevisiae, Kluyveromyces lactis and Schizosaccharomyces pombe
to identify features associated with replication origin activity in order to characterize active, non-centromeric ORIs in C. albicans.
Alignment of ORC bhinding sites with genome-wide nucleosome position revealed a strong correlation between ORC binding and
nucleosome-depletion. Furthermore, a50 bp motif recently identified in K. lactisasan ARS (autonomously replicating sequence) consensus
sequence (ACS) appearsin a subset of ORC binding sitesin C. albicans. Currently, our results suggest that active replication originsin
C. albicansfire in an evolutionarily conserved manner based on sequence features and chromatin-dependent factors.

Comparative functional genomics of two Saccharomyces yeasts. Maitreya Dunham. University of Washington, Seattle, WA

Although many fungal strains and species have been sequenced, experimental annotation of these genomes has not kept pace. However,
functional studies in these genetically diverse isolates could be very informative in understanding their evolution and ecology. We have
chosen one of these understudied species, Saccharomyces bayanus, in which to investigate these topics. Using a data-driven approach
informed by the deep S. cerevisiae literature, we collected over 300 gene expression arrays for conditions found to be highly informative
in the sister species. Comparison of the gene expression networks between the two species paints a complex picture of conservation and
divergence over 20 million years. Further expression analysis in interspecific hybrids has helped determine which of these changes are
determined in cis and trans. We have paired this analysis with additional comparative studies between the species, including ortholog
knockout phenotypes and essentiality, DNA replication dynamics, nucleosome profiling, and behavior over experimental evolution
timecourses. In all cases, key components show interesting changes, ranging from differences in replication timing of entire chromosome
domains to subtle changes in affinity of nutrient transporters. Integration of these datasets with comparative sequence analysis promises
to capture a high resolution picture of species-level evolution. We also hope that our methods will be informative for studies in other
sequenced but otherwise understudied species.
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Fungus-Host Signaling (Howlett/D6hlemann) Merrill Hall

Developmental and metabolic switchescontrollinginfection in thetrans-kingdom pathogen Fusarium oxysporum. Antonio Di Pietro,
David Turra, Manuel S. Lopez-Berges, David Segorbe, Elena Perez-Nadales. D epartamento de Genetica, Universidad de Cordoba, 14071

Cordoba, Spain. ge2dipia@uco.es

In the presence of the host, fungal pathogens undergo a developmental and metabolic switch towards infectious growth. Activation of the
infection program leads to directed growth towards the host, penetration of the surface, invasion of underlying tissues and induction of
disease symptoms. The soilborne fungus Fusarium oxysporum causes vascular wilt disease on over a hundred different plant species and
superficial to invasive infections in immunocompromised humans. We are interested in the environmental and host-derived stimuli and
cellular pathways that regulate infectious growth of F. oxysporum on plant or mammalian hosts. One of the key players in plant
pathogenicity is Fmk1, a conserved mitogen-activated protein kinase (MAPK) Fmk1 that controls infection-related processes such as
chemotropism, adhesion, root penetration and invasive growth. Most of these functions also require the downstream homeodomain
transcription factor Stel2 and M sh2, a mucin-type membrane protein functioning in MAPK activation. The same processes are repressed
in the presence of the preferred nitrogen source ammonium through a mechanism that requires the ammonium transporter M epB and the
bZIPfactor M eaB, and can bereversed by rapamycin, aninhibitor of TOR. Theseresults suggest apossiblelink between nutrient regulation
and MAPK signalling in the control of plant infection. Strikingly, the Fmk1 cascade is dispensable for virulence of F. oxysporum on
immunodepressed mice, while other developmental and metabolic regulators such as V elvet, PacC and HapX contribute to infection of
mammalian hosts.

Decoding symbiosis- molecular insightsinto thebasisof grass-fungal inter actions. CarlaEaton", M urray Cox?, Chris Schard|? Barry
Scott! Y nstitute of M olecul ar BioSciences, M assey University, Palmerston North, New Zealand; 2Department of Plant Pathology, University
of Kentucky, Lexington, Kentucky, USA ‘New address: Department of Plant Pathology and Microbiology, University of California
Riverside, USA

Interactions, or symbioses, between plants and fungi span a broad continuum from mutualism to pathogenism. To gain insight into the
molecular basisof plant-fungal symbiosiswe utilised amutant of the mutualistic grass endophyte Epichloé festucae which displaysaswitch
from mutualistic to pathogenic association with perennial ryegrass. Using high throughout mMRNA sequencing weidentified fungal and plant
genes that were differentially expressed between the mutant, pathogenic interaction and a wild-type association. Fungal gene expression
changeswere consistent with aswitch towardsunrestricted, pathogenic growth. Theseincluded up-regulation of hydrolasesand transporters,
which likely facilitates the striking increase in biomass in planta displayed by this mutant. There was also a dramatic metabolic shut-down
of gene clustersinvolved in the production of host bioprotective molecules. Changes in host gene expression reflected the stressed state
induced by infection with the mutant fungus, including activation of host-defense related gene expression and activation of transposases.
Changes in expression of genesinvolved in the biosynthesis or response to nearly all major classes of plant hormones were also detected.
These changes were consistent with phenotypic changes exhibited by the host, including stunted growth and precocious senescence. Using
this approach we identified genes that are required for maintenance of mutualism or prevention of pathogenism between E. festucae and
perennial ryegrass. This study highlights the power of high throughput mMRNA sequencing for investigating plant-fungal interactions.

Interactions Between Dothideomycete Necrotrophic Effectorsand Receptorsin Wheat. Timothy L. Friesen, Zhaohui Liu, Shunwen
Lu, Peter S. Solomon, Richard P. Oliver, and Justin D. Faris. USDA-ARS Northern Crop Science Lab, Cereal Crops Research Unit, Fargo
ND 58102. Email: timothy.friesen@ars.usda.gov

Several of the Dothideomycete pathogens produce necrotrophic effectors (host selective toxins) that elicit susceptibility. Recent research
indicatesthat recognition of these effectorsisgoverned by host genes with resistance gene-like signaturesincluding both nucleotide binding
(NB) and leucinerich repeat (LRR) domains that act to confer susceptibility rather than resistance to the necrotrophic pathogens. It would
appear that in several cases, necrotrophic pathogens use a mechanism whereby effectors are secreted into the host environment to elicit
programmed cell death (PCD) followed by pathogen proliferation and sporulation. This is in contrast to classical effector triggered
immunity (ETI) where effector recognition followed by R gene signaling results in resistance. The Stagonospora nodorum-wheat
interaction is a classic example of a necrotrophic interaction. M ultiple effector-host gene interactions have been identified and studied in
this system. Recently we showed that Tsnl, the wheat gene that mediates recognition of the necrotrophic effector SnToxA, harbors
resistance gene-like NB and L RR domains, and that many of the effector-host gene interactions show hallmarks of programmed cell death
including up regulation of defense response genes, induction of reactive oxygen species (ROS) and DNA laddering but with the end result
being susceptibility rather than resistance.
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M anipulation of plant defense signaling by Ustilago maydis effectors. Gunther Doehlemann, Department of Organismic Interactions,
Max Planck Institute for Terrestrial Microbiology, Karl-von-Frisch-Str. 10, D-35043 M arburg, Germany
Email: doehlemann@mpi-marburg.mpg.de

The smut fungus Ustilago maydis infects primordia of all aerial organs of its host plant maize. A biotrophic interaction is established
immediately upon host penetration and is maintained during the entire interaction up to the formation of sexual spores within the tumor
tissue. During disease progression, development of the infected plant tissue isreprogrammed to feed the proliferating fungal cellsand form
tumors. Thisfungal lifestyle essentially requiresefficient suppression of plant defenseresponses, in particular host cell death. Small proteins
secreted by thy fungus, so called effectors, are considered to be instrumental for the suppression of plant defense. While analysis of various
U. maydis effector mutants confirmed important roles of these secreted proteins for virulence, only little is known about their actual
molecular function. Therefore, our central aim isto understand how U. maydis effectorsinteract with particular host cellular processes and
which plant signaling cascades are manipulated to trigger susceptibility.

Our recent findings suggest that suppression of maize cysteine proteases is a key process for the establishment of compatibility to U.
maydis. Thisinvolves both the activity of fungal effectors as well as a specific regulation of host factors via hormone signaling pathways.
In the presentation, our current knowledge on this regulatory network will be discussed.

Theimpact of themycorrhizal symbiosison thetranscriptome of Laccaria bicolor and Poplar. Annegret Kohler!, Jonathan M . Plett?,
Emilie Tisserant', MinnaK emppainen?, Valérie Legué!, Claire V eneault-Fourrey®, Annick Brun®, Alejandro G. Pardo?and FrancisMartin®
LUMR INRA-UHP 1136 Interactions Arbres’/M icro-organismes, Centre INRA de Nancy, 54280 Champenoux, France. 2| aboratorio de
Micologia M olecular, Departamento de Cienciay Tecnologia, Universidad Nacional de Quilmesand CONICET. Roque Saenz Pefia 352,
B1876 Bernal, Provincia de Buenos Aires, Argentina.

Mycorrhizal symbioses are universal in terrestrial ecosystems and may have been fundamental to land colonization by plants. Boreal and
temperate forestsall depend on ectomycorrhizae. These fungi are not an evolutionarily distinct group, but rather evolved several timesfrom
saprotrophic ancestors. Identification of the primary factorsthat regulate symbiotic development and metabolic activity will therefore open
the door to understand the role of ectomycorrhizae in plant development and physiology, allowing the full ecological significance of this
symbiosisto be explored. With the genome sequences of Populus trichocarpa and Laccaria bicolor in hand, we were able to investigate
the transcriptome of both partners during mycorrhizal development. By using Nimblegen whole genome expression arrays and RNA-Seq
we identified candidate genes from the fungus and its host tree. Amongst the most highly symbiosis up- regulated transcriptsin Laccaria
bicolor were several small secreted proteins. From amidst these small secreted proteins we have demonstrated that MYCORRHIZAL
iNDUCED SMALL SECRETED PROTEINY is an indispensable signal needed for the establishment of symbiosis. MiSSP7 is secreted by
the fungus upon receipt of diffusible signals from plant roots, imported into the plant cell via endocytosis and targeted to the plant nucleus
where it alters the transcriptomic fate of the plant cell. Further, L. bicolor transformants with severely reduced expression of MiSSP7 do
not form functional mycorrhia with poplar roots. Martin, F. et al., The genome of Laccaria bicolor provides insights into mycorrhizal
symbiosis. Nature 452, 88-92 (2008)

Aspergillusfumigatusconidia modulatetheendocytic pathway of alveolar macr ophages. Andreas Thywissen'3, Thorsten Heinekamp®,
Hans-M artin Dahse?, Peter F. Zipfel>2, and Axel A. Brakhage® . * Leibniz Institute for Natural Product Research and Infection Biology
—Hans-K noell-Institute (HK I), Department of M olecular and Applied Microbiology, Jena, Germany. ?Leibniz Institute for Natural Product
Research and Infection Biology — Hans-K noell-Institute (HK ), Department of Infection Biology, Jena, Germany. ® Friedrich Schiller
University, Jena, Germany.

Themould Aspergillusfumigatusisthe main causative agent of invasive pulmonary aspergillosisinimmunocompromised patients. Infection
startswith the inhalation of A. fumigatus conidiathat germinate in the lung. Professional phagocytes like alveolar macrophages contribute
to the efficient clearance of fungi from the lung by phagocytosis and degradation of conidia followed by release of chemokines and
cytokinesin order to trigger neutrophil migration at the site of infection. In the immunocompromized host, at |east some conidia are able
to evade macrophage degradation, resulting in germination and outgrowth of intracellularly residing spores. Therefore, conidia must be
able to evade recognition and processing by phagocytes. The avirulent pksP mutant of A. fumigatus lacking the melanin layer present on
wild-type conidiaexhibited increased phagocytosis by macrophages apparently dueto the loss of masking immunogenic glucan-structures.
Furthermore, by analysing phagolysosome fusion and acidification we show that intracellular processing of pksP mutant conidia is
drastically increased in comparison to wild-type conidia, suggesting that A. fumigatus conidia interfere with the endocytosis pathway,
similar to obligate human pathogenslike Legionella sp. or Mycobacterium sp.. The processby which wild-type conidiamediate endocytotic
alterations seems to be connected to the surface structure of melanized conidia but is independent of the presence of a functional
RodA-derived rodlet layer. Moreover, inhibition of phagolysosome acidification by macrophages is controlled by the fungal cCAMP
signaling pathway.
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Pathogen-caused release of linolenic acid suppresses plant defense by inhibition of callose synthesisin wheat. Voigt, Christian *,
Goebel, Cornelia 2, Bode, Rainer 2, Feussner, Ivo 2, and Schaefer, Wilhelm . * Molecular Phytopathology, Biocenter Klein Flottbek,
University of Hamburg, Germany. 2 Department of Plant Biochemistry, Georg August University, Goettingen, Germany.

The precise function of callose in papillae has not been shown unequivocally. We demonstrate that upon infection of wheat spikes with
thefungal plant pathogen Fusarium graminearum, call ose synthase activity and callose deposition are suppressed, and wheat is susceptible
to fungal spreading. The secreted lipase FGL1 is an important virulence factor for F. graminearum. In contrast to F. graminearum
wild-type, the lipase-deficient 1" fgl1 mutant is unable to suppress wheat callose synthesis. W heat spikes are resistant to colonization by
thismutant. L ong- chain unsaturated free fatty acids (FFA) inhibit plant callose synthesisin vitro and in planta; and the previously observed
resistance of the wheat spiketo 1”fgl1 is broken. Thelipase-deficient fungal mutant is able to colonize the spike. Analysis of the FFA level
in wheat spikes during infection revealed an elevated linolenic acid concentration during F. graminearum wild-type compared to 1" fgl1
infection. We conclude that linolenic acid plays a decisive role in callose synthesis suppression during wheat &€“ F. graminearum
interaction. A proposed model explains this novel mechanism of plant defense suppression by pathogen-caused increase in FFA due to
lipase secretion.

Cellular pathways activated in the necrotrophic fungus Alternaria brassicicola in response to camalexin exposure. Thomas
Guillemette, Aymeric Joubert, Claire Campion, Nelly Bataillé-Simoneau, Beatrice lacomi-V asilescu, Pascal Poupard, Philippe Simoneau.
IFR QUASAV, UMR PaVvé 77, 2 Bd Lavoisier, F 49045 Angers, France

Camalexin, the characteristic phytoalexin of Arabidopsis thaliana, inhibits growth of the fungal necrotroph Alternaria brassicicola. This
plant metabolite probably exerts its antifungal toxicity by causing cell membrane damage. Here we observed that activation of a cellular
response to this damage requires the unfolded protein response (UPR) and two MAPK signalling pathways, the cell wall integrity (CW1)
and the high osmolarity glycerol (HOG). Camalexin was found to activate both AbHog1 and AbSIt2 M AP kinasesin aprecocious manner,
and activation of the latter was abrogated in an AbHog1 deficient strain. M utant strains lacking functional M AP kinases or AbHacA, the
major UPR transcription regulator, showed in vitro hypersensitivity to camalexin and brassinin, astructurally related phytoalexin produced
by several cultivated Brassica species. Enhanced susceptibility to the membrane permeabilization activity of camalexin was also observed
for deficient mutants. These results suggest that the three signalling pathways have a pivotal role in regulating a cellular compensatory
response to preserve cell integrity during exposure to camalexin. Replacement mutants exhibited aloss or an attenuation of the virulence
on host plants that may partially result from their inability to cope with defence metabolites such asindolic phytoalexins. This constitutes
thefirst evidence that a phytoalexin activates fungal M AP kinases and UPR, and that outputs of activated pathways contribute to protecting
the fungus against antimicrobial plant metabolites. A functional model of fungal signalling pathways regulated by camalexin is proposed
and leads to consider new promising strategies for disease control.
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Interactions between Fungi and Prokaryotes (Pawlowska/Bonfante) Kiln

Understanding chemical crosstalk between bacteria and fungi in biofilms. Diana K. Morales, Nicholas J. Jacobs, Sathish Rajamani,
M alathy Krishnamurthy, Juan R. Cubillos-Ruiz, Carla Cugini and Deborah Hogan. Dartmouth M edical School, Vail 208, Hanover, NH
03755

In addition to modifying the collective behavior of fungal and bacterial single-species populations, extracellular signaling molecules can
shape interspecies interactions occurring within polymicrobial communities. Pseudomonas aeruginosa and Candida albicans, two
microorganisms frequently found together in the clinical setting, have been found to undergo multiple interactions mediated by secreted
microbial molecules. W hen these two microorganismsform mixed-speciesbiofilms, P. aeruginosainducesfungal killing by secreting toxic
phenazines. Asaresponse, C. albicans senses extracellular bacterial molecules and changes its morphology to promote fungal dispersal.
During this process C. albicans secretes farnesol, a molecule that is then sensed by P. aeruginosa and that stimulates the synthesis and
secretion of phenazines. Interestingly, many of these bacterial-fungal interactions are most apparent when the organisms are grown in
surface-associated biofilm communities, where unstable and poorly soluble molecules can exert their effects more efficiently. Studying
P. aeruginosa and C. albicansinteractions has unveiled novel chemical crosstalk strategies, which may play acrucial rolein pathogenesis
and microbial ecology. Hence, a complete understanding of the molecular mechanisms underlying these processes could reveal new
approaches to confront mixed-species infections. Diana.K.M orales.Gamba@D artmouth.edu

Interaction between Streptomycetes and Aspergillus nidulans. Hans-Wilhelm Niitzmann'®S, Volker Schroeckh?!, Kirstin Scherlach?,
Wolfgang Schmidt-Heck®, Karin Martin®, Christian Hertweck?® ®, and Axel A. Brakhage' ¢ %; 1 Department of Molecular and Applied
Microbiology, 2 Department of Biomolecular Chemistry, 3 Systems Biology/Bioinformatics Group, 4 Bio Pilot Plant Leibniz I nstitute for
Natural Product Research and Infection Biology - Hans Knoll Institute (HKI) and & 5 Friedrich Schiller University Jena. HKI Jena,
Beutenbergstrasse 11a, 07745 Jena, Germany hans-wilhelm.nuetzmann@hki-jena.de

Microorganisms as bacteria and fungi produce many important low-molecular weight molecules that show different biological activities.
Genome mining of fungal genomesindicated that their potential to produce these compounds designated secondary metabolitesis greatly
underestimated. However, most of the fungal secondary metabolism gene clustersare silent under laboratory conditions. T herefore, amajor
challenge in this emerging area is to understand the physiological conditions under which these compounds are produced. Resultsin this
area will lead to the discovery of new bioactive compounds and to new insights in fundamental aspects of communication between
microorganisms. To address these questions the important model fungus Aspergillus nidulans was coincubated with 58 different
Streptomycetes. With one particular species, aspecific interaction was shown. For thefirst time, using microarray analyses at the molecular
level it was demonstrated that this interaction leads to the specific activation of two distinct silent secondary metabolism gene clusters.
Electron microscopy confirmed the intimate interaction of the fungus and the bacterium. Full genome arrays of A. nidulans were applied
to elucidate the whole genome response to the streptomycete. Data on the molecular regulation of the involved secondary metabolism gene
clusters will be presented.

Unraveling the biological activities of a bacterial metabolite using Saccharomyces cerevisiae and Neurospora crassa as model
organisms. Danielle Troppens, Olive Gleeson, Lucy Holcombe, Fergal O’ Gara, Nick Read* and John M orrissey. M icrobiology Department,
University College Cork, Ireland, YInstitute of Cell and Molecular Biology, University of Edinburgh, UK

Secondary metabolites are a rich source of antimicrobial and other bioactive molecules, mainly due to the frequent capacity to affect
metabolism and other cellular processes in non-producing organisms. We are interested in the secondary metabolite
2,4-diacetylphloroglucinol (DAPG), produced by some Pseudomonas fluorescens strains. It exhibits a broad spectrum of antimicrobial
activity but little is known about its cellular targets or possible fungal resistance mechanisms. We are using two model organisms, S.
cerevisiae and N. crassa, to address these questions. DAPG treatment impairs cell growth in both organisms and causes loss of
mitochondrial membrane potential suggesting that electron transport isatarget. A genome-wide screen revealed that alterations of several
processes, such as protein biosynthesis and DNA repair, can confer resistance. We also found that in both S. cerevisiae and N. crassa,
DAPG induces a transient cytoplasmic Ca2+ signal. Using an aequeorin reporter system to monitor the Ca2+ signal we show that it
originates in the external medium but is not transported exclusively via known channels. In addition to providing information on the
antifungal mode of action of DA PG, thiswork may have broader significancein understanding interactionsbetween bacterial and eukaryotic
cells.
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Ants, agriculture, and antibiotics. Cameron R. Currie and Jonathan L. Klassen. Department of Bacteriology, University of Wisconsin-
M adison, M adison, W1

Fungus-growing ants cultivate specialized fungi for food. In exchange, the ants provide their cultivar fungus with substrate for growth,
dispersal to new colonies, and protection from competitors. This ancient and obligate ant-fungus mutualism is known to occur alongside
at least one other mutualist and two specific pathogens. Specifically, a specialized, coevolved fungal pathogen in the genus Escovopsis
parasitizes ant fungus gardens, thereby destroying the ant’s food source. To help overcome this garden pathogen, the ants have formed a
mutualistic association with an antibiotic-producing actinobacterium that suppresses the growth of Escovopsis. This actinobacterium may
inturn be parasitized by ablack yeast, thereby Iessoning its protective capacity versus Escovopsis. Inhibitory interactions between different
members of this symbiosis vary significantly throughout its phylogenetic breadth, implying dynamic evolution of both antimicrobial
interactions and concomitant resistance. How antibiotic diversification occurs within the context of a predominantly (but not exclusively)
vertically-inherited symbiosis remains unknown. W e have sequenced the genomes of several ant-symbiont actinobacteria and several of
their closest free-living relatives to better understand both the extent to which symbiosis has uniquely shaped their genomes and also the
extent of biosynthetic diversity that they encode. Our results reveal many strain-specific secondary metabolite clusters, even within
symbiosis-specific phylogenetic lineages, and highlight the potential of these strains to produce novel pharmaceuticals.

Lichen symbiosesasmicr oecosystems. Martin Grube!, Gabriele Berg? Y nstitute of Plant Sciences, K arl-Franzens-University, Holteigasse
6, A-8010 Graz, Austria. ?Institute of Environmental Biotechnology, Graz University of Technology, Petersgasse 12, A-8010 Graz, Austria

Microbial consortiaof bacteriaand fungi play animportantrolein natural ecosystems. New molecular and microscopic techniquesrevealed
progress in the understanding of fungal-bacterial symbioses. Lichens are traditionally considered as a self-sustaining association of fungi
and photoautotrophic species. Our research during the last yearsreveal ed lichens as micro-ecosystems, which harbour highly abundant and
diverse bacterial communities [1]. The analyses of samples from different lichen species by a polyphasic approach showed biofilm-like
structuresand aspeciesspecificity of the bacterial communitites[2]. Lichen-associated microbial communitiesconsist of diversetaxonomic
groups. The majority of bacteriabelong to Alphaproteobacteria [3] but there are also new phylogenetic lineages. W e observed that young
and actively growing thallus parts of lichens host communities that are different from those of old and decaying parts. Until now, the
function and interaction within the microbial consortiaisnot fully understood. The functions displayed mainly by culturable strains suggest
that bacteria have lytic activities, complement the nitrogen budget and produce bioactive substances, including hormones and antibiotics.
Environmental proteomicsof Lobaria pulmonaria showed more proteins of prokaryotes than of the green algal photobiontsin lichens, and
suggested yet unexplored functionsin the consortium. Furthermore, lichen-associated bacterial communities are an interesting source for
biotechnology [4].

[1] Grube & Berg; Fungal Biology Reviews 23:72-85. [2] Grube et al.; The ISME J.,, 3:1105-1115. [3] Cardinale et al.; FEMS
Microb. Ecol. 66: 63— 71. [4] Gasser et al.; IOBC Bull., in press.

Ectomycorrhizal fungi and their bacterial associates: what’s new about the mechanisms of their interactions? Aurélie Deveau®,
Peter Burlinson™®, Angela Cusano?, Abdala Diedhiou?, Stéphane Uroz', Alain Sarniguet?®, Gail Preston®, Pascale Frey-K lett®. 'UMR 1136
IAM, INRA Nancy, France; 2UMR 1099 BIO3P, INRA Rennes, France; 3 Department of Plant Sciences, University of Oxford, UK

In natural environments mycorrhizal fungi are surrounded by and shape complex bacterial communities. These bacteria modulate the
mycorrhizal symbioses between soil fungi and plant root systems, forming an intimate tripartite multitrophic association. From these
communities, so-called “MycorrhizaHelper Bacteria” (M HB) can beidentified that either assist mycorrhizaformation or interact positively
with the functioning of the symbiosis (Frey-Klett et al., 2007). A thorough understanding of how MHB directly or indirectly promote plant
health, growth and nutrition will enhance reforestation efforts and improve crop yields. In conjunction with advances in genomics, the
development of genetic and nucleic acid-based methods to dissect these interactions has yielded new insights into the mechanisms that
control the ecology of these bacteria and their helper effect. An overview of our current knowledge of this particular functional group of
bacteriawill be presented, with particular attention paid to recent investigationsinto the role of bacterial metabolitesand type |11 secretion
in the interaction of one MHB, Pseudomonas fluorescens BBc6R8, with fungal hyphae. Future priorities for MHB research will be
discussed with important relevance to the rapidly developing scientific field of fungal-bacterial interactions (Tarkka et al., 2009).
klett@nancy.inra.fr Frey-Klett et al., 2007, New Phytol, 176: 22-36 Tarkkaet al., 2009, Curr Genet, 55: 233-243
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The genome of the obligate endobacterium of an AM fungus reveals an interphylum network of nutritional interactions. S.
Ghignone’, A. Salvioli’, I.Anca’, E. Lumini®, S.Cruveiller§ G.Ortu’, P.Piffanelli*, L. Lanfranco’ and P. Bonfante® ° Department of Plant
Biology, University of Torino and IPP-CNR, Italy § CEA Institut de Génomique — Genoscope, Paris France * Parco tecnologico Padano,
Lodi - Italy

Many AMF host endobacteria in their cytoplasm. To elucidate the role of the Gram negative endobacterium Candidatus Glomeribacter
gigasporarum (CaGg), we sequenced its genome using ametagenomic approach which combined Sanger sequencing of fosmid clonesfrom
a Gigaspora margarita (the host) library with a 454 pyrosequencing of an enriched- endobacterial fraction. The final assembly led to 35
contigs, totalling 1.72 M b, consisting of a chromosome and three plasmids. The genome features of CaCg place it in the Burkolderiaceae
group, while metabolic networks analysis clustered CaCg with insect endobacteria, mirroring its obligate intracellular life-style. CaCg
resembles an aerobic microbe, with no fermentative and limited energy-production capabilities via glycolysis and phosphate-pentose
pathways. It depends upon itsfungal host for C, P and N supply; its ability to synthesize amino acidsislimited suggesting that most amino
acidsareimported from itshost. In summary, the bacterial genome data of the first endosymbiont’s endosymbiont revealed a novel context
of intimate symbiosis between bacteria and fungi. Since the CaGg fungal host isitself an obligate biotroph dependent on its photosynthetic
host, our work uncovers a network of nutritional/evolutionary interactions between plants, AM fungi and endobacteria.

400 Million Year Old Facultative Dependence of Arbuscular Mycorrhizal Fungi on Glomeribacter Endobacteria. Stephen J.

Mondo?, Kevin H. Toomer?, Joseph B. Morton?, and Teresa E. Pawlowska® *Department of Plant Pathology & Plant-Microbe Biology,
Cornell University, Ithaca, NY 14853-5904; Division of Plant and Soil Sciences, West VirginiaUniversity, M organtown, WV 26506-6108

Evolutionary theory predicts that over long periods of time, reciprocal selection in mutualistic endosymbioses will lead to increased
symbiont interdependence and strict vertical transmission of endosymbionts. W e tested thispredictionin the mutualistic symbiosisbetween
arbuscular mycorrhizal fungi (Glomeromycota) and Ca. Glomeribacter gigasporarum endobacteria. W e generated multilocus datasets for
both symbionts to examine their populations for evidence of cospeciation and recombination. We surveyed 115 isolates from 34
experimental fungal populations representing the diversity of the Gigasporaceae family. We found that even within closely related fungal
groups, endobacterial presence varied, indicating that endobacteria are not essential for the survival of their hosts. However, despite being
facultatively associated, we detected significant evidencefor cospeciation between symbionts. Thisglobal pattern of cospeciationislargely
theresult of several significant contributionsfrom relatively few lineages and weaker or no contributions from most others. Host switching
and recombination amongst endosymbionts are the factors responsible for the absence of cospeciation in non-cospeciating
host-endosymbiont pairs. As cospeciation implies simultaneous speciation of host and symbiont, we used the host fossil record to infer that
the association of AM fungi with Glomeribacter is at least 400 million years old. Unlike most essential, obligate endosymbioses that have
rapidly evolved from facultativeinteractions, the association between Glomeromycotaand Glomeribacter appearsto be permanently locked
in afacultative state despite its ancient origin.
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Emergent Fungal Diseases (Taylor/Fisher) Chapel

Policy to prevent the transport of pathogens. Sarah J Gurr! and M atthew Fisher? . sarah.gurr@plants.ox.ac.uk. Department of Plant
Sciences, University of Oxford, OX 1 3RB, UK. 2mperial College, School of Public Health, St Mary's Campus, London W2 1PG, UK

Thisintroductory talk will allude briefly to emerging fungal diseases of note, but with mention only of maladies of humans, bats and frogs.
Thenceforth, greater emphasiswill be placed on microbeswhich pose a significant threat to global food security and, in particular, therice
blast fungus Magnaporthe oryzae , with brief comment on the oomycete Phytophthora infestans.

Policy operateson vastly different scales(for example, fromlaboratory protocol to globally-binding legislation). It must be evidence-based.
However, policy “ideal” and “reality” lie far apart, not least because our evidence-base isincomplete. We, as scientists, must gather robust
data, raise awareness of the need for research, assess and communicate risk and be involved in policy formulation — but being mindful that
the drivers which motivate scientists differ from those that influence policy-makers.

But what is policy? Can we develop a unifying global policy to prevent transport of pathogens? The answer is a resounding “no”; there
istoo much variation between fungal pathogens in terms of their disparate hosts, varying host specificity, differing life-cycles and modes
of nutrition, different rates of emergence of virulent isolates and varying modes of dispersal - by aerial spores, via vectors or by transport
of diseased tissue or by host migration. However, we can do much to mitigatereal and potential disease by better understanding dispersal,
improving pathogen surveillance and epidemiological models, and either boosting host immunity or using antifungal sthat specifically ablate
germination. Further, the onus lies with the fungal scientific community to ensure that policy-oriented organisations at the national and
international level (for instance, the FAO and the OIE) are ableto access state-of -the-art information onrisk to ensure effective and accurate
decision making.

Finally, the talk will reflect on our knowledge-base regarding control of rice blast disease - from the perspective of changing pathogen
virulence, host specificity in the face of global climate change, deployment of disease resistant cultivars and effective use of fungicides.
It will conclude with a series of recommendations applicable to the control of fungal disease more generally.

Global molecular surveillance provides a framework for understanding diversity within the Fusarium graminearum species
complex. Todd J. Ward?, Kerry O'Donnell®, Diego Sampietro?, Anne-Laure Boutigny®and Altus Viljoen®* ' USDA-ARS, 2 Universidad
Nacional de Tucuman, 3 University of Stellenbosch

M embers of the Fusarium graminearum species complex (FGSC) areresponsiblefor diseases of avariety of cereal cropsworldwide. These
species also are a significant food-safety concern because they contaminate grain with trichothecene mycotoxins that inhibit eukaryotic
protein synthesis and can modulate immune function. In order to establish a global picture of FGSC diversity, a recently developed
multilocus genotyping assay was used to assess species and trichothecene chemotype diversity among aworld-wide collection of more than
8,000 FGSC isolates. The results revealed: 1) substantial regional variation in species and trichothecene chemotype composition and
diversity, 2) recent changesin diversity and composition due to transcontinental movement, and 3) evidence of species-specific differences
in host preference. In addition, the global population structure of F. graminearum was analyzed using variable number tandem repeat
markers. Significant population differentiation was observed within this mycotoxigenic cereal pathogen, and evidence of the recent
transcontinental movement of populations followed by limited genetic exchange between resident and introduced populations was
uncovered.

From the Andesto Ireland: Tracking theworldwide migrations, host shiftsand reemer gence of Phytophthora infestans, the Plant
Destroyer. Jean Beagle Ristaino, Department of Plant Pathology, North Carolina State University, Raleigh, NC 27695
Jean_Ristaino@ncsu.edu (919 515-3267)

Potato late blight, caused by the oomycete pathogen Phytophthora infestans is considered the most important biotic constraint to potato
production worldwide and is amajor threat to food security. New strains of the pathogen have migrated from South America on multiple
occasions to cause significant losses for US growers. In 2009, potato and tomato late blight epidemics were the worst in modern history
in the US due to a “perfect storm” of widespread inoculum distribution and conducive weather. We have previously examined the global
migrations and evolutionary history of P. infestansin modern potato crops and identified the source and strain that caused the 19th century
Irish potato famine from archival materials. W e used mitochondrial DNA sequences and identified the lamtDNA haplotype of P. infestans
in 19th century epidemics from Europe, the US and Ireland. M ultilocus sequence data from nuclear and mitochondrial loci support an
Andean origin of P. infestans and al so suggest that the source of inoculum for the potato famine epidemicsin Ireland were from the Andean
region. We are currently tracking the waves of migration of the pathogen that occurred in the late 19th and early 20th century into the US
using historic samples and have identified the mid 20th century migration of the Ib mtDNA haplotype and host shifts of the pathogen to
wild Solanum species on two continents.
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Comparativegenomicsof Batrachochytrium dendrobatidisr evealsrecombination in asingleglobalised hypervirulent lineage. Rhys
A. Farrer!, Trenton W. J. Garner?, Francios Balloux', M atthew C. Fisher’. * The Department of Infectious Disease Epidemiology, Imperial
College London, Norfolk Place, London, UK, ?The Institute of Zoology, Zoological Society of London, Regent’s Park London, UK

Batrachochytrium dendrobatidis (Bd) isaglobally distributed generalist pathogen known to be a major cause for declines in amphibians.
Bd has likely to have been present in populations of amphibians throughout the 20" century, but has since spread to new populations and
locationsthrough transmission and trade. To understand the origins of Bd populationsand how it has adapted, we resequenced the genomes
of 20 globally distributed isolates and mapped the distribution of polymorphism between isolates. W e show that the majority of isolates,
and all thosethat are associated with massmortalities, comprise asingle >99.9% genetically identical lineage with a pan-global distribution.
However, we also discovered two separate, highly divergent lineages of Bd with different morphological and phenotypic characters. The
Global Lineage of Bd manifests extensive inter-genomic phylogenetic conflict and genomic blocks showing loss-of-heterozygosity
suggesting recent recombinationinthisclade. W e hypothesise that ancestral recombination followed by anthropogenically-mediated global
spread of the progeny has led to the disease-driven losses in amphibian biodiversity.

The emergence of Geomcyes destructansand bat white-nose syndromein North America. David S. Blehert. US Geological Survey
— National Wildlife Health Center, M adison, Wisconsin

W hite-nose syndrome (WNS) is a disease associated with unprecedented bat mortalities in the eastern United States and Canada. Since
thewinter of 2006-2007, bat population declines approaching 100% have been documented at some surveyed hibernacula. Total estimated
losses have exceeded one million bats over the past three years. Affected hibernating bats often present with visually striking white fungal
growth on their muzzles, ears, and/or wing membranes. Histopathological and microbiological analyses demonstrated that WNS is
characterized by ahallmark fungal skin infection caused by arecently discovered species of psychrophilic (cold-loving) fungus, Geomyces
destructans. The fungus was initially discovered by laboratory culture at 3°C and grows optimally between 5°C and 14°C, temperatures
consistent with the body temperatures of hibernating cave bat speciesfrom temperateregionsof North America. Laboratory infectiontrials
indicated that G. destructansistransmissible bat-to-bat, and DNA from the fungus has been identified in environmental samples collected
from several bat hibernation caves within WN S-infested states. Thereis a growing body of evidence supporting an association between
WNS and cutaneous fungal infection by G. destructans, and this disease represents an unprecedented threat to bats of temperate regions
of North America and beyond. Worldwide, bats play critical ecological roles in insect control, plant pollination, and seed dispersal, and
the decline of North American bat populations may have far-reaching ecological consequences.

Comparativegenomicsof human fungal pathogenscausing paracoccidioidomycosis. Christopher Desjardins, Jason Holder, Jonathan
Goldberg, Sarah Y oung, Qiandong Zeng, Brian Haas, Bruce Birren, Christina Cuomo, and the Paracoccidioides Genome Consortium The
Broad Institute, Cambridge, MA 02141 cdesjard@broadinstitute.org

Paracoccidioidesbrasiliensisisadimorphicfungal pathogen and the causative agent of paracoccidioidomycosis, ahuman systemic mycosis
endemic to Latin America. In order to better understand the biology of Paracoccidioideswe sequenced the genomes of three strains: Pb01,
Pb03, and Pb18. We also placed the Pb18 assembly on an optical map consisting of 5 chromosomes. Compared to their non-dimorphic
relatives, Paracoccidioidesand other dimorphicfungi encode areduced repetoire of genesinvolved in carbohydrate and protein metabolism
and synthesis of secondary metabolites. To compare genome content with phenotypic ability to utilize substrates for growth, we tested the
related non-pathogenic Uncinocarpus reesii in metabolic assays. U. reesii displays broader and more effective growth on proteins than
carbohydrates, which may predispose the dimorphic fungi to a pathogenic lifestyle. Furthermore, Paracoccidioides and other pathogenic
dimorphs show expansions of the fungal-specific kinase family FunK 1 and rapid evolution of transcription factors, suggesting specialized
signaling and regulation potentially involved in dimorphism. This project has been funded in whole or in part with Federal funds from the
National Institute of Allergy and Infectious Diseases, National Institutes of Health, Department of Health and Human Services, under
Contract No.: HHSN2722009000018C.
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Population structure and virulence of Cryptococcus gattii from AlDS patientsin southern California. Wenjun Li*, Edmond Byrnes
I11%, Ping Ren?, Yonathan Lewit!, Kerstin Voelz®, Robin May®, Sudha Chaturvedi?, Vishnu Chaturvedi?, Joseph Heitman®. * Molecular
Geneticsand Microbiology, Duke University M edical Center, Durham, NC. 2Wadsworth Center, Albany, NY . ®*Department of M olecular
Pathobiology, University of Birmingham, Birmingham, United Kingdom

C. gattii infections in Southern California have been reported to occur in immunocompromised patients, specifically patientswith AIDS.
In this study, we examined the molecular epidemiology, population structure, and virulence attributes of C. gattii isolates collected from
a cohort of AIDS patientsin Los Angeles County, California. We show that these isolates consist almost exclusively of VGIII molecular
type, in contrast to the vast majority of V GII molecular typeisolatesfound in the outbreak region of the North American Pacific Northwest.
Upon molecular phylogenetic analysis, the global V Gl population structure can bedivided into two groups, VGlllaand V Glllb. We show
that isolates from the CA patients are virulent in murine and macrophage models of infection, with V Glllasignificantly more virulent than
VGllIb. Several VGlllisolatesare highly fertile and ableto produce large numbers of sporesthat may serve asinfectious propagules. Based
on molecular analysis, the a and alphaV Gl MAT loci are largely syntenic with the known VGl and VGII MAT loci. Our studiesindicate
that C. gattii VGIIl isendemic in Southern California, with other isolates originating from the neighboring regions of M exico, and in some
rarer cases from Oregon and W ashington State. Given that greater than 1,000,000 cases of cryptococcal infection occur annually in the
context of theglobal AID S pandemic, our findings suggest asignificant burden of C. gattii infectionin AID S patients may be unrecognized,
with potential prognostic and therapeutic implications. Theseresultssignify the need to classify pathogenic Cryptococcuscasesintheregion
and elsewhere and highlight possible host differences among the C. gattii molecular types, influencing infection of immunocompetent
(VGI/VGII) vs. immunocompromised (VGII/VGIV) hosts.

“Magic traits” drive the emergence of pathogens. Pierre Gladieux®®, Fabien Guérin®, Tatiana Giraud® Valérie Caffier®, Christophe
Lemaire®, Luciana Parisi®, Frédérique Didelot?, Bruno Le Cam®. @Univ. Paris Sud/ CNRS, UM R Ecologie Systématique Evolution, Orsay,
France; °INRA/Univ. Angers, UMR PaV &, Beaucouzé, France. E-mail: pierre.gladieux @u-psud.fr

An important branch of evolutionary biology strives to understand how divergent selection for an ecologically important trait can foster
the emergence of new species specialized on different niches. Such ecological speciation is usually difficult to achieve because
recombination between different subsets of apopulation that are adapting to different environments counteracts selection for locally adapted
gene combinations. Traitspleiotropically controlling adaptation to different environmentsand reproductiveisolation are therefore the most
favourable for ecological speciation, and are thus called “magic traits”. We used genetic markers and cross-inoculations to show that
pathogenicity-related loci are responsible for both host adaptation and reproductive isolation in emerging populations of Venturia
inaequalis, the fungus causing apple scab disease. Because the fungus mates within its host and because the pathogenicity-related loci
prevent infection of the non-host trees, host adaptation pleiotropically maintains genetic differentiation and adaptive allelic combinations
between sympatric populations specific to different apple varieties. Such “magic traits” are likely frequent in fungal pathogens, and likely
drive the emergence of new diseases.
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Regulation of Septation During Growth and Development (Y arden/Seiler) Heather

Dynamicsof septum for mation in Ashbya gossypii. AndreasK aufmann, Philippe Laissue, ClaudiaBirrer, Hanspeter Helfer, Shanon Seger
and Peter Philippsen. Biozentrum University of Basel, Switzerland

We started our work on septation in A. gossypii ten years ago when research on septation in other filamentous fungi was already much
advanced. Therefore we focused on a few specific questions, all related to our overall goal to identify key steps in the evolution of A.
gossypii from amost likely budding yeast-like ancestor. The unexpected finding of a very high level of gene order conservation between
A. gossypii and S. cerevisiae was the prime reason for this focus. With respect to septation in A. gossypii we wanted to identify differences
and similarities to septum formation and degradation in S.

cerevisiae. A. gossypii carries homologs for all S. cerevisiae proteins known to be involved in septum formation. Using life cell imaging
to determine dynamic parameters, electron microscopy to visualize structural details, and deletion mutants to infer functions of domains
from phenotypes we could address a series of questions concerning septation in A. gossypii: Which factors promote the formation of the
actomyosin ring and itscontraction? Are septacompletely closed? W hich kinetic parametersdiffer significantly in both systems? Arethere
mutants which destabilize septa? W hich factors areinvolved in selecting hyphal sites for septation? Can one visualize targeted membrane
additions? Are eisosomes involved in septation? Answers to these questions show key differences to septation in S. cerevisiae.

Dynamics of actin and actin binding proteins during septum formation in Neurospora crassa. Mourifio-Pérez, Rosa R., Olga A.
Callejas-Negrete, Diego L. Delgado-Alvarez, Ramén O. Echauri-Espinosa. Departamento de Microbiologia, CICESE. Ensenada, M exico.
rmourino@cicese.mx .

Filamentous actin plays essential rolesin filamentous fungi, asin all other eukaryotes, in awide variety of cellular processes including cell
growth, intracellular motility, and cytokinesis. Wevisualized F-actin organization and dynamicsinliving N. crassa viaconfocal microscopy
of growing hyphae expressing GFP fusions with homologues of the actin- binding proteins fimbrin (FIM) and tropomyosin (TPM-1), a
subunit of the Arp2/3 complex (ARP-3), coronin (corl) and arecently developed live cell F-actin marker, Lifeact. All GFP fusion proteins
studied were also transiently localized at septa: Lifeact-GFP first appeared as abroad ring during early stages of contractile ring formation
and later coalesced into a sharper ring, TPM-1-GFP was observed in maturing septa, and FIM-GFP/ARP3/COR1-GFP labeled cortical
patches formed a double ring flanking the septa. Our observations suggest that each of the N. crassa F-actin-binding proteins analyzed
associates with a different subset of F-actin structures, presumably reflecting distinct roles in F-actin organization and dynamics during
all the stages of septation. Actin is present since early stages of septum formation, the contractile force of the actomyosin ring is related
to the presence of tropomyosin and it seems that there is a need of plasma membrane remodeling regards the presence of endocytic patches
labeled by fimbrin, coronin and Arp2/3 complex.

Regulation of Septinsassembly by Rtsl during Candida albicans. morphogenesis. 'David Caballero-Lima, Alberto Gonzalez-Novo,
Pilar Gutierrez-Escribano, ‘Carmen M orillo-Pantoja, ’CarlosR. Vazquez de Aldana and 1Jaime Correa- Bordes. 1 Ciencias Biomedicas.
Facultad de Ciencias, Universidad de Extremadura, Avda Elvas sn, Badajoz 06071, Spain. Phone: +34924289300 ext 86874, Fax:
+34924289300, e-mail: jcorrea@unex.es2 Inst. MicrobiologiaBiogca. Dpto. Microbiologiay Genetica. CSIC/Universidad de Salamanca.

Inhibition of cellsseparation is characteristic of hyphal growth in Candida albicans. Thisinhibition is dependent on Sep7 phosphorylation
by the hyphal-specific cyclin Hgcl, which regulate dynamic of the septin ring. Here, we show therole of Rts1, aregulatory subunit of PP2A
phosphatase, in septin ring regulation in yeast and hyphal growth. In yeast, Rts1-Gfp translocates transiently from the nucleus to the bud
neck after actomyosin ring contraction and is mainly located at the daughter side of the septin collar. In accordance with this, yeast cells
lacking RT S1 fail to split septin ring properly during citokynesis. Whereas in wild-type cells the septin collar divides in two septin rings
of similar diameter, rts1 mutant cellsring at the side of the daughter is significantly wider than the mother. This difference correlates with
budshaving abigger size than the mothers. M oreover, disassembly of septinsringsiscompromised at the end of citokynesisand they persist
for several cell cycles. During hyphal induction, rtsl mutant cells show a pseudohyphal-like growth. Interestingly, septin rings were
misshapen and some longitudinal septinsfilamentswere observed at the tip of the apical cell. In addition, aberrant septins structures could
be seen at the cortex of yeast and hyphae. Furthermore, all septins were analyzed by SDS-PAGE, finding there is an increase in Sep7
phosphorylation levels. These results indicate that Rtsl is necessary for the normal assembly of septins structures in Candida albicans.
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Geneticregulation of septation in thedimor phic basidiomycete Ustilago maydis. Christian Béhmer, Johannes Freitag, Bjérn Sandrock
and Michael Bélker, FB Biologie, Universitat Marburg, Karl-von-Frisch-Str. 8, 35032 Marburg, Germany; email: boelker@staff.uni-
marburg.de

Duringitslifecycle the dimorphic basidiomycete Ustilago maydisadoptstwo major lifestyles. Haploid cells grow vegetatively by budding,
whiledikaryotic cellsdisplay hyphal tip growth. W e have studied the septation eventsthat occur during both stages. Budding cells separate
by consecutive formation of two distinct septa: first, a septum islaid down at the mother-bud neck and then a secondary septum is formed
within the daughter cell. We have analyzed the contribution of Rho GT Pases for septum initiation and followed the dynamics of septin
proteins during septation. Cytokinesisand cell separation during budding involves several transitions of septin structuresthat are triggered
by two protein kinases. Gin4 kinase is involved in direct phosphorylation of septin proteins, while the germline centre kinase Don3 is
specifically required for the septin collar-to-ring transition of the secondary septum. During filamentousgrowth of dikaryotic cellsretraction
septa are formed at the distal end of the growing hypha. These septa delimit empty compartments from the cytoplasm-filled tip cells. We
could show that formation of retraction septa depends on the presence of the Don1/Cdc42/Don3 signalling module and involves formin-
dependent actin polymerization. Interestingly, during plant infection retraction septaare prerequisite for appressorium formation in longer
filaments.

Septal plugging isa dynamic process which depends on the environmental conditions. Robert-Jan Bleichrodt!, Arend F. van Peer?,
Brand Recter!, Wally H. Muller®, Teun Boekhout?, Jun-Ichi Maruyama?, K atsuhiko Kitamoto? Luis G. Lugonestand Han A. B. Wésten®.
!Department of Microbiology, Utrecht University and Kluyver Centre for Genomics of Industrial Fermentations. “Department of
Biotechnology, University of Tokyo. *Department of Cellular Architecture and Dynamics, Utrecht University. *CBS Fungal Biodiversity
Centre, Utrecht

Hyphae of ascomycetes and basidiomycetes are compartmentalized by septa. Septa contain a central pore which allows for cytoplasmic
streaming and translocation of organelles. Upon damage septa can be closed. In basidiomycetes, septa are plugged by electron dense
material. Evidence indicates that the septal pore cap isinvolved in this plugging process. The core of the septal pore cap of Schizophyllum
commune is comprised of the proteins SPC33 and SPC14. In ascomycetes, septa are closed by Woronin Bodies. The core of these
peroxisome-like organelles consists of the HEX 1 protein.

Recently, we showed that septa are not only plugged upon mechanical damage. Septa can also be closed during vegetative growth. The
incidence is affected by the environmental conditions. Septa of S. commune tend to be open in the absence of glucose. In contrast, they
close when exposed to high temperature, hypertonic conditions, or to an antibiotic. By changing the temperature conditions, it was shown
that plugging was reversible. In Aspergillus oryzae, hypertonic or low pH stress tends to close septa. On the other hand, low and high
temperature, hypotonic conditions and high pH open more septa. We have shown that Woronin Bodies are responsible for the plugging
of septaduring vegetative growth. In contrast, localization of AoSO at septahighly increasestheincidence of septal opening. Septal closure
by Woronin Bodies and AoSO localization were shown to be reversible. Our dataimply that S. commune and A. oryzae can regul ate their
intercompartmental cytoplasmic continuity by reversible closure of their septa.

The vacuolar membrane protein PRO22 from Sordaria macrospora isinvolved in septum formation in early sexual structures.
Sandra Bloemendal!, Kathryn M Lord? Kathrin Bartho®, Ines Teichert!, Dirk A Wolters®, Nick D Read? & Ulrich K iick* *Department of
General and M olecular Botany, Ruhr-University Bochum, Universitaetsstr. 150, D-44780 Bochum, Germany, sandra.bloemendal @rub.de
2 Institute of Cell Biology, University of Edinburgh, Rutherford Building, King's Buildings, Edinburgh EH9 3JH, UK *Department of
Analytical Chemistry, University of Bochum, Germany.

The transition from the vegetative to the sexual cycle in filamentous fungi requires a multicellular differentiation process. For the
homothallic ascomycete Sordaria macrospora, several developmental mutants are described. One of these mutants, pro22, produces only
defective protoperithecia and carries a point mutation in a gene encoding a protein which is highly conserved throughout eukaryotes.
Extensive microscopicinvestigationsrevealed that pro22 displaysadefect in ascogonial septum formation, indicating that PRO22 functions
during the initiation of sexual development. Live-cell imaging showed that PRO22 is localized in the tubular vacuolar network of the
peripheral colony region close to growing hyphal tips, and in ascogonia, but is absent from the large spherical vacuoles in the vegetative
hyphae of the subperipheral region. Our aim is to extend the functional analysis of PRO22 by identifying interaction partnersin vitro via
yeast two-hybrid and in vivo via tandem-affinity purification.
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Antagonisticinteraction between the RSC chromatin-remodeling complex and the septation initiation network in the filamentous
fungus Aspergillus nidulans. Hwan-Gyu Kim, Cui J. Tracy Zeng, Jung-Mi Kim, and Bo Liu. Department of Plant Biology, College of
Biological Sciences, University of California, 1 Shields Avenue, Davis, CA 95616, USA

Cytokinesis/septation is activated by the conserved septation initiation network (SIN) in the filamentous fungus Aspergillus nidulans.
M OBA bindsto the SIN kinase SIDB and plays an essential role in cytokinesis and asexual sporulation/conidiation. We haveisolated smo
(suppressor of mobA) mutations that restored septation and conidiation upon down regulation of MOBA or other SIN components. Here
wereport that the smoA gene encodesanuclear protein with homologsonly found in filamentousascomycetes. An affinity chromatographic
attempt resulted in the isolation of SM OA and at least 11 other proteinsidentified by a mass spectrometry-assisted approach. Reciprocal
affinity purifications verified the presence of these 12 proteinsin a protein complex resembling the RSC chromatin-remodeling complex
of the SWI/SNF family. Mutational analysis showed that the core RSC components of RSC6 and RSC8 were essential for growth and
colony formation, but most accessory componentswere not. Null mutations of the arpH and other non-essential genessignificantly slowed
down colony growth without affecting conidiation. These mutations also suppressed the septation and conidiation defects caused by the
downregulation of thesidB, mobA, and other SIN genes. Taken together, our resultsindicated that the RSC complex acted antagonistically
against the SIN pathway to regulate septation in A. nidulans.

Developmental regulation of septum formation in Aspergillus nidulans. Haoyu Si, William R. Rittenour, and Steven D. Harris, Dept.
of Plant Pathology and Center for Plant Science Innovation, University of Nebraska, Lincoln, USA 68588-0660.

In filamentous fungi such as A. nidulans, hyphae are partitioned into cells via the formation of cross-walls known as septa. The use of
genetic and cell biological approaches has provided considerable insight into the mechanisms underlying hyphal septation. Essentially,
nuclear signals function through the septation initiation network to control the formin-mediated assembly of a contractile actin ring at the
septation site. During asexual development, A. nidulans forms airborne conidiophores that consist of a stalk that supports a vesicle, which
inturn produces metul ae, followed by aphialide and spores. Notable, during conidiation, A. nidulansundergoesa morphogenetic transition
from an acropetal to a basipetal growth pattern.. Concomitantly, septa also change in appearance during conidiation. As part of our
characterization of A. nidulanshomologues of yeast bud site selection proteins, we have found that Bud4 functions during septation in both
hyphae and conidiophores. Conversely, Axl2 only functionsduring the septation event that separates sporesfrom the phialide. Furthermore,
components the Cdc42/Racl GTPase modules (i.e., Cdc24, Rgal, Clad), which have no obvious role in hyphal septation, also localize to
the phialide-spore septation site. Our observations imply that septum formation is developmentally regulated during conidiation in A.
nidulans, and we suggest that this regulation is critical for the transition to a basipetal growth pattern.
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Secretion, Endocytosis and M embrane Trafficking (Shaw/Penalva) Fred Farr Forum

Exocytosisand tip growth in Neurospora crassa. M eritxell Riquelme’, Robert W. Roberson 2, Salomon Bartnicki-Garcia® and Michael
Freitag®. * Center for Scientific Research and Higher Education of Ensenada CICESE, Baja California, M éxico. 2 School of Life Sciences,
Arizona State University, Tempe, Arizona, USA. 3 Center for Genome Research and Biocomputing, Oregon State University, Corvallis,
OR, USA.

In fungal hyphae, apical growth is supported by the constitutive exocytosis of secretory vesicles, which through a “full fusion” process
supply the normal complement of proteins and lipids to extend the plasma membrane and the precursors and enzymes for building the cell
wall. Previously, we have shown that in Neurospora crassa vesicles containing cell-wall building enzymesare transported along the hyphae
and accumulate temporarily inthe Spitzenkdrper in astratified manner. The V esicle Supply Center (V SC) model for fungal morphogenesis
predicted that these vesicles are distributed from the Spitzenkérper outwards in all directions, generating a sharp gradient of exocytosis,
with a maximum at the pole and vanishing gradually in the subapex. Prior to SNARES recognition, secretory vesicles are presumably
tethered to their target acceptor membrane in a process mediated by the exocyst. We endogenously tagged with GFP the exocyst
components SEC-3, SEC-5, SEC-6, SEC-8, SEC-15, EXO-70 and EXO-84 in N. crassa. Some components accumulated surrounding the
frontal part of the Spitzenkdrper, whereas others were found in a delimited region of the apical plasma membrane, which correlates with
the place of intensive exocytosis during polarized growth. A more detailed analysis by TIRFM revealed that the fluorescently labeled
exocyst components followed a pulsatile exocytotic process, suggesting an orderly mechanism for exocytosis of the vesicles constituting
the Spitzenkdrper. Our results indicate that the region of exocyst-mediated vesicle fusion at the hyphal apical plasma membrane has the
same extension than the exocytosis gradient predicted earlier by the VSC model.

Functional analysisof SPFH domain-containing proteins, Flotillin and Stomatin, in Aspergillusnidulans. Norio Takeshita, Reinhard
Fischer. Karlsruhe Institute of Technology, Karlsruhe, Germany, norio.takeshita@kit.edu

Polarized growth of filamentous fungi depends on the microtubule and the actin cytoskeleton. Apical membrane- associated landmark
proteins, so-called "cell end markers" link the two cytoskeletons. Our latest results indicate that apical sterol-rich membrane domains
(SRDs) play important rolesin polarized growth and localization of cell end markers. Therolesand formation mechanism of SRDsremain
almost unknown. To analyze the functional roles of SRDs, we are investigating the mechanism of SRD (or raft cluster) formation and
maintenance. There are numerous studies on raft formation in different organisms. Flotillin/reggie proteins for instance were discovered
in neurons and are known to form plasma membrane domains. The flotillin/reggie protein and arelated microdomain scaffolding protein,
stomatin, are conserved in filamentous fungi but have not yet been characterized. W e have started the investigation of their functions by
gene deletion and GFP-tagging. It was revealed that the flotillin/reggie protein FIoA-GFP accumulated at hyphal tips. Deletion of floA
caused a reduction of the growth rate and often irregular shaped hyphae. M oreover, the stomatin related protein StoA-GFP localized at
young branch tips and at the subapical cortex in mature hyphal tips. Deletion strains of stoA also showed smaller colonies than wild-type
and exhibited irregular hyphae and increased branching. The localization of SRDs, cell end markers, and actin etc. are being analyzed in
the mutants.

Cryptococcal WA Sp homolog Wspl functions as an effector of Cdc42 and Racl to regulate intracellular trafficking and actin
cytoskeleton. Gui Shen®, J. Andrew Alspaugh? and Ping Wang>*“ 'Research Institute for Children, Children’s Hospital, New Orleans,
Louisiana USA; 2Departments of M edicine and M olecular Genetics and Microbiology, Duke University M edical Center, Durham, North
Carolina USA; and Departments of 3Pediatrics and *Microbiology, Immunology and Parasitology, Louisiana State University Health
Sciences Center, New Orleans, Louisiana USA ,gshen@chnola-research.org

Cryptococcus neoformans is an opportunistic human fungal pathogen that infects mainly immunocompromised patients, causing
meningoencephalitis. It is thought to secrete virulence associated factors into its environment, which indicates proteins involved in
intracellular transport may beideal anti-fungal targets. W e have recently characterized anovel endocytic protein, Cinl, and found that Cinl
interacts with Wspl, a WASP homolog, and Cdc42, a Rho family GTPase. We found that Wspl also plays an important role in
morphogenesis, intracellular transport, and virulence of the fungus. Additionally, we found that W sp1 tagged with DsRed co-localizeswith
the GFP-actin and the GFP-Arp2, suggesting Wspl has a conserved role in activating the Arp2/3 protein complex. Both the basic and the
GTPase binding domain of Wspl appear to play an auto-inhibitory role, similar to mammalian WA Sp proteins. Activation of Wspl by
Cdc42 resulted in plasmamembrane distribution, suggesting arolein exocytosis, and loss of Cdc42 function caused disappearance of actin
cablesin thewspl mutant, indicating that Wspl is an effector of Cdc42. We also provided evidence demonstrating that Wsp1l is an effector
of another Rho GTPase, Racl, in theregulation of vacuolar morphology. Our combined data showed that functions of Wsplinintracellular
trafficking, vacuole morphogenesis, and actin cytoskeleton are mediated through its role as an effector of both Cdc42 and Racl. The
knowledge gained may extend the current understanding of WA Sp and Rho-family small GTPases in other eukaryotic organisms.
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Imaging actin dynamicsin Aspergillus nidulansusing Lifeact. Brian D. Shaw, Laura Quintanilla, Srijana Upadhyay, and Zaida Hager
Dept. Plant Pathology and Microbiology, Program for the Biology of Filamentous Fungi, Texas A& M University, College Station, TX
77843-2132, USA

Polarization of actin to the hyphal apex is essential for hyphal growth. Previous work in A. nidulans has shown a sub-apical collar of
actin::GFP patches that is associated with endocytosis and is necessary for growth. Here we use the Lifeact construct, an actin binding
domain fused to either GFP or RFP, to image both actin patches and cables during growth. In addition to the sub-apical collar of patches
in growing cells, we also note actin cables organized to the Spitzenkorper in growing tips. We also report here anew structure that we term
the Sub-apical Actin Web (SAW). The SAW can be described as a complex array of actin cables distal to the tip in growing cells. This
array is stable on the distal face but is highly dynamic on the proximal face with cables bending, retracting and growing toward the apex.
Results of co-localization studies will be discussed.

M otor cooperation in long-range motility of early endosomes. Martin Schuster, Shreedhar Kilaru, Gero Fink and Gero Steinberg.
University of Exeter, Biosciences, EX4 4QD, Exeter, UK G.Steinberg@exeter.ac.uk

Theintrinsic polarity of microtubulesdeterminesthe organelletransport direction, with kinesinsmoving their cargo to plus-endsand dynein
taking organellestowards minus-ends. In the fungus Ustilago maydisthe plus-ends of the microtubules are located near the growing hyphal
tip, whereas the minus-ends are concentrated in sub-apical regions of the cell. Microtubules serve as “tracks” for long-range motility of
early endosomes that can reach up to 90 micrometersin a single run. Anterograde (tip-directed) motility of these organellesis supported
by kinesin3, whereas dynein movesthe early endosomestowardsthe cell center (retrograde). However, thisconceptisan oversimplification,
as it does not consider the orientation of the underlying microtubule array. In fact, long-range motility of early endosomes requires
unexpected cooperation of kinesin-3 and dynein.

Function of the microtubule-binding domain of dynactin p150 in microtubule-plus-end accumulation of dynein in Aspergillus
nidulans. Xuanli Y ao, Jun Zhang, Henry Zhou, Eric Wang and Xin Xiang. Department of Biochemistry and Molecular Biology, the
Uniformed Services University, Bethesda, MD, USA

In filamentous hyphae, dynein accumulates at the plus ends of microtubulesin a dynactin- and kinesin-1-dependent manner, and the plus-
end accumulation of dyneinisimportant for the minus-end-directed transport of early endosomes. W e asked in Aspergillusnidulanswhether
the microtubule (M T)-binding region of the dynactin p150 subunit is required for thisaccumulation. The M T-binding region locates at the
N-terminus of p150, and it includes a CAP-Gly (cytoskeleton-associated protein glycine-rich) domain and a basic domain rich in basic
amino acids. Here we show that deletion of the M T-binding region causes a significant reduction of microtubule plus-end accumulation
of both dynein heavy chain and p150, although it does not affect dynein-dynactin interaction. Surprisingly, deleting the CAP-Gly domain
alone causes no apparent effect on the plus-end accumulation of p150 while deleting the basic domain significantly diminishesthe plus-end
accumulation of p150. In addition, loss of the basic domain resultsin a partial defect in nuclear distribution similar to that observed in the
mutant without the M T-binding region, and also an abnormal accumulation of early endosomes at the hyphal tip. Our results demonstrate
thein vivo importance of the basic domain of p150, and also suggest that p150 is able to accumulate at the microtubule plus-ends by using
a mechanism(s) requiring no direct interactions between its CAP-Gly domain and other protein motifs.

Vacuole homeostasis by a balance of membrane fission and fusion. Lydie Michaillat, Tonie Baars and Andreas M ayer. Department
of Biochemistry, University of Lausanne, 1066 Epalinges, Switzerland

M any organelles exist in an equilibrium between fragmentation and of fusion which determinestheir size, copy number and shape. Y east
vacuoles rapidly ( <1 min) fragment into up to 15 smaller vesicles under hypertonic stress and they coalesce into one big organelle upon
nutrient limitation or hypotonic stress. Vacuoles also fragment and fuse in response to the cell cycle and nutrient availability. We have
screened mutants defectivein vacuole fragmentation and we have reconstituted the fragmentation reaction in vitro with isolated organelles.
The in vitro reaction faithfully reproduces in vivo vacuole fragmentation. By a combination of in vivo and in vitro approaches we show
that surprisingly vacuol e fragmentation (membranefission) dependson several components of the membrane fusion machinery, e.g. specific
SNAREs. In addition, we show that the TOR signaling pathway, which isregulated by upon starvation, induces coal escence of the vacuoles
into one big organelle under these conditions. We discovered that TOR positively regulates vacuole fragmentation whereas it has no
influence on vacuole fusion. The resulting selective downregulation of fragmentation explains the decrease of vacuole number and the
increase of their size under starvation conditions. Our combined in vivo and in vitro approaches have the potential to elucidate the
regulatory interplay of membrane fusion and membrane fission machinery that determine organelle structure.
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The interface between the Golgi and the endosomal system in Aspergillus nidulans Miguel A. Pefialva and Areti Pantazopoulou.
Department of Molecular and Cellular M edicine. CSIC Centro de Investigaciones Biol 6gicas. Ramiro de M aeztu 9, Madrid 28040, Spain
penalva@cib.csic.es

TheA. nidulans early- and |ate-Golgi isformed by adynamic network of rings, tubulesand fenestrated structuresthat is strongly polarised.

Early and late Golgi cisternae are optically resolvable, allowing multidimensional imaging studies on cisternal maturation. Amongst the
many factors that contribute to maintain the identity and structure of the Golgi is Rab6 (RabC in A. nidulans) that, unexpectedly, also
appears to play arole in the Spitzenkorper. rabCA mutants display a marked impairment in apical extension but its most remarkable
phenotype is that they have conspicuously fragmented and brefeldin A-insensitive early and late GEs, indicating that RabC contributesto
the organisation of the Golgi. Asinyeast RacC isinvolved intherecycling from endosomesto the Golgi of the vacuolar hydrolase receptor
VpsTY" but not in the traffic of the synaptobrevin homologue SynA between endosomes and the PM, tlg2A mutants grow normally but
aresynthetically lethal withrabCA, indicating that RabC plays T1g2-independent roles. Our dataunderscore how wanting our understanding
of the complexities of membrane traffic in filamentous fungi is, in spite of its major economic impact in Biotechnology and M edicine.
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ChlIP-chip/ChlP-seq: protein interactionswith DNA (Michell/Freitag) Nautilus
Integration of ChlP-Chip/Seq datain a systemsbiology framework. Marc Facciotti, Elizabeth Wilbanksand David Larsen. UC Davis

The overarching goal of systemsbiology isthe synthesis of biological information into holistic models of cellular physiology. One critical
endeavor isto decipher the structure of theregulatory networksthat link environmental information to the genome. Chl P-chip and ChlP-Seq
are powerful experimental tools for mapping the physical in vivo associations between transcription factors and their cognate promoters,
thus for deciphering these regulatory networks. W e present some technical considerations regarding the processing of ChlP-Seq data and
strategies for the integration of such data in a more general systems biology framework.

Histone H3 de-methylases are involved in regulating primary and secondary metabolism. Agnieszka Gacek!, Yazmid
Reyes-Dominguez?, Michael Sulyok? and Joseph Strauss® ‘Fungal Geneticsand Genomics Unit, Al T-Austrian I nstitute of Technology and
BOKU University, Vienna, Austria. >Christian Doppler Laboratory for M ycotoxin Research, Department IFA-Tulln, BOKU University,
Vienna

Opening of chromatin by modification of histone tails is an important process in the synthesis of fungal secondary metabolites (SM).
Trimethylation of histone H3 lysine 9 (H3K9me3) and occupancy of heterochromation protein-1(HepA) at this modification site are
important marks of transcriptionally silent heterochromatin. In this work we investigate the role de-methylation of H3K9me3 playsin
regulating secondary metabolism in Aspergillus nidulans. Our Chromatin Immunoprecipitation (ChIP) data provides evidence that both
putative Jumonji C-family de-methylases present in the genome are involved in removing the methylation mark from H3K9me3. Deletion
of one of the two genes repressed sterigmatocystin (ST) production and the expression of aflR, the main regulator of the ST gene cluster.
Surprisingly, deletion of both de-methylases restored afl R gene expression, but not ST production. M etabolic and transcriptome analysis
of the de-methylase mutants suggest that restoration of aflR expression is a consequence of de-regulation of primary metabolism, mainly
affecting carbon utilization. ST production itself was not restored due to perturbations in primary metabolism presumably affecting
precursor provision. Both, de-methylases and L aeA, the conserved global regulator of secondary metabolism, are required to replace the
repressing methylation marks on H3 by activating marks.. These results are the first to provide evidence about the role of histone
de-methylases in chromatin remodeling, primary metabolism, and secondary metabolism of A.nidulans.

Regulatory networks that control morphology and virulence in Histoplasma capsulatum. Sinem Beyhan, Matias Gutierrez, M ark
Voorhies and Anita Sil, University of California, San Francisco, San Francisco, CA 94143

Histoplasma capsulatumisadimorphic fungal pathogen that causesrespiratory and systemic infectionsin humans. H. capsulatum switches
itsgrowth program from an infectious mold (hyphal) form in the soil to apathogenic yeast form in mammalian hosts. Infection occurs when
hyphal fragments are inhaled by the human host. Once inside the host, the pathogen converts to a budding-yeast form, which survives and
replicates within host macrophages. Under laboratory conditions, this morphological switch is recapitulated by changing the temperature
of the growth environment from room temperature (25°C) to stimulate hyphal growth to human body temperature (37°C) to stimulate
yeast-form growth. This observation was utilized by our laboratory to identify three genes (RYP1,2,3) that are required for yeast-phase
growthinresponseto temperature. ryp mutantsgrow constitutively in the filamentous mold form even at 37°C. In wild-typecells, RYP1,2,3
transcriptsand proteinsaccumulate preferentially at 37°C. In this study, we utilized whole- genome transcriptional profiling and ChlP-chip
(chromatin immunoprecipitation-microarray) analysis to identify targets of Ryp1,2,3. Additionally, we performed coimmuniprecipitation
to test whether Ryp1,2,3 form acomplex. Our findings suggest that (1) Ryp1,2,3 regulates similar and distinct sets of genes; (2) Ryp2 and
Ryp3 physically interact; and (3) a transcription factor FacB, which is a target of Ryp1,2,3, regulates the hyphal-to-yeast transition.
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Identification of Kinetochore-Like Regions using ChlP-Seq and chromosome segregation analyses

Philippe Lefrancois', Raymond K. Auerbach? Christopher M. Y ellman’, Mark Gerstein 2%, G. Shirleen Roeder **7, Michael Snyder *%7.
1) Howard Hughes M edical Institute, Department of Molecular, Cellular and Developmental Biology, Y ale University, New Haven, CT -
USA. 2) Program in Computational Biology and Bioinformatics, Y ale University, New Haven, CT - USA

3) Department of Molecular Biophysics and Biochemistry, Y ale University, New Haven, CT - USA. 4) Department of Genetics, Y ale
University, New Haven, CT - USA. 5) Department of Genetics, Stanford University School of Medicine, Stanford, CA - USA. 6) Center
for Genomics and Personalized M edicine, Stanford, CA - USA. 7) Corresponding authors

Chromatinimmunoprecipitation — sequencing (ChlP-Seq) hasemerged as an efficient tool in yeast to study protein-DNA interactionswith
high sensitivity and resolution. We are currently performing multiplex ChIP-Seq on a variety of transcription factors and other DNA -
binding proteins. Using thistechnique, we have determined the binding profilesfor variouskinetochore components, including Cse4, Mif2,
Ndc10 and Ndc80. Cse4 binding sites overlap open chromatin sites such as Sono-Seq regions, Pol |1 binding sites and promoters. Some
of these sites (~30), called Kinetochore-Like Regions (KiLRs), are bound by other kinetochore proteins, depending on the genetic
background. In plasmid segregation assays, afew KiL Rs show increased plasmid retention and a shorter doubling time in selective media
than an ARS plasmid, suggesting some centromeric activity, but they are still less efficiently retained than aplasmid containing abonafide
CEN. To study whole-chromosome segregation, we have followed daughter cell budding after galactose inactivation of conditional
centromeres. KiLR strains have a higher percentage of budded first daughter cells than WT, suggesting a partial rescue of the inactive
centromere. These studies have important implications in the origin and evolution of centromeres.

Regulatory networ ksduring cell-cell communication and ger mling fusion in Neurospora crassa. Abby L eeder, Jingyi Li, Javier Palma
Guerrero, and N. Louise Glass. Department of Plant & Microbial Biology, University of California, Berkeley, 94720

Cell fusion between genetically identical cellsoccursin most multicellular organisms, from simple ascomycete fungi to mammals. In fungi,
fusionsbetween identical conidiahavelong been observed and arethought to provide many benefitsto the hyphal network, such asallowing
for efficient resource sharing. Prior to fusion, pairs or groups of cells must first recognize each other and then undergo communication and
directed growth until cell wall contact is made. Neurospora crassa germlings alternate between two different physiological states during
chemoattraction, in order to both send and receive communication signals. This system allows bidirectional interactions between cells and
also avoids self-stimulation, which is one of the largest obstacles associated with communication between developmentally equivalent,
genetically identical cells. We have previously determined that the kinase M AK -2 isdirectly involved in germling fusion, and that it shows
dynamic localization during the communication process. Current work isfocusing on the regulatory networksthat involve M AK -2 and/or
it's downstream effector PP-1, a homolog of the transcription factor STE12. Using various analyses, we have determined novel proteins
important for cell communication and fusion. These networks and proteins will be discussed here.

Characterization of Circadian Clock Output PathwaysRegulated by Adv-1in Neur ospor acrassa Using Chip-seq. Rigzin Dekhang®,
Kristina M. Smith? Erin L. Bredeweg? Jillian M. Emerson®, Matthew S. Sachs!, Jay C. Dunlap®, Michael Freitag?, and Deborah
Bell-Pedersen'. Department of Biology, Texas A&M University, College Station, TX; 2Program for Molecular and Cellular Biology,
Department of Biochemistry and Biophysics, Oregon State University, Corvallis, OR 97331; *Department of Biology, Dartmouth Medical
School, Hanover, NH.

Circadian clocks are biological timekeeping mechanisms used by phylogenetically diverse organisms to control the rhythmic expression
of genes involved in physiology, metabolism and behavior. In Neurospora crassa the blue light photoreceptor and PAS-domain GATA
transcription factor (TF) WC-1 interacts with another PAS-domain GATA TF WC-2 to form the White Collar Complex (WCC). In the
clock, the WCC functions as the positive element in the FRQ/W CC oscillator and it signals time-of-day information through the output
pathways to control the expression of alarge number of clock-controlled genes (ccgs). ChlP-seq of W C-2 identified hundreds of targets
of the WCC, including the promoters of 24 TFs. These TFs are thought to regulate the expression of second tier targets of the clock. One
of these TFs, ADV -1, is expressed with a circadian rhythm. I nactivation of the adv-1 gene abolishes the circadian rhythm in conidiation,
but does not alter the level or activity of the FRQ/W CC oscillator components. Taken together, these data suggest that the ADV -1 functions
within an output pathway from the clock. Results from ChlP-seq and RNA-seq to identify the direct and indirect targets of ADV -1 will be
discussed.
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ChlIP sequencing reveal dual role for thetranscription regulator Tri6 in the phytopathogen Fusarium graminearum. Charles G.
Nasmith % Li Wang™?, Sean Walkowiak?, Y unchen Gong®, Winnie Leung®, David S. Guttman®, Gopal Subramaniam® *Agriculture and
Agri-Food Canada, 960 carling Avenue, Ottawa, Ontario, Canada, K1A 0C6 2Contributed equally *CAGEF, University of Toronto, 25
Willcocks St. Toronto, Ontario, Canada, M5S 3B3 Email: subramaniamra@agr.gc.ca

The synthesis and accumulation of the trichothecene 15-acetyldioxynivalenol (15-ADON) is associated with Fusarium head blight (FHB)
disease of cereal crops. Activation of the trichothecene gene cluster in the phytopathogen Fusarium graminearum requires the
transcriptional regulator Tri6. Genome wide chromatin immunoprecipitation (ChlP) sequencing revealed targets of Tri6 both within and
outside thetrichothecene gene cluster. Bioinformatics analysis of the promoters of the targets established a consensus binding site for Tri6.
The electro mobility shift analysis (EM SA) in addition to confirming the consensus binding site, but also identified another binding site
specifically enriched in the promoters of the genes involved in secondary metabolism.

Using Chip-Seq to Disect Microbial Regulatory Networks. James Galagan, Boston University and the Broad Institute, M assachusetts

Chromatin immunoprecipitation followed by sequencing (ChlP-seq) has emerged as a powerful tool for genome-wide mapping of the
binding sitesof DNA binding proteins. Although many published ChlP-seq projects have focused on mammalian and other larger genomes,
ChiIP-seq is particularly powerful when applied to relatively smaller microbial genomes. Owing to the large number of reads currently
produced by next generation sequencing instruments, ChlP-seq on microbial genomes can produce binding site predictions with
extraordinarily high sensitivity and spatial resolution. This in turn enables us to probe the biophysics of binding, the architecture of
individual promoters, and the structure of regulatory binding networks.

Inmy talk | will describe our experience in using ChlP-seq to comprehensively map the transcription factor binding network of microbial
genomes. | will highlight our experience in Mycobacterium tuberculosis, and discuss ongoing applications to Neurospora. In particular,
I will discuss (1) the lessons learned with respect to ChlP methodology for microbial genomes, (2) the tools we have developed for
analyzing and visualizing high-throughput Chl P-seq data, (3) the integration with transcription profiling data, and (4) the observationswe
are making with respect to transcription factor binding and regulatory networks.
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Cell Cycle, Development, and M or phology (T albot/Riquelme) Fred Farr Forum

RNA isasymmetrically localized in Aspergillus fumigatus. Ken Oda, Susan Cowden, M ara Couto, John Kerry and Michelle M omany.
Department of Plant Biology, University of Georgia, Athens, GA 30602 USA.

The generation of asymmetry, or polarity, isimportant for organisms ranging from unicellular yeasts to multicellular plants and animals.
But, perhaps the most extreme examples of polar growth are found within the filamentous fungi. When dormant conidia of Aspergillus
fumigatus are inoculated to medium containing carbon, they synchronously break dormancy, expand isotropically, and establish an axis
of polarity where the primary germ tube will emerge. W e took advantage of this synchronous early development to analyze temporal and
spatial gene expression patterns during the isotropic to polar switch. Microarray analysis of cells undergoing the transition from isotropic
to polar growth showed very little change in the expression of most genes. In contrast, laser microdissection and deep sequencing showed
large differencesin the localization of individual mMRNAs in different regions of young hyphae. In situ hybridization with selected highly
expressed genes as probes confirmed asymmetric RNA localization along the hypha. momany @plantbio.uga.edu

M acr oautophagy-mediated Degradation of Whole Nuclei in the Filamentous Fungus Aspergillus oryzae. Jun-ya Shoji, Takashi
Kikuma, Manabu Arioka, and Katsuhiko Kitamoto Department of Biotechnology, The University of Tokyo, 1-1-1 Y ayoi, Bunkyo-ku,
Tokyo 113-8657, Japan email; junya@fungalcell.org

Filamentous fungi consist of continuum of multinucleate cells called hyphae, and proliferate by means of hyphal tip growth. Accordingly,
research interest has been focusing on hyphal tip cells, but little isknown about basal cellsin colony interior that do not directly contribute
to proliferation. Here, we show that autophagy mediates degradation of basal cell componentsin the filamentous fungus Aspergillusoryzae.
Inbasal cells, enhanced green fluorescent protein (EGFP)-label ed peroxisomes, mitochondria, and even nuclei were taken up into vacuoles
in an autophagy-dependent manner. During this process, crescents of autophagosome precursors matured into ring-like autophagosomes
to encircle apparently whole nuclei. The ring-like autophagosomes then disappeared, followed by dispersal of the nuclear material
throughout the vacuoles, suggesting the autophagy-mediated degradation of whole nuclei. We also demonstrated that colony growth in a
nutrient-depleted medium was significantly inhibited in the absence of functional autophagy. This is a first report describing
autophagy-mediated degradation of whole nuclei, as well as suggesting a novel strategy of filamentous fungi to degrade components of
existing hyphae for use as nutrients to support mycelial growth in order to counteract starvation.

Comparative analysis of hyphal Ca? dynamicsin three Fusarium species and therole of calcium channel genesin the generation
of hyphal tip Ca?* pulses. Hye-Seon Kim*?2, Kirk Czymmek?and Seogchan K ang®.'D epartment of Plant Pathology, The Pennsylvania State
University, University Park, PA 16802,USA; 2Department of Biological Sciences, University of Delaware, Newark, DE 19716,USA. E-
mail: hxk234@psu.edu

Calcium is a universal messenger that directs an array of diverse cellular and developmental processes in response to external stimuli.
Pulsatile cytoplasmic calcium ([Ca®'] ) signatures, generated by combined action of several types of channelsin the plasma and organellar
membranes, are believed to translate external stimuli to specific cellular responses through the well-conserved calcium signaling pathway.
However, visualization of subcellular [Ca®"] dynamics in yeasts and filamentous fungi has been difficult due to technical challenges
associated with probes used for imaging [Ca®"] . Previously, we transformed two fungi, Fusarium oxysporum and Magnaporthe oryzae,
with Cameleon (Y C3.60) and imaged dynamic [Ca?*] in relation to specific stimuli and key growth- or development-related events such
as branching, septum formation, and cell-cell contact. We successfully expressed Cameleon in the cytoplasm of three other
Fusariumspecies, including F. graminearum, F. verticilliodes, and F. solani. A comparison of temporal and spatial dynamics of [Ca®"]
among Fusarium species revealed that all species showed tip high [Ca®]. but time-lapse ratiometric analysis revealed apparent
species-specific pulsatile patterns. Furthermore, in order to better understand which calcium channels play a role in generating pulsatile
[Ca®"] . signatures, three channel genes were specifically disrupted in F. graminearum. T aken together, this study provided important clues
on fundamental aspects of subcellular [Ca®"] signaling in filamentous fungi.
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Investigating the role of the septin gene family in Magnaporthe oryzae during rice infection. Yasin F. Dagdas, Min He, Michael J.
Kershaw and NicholasJ. Talbot. School of Biosciences, University of Exeter, Geoffrey Pope Building, Exeter EX4 4QD, United Kingdom.
email: N.J.Talbot@exeter.ac.uk

Magnaporthe oryzae is the causal agent of rice blast, one of the most serious economic problems affecting rice production. During plant
infection, M. oryzae developsadifferentiated infection structure called an appressorium. Thisunicellular, dome-shaped structure generates
cellular turgor, that is translated into mechanical force to cause rupture of the rice cuticle and entry into plant tissue. We have shown that
development of afunctional appressorium requirescompletion of mitosisand initiation of autophagic recycling of the contents of the fungal
spore to the appressorium. Elaboration of the appressorium also involves an unusual septation event in which the site of nuclear division
is spatially uncoupled from the position of cytokinesis. To understand the morphological transitions associated with plant infection, we
have been investigating the septin gene family in M. oryzae. Septin mutants are defective in pathogenesis and show a variety of
morphological aberrations, including defects in appressorium function and the development of invasive hyphae. We have also observed
that a septin ring is associated with the appressorium pore and the re-establishment of polarity at the base of a functional appressorium.

RNA-binding protein mediates Magnaporthe oryzae Cellular Differentiation and Plant Infection through Regulation of TOR
signhaling cascade. M arina Franceschetti X, Emilio Bueno®, Richard A. Wilson?, Grant Calder' and Ane Sesma’. *2John Innes Centre, Colney
lane, Norwich, United Kingdom (ane.sesma@bbsrc.ac.uk) 2 University of Nebraska, Lincoln, USA

The RBP35 protein containsone RNA Recognition M otif (RRM) and six Arg-Gly-Gly tripeptidesand isrequired for Magnaporthe oryzae
plant invasion. The RRM motif is by far the most common and best characterized of the RNA- binding modules and can function in all
post-transcriptional gene-expression processes. RBP35 homologues are found only in filamentous fungi. Western blots identified two
RBP35 protein isoforms, the expected full length protein (RBP35a, 44 kDa), and a smaller protein (RBP35b, 31 kDa) that derives from
the proteolytic cleavage of RBP35a. Both isoforms bind poly(G);, RNA homopolymers exclusively and show a steady-state nuclear
localization. FRAP experiments suggest the ability of RB P35 to form different protein complexesin the nucleus of conidiaand appressoria.
Truncated and mutated protein variants of RBP35 accumulate in cytoplasmic granules, possibly processing bodies and/or stress granules,
indicating aninvolvement of RBP35 in translational repression of targeted mRNAs. Comparativetranscriptome analysisreveal that several
signaling pathways are altered in the rbp35 mutant including the target of rapamycin (TOR), a conserved Ser/T hr kinase that regulates cell
growth and metabolism in response to environmental cues. W e have optimized tandem affinity purification experimentsin order to identify
RBP35-interacting proteins and direct mMRNA targets. Results of the pull-down experiments using RBP35-HA-FLAG protein fusions will
be presented.

The velvet-like complex from chrysogenum: A regulatory network of five subunits controls secondary metabolism and
morphogenesis. Kiick U, Hoff B, Kamerewerd J*, K opke K*, Wolfers S*, K atschorowski A%, Milbredt St, K outsantas K %, Kluge J*, Zadra
12, Kurnsteiner H? Christian Doppler Laboratory for Fungal Biotechnology, Lehrstuhl fir Allgemeine und Molekulare Botanik,
Ruhr-Universitat Bochum, UniversitétsstraRe 150, 44780 Bochum; *Sandoz GmbH, 6250 Kundl, Austria

Theglobal regulator velvet together with laeA isacore component of thevelvet complex from Aspergillusnidulans. W e have characterized
avelvet-like complex from the penicillin producer Penicillium chrysogenum, which contains at |east five different subunits. Included is
PcvelA P. chrysogenum, which is an inhibitor of light-dependent conidiation and affects the biosynthesis of the beta-lactam antibiotic
penicillin*. We will present an extensive analysis of subunits PcvelB, PcvelC and PcvosA of the velvet-like complex, including data from
array hybridization, high performance liquid chromatography, quantification of penicillin titers, microscopic investigations and mass
spectrometry. We provide evidence that all subunits of this complex have conserved as well as novel roles in secondary metabolism and
morphogenesis in P. chrysogenum. These results confirm and extend the current picture of regular networks controlling both, fungal
secondary metabolism and morphogenesis. *Hoff et al. EUKARY OTIC CELL 9: 1236-1250 (2010)
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Regulatory networks coordinating nuclear division and pathogenic development in Ustilago maydis. Kai Heimel, Mario Scherer,
Miroslav Vranes, David Schuler, and Jorg K @mper. D epartment of Genetics, Karlsruhe Institute of Technology, 76187 K arlsruhe, Germany

In the smut fungus Ustilago maydis, pathogenic and sexual development are orchestrated by the a and b mating-type loci. Activation of
either mating-type locustriggersacell cycle arrest asa prerequisite for the formation of theinfectiousdikaryon, which isreleased only after
penetration of the host plant. b encodes the heterodimeric transcription factor bE/bW which coordinates a regulatory network consisting
of different transcription factors: Rbfl, as a master regulator, is required for the expression of most b-regulated genes, including the
transcription factors Hdp2 and Biz1. Rbfl expression is sufficient to initiate pathogenic development, but further development requires
(1) additional factors as the b-dependently expressed Clpl protein for cell cycle progression and (2) additional b-regulated genes to
establish the biotrophic interface. Clpl interacts physically with bW and blocks b-dependent functions, such as the b-dependent G2 cell
cycle arrest, dimorphic switching and pathogenic development. The interaction of Clpl with Rbf1 leads to repression of the a-dependent
pheromone pathway, resulting in a release of the a-induced cell cycle arrest. Thus, the concerted interaction of Clp1 with Rbf1 and bW
coordinates a- and b-dependent cell cycle control to ensure cell cycle release and progression at the onset of biotrophic development.
Another level of complexity is added by the action of Biz1. Similar to bE/bW or Rbf1, induction of Bizl leads to a cell cycle arrest; in
addition, Bizl isrequired for the regulation of various genes during the early infection phase. The advantage of such complex regulatory
pathways is the dynamic integration of different signals to control developmental decisions, as, for example, the adaptation to specific
tissues.

Identification of amicrotubuleassociating protein that interactswith nuclear porecomplex proteinsduring mitosis. Nandini Shukla,
Aysha H. Osmani, Stephen A. Osmani. The Ohio State University, Columbus, OH, USA. ( shukla.25@buckeyemail.osu.edu )

Aspergillus nidulans exhibits partially open mitosis wherein the nuclear pore complexes (NPCs) undergo partial disassembly similar to
the initial stages of open mitosis of higher eukaryotes. It is currently not known how the partial disassembly and re-assembly of NPCsis
carried out or regulated. One potential mechanism is the existence of NPC disassembly factors that would bind preferentially to NPC
proteins (Nups) during mitosis to promote their disassembly from the core structure. The current work describes efforts to identify such
proteins using affinity purification - M S analyses of Nups from interphase and mitotic cells. An interesting novel protein, ANID_03906,
identified by this approach preferentially co-purifies with mitotic Glel, Nup133, and Madl. Endogenous GFP tagging revealed that
ANID_03906, locates to cytoplasmic microtubules during interphase. It appearsto both coat microtubules and form mobile foci that move
along microtubules. Drug treatment to depolymerize microtubules dramatically modifies the location of ANID_03906 which locates to
immobile aggregateswithout microtubulefunction. These data suggest thispreviously unstudied protein might play aroleduringinterphase
involving microtubules and at mitosis involving specific Nups. Future work aims at understanding the interactions of ANID_03906 with
Nups and components of the cytoskeleton during cell cycle progression. (Supported by NIH grant GM 042564)
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Comparative genomicsof Host Selective T oxin-producing Cochlioboluspathogensof cereals. B. Gillian Turgeon, Bradford Condon,
and Dongliang Wu Dept. of Plant Pathology & Plant-Microbe Biology, Cornell University, bgtl@cornell.edu

An overview of how we are using the fungal genomics resources, in partnership with the Joint Genome Institute’s Fungal Genomics
Program (http://genome.jgi-psf.org/programs/fungi/index.jsf), to understand evolution and function of genes responsible for production
of Host Selective Toxins (HST), will be presented. M any D othideomycete genome sequences are available and more are underway under
the auspices of the JGI program. HST- producing members of the genus Cochliobolus include the maize pathogens C. heterostrophus
(Southern Corn Leaf Blight), which produces the HST, T-toxin, and C. carbonum (Leaf Spot), which produces HC-toxin, and the oat
pathogen, C. victoriae (VictoriaBlight), which producesvictorin. Case studiesillustrating how the availability of these genome sequences
facilitates a better understanding of each pathosystem and Dothideomycete interactions with plants, in general, will be discussed.

A ‘Born Again’ fungal virulence effector. Thomas J. Wolpert, Department of Botany and Plant Pathology and Center for Genome
Research and Biocomputing, Oregon State University, Corvallis, OR 97330.

Cochliobolus victoriae is the causal agent of a disease called Victoria Blight. The fungus is pathogenic because of its production of the
host-specific toxinscollectively referred to asvictorin. Only isolatesthat producevictorin are pathogenic and only on hoststhat are sensitive
to the toxin. Toxin sensitivity and consequently, disease susceptibility in the host is conditioned by a single dominant gene. Thus, Victoria
Blight conforms to the gene-for-gene paradigm except that the phenotypes associated with the host and pathogen are inverted from those
classically observed. Thisgenetic pattern suggeststhat the pathogen could be exploiting the defense response to achieve virulence. Results
to be discussed support this contention and imply that vicotrin, or avictorin-like molecule, originally evolved as a virulence effector which
was subsequently “ defeated” through host recognition to become an avirulence effector, Ironically, precisely because of itsrecognition and
ability to incite defense, this molecule was adapted/mimicked by Cochliobolus victoriae to once again function as a virulence effector.

Pathogenicity chromosomes in host-specific toxin-producing Alternaria species. M otoichiro Kodama®?, Y asunori Akagi®, Kazumi
Takao?, Y oshiaki Harimoto® and T akashi Tsuge®. 'L aboratory of Plant Pathology, and 2Fungus/M ushroom Resource and Research Center,
Faculty of Agriculture, Tottori University, 4-101 K oyama-M inami, Tottori 680-8553, Japan, N agoya U niversity, Japan, mk @muses.tottori-
u.ac.jp

Alternaria alternata plant pathogens consist of seven variants (pathotypes), all of which produce host-specific (selective) toxins (HSTs);
all cause necrotic diseases on different plants. We have shown that all strains of A. alternata pathotypes harbour small and extra
chromosomes, whereas nonpathogenic isolates do not have these small chromosomes. Based on biological and pathological observations,
those small chromosomesweretermed conditionally dispensable chromosomes (CD Cs) and pathogenicity chromosomes. HST biosynthetic
genes have been isolated from five pathotypes (apple, Japanese pear, strawberry, tangerine, and tomato) of A. alternata and found to be
clustered on the CD Cs. Sequencing of the entire CD Cs of the apple, strawberry and tomato pathotypeswhich produce AM -, AF- and AAL-
toxins, respectively, revealed that the CDC of each consists of CD C-specific and repetitive sequences related to the HST production and
pathogenicity. The CDC inthetomato pathotype strainsfrom different geographical originswasidentical although the genetic backgrounds
of the strains differed. The results imply that CDCs have a different evolutionary history from the essential or core chromosomes in the
same genome. A hybrid strain between two different pathotypes was shown to harbour the CDCs from both parental strains and had an
expanded pathogenicity range, indicating that CDCs could be transmitted from one strain to another and stably maintained in the new
genome. W e propose a hypothesis whereby the ability to produce HSTs and to infect a plant is distributed among A. alternata strains by
horizontal transfer of an entire pathogenicity chromosome (CDC). Thiscould provide a possible mechanism by which new pathogens arise
in nature.
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Histone deacetylase inhibitor HC-toxin from Alternaria jesenskae.Wanessa D. Wight?,? and Jonathan D. Walton*,2. * Department of
Energy - Plant Research Laboratory, Michigan State University, East Lansing, M| 48824, U.S.A .2 Cell and Molecular Biology Program,
Michigan State University, East Lansing, M| 48824, U.S.A. wightwan@msu.edu

HC-toxinisacyclic tetrapeptide with known histone deacetylase (HDAC) inhibition activity. Itisan essential virulencefactor for themaize
pathogen Cochliobolus carbonum. Biosynthesis of HC-toxin is controlled by a complex genetic locus, TOX2, that spans >500 kb. TOX2
contains at least seven genes including the four-domain nonribosomal peptide synthetase, HT S1. All of the TOX genes are present in two
to three copies at the TOX2 locus. Alternaria jesenskae (1), also produces HC-toxin (R. Labuda, personal communication). A genome
survey sequence of A. jesenskae was generated by 454 pyrosequencing. Unambiguous orthologs of all seven known genes involved in
HC-toxin biosynthesis from C. carbonum were identified in A. jesenskae. The average percent identities of the TOX genes from the two
fungi range from 80 to 85%. Asin C. carbonum, many of the HC-toxin genes are present in two copiesin A. jesenskae. Variation in the
genomic organization of the TOX genesin addition to the high degree of similarity among housekeeping genes suggest that the HC-toxin
clusters in the two fungi might be the result of evolution from a common ancestor and not the result of horizontal gene transfer event.
1.LabudaR., EliasP. Jr., Sert H., Sterflinger K. 2008. Alternaria jesenskae sp. nov., a new species from Slovakiaon Fumana procumbens
(Cistaceae). Microbiol Res.163(2):208-14

Same Fungus, Two Different Host-Selective toxins: Perceptions and Outcomes.
L.M. Ciuffetti, V.M. Manning, |. Pandelova, and M. Figueroa, Department of Botany and Plant Pathology, Oregon State University,
Corvallis, OR 97331, USA

Host-selective toxins (HSTs) are pathogenicity/virulence factors produced by a group of necrotrophic fungal pathogens. D ata support that
these disease interactions often follow an inverse gene-for-gene interaction where a single locus in the host is responsible for toxin
sensitivity. The long-term goal of the research conducted in our lab isto fully describe the molecular interactions of the HST s produced
by thefungus, Pyrenophoratritici-repentis, with itshost plant, wheat. These studiesinclude the identification and characterization of genes
involved in pathogenicity and host specificity, the mechanisms by which this fungus acquires these virulence factors, the structural
requirements responsible for activity, and the determination of the molecular site- and mode-of-action of these HSTs. Our studies have
focused on Ptr ToxA and Ptr ToxB, two proteinaceousHSTsof P. tritici-repentis. Although these two HST sappear to confer pathogenicity
through distinctly different mechanisms, they also share commonalities. The ability of apathogen to produce different pathogenicity factors
that promote cell death by a variety of mechanisms provides a unique opportunity to investigate and unravel the elements of disease
susceptibility. The perceptions and outcomes of these two HSTs with the host will be the focus of this presentation.

A novel, cysteine-rich fungal effector triggers light-dependent susceptibility in the wheat-Stagonospora nodorum interaction.
Zhaohui Liu', Zengcui Zhang?, Justin D. Faris?, Richard P. Oliver®, Peter S. Solomon®, Timothy L. Friesen'? *Department of Plant
Pathology, North Dakota State University, Fargo, ND; 2Northern Crop ScienceLab, USDA-ARS, Fargo, ND; 3Department of Environment
& Agriculture, Curtin University, Perth, Australia; 4School of Biology, The Australian National University, Canberra, Australia.

SnTox1 was the first necrotrophic effector identified in S. nodorum, and was shown to induce necrosis on wheat lines carrying Snnl. To
isolate the SnT ox1-encoding gene, we used bioinformatics tools followed by heterologous expression in Pichia pastoris. SnTox1 encodes
al17 aaprotein with thefirst 17 predicted asa signal peptide, and strikingly, the mature protein contains 16 cysteines. The transformation
of SnTox1 into an avirulent isolate was sufficient to make the strain pathogenic. Additionally, the deletion of SnTox1 in virulent isolates
renders the SnTox1 mutant nonpathogenic on the Snnl differential line. The SnTox1-Snnl interaction involves an oxidative burst, DNA
laddering, and defense gene expression, all hallmarks of programmed cell death. In the absence of light, SnTox1-induced necrosis is
blocked along with the disease development induced by the SnTox1-Snnl interaction. By comparing the infection processes of a
GFP-tagged avirulent isolate and the same isolate transformed with SnTox1, we conclude that SnTox1 plays a critical role in the initial
penetration and subsequent proliferation in the host. This research provides important insights into the molecular basis of the wheat-S.
nodorum interaction, a model for necrotrophic pathosystems.
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A proteomics approach to dissect SnToxA effector mode-of-action in wheat Delphine Vincent!, Ulrike Mathesius®, Richard
Lipscombe?, Richard P. Oliver®, Peter S. Solomon® *Research School of Biology, College of Medicine, Biology and Environment, The
Australian National University, ACT Australia; Proteomics International, Perth, WA, Australia; 3Curtin University of Technology, Perth,
WA, Australia delphine.vincent@anu.edu.au

Stagonospora nodorum is a necrotrophic fungal pathogen of wheat causing devastating foliar damage resulting in significant yield losses
globally. S. nodorum operates in inverse gene-for-gene manner through the interaction of a secreted effector and a dominant host
susceptibility protein resulting in disease development. The effector protein SnToxA and its corresponding host gene Tsnl follow such
asystem. Thisstudy aimsat deciphering the molecular responsestriggered by SnToxA inthewheat (Triticum aestivum) susceptible cultivar
BG261 over a 0-48hrs time course using a gel-based proteomics strategy. W heat leaves were infiltrated with SnToxA and sampled at 0,
0.5, 4,12, 24, and 48 hrs post-infiltration (hpi). Both acidic and basic proteins were studied and they generally display an up- regulation
at 12 hpi followed by a down-regulation at 48 hpi. Differentially-expressed proteins are predominantly involved in energy and protein
metabolisms, with many of the proteinsidentified localised in the chloroplast. The identities of these proteins and their possible roleswill
be discussed.

Quantitative variation in activity of ToxA haplotypes from Stagonospora nodorum and Pyrenophora tritici-repentis refines the
distinction between biotrophic and necrotrophic interactions. Kar-Chun Tan?, Margo Ferguson-Hunt? K asia Rybak? OrmondeD. C.
Waters!, Will A. Stanley®, Charles S. Bond*, EvaH. Stukenbrock®, Timothy L. Friesen®, Justin D. Faris®, Bruce A. M cDonald” and Richard
P. Oliver . Environment and Agriculture, Curtin University, Bentley WA 6102, Australia. 2Health Science, Murdoch University,
Murdoch, WA6150, Australia. 3ARC Centre of Excellence in Plant Energy Biology, The University of Western Australia, Crawley 6009
WA, Australia. “Biomedical, Biomolecular and Chemical Sciences, The University of Western Australia, Crawley 6009 WA, Australia.
5M ax Planck Institute M arburg, K arl von Frisch Str. 10, D-35043 M arburg, Germany. ®USDA-ARS Cereal Crops Research Unit, Red River
Valley Agricultural Research Center, Fargo, ND 58105. ‘Plant Pathology Group, Institute of Integrative Biology, ETH Zurich,
Universitétsstr 2, CH-8092 Zurich, Switzerland

The parallels between host-specific toxins produced by necrotrophic pathogens (we now prefer to call them necrotrophic effectors (NESs))
and avirulence gene products produced by biotrophs (we suggest the name biotrophic effectors or BEs) have accumulated over the last
decade. The effectors produced by both classes of pathogen operate in a species- and cultivar-specific manner and produce reactions in
the host that are operationally very similar. In at least three cases, we now know that the host partner (the direct or indirect receptor) for
NEs is - like in BEs - an NBS-LRR gene. Nonetheless there is a clear functional difference; recognition of a BE leads to resistance;
recognition of the NE leadsto virulence. Overall, resistancein biotrophic interactionstendsto be qualitative because recognition of asingle
effector is sufficient to induce resistance. In contrast, resistance in necrotrophic interactions tends to be quantitative; this has assumed to
be because multiple effectors interact with multiple receptors and each positive interaction acts quasi-additively to produce the virulence
phenotype. High dN/dS ratios have been observed in many BE and R-genesin biotrophic interactions and this has been cited as evidence
of diversifying selection associated with qualitative interactions leading to a co-evolutionary arms race. This paper discusses and refines
the parallels between NEs and BEs in the light of new data about ToxA.

ToxA isaproteinaceous NE produced by two wheat pathogens, Stagonospora nodorum and Pyrenophora tritici-repentis. Both pathogens
produce several other NEs and resistance is quantitatively inherited. ToxA makesasignificant contribution to virulence in interactions of
both specieswith wheat cultivarsthat carry the NBS-LRR gene Tsnl. Seven mature versions of the ToxA protein are encoded by different
ToxA genes in S. nodorum populations while a single version exists in most isolates of P. tritici-repentis. The genes exhibit an elevated
dN/dS ratio. known sensitive alleles of the gene in bread wheats encode an identical protein.

We expressed and purified 8 versions of ToxA. Circular dichroism spectra indicated that all versions were structurally intact and have
indistinguishable secondary structural features. We expect that each variant has a similar tertiary structure. All versionsinduced necrosis
whenintroduced into any Tsnl wheat line. However, we observed quantitative variation in effector activity for the different ToxA variants.
The least active version was the one present in isolates of P. tritici-repentis. Different wheat lines carrying identical Tsnl alleles varied
in sensitivity to ToxA. The presence of diversifying selection is often indicative of direct protein-protein effector/receptor interactions
leading to a co-evolutionary arms race. If diversifying selection led to the observed ToxA diversity, then given that all Tsnl alleles are
identical, we predict that the gene or genes encoding wheat proteinsthat interact with ToxA and with the Tsn1 gene product will also show
diversifying selection. An alternative explanation for the observed diversity isdirectional selection that hasfavoured ToxA allelesencoding
higher virulence in regions where Tsnl wheat is common. In either scenario, our results indicate that subtle differencesin effector alleles
may underlie quantitative differences in virulence in gene-for-gene systems.
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Control of the Chromosome Acetylation Cycle asa novel anti-fungal therapeutic strategy. Hugo Wurtele',*, Sarah Tsao®, Guylaine

Lépine', Alaka Mullick?, Jessy Tremblay? Paul Drogaris’, Eun-Hye Lee!, Pierre Thibault!, Alain Verreault® and Martine Raymond®.
Y nstitute for Researchin Immunology and Cancer, Université de M ontréal, M ontreal, Canada. 2Biotechnology Research I nstitute, National
Research Council of Canada, Montreal, Canada. hugo.wurtele@umontreal .ca

Candida albicansis afungal pathogen that causes life-threatening infectionsin immunocompromised individuals, such as AIDS patients
and those undergoing cancer chemotherapy. Although pharmacological agents are available to treat C. albicans infections, the emergence
of drug-resistant strains and hospital-acquired infections by healthy individualsisagrowing concern for healthcare organisations. In yeast,
histone H3 lysine acetylation (H3K56ac) is an abundant modification regulated by enzymes that have fungal-specific properties, making
them appealing targets for antifungal therapy. We show that H3K56ac in C. albicansis regulated by the Rtt109 acetyltransferase and the
Hst3 deacetylase. The absence of H3K 56ac sensitises C. albicansto currently employed antifungal agents. Inhibition of Hst3 by conditional
gene repression or nicotinamide treatment results in a dramatic loss of cell viability associated with anomalous filamentation and aberrant
DNA staining. Using genetic and pharmacological approaches, we demonstrate that inhibition of H3K 56 deacetylation reduces virulence
inamouse model of C. albicansinfection. Our results suggest that modulation of H3K 56ac may prove avaluabletarget to treat C. albicans
and possibly other fungal infections.

Genome-widescreensusinganatural product saponinidentify threePDR pathway target genes, PDR19, PDR20and PDR21, which
influencelipid homeostasisand membraneper meability in Saccharomycescerevisiae. Gary Franke, Daniel Chirinos, VirginiaAberdeen
and Scott Erdman. Dept. of Biology, Syracuse University seerdman@syr.edu

To investigate the mechanisms of action of an antimicrobial natural product saponin and to gain insights into lipid and membrane
homeostasisin fungi, we carried out two genome-wide screensin yeast to identify genesinvolved in these cellular processes. A collection
of 4,851 viable gene deletion strains was screened for growth rate on medium containing a triterpene glycoside (TTG) saponin. Deletant
strains sensitive or resistant to TTGs were identified and collectively were found to be enriched for genes involved in several cellular
processes, including lipid metabolism, cell wall assembly and toxin resistance. T his screen identified many known, previously known and
novel non-essential yeast genes whose absence affects growth under lipid and membrane disturbing conditions. A high copy plasmid
suppression screen of one significantly TTG-sensitive mutant was also performed to learn more about TTG effects and potential
mechanisms of resistance. This approach identified 11 different high-copy suppressors operating mainly through three pathways: vesicle
trafficking, stressresponses and the pleiotropic drug resistance (PDR) response. Analyses of the antifungal drug and chemical sensitivities
of deletion strains for a subset of these high copy suppressors demonstrate them to be members of a novel group of PDR target genes,
PDR19, PDR20 and PDR21, with specific rolesin lipid and membrane homeostasis functions. Physiological studies of cellslacking these
genes demonstrate their roles in influencing plasma membrane permeability in both normal and drug treated cells. Supported by NSF
grants: SGER #0222591 and NSF #0315946

Characterization of Fluconazole-related Chromosomal duplication in Cryptococcus neoformans. Popchai Ngamskulrungroj, Y un
Chang and Kyung J. Kwon- Chung M olecular Microbiology Section, Laboratory of Clinical Infectious Diseases, NIAID, NIH, Bethesda,
Maryland, USA Email: ngamskulrungrp@niaid.nih.gov

Cryptococcus neoformans, abasidiomycetousyeast, causesopportunisticinfection mainly in HIV patientsworldwide. Fluconazole (FLC),
an antifungal triazole drug, has been the drug of choice for the treatment of cryptococcosis and fluconazole therapy failure cases have been
increasingly reported. Recently, an intrinsic mechanism of adaptive resistanceto triazolestermed heteroresistance (HR) was characterized
in C. neoformans. Heteroresistance was defined as the emergence of aresistant minor subpopulation that could tolerate concentrations of
FL C higher than the strain’s MIC. The lowest concentration of fluconazole at which such a population emerged was defined asits LHF
(level of heteroresistant to fluconazole). These resistant subpopulationswere found to contain disomic chromosomes (Chr). Only Chr1 was
found to be duplicated in the populationsthat grew at their LHF. However, additional duplicationsinvolving Chr4, Chr10 and Chr14 were
observed as the drug concentration was increased. Theroles of ERG11, the major target of FLC, and AFR1, an ABC transporter with FLC
specificity, were found to be important for Chrl duplication. However, the factors affecting duplication of the other chromosomes have
not yet been identified. Since FLC is known to cause perturbation of the cell membrane and is effluxed by various ABC transporters, nine
genes on Chr4 that are putatively associated with such functions were disrupted by biolistic transformation. Regardless of their impacts
on FL C susceptibility, disruptions of the homologs SEY1, a GTPase, GLO3 and GCS1, the ADP-ribosylation factor GT Pase activating
protein, reduced the frequency of Chr4 duplication. In addition, deletion of a YOP1 homolog, which is known to interact with SEY1 and
located on Chr7, also reduced the Chr4 duplication frequency. This suggests that the function of these genes is important for duplication
of Chr4 under FLC stressin C. neoformans.
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Natural and acquir ed fenhexamid resistancein Botrytisspp.: W hat’sthedifference? AlexisBillard?, SabineFillinger®, Pierre Leroux?,
Jocelyne Bach?, Pauline Solignac!, Catherine Lanen?, Héléne Lachaise?, Roland Beffa?, and Daniéle Debieu’ '‘BIOGER CPP, INRA
Versailles-Grignon, France; Bayer Cropsciences, La Dargoire Research Station, Lyon, France - debieu@versailles.inra.fr

Antifungal compounds such as ergosterol biosynthesis inhibitors are widely used to control crop diseases. Among them, one of the most
recent, the hydroxyanilide fenhexamid, is efficient principally against Botrytis cinerea, the major causal agent of grey mould. Fenhexamid
is anew type of ergosterol biosynthesis inhibitor affecting the sterol C4 demethylation processes due to its specific interaction with one
of the four proteins of the enzymatic complex, the 3-keto reductase. Our regular monitoring conducted on French vineyards allowed the
identification of the first isolates of B. cinerea with acquired resistance. Two types of resistant isolates named HydR3" and HydR3" were
distinguished by their resistance level. Thisacquired resistance is due to point mutationsin the erg27 gene leading to target modifications.
These modificationsinduce areduced in affinity of fenhexamid towardsitstarget, the 3-keto reductase. Because of their high resistant level,
the HydR3" strains have to be considered relative to therisk of resistance phenomenom occurrence in vineyards. Fitness studies conducted
in vitro on isogenic mutants showed altered “overwintering” capacities of HydR3* mutants suggesting that they probably do not impact
fenhexamid’s field efficacy. While B. cinerea’s acquired resistance could be explained only by target modifications, asin most cases of
fungicide resistance, the situation is different for the related species Botrytis pseudocinerea naturally resistant to fenhexamid. W e show
that erg27 polymorphism only slightly contributes to resistance whereas fenhexamid detoxification by a cytochrome P450 named cyp68.4
is the major mechanism responsible for the resistance. Thisisthefirst case of afunctional validation of fungicide detoxification involved
in resistance.

Fungicide use and the emer gence of azole resistance in the opportunistic mold Aspergillus fumigatus. Paul E. Verweij. Radboud
University Nijmegen Medical Center, Nijmegen, the Netherlands

Resistance of fungi to antifungal agents has always been perceived as a minor factor in the outcome of invasive fungal infections. Until
recently the species identification of the infecting fungus was an important aid to guide antifungal therapy. However, evidence is
accumulating that indicates that acquired resistance may develop and contributesto treatment failure. Thishas been observed most notably
in aspergilli that become resistant to antifungal azoles.

The class of the azoles have become the most prominent class of compounds for the management of invasive aspergillosis. The clinically
licensed triazoles with activity against Aspergillus include itraconazole, voriconazole and posaconazole. The azoles interact with the
biosynthesis of ergosterol, which isan important component of the fungal cell membrane. Aspergillus species with acquired resistance to
azoles have been reported recently, especially in A. fumigatus. It appears that resistance may develop during azole therapy, especially in
patients with chronic therapy including patients with chronic disease and aspergilloma. Another route of resistance development may be
exposure of Aspergillusto azolefungicidesthat are used in our environment. Patientswould then inhal e azol e-resistant conidiaand develop
azole-resistant aspergillosis. The consequence of this route of transmission is that azole-resistant disease may occur in patients without
previous exposure to azole compounds. Azole resistanceiscommonly due to mutationsin the Cyp51A-gene and isassociated with different
phenotypes. One resistance mechanism (TR/L98H) is highly dominant in the Netherlands, but has also been reported in other European
countries including Denmark and Norway. A. fumigatus isolates with TR/L98H have also been recovered from the environment. Azole-
resistant A. fumigatusisolates appear to remain virulent and are capable of causing invasive diseasein patients at risk. The efficacy of azole
compounds against azole-resistant isol ates, with different resi stance mechanisms, hasbeen investigated in experimental modelsof invasive
aspergillosis. These indicate that the minimal inhibitory concentration (MIC) has major impact on the efficacy of the azole. Recently a
second resistance mechanism hasemerged in the Netherlands, following asimilar pattern to that of TR/L98H. Thisindicatesthat the health
risks associated with the use of azole fungicides should be reassessed.
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M echanisms of multiple fungicide resistance in Botrytis cinerea populations from vineyards and strawberry fields. Michaela
Leroch!, AndreasM osbach?, CeciliaPlesken?, DennisM ernke?, Anne-Sophie W alker?, Sabine Fillinger?, M atthiasK retschmer*and M atthias
Hahn'. 'Department of Biology, University of K aiserslautern, Postbox 3049, 67663 K aiserslautern, Germany. 2ANRA-UR 1290 BIOGER-
CPP, Avenue Lucien Bretignie'res BP 01, F78850 Thiverval-Grignon, France, E-mail: mleroch@rhrk.uni-kl.de

Botrytis cinerea causes losses of important crops worldwide. Fungicide treatments are effective for plant protection, but bear the risk of
resistance development. M onitoring of Botrytis cinerea strainsin French and German vineyardsrevealed an increasing occurrence of both
MDR (multidrug resistance) strains and specific (target site) resistance against fungicides. Three MDR phenotypes were distinguished
according to their fungicide resistance spetra. MDR1 strains show reduced sensitivities against fludioxonil and cyprodinil, and MDR2
strains against fenhexamid and iprodion. M DRS3 strainsresult from recombination of MDR1 and MDR2 strains. In MDR1 strains, several
point mutations in atranscription factor encoding gene (mrr1) lead to constitutive activation of the ABC transporter gene atrB. In MDR2
strains, overexpression of the M FS transporter gene mfsM 2 is aresult from two rearrangementsin the mfsM2 promoter caused by insertion
of aretroelement derived sequence.

Incontrast to 2-3 fungicide treatments against Botrytisin vineyards, treatmentsin strawberry fields often occur weekly, resulting in repeated
use of the same fungicides. Botrytis strains isolated from German strawberry fields showed a high occurrence of multiple fungicide
resistance, due to a combination of specific and M DR resistance mechanisms. We also detected a new MDR phenotype (MDR1", with
higher resistance levels than MDRL1 strains, leading to higher constitutive overexpression of atrB. Interestingly, most of the strawberry
isolates show significant sequence divergence compared to known B. cinerea populationsfrom vineyardsindicating anovel genetic group.
The taxonomic status of these isolates and the mutations leading to MDR1"is currently under investigation.

Remodeling of thefungal cell wall contributesto Fludioxonil and Ambruticinresistancein theder matophyte Trichophyton rubrum.
Nalu Peres', Diana Gras', Pablo Sanches!, Antonio Rossi', Rolf Prade?, Nilce Martinez-Rossi . *University of Sao Paulo - Brazil,
20Oklahoma State University - USA. e-mail: nalu@usp.br

Fungal infections have become a health problem worldwide, leading to the need for the development of new efficient antifungal agents.
Although dermatophytesdo not cause life-threatening diseases, there arereports of deep infectionsand severelesionsin immunossupressed
patients and impairment of living standards of the infected individuals. The antifungal compounds Fludioxonil and Ambruticin present a
unique mode of action, interfering with the fungal osmotic signaling pathway. We evaluated the effect of these drugs on Trichophyton
rubrum, and low doses of the drugs inhibit growth of this dermatophyte, leading to hyphal-tip swelling, rupture of cell wall, and leakage
of cell contents. Weisolated Ambruticin/Fludioxonil resistant mutantswith UV, which showed enhanced conidiation, altered pigmentation,
modified vegetative growth rates, and higher sensitivity to osmotic stress. Using the sib-selection approach we isolated two genes encoding
a phospholipid transporter and the glucan 1,3- beta glucosidase protein, which conferred resistance to Ambruticin and Fludioxonil to the
wild type strain. Since these enzymes are involved in the remodeling of fungal cell wall, we suggest that this process may be an important
mechanism contributing to the resistance to both drugs. Financial Support: FAPESP, and CNPq.

Global analysis of the evolution and mechanism of echinocandin resistancein a series of Candida glabrata clinical isolates. Sheena
D. Singh-Babak & Leah E. Cowen Department of M olecular Genetics, University of Toronto, Ontario, Canada

Candida species are the leading fungal pathogens of humans and C. glabrata is now second to C. albicans as the most prevalent Candida
species due to itsintrinsic resistance to the most widely used class of antifungals, the azoles. As aresult, the newest class of antifungals,
the echinocandins, iscommonly employed to treat C. glabrata infection. My work thus far established that the molecular chaperone Hsp90
plays arole in resistance to the cell wall stress exerted by the echinocandins via the client protein calcineurin in C. albicans. Here we
present new work that implicates both Hsp90 and calcineurin asregulatorsthat enable survival of cell wall stress exerted by echinocandins
in aseriesof C. glabrata isolates that evolved drug resistance in a human host. Genome wide sequencing unveils 45797 single nucleotide
variants between thelatest clinical isolate and the reference sequence CB S138. Strikingly, only 9 non-synonymous SNV s between the early
and late clinical isolates were found. Furthermore, we find a mutation in the echinocandin target FKS2 previously reported to confer
resistance in C. glabrata clinical isolates. Quantitative RT-PCR experiments revealed that deletion of calcineurin blocks the induction of
the resistance determinant FK S2. T hus, our work identifies mutations that accompany the evolution of drug resistance in a human host on

a genome-wide scale and suggests a new mechanism of resistance to the echinocandins.
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Biobased products, Biofuels, and Bioenergy (W alton/Punt) Merrill Hall

SystemsBiology Approachesto Understanding Plant Cell W all Degradation in aM odel FilamentousFungus. N. Louise Glass, Plant
and Microbial Biology Department, The University of California, Berkeley, CA 94720-3102

The filamentous fungus Neurospora crassa is a model laboratory organism, but in nature is commonly found growing on dead plant
material, particularly grasses. Understanding the degradation of plant biomass by filamentous fungi will provide insights and tools for
improving cellulosic biofuel production. Using functional genomics resources available for N. crassa, which include a near-full genome
deletion strain set, tools for expression analysis (whole genome microarrays and RNA-Seq) and cell biological tools, we have undertaken
a systemwide analysis of plant cell wall and cellulose degradation. We identified approximately 770 genes that showed expression
differences when N. crassa was cultured on ground Miscanthus stems as a sole carbon source. By interrogating the near full-genome
deletion set for strains that either increase or decrease celloloytic activity, we have identified novel regulators and predicted secreted
proteins that profoundly affect the ability of N. crassa to deconstruct plant cell wall material. We show that N. crassa relies on a high-
affinity cellodextrin transport system for rapid growth on cellulose. Reconstitution of the N. crassa cellodextrin transport system in
Saccharomyces cerevisiae promotes efficient growth of this yeast on cellodextrins. In simultaneous saccharification and fermentation
experiments, the engineered yeast strains more rapidly convert cellulose to ethanol when compared with yeast lacking this system. These
results show that the powerful tools available in N. crassa allow for a comprehensive system level understanding of plant cell wall
degradation mechanisms used by a ubiquitous filamentous fungus.

Improving fungal enzymes for biomass conver sion. Goutami Banerjee, Suzana Car, John S. Scott-Craig, M elissa Borrusch, Jonathan
D. Walton. Great Lakes Bioenergy Research Center, Michigan State University, East Lansing, Michigan, USA

The cost of enzymes for converting plant biomass materials to fermentable sugars is a major bottleneck in the development of a viable
lignocellulosic ethanol industry. Commercial enzyme mixtures currently available, which are mainly from species of Trichoderma and
Aspergillus, are complex and poorly defined. In order to lower the cost of enzymes we need enzyme cocktails of higher specific activity.
Our approach to this problem is to use pure enzymes to design synthetic, defined, and optimized mixtures. In this way we learn which
enzymes are important for biomass deconstruction and in what optimal proportions. Synthetic mixtures also provide a platform that can
be used to find new accessory enzymes and better examples of current enzymes. We have made synthetic mixtures optimized for release
of glucose and xylose from alkaline pretreated feedstocks containing more than 16 enzyme components using statistical design of
experiment and robotic liquid handling systems. To date, our enzymes have been derived from Trichoderma reesei, but novel enzymesthat
act synergistically with those of Trichoderma can be discovered and validated with our system. . The goal of this research is to make
enzyme mixtures for biomass applications that have higher specific activity and thus lower cost.

Engineering of Saccharomyces cerevisiae for efficient alcoholic fermentation of plant biomass hydrolysates. Antonius (Ton) J.A.
van Maris. Delft University of Technology.

Fuel ethanol production from plant biomass hydrolysatesby Saccharomycescerevisiaeisof great economic and environmental significance.
Construction of yeast strainsthat efficiently convert potentially fermentable substratesin plant biomass hydrolysatesinto ethanol isamajor
challenge in metabolic engineering.In this presentation synthetic biology strategiesthat enable fermentation of mixtures of glucose, xylose
and arabinose as well as reduction of the by product glycerol, will be discussed.

Comparative genomics of xylose-fer menting fungi to enhance microbial biofuel production. DanaJ. Wohlbach'? Alan Kuo® Trey
K. Sato?, Katlyn M. Potts', Asaf Salamov®, Kurt M. LaButti®, Hui Sun®, Alicia Clum?®, Jasmyn Pangilinan® ErikaLindquist®, Susan Lucas’,
AllaLapidus®, Robert Zinkel? KerrieW. Barry®, Igor V. Grigoriev®, Audrey P. Gasch'? 'University of Wisconsin-M adison, M adison, W1,
Great Lakes Bioenergy Research Center, Madison, W1, 3US Department of Energy Joint Genome Institute, Walnut Creek, CA.

Cellulosic biomass is an abundant substrate for biofuel production; however, many microbes cannot natively metabolize pentose sugars
within hemicellulose. Although engineered Saccharomyces cerevisiae can utilize the pentose xylose, the fermentative capacity palesin
comparison to glucose, limiting the economic feasibility of industrial fermentations. T o better understand xylose utilization for subsequent
microbial engineering, we sequenced the genomes of two xylose-fermenting, beetle-associated fungi: Spathaspora passalidarum and
Candidatenuis. Toidentify genesinvolved in xylose metabolism, we applied acomparative genomic approach acrossfourteen Ascomycete
genomes, mapping phenotypes and genotypes onto the fungal phylogeny, and measured genomic expression across five Hemiascomycete
species with different xylose consumption phenotypes. Together, this implicated many new genes and processes involved in xylose
assimilation. Several of these genes significantly improved S. cerevisiae xylose utilization when engineered in this species. This work
demonstratesthe power of comparative methodsin rapidly identifying key genesfor biofuel production whilereflecting on fungal ecology.
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Production of Pravastatin by metabolically engineered Penicillium chrysogenum cells. M. Hans, B. Meijrink, P. Klaassen, S. Hage,
A.Vollebregt, L. Raamsdonk, R. Lau, W. van Scheppingen, J.M. van der Laan, D. Jacobs, M. van den Berg and Roel Bovenberg. DSM
Biotechnology Center, Alexander Fleminglaan 1, 2613AX Delft, The Netherlands

ThefilamentousfungusPenicillium chrysogenumiswidely used inindustry for the fermentative production of antibioticssuch aspenicillins
and cephalosporins. By employing decades of classical strain improvement, strains were identified which showed increasingly higher
productivities as well as beneficial fermentation behaviors. Given the often lengthy and therefore costly strain development programs for
new products, it would be desirable to be able to benefit from such improved strain lineages by using them to create high-productivity
industrial strainsfor novel engineering approaches. Such an approach would lead to shorter and therefore less expensive R& D programs.
At DSM, work towards that goal focused on the generation of Penicillium chrysogenum strainsin which “unwanted” metabolites such as
beta-lactams were abolished, but still harbored the beneficial features leading to high fermentation productivities. Such “empty strains”
were harnessed for the strain development of novel fermentation processes of substances different from beta-lactams and unknown to the
Penicillium chrysogenum metabolism. As a main example, construction of a high productivity strain for the cholesterol lowering drug
Pravastatin is described. Currently, Pravastatin is industrially produced by Penicillium citrinum fermentation of the natural product
precursor compactin followed by a bioconversion with Streptomyces carbophilus, yielding the hydroxylated product pravastatin. DSM’'s
breakthrough technology resulted in a Penicillium chrysogenum one-step fermentation ensuring an environmentally and economically
advantageous process. Towards this goal, the whole compactin biosynthetic gene cluster from Penicillium citrinum was heterologously
expressed in Penicillium chrysogenum, yielding high productivities of compactin. Subsequently, a P450 compactin hydroxylase was
discovered and engineered |eading to high levels of pravastatin production. Further strain and processimprovementsincluding up-scaling
to several cubic meter fermentation volumes were carried out.

Oxido-reductive metabolism of L -arabinose and D-galactose in filamentous fungi: M etabolic crosstalk versus specific enzymes.
Dominik Mojzita, Outi M. Koivistoinen, Kiira Vuoristo, Laura Ruohonen, Merja Penttild and Peter Richard VTT Technical Research
Centre of Finland, Espoo, Finland dominik.mojzita@vtt.fi

L -arabinose, the second most abundant pentose sugar, is used as a carbon source by a variety of microorganisms living on decaying plant
material. Fungal microorganisms catabolize L -arabinose through an oxido-reductive pathway. W e have identified two missing linksin the
pathway, L-arabinose and L -xylulose reductasesin A.niger. D-galactoseisarelatively rare hexose sugar in the plant cell wall mainly found
in galactoglucomannan. There are three pathways indentified in fungi for D-galactose degradation; 1) the Leloir pathway in which
D-galactose is phosphorylated, 2) the oxidative pathway which starts by an extracellular galactose oxidase reaction, and 3) a recently
proposed oxido-reductive pathway which resembles the pathway for L-arabinose catabolism. It has been suggested in T. reesei and A.
nidulans the oxido-reductive D-galactose pathway employs the enzymes from the L -arabinose pathway. It starts with the conversion of
D-galactoseto D-galactitol, probably carried by the xylose/arabinose reductase. The second step is catalyzed by L-arabitol dehydrogenase
and the product of the reaction is an unusual sugar L-xylo-3-hexulose. We have identified the L -xylulose reductase possesses the activity
with this intermediate which is converted to D-sorbitol. Finally, D-sorbitol is oxidized to D-fructose, which enters glycolysis. We have
studied the pathway in A. niger and uncovered a more complex picture. Apart from showing the possible involvement of the L-arabinose
pathway enzymes, weidentified two dehydrogenases specifically induced on D-galactose, suggesting that A. niger might have specific genes
for catabolism of D-galactose rather than using metabolic crosstalk suggested for T. reesei and A. nidulans.

Biobased Antibiotics From Basidios : ldentification and manipulation of the pleuromutilin gene cluster from Clitopilus
passeckerianus. S. Kilaru, C. Collins, A. Hartley, K. de Mattos-Shipley, P. Hayes, Andy M. Bailey* and Gary D. Foster* School of
Biological Sciences, University of Bristol, Bristol, BS8 1UG, UK andy.bailey@bristol.ac.uk or gary.foster@bristol.ac.uk

W ith bacteria becoming resistant to antibiotics, there is a growing need to find new sources of antibiotics. Our work has focussed on the
organism C. passeckerianus which produces a natural antibiotic, pleuromutilin. Recently, a derivative of pleuromutilin, retapamulin
(developed by GSK) was approved for usein humans. Clinical trials have demonstrated its efficacy against certain Gram-positive bacteria
including MRSA. We have developed all the toolsto manipulate thisimportant organism, and will present results on transformation, gene
manipulation and enhancement, aswell asgene isolation and mapping. Thesetoolshave allowed usto isol ate the pleuromutilin gene cluster.
Using the molecular tools we have been able to identify all genes involved, their roles, and perhaps most importantly, the ability to
manipulate to elevate levels of antibiotic production and deliberately alter products produced. These results demonstrate that we are able
to manipulate and control the Clitopilus genome. This provides a molecular toolbox which makes it possible to identify and manipulate
individual genes of thisfungus, and leading to some major new drugswhich are not compromised by antibiotic-resistant strains of bacteria.
The results will open up major opportunities for other previously intractable systems and antibiotics in fungi.
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Production of dicarboxylicacidsby Aspergilluscarbonarius, theengineering of anovel biochemical cell factory. NielsBjgrn Hansen,
M ette L ibeck & Peter Stephensen L iibeck Section for Sustainable Biotechnology; Aalborg University Copenhagen. Lautrupvang 15, 2750

Ballerup, Denmark

The production of dicarboxylic acids by A. carbonariusis conducted under aWP involved in the European Commission’s 7th framework
supported Biorefinery project, SUPRABIO. SUPRABIO handles research, development and demonstration of sustainable production of
fuels, chemicals and materialsfrom biomass. For the economically and biological production of building blocks (BBs), the most promising
BBs have been identified as four carbon 1,4 diacids; specifically the very high valued chiral acids. These acids have been shown to be
fermented by several fungi, however, the yields and the productivity have not been shown to be substantial enough to sustain an industrial
unit operation. Recent improvements in metabolic engineering have highlighted genomic modifications that increase the cytosolic flux of
four carbon diacids in Y east. Also, the sequencing of acid tolerant fungi unprotected by patenting restrictions opens up for novel cell
factories. Theseissuesand improvementslay the groundsfor thisW P that focuseson the utilization of C5- and C6 sugar biorefinery streams
for the fermentation of high valued compounds. We have found afungal strain that form the basis organism for the development of anovel
cell factory by genomic changes that enhance production of defined compounds. Currently progress involves genomic manipulation,
biorefinery side stream adaptation, and characterization of genetic changesin A. carbonarius.

26" Fungal Genetics Conference 91 Concurrent Session Abstracts



High Throughput M ethods for Filamentous Fungi (Berg-van-den/Wiest) Heather

New methodsfor High Throughput generation of precisegene knock-outsof Penicillium chrysogenum . Bianca Gielesen, Lindavan
den Hoogen, Hilde Huininga, Hesselien Touw, L aurens Ekkelkamp, Richard Kerkman & M arco van den Berg. DSM Biotechnology Center
699-0310, Alexander Fleminglaan 1, 2613 AX Delft, The Netherlands

In recent years the genome sequences of several industrially important filamentous fungi have been deciphered (i.e. Aspergillus niger, A.
oryzae, A. terreus, Hypocrea jecorina and Penicillium chrysogenum). In order to efficiently sort out the functions of all genesin relation
to the industrial applications improved methods needed to be developped. Generally, such studies start by detailed gene annotation and
genome wide omics studies, using platforms like microarrays, proteomics and in silico modelling. However, as a large proportion of the
genes are annotated as hypothetical genes, functional gene studies are needed to get insight in a possible correlation between gene and
productivity.

Therefore, we set out to significantly improve the available toolbox for precise engineering of filamentous fungi with a special focus on
automation and high-throughput experimentation. Thetoolsdevelopped are applicableto all fungi, but herewewill report ontheapplication
to P. chrysogenum. Historically, DSM has along experience in penicillinG classical strain improvement and has optimized it during the
second half of 20th century towards its current efficiency. Several of the rationales learned during those years were applied in order to
develop efficient and automated methods. Recently, we reported onthe genome sequence of theinternational laboratory strain Wisconsin54-
1255, detailed annotation and transcriptome studies*. Here, wewill report the devel opment of new methodswhich facilitated usto generate
precise gene knock-outs of Penicillium chrysogenum in a high throughput setting.

*Van den Berg et al. (2008) Genome sequencing and analysis of the filamentous fungus Penicillium chrysogenum. Nat Biotechnol.
26:1161-1168.

Fungal enzymes for biomass deconstruction. Suzana Car, Goutami Banerjee, John S. Scott-Craig, Melissa S. Borrusch, Jonathan D.
Walton Great L akes Bioenergy Research Center, Michigan State University, East Lansing, Michigan, USA.

Enzymes for biomass deconstruction are a major cost in the production of ethanol from lignocellulosic biomass. Currently available
commercial enzyme cocktails have generally been optimized for acid-pretreated stover from corn and other grasses and are therefore
unlikely to be well-adapted for all of the pretreatment/biomass combinations that exist now and that will emerge in the future. In order to
understand better which enzymes, and in what proportions, are optimal for biomass deconstruction, we have developed a high-throughput
analysis platform called the GLBRC Enzyme Platform (GENPLAT). We have used this platform to optimize synthetic enzyme cocktails
on a variety of pretreated feedstocks, and to evaluate more than 18 fungal enzymes in order to understand their roles in biomass
deconstruction. To date, all of our enzymes are derived from Trichoderma reesei, but many other fungi contain enzymes that might
contribute to biomass degradation. Weareusing GENPLAT and our synthetic mixturesto “bioprospect” for novel accessory enzymes and
superior key enzymes. This poster summarizes our effort to better understand the immense potential and roles of fungal enzymes in
deconstructing lignocellulosic biomass, with the ultimate goal of contributing to the development of a practical lignocellulosic ethanol
industry.

From one to ten thousand mutants: the development of high-throughput methods at the Fungal Genetics Stock Center. Kevin
M cCluskey. University of Missouri- Kansas City.

Complementing classical forward genetic methods, reverse genetic approaches have added to the wealth of information generated by
studying mutant fungal strains. The FGSC originally dealt in individual mutant strains, and approximately 1500 genes were defined by
forward genetic approaches. The advent of whole genome sequencing revealed closer to 10,000 genesin this, and other filamentous fungi.
To study these genes, anumber of groups have developed systematic gene deletion programs. With over 10,000 N eurospora mutants, 2,000
Candida mutants and 1,400 Cryptococcus mutants, the FGSC has leveraged its experience in handling and distributing genetically
characterized strains to increase 100 fold the number of strains distributed annually. While techniques for manipulating the yeasts are
available, we have developed protocols for arraying and replicating arrayed sets of filamentous fungi and have applied these techniques
to produce both standard and custom arrayed mutant sets. These arrayed sets of Neurospora del etion mutants have been distributed around
theworld and are contributing to the growth in labsusing Neurosporaasamodel filamentous fungus. Complementary research at the FGSC
has led to the development of anovel selectable marker aswell as characterization multiple classical mutants by whole genome sequencing.
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Comparative phenotyping coupled with high throughput forward geneticsand genedeletion strategiesrevealsnovel deter minants
of pathogenicity in therice blast fungus Magnaporthe oryzae. Janet Wright, Cristian Quispe Jessie Fernandez, David Hartline, Karina
Stott, Anya Seng, Jonathan Hinz and Richard A. Wilson. Department of Plant Pathology, University of Nebraska-Lincoln, USA.
rwilson10@unl.edu .

To causerice blast disease, Magnaporthe oryzae has distinct morphogenetic stages that allow it to breach the surface of the host leaf and
invade the plant tissue. The sugar sensor trehal ose-6-phosphate synthase (T psl) monitors the transition from the nutrient-free surface to
the nutrient-rich interior of the leaf and regulates plant infection viaa NADP(H)-dependent genetic switch. However, which metabolic and
regulatory pathways are required for the fungus to adapt to the fluctuating nutritional environment of the plant host, and how it acquires
nutrient during its biotrophic growth phase, is not known. Therefore, using simple plate tests, we sought to determined which biochemical
pathways, over- or under-represented in the plant pathogen M. oryzae compared to the soil saprophyte Aspergillus nidulans, could be
required for the rice blast lifestyle. We also compared to wild type the metabolic diversity of key M. oryzae regulatory mutants, such as
Atpsl and Anutl deletion strains (the | atter required for nitrogen source utilization). Finally, we coupled thiscomparative phenotyping study
to high throughput A grobacterium-mediated forward genetics and gene del etion strategiesto rapidly identify and functionally characterize
the role of important biochemical and regulatory pathways in disease establishment. In this manner, we report here how carbon catabolite
repression and citrate efflux is essential for virulence, and how perturbing histone gene regulation results in severe condial reduction and
complete loss of pathogenicity in the devastating rice blast fungus.

A reverseand forward genetic clock-screening strategy toidentify new cir cadian regulatorsin Neurosporacrassa. LuisF. Larrondo”
Jennifer J. Loros*, Jay C. Dunlap* and Alejandro M ontenegro-M ontero® - DGM M . P. Universidad Catélica de Chile. *- Dept. Genetics,
Dartmouth M edical School, USA.

Neurospora circadian rhythms can be indirectly followed by the overt rhythmic appearance of spores (conidial banding). M utations that
affect circadian-gene expression, but not overt rhythmic conidiation, are normally overlooked. To overcome this and other limitations a
fully-codon optimized luciferase reporter system for N. crassa was developed. By putting this real-time reporter under the control of
promoter regions containing circadian elements, rhythms in transcription of frq (oscillator component) or clock-controlled genes (ccgs)
can be easily tracked for over a week. Moreover, by generating FRQ-LUC translational fusion strains, rhythms in FRQ protein can be
followed in a semi- quantitative manner. By using a bioluminescence high-throughput screening platform and following a reverse and
forward genetic screening strategy and functional genomic tools, we have started to identify interesting candidates affecting either the core
oscillator or the output pathways. Thus, we have identified at least one transcription factor that regulates the expression of some ccgs,
potentially representing adirect link between the W CC (core oscillator) and the downstream output machinery. In addition, we have started
to map anew mutant displaying both aperiod defect and femal e sterility. Asaresult, thisnew experimental setup has started to reveal novel
molecular details of the Neurospora clock. Funding: FONDECY T 1090513

Screens of a Candida albicans homozygous gene disruption library reveal novel regulators of virulence and commensalism
Suzanne Noble MD, PhD. Department of Medicine, Division of Infectious Diseases and Department of Microbiology & Immunology,
UCSF School of Medicine, San Francisco, CA

Candida albicans is a normal commensal of the human gut microbiome, as well as the most common cause of disseminated fungal
infections. Its ability to transition among yeast, hyphal, and pseudohypha morphologies has been strongly linked to virulence. We
constructed a library of nearly 700 homozygous gene knockout mutants of this obligate diploid organism and screened the mutants for
competitive fitness in a mouse model of disseminated disease, as well as for morphogenesis and proliferation rate in vitro (Noble et al.,
2010). Our results confirmed astrong association between morphogenetic transitions and virulence but also highlighted a group of mutants
that affect fitnessin the host independently of morphogenesis or proliferation rate. Focused studies of the virulence-specific mutants have
exposed several novel pathways of virulence, including an iron homeostasis regulatory pathway that we demonstrate is also required for
the commensal lifestyle of this ubiquitous mammalian fungus.

Noble, S.M ., French, S., Kohn, L.A ., Chen, V., and Johnson, A.D. (2010). Systematic screens of a Candida albicans homozygous deletion
library decouple morphogenetic switching and pathogenicity. Nat Genet 42, 590-598.
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High throughput analysisof genefunction by comparative genomics. M asayuki M achida’, Hideaki K oike?, Y oshinori K oyama, Myco
Umemura®’, Hiroko Hagiwara®, Tomoko Ishii', Tomomi Toda!, Noriko Y amane, Akira Ohyama? Jiujiang Y u®, Thomas E. Cleveland®,
Keietsu Abe*, Motoaki Sano®, Shinichi Ohashi®, Tsutomu Ikegami?, M akoto Y ui’, Y usuke Tanimura?, Isao K ojima?’, Satoshi Sekiguchi?,
Goro Terai® ToshitakaK umagai’, Toutai M itsuyama®, K atsuhisaHorimoto?, Kiyoshi Asai*Natl. Inst. Adv. Ind. Sci. Tech. (AIST), 2 nsilico
Biology, South Reg. Res. Center (SRRC), “Tohoku U., °K anazawa Inst. Tech. (KIT), 9NTEC Systems Inst., ‘Fermlab.

Comparative genomics and comparative functional genomics are known to be a powerful tool to address gene function. We have
successfully applied it to predict candidates of essential genes from Aspergillus oryzae for the screening of anti-fungal reagents. It also
provides useful information for exploring secondary metabolism genes. Currently, we are sequencing several genomes of microorganisms
with unique characteristics including yeasts and filamentous fungi, and are analyzing their transcription expression profiles by DNA
microarray and metabolites by LC/MS. The information generated is subjected to our bioinformatics pipelines including assembling,
annotation and other analyses by the tools developed by our informatics team. Since general methods in the comparative genomics fields
have not been well established, we are devel oping add-on toolsto incorporate new featuresfor the software that flexibly displays sequences,
genes, annotations, expressions from DNA microarray. By this software, any additional information of interest can be superimposed onto
the genetic information by importing the data in various formats such as GenBank, GFF and so on. Examples of our trial by using the
platform above will be discussed.

Secretome discovery reveals lignocellulose degradation capacity of the ectomycorrhizal fungus Paxillus involutus. Doris Roth?,
Francois Rineau?, Peter B. Olsen®, Tomas Johansson?, Andrea L. L. Valal, Morten N. Grell*, Anders Tunlid?, Lene Lange'. ‘Section for
Sustainable Biotechnology, Aalborg University, Copenhagen, Danmark. 2Department of Microbial Ecology, Lund University, Sweden.
3Novozymes A/S, Bagsvaerd, Danmark. droth@bio.aau.dk

To improve our understanding of the role ectomycorrhizal fungi play in biomass conversion, we studied the transcriptome of P. involutus
grown on glass beadsin extract of soil organic matter. The mycelium wasused for acDNA library screened by Transposon-Assisted Signal
Trapping (TAST") for genes encoding secreted proteins. We identified 11 glycoside hydrolases (GH), none of them being cellulases of
the GH families 6, 7 and 45, which constitute the well described enzymatic cellulose degradation system from numerous efficient
cellulolytic fungi. In contrast, several predicted enzymes, namely a laccase and oxidoreductases possibly contribute to hydroxyl radical
formation. The most abundant GH found was GH61, although typically described as accessory protein in the enzymatic cellulolytic
apparatus. All in all, our results suggest that the cellulose degradation system of P. involutus resembles the brown rot fungi systems. In
addition, GH61 apparently acts as accessory protein both in enzymatic and in radical-based cellulolysis. * Becker et al., J. Microbial
M ethods, 2004, 57(1), 123-33
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Population Genomics (Anderson/Stukenbrock) Kiln

Evolution of lineage-specific chromosomesin the Fusarium oxysporum species complex Sarah M. Schmidt?, Li-Jun Ma?® H. Corby
Kistler* and Martijn Rep® * Plant Pathology, SILS, University of Amsterdam, 1090 GE Amsterdam, The Netherlands 2 Broad Institute,
Cambridge, MA, s University of M assachusetts Amherst, MA, USA, 4 plant Pathology, ANRS, 6030 St Paul Campus, MN, USA.

Fusarium oxysporum is a soilborne fungus that causes wilt disease in many plant species by colonizing the host xylem vessels. The F.
oxysporum species complex is a collection of apparently asexual non-pathogenic and pathogenic clonal lineages. M any lineages harbor
unique genomic sequences residing mostly on extra chromosomes. In the tomato wilt strain F. oxysporum f. sp. lycopersici (Fol) the
phylogenetic history of these lineage- specific (LS) chromosomes differs from the core genome. To investigate the origin of the LS
chromosomes and their relation to host specificity within the F. oxysporum species complex we are currently analyzing genomic sequences
of strains with host specificities towards Arabidopsis, cotton, human, pea, banana, cabbage, radish and melon. T his genomics approach
is complemented by a proteomics approach. In the interaction between Fol and tomato, the fungal effectors that are secreted in the xylem
sap are crucial determinants of virulence and are encoded on L S chromosomes. W e are presently investigating Fo f. sp. melonis effectors
that are secreted during melon infection, as a first step towards assigning a virulence function to LS genes in this pathogenic strain.

Sexual recombination and the possibility of cryptic heterokaryosisin Aspergillusflavus. Rodrigo A. Olarte!, Bruce W. Horn?, James
T. Monacell® Rakhi Singh', Eric A. Stone®**, Ignazio Carbone’. 'Plant Pathology, NCSU, Raleigh, NC 27695 °NPRL, USDA-ARS,
Dawson, GA 39842 *BRC, NCSU, Raleigh, NC 27695 “Genetics, NCSU, Raleigh, NC 27695

Aspergillusflavusinfectsboth plantsand animalsand is of toxicological importance dueto itsproduction of aflatoxins (AFs). Recent efforts
to reduce AF concentrations have focused on the use of the biocontrols AF36 and Afla- Guard®, both of which contain nonaflatoxigenic
A. flavus strains as an active ingredient. Biocontrols are applied to fields, where they competitively exclude native aflatoxigenic strains.
Although biocontrol is effective in reducing AF contamination in crops, the extent to which these strainsrecombine with native strains and
the overall effect on fungal populations are unknown. Here we show that the recombination breakpoints in the F1 correlate with the
breakpointsinferred from population genetic studies of natural isolates. Furthermore, we demonstrate that a crossover event withinthe AF
cluster can repair a nonsense mutation, resulting in a regained aflatoxin-producing phenotype. Finally, we observed non-M endelian
inheritance of extra-genomic AF cluster alleles in crosses with partial AF cluster parents, suggesting a possible role of cryptic
heterokaryosis, in addition to sexual recombination, in modulating AF production. Collectively, these processes may contributeto increased
effective population sizes and drive genetic and functional hyperdiversity in A. flavus.

Population genomicsand local adaptation in Neurospora crassa isolatesfrom the Caribbean Basin. Christopher E. Ellison?, Charles
Hall', David Kowbel?, Juliet W. Welch?, Rachel B. Brem? N. Louise Glass', John W. Taylor! Departments of Plant & Microbial Biology
and *Molecular and Cell Biology, University of California, Berkeley, CA 94720-3102, USA. cellison@berkeley.edu

The elucidation of the genetic basis of adaptation isahighly sought after, yet rarely achieved goal. Thusfar, most instances where adaptive
alleles have been discovered involved identifying candidate genes based on their having a function related to an obvious phenotype such
as pigmentation. This "forward-ecology" approach is difficult for most fungi because they lack obvious phenotypes. We have used a
"reverse-ecology" approach to identify candidate genes involved in local adaptation to cold temperature in two recently diverged
populations of Neurospora crassa by performing high-resolution genome scans between populations to identify genomic "islands" of
extreme divergence. We find two such islands containing genes whose functions, pattern of nucleotide polymorphism, and null phenotype
are consistent with local adaptation.
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The making of a new pathogen: Insights from comparative population genomics of the domesticated wheat pathogen
Mycosphaerellagraminicolaand itswild sister species. EvaH. Stukenbrock®, ThomasBataillon?, Julien Y . Dutheil?, TroelsT. Hansen?,
Ruigiang Li¥, Marcello Zala®, Bruce A. McDonald®, Wang Jun®*®, Mikkel H. Schierup? . YMax Planck Institute for Terrestrial
Microbiology, Karl von Frisch Str., D-35043 M arburg, Germany, 2Bjoinformatics Research Center, AarhusUniversity, C.F. M oellersAlle,
Bldg 1110, DK-8000 AarhusC, Denmark, 3 Beijing Genomics|Institute, Shenzhen 518083, China, YETH Zurich, Inst. Integrative Biology,
Universitatsstrasse 2, 9082 Zurich, Switzerland, and ®Dept Biology, University of Copenhagen, Ole M aal gs vej 5, DK -2200 Copenhagen,
Denmark.

The fungus Mycospherella graminicola emerged as a new pathogen of cultivated wheat during its domestication about 11.000 years ago.
We assembled 12 high quality full fungal genome sequences to investigate the genetic footprints of selection in the pathogens and closely
related sister species that infect wild grasses.

Positive selection and adaptive evolution have prominently altered genes encoding secreted proteins and putative pathogen effectors
supporting the premise that molecular host-pathogen interaction is a strong driver of pathogen evolution.

W e demonstrate a strong affect of natural selection in shaping the pathogen genomes. Adaptive evolution has to a higher extent affected
M. graminicola consistent with recent host specialization. The strong impact of natural selection, we document, is at odds with the small
effective population sizes estimated and suggests that population sizes fluctuate significantly.

Recent divergence between pathogen sister speciesis manifested in the high degree of incomplete lineage sorting (ILS) in their genomes.
We exploit ILS to generate a genetic map of the species and document recent times of species divergence relative to genome divergence.
W e show highly different evolutionary patternsin the “domesticated” pathogen compared to its wild relatives suggesting that emergence
of a new agricultural host selected a highly specialized and fast evolving pathogen.

Sex determination in theoriginal sexual fungus. Alexander Idnurm. School of Biological Sciences, University of Missouri-K ansas City,
5100 Rockhill Road, Kansas City MO 64110, USA

The first report of sex in the fungi dates two centuries ago to the species Syzygites megalocarpus (M ucormycotina). This organism was
used by Blakeslee as arepresentative of self-fertile species, leading to the development of the concepts of heterothallism and homothallism
for the kingdom. Here, two putative sex’MAT loci were identified in a single strain of S. megalocarpus, revealing the basis for
homothallism. The species encodes copies of both of the HM G-domain containing SexM and SexP proteins, flanking by conserved RNA
helicase and glutathione oxidoreductase genes found adjacent to the mating type loci in other M ucormycotina species. The presence of
pseudogenes and the arrangement of genes suggeststhe origin of homothallismin thisspeciesfrom aheterothallic relative viachromosomal
rearrangements to bring together both loci into a single genetic background.

Population genomics of the amphibian pathogen Batrachochytrium dendrobatidis from genome resequencing. Jason E Stajich?,
Suzanne Joneson 2, Tim Y James®, K elly Zamudio®, EricaBree Rosenblum?. *University of California, Riverside, CA. 2University of Idaho,
Moscow, ID. 3University of Michigan, Ann Arbor, MI. “Cornell University, Ithaca, NY . jason.stajich@ucr.edu

Bdisan emerging infectiousdisease linked to worldwide amphibian decline. Global genotypic variation appearsto be low, but some private
geographic-specific alleles are present suggesting genetic isolation of strains. Using the whole genome sequencing of strains JAM 81 (Joint
Genome Institute) and JEL423 (Broad Institute) as references we re-sequenced and identified polymorphismsin an additional 24 strains
to compare variation among isolatesfrom the Western & Eastern US and Central & South America. The Bd genomeisdiploid and previous
work (James et al, 2009) has identified regions of loss of heterozygosity (LOH) from M ulti L ocus Sequencing markers. Analysis of whole
genomes of multiple strains now identifies precise genomic locations of independent and shared LOH events. We have found that strains
from Central and South America have lost alleles that are observed in North America due to reciprocal crossover of chromosome arms.
Theresequencing datafrom geographically and genetically diverse strainsallow usto build ahigh-resolution inventory of genetic variation
useful for future developments of high throughput sample genotyping and tracing origins of Bd outbreaks.
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How Polyploidy and Aneuploidy Impact the Speed of Adaptation. AnnaSelmecki, M arie Guillet, Noam Shoresh, Roy Kishony, David
Pellman. Dana-Farber Cancer Institute and Harvard Medical School

Variation in chromosome content, either through duplications of whole chromosome sets (polyploidy) or by alterations in chromosome
number (aneuploidy), are observed during development, can promote tumorigenesis, and in microorganismsthey can be linked to specific
evolutionary adaptations. An extensive body of theory suggests waysin which polyploidy might accelerate evolution, however, there has
been a paucity of quantitative experimental tests of these ideas. Here we report a quantitative study of mutation, selection, and fitness in
yeast strains engineered to have increased ploidy. In vitro evolution experiments were performed to determine the beneficial mutation rate
and fitness benefit of these mutations in populations of isogenic strains. We have used a population dynamics model developed by our
collaborators' to quantitatively measure the effect of polyploidy on the rate and dynamics of adaptation to raffinose. We identified specific
mutations that haploid (1N), diploid (2N), and tetraploid (4N) yeast acquired during adaptation with microarray comparative genome
hybridization, expression array analysis, and whole genome resequencing. We then characterized the fitness effects of these mutations
relativeto theancestor strains. Our resultsindicate that during evolution inraffinose beneficial mutationsarisefaster inthe 4N competitions
compared to the 1IN or 2N competitions, and 4N populations take more adaptive steps in the same number of generations as 1N and 2N
populations. Whole chromosome and segmental aneuploidy occurs frequently in the evolved 4N clones, but was never detected in the 1N
or 2N populations. We hypothesize that the increased evolvability seen in 4N strains may be mediated, at least in part, by chromosome
instability. We generated mutantsto test this hypothesis directly and their evolutionary outcomeswill be discussed. Together our approach
provides the first quantitative experimental characterization of how polyploidy and aneuploidy alter the rate of adaptation.

1. Hegreness, M., N. Shoresh, D. Hartl, and R. Kishony. 2006. An equivalence principle for the incorporation of favorable mutationsin
asexual populations. Science. 311:1615-1617.

Host induced epigenetic alteration in Phytophthora ramorum. Takao Kasugal, M elina K ozanitas?, Mai Bui®, Daniel Hiberli®, David
Rizzo® and M atteo Garbelotto?. 'USDA-ARS, Davis, CA, USA, 2UC Berkeley, CA, USA, ®DAF, South Perth, Australia, “UC Davis, CA,
USA

An oomycete plant pathogen Phytophthora ramorum is responsible for two distinctive diseases; (1) Sudden Oak Death, which is
characterized by lethal bole cankers on oaks, and (2) Ramorum blight, which causes necrotic lesions on leaves of diverse shrub species
such as bay laurel and Rhododendrons (foliar hosts). It has been noticed that although a single clonal lineage dominates in Californian
forests, isolates originating from oaks tend to be less virulent on both oak and foliar hosts than those from foliar hosts, and colonies of oak
isolates look irregular and are somatically unstable. We hypothesized that because P. ramorum in Californiais exclusively clonal, most
of the aforementioned phenotypic variations should be due to difference in gene regulation rather than genetic polymorphism. We have
conducted microarray mRNA profiling and found that hundreds of genes encoding for transposable elements were highly active in some
isolates derived from oak trees, which we termed transposon derepressed phenotype (TDP). RT-qPCR was then employed to measure the
expression level of transposons in one hundred P. ramorum isolates derived from diverse host species. It was found that 64% of isolates
derived from oak hosts showed TDP, whereas only 9% of isolates from foliar hosts showed TDP. W e hypothesize that P. ramorum incurs
epigenetic alterations within and beneath oak bark, which resulted in derepression of transposons.
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DimorphicTransitionsin Fungi (Koehler/Dranginis) Scripps

Septin-mediated morphological transitions during plant infection by the rice blast fungus. Y asin F Dagdas and Nicholas J Talbot
Biosciences, College of Life and Environmental Sciences, Geoffrey Pope, University of Exeter, Stocker Road, Exeter, EX4 4QD, UK

Magnaporthe oryzae is the causal agent of rice blast disease, which is a serious threat to global food security. Global yield losses caused
by the fungus are approximately $6 billion per annum. M. oryzae undergoes several morphogenetic transitions during plant infection and
tissue colonization and this plasticity is important for pathogenicity. However, it is not known how cell shape is controlled during the
infection-associated developmental phases exhibited by the fungus. Septins are small GT Pases that are cytoskeletal elements known to
control various morphogenetic events in both yeasts and filamentous fungi. We reasoned that septins might be important regulators of
infection-related development in M agnaporthe. W e generated an isogenic set of five mutants, each differing by a single septin gene. We
also constructed strains of M. oryzae expressing fluorescently-labelled septins to facilitate live cell imaging of septin hetero- oligomeric
complexes during plant infection. We observed that all septin mutants are defective in pathogenesis and exhibit abnormal cell shapes.
Septins form a wide variety of structures, including collars, rings, filaments, bars and patches. The sep3 mutant is completely
non-pathogenic and also appears to be defective in cell cycle progression, the cell integrity pathway and actomyosin ring formation. We
also speculate that septins may act as diffusion barriers during appressorium development, based on abnormal localisation of
appressorium-specific gene products in septin-deficient mutants. An investigation into the role of septins during plant pathogenesis will
be presented.

RIG1, a gene essential for pathogenicity in Magnaporthe oryzae, is representative of Gtil_Pac2 family members required for
invasive growth in fungal pathogens of plants and animals. Amritha S. Wickramage, M. Alejandra Mandel and Marc J. Orbach,
Department of Plant Sciences, Division of Plant Pathology and Microbiology, University of Arizona, Tucson, AZ 85721.

Magnaporthe oryzae has two members of the fungal gene family Gtil_Pac2 — a group of genes that regulate phase transition in human
pathogens Candida albicans (WOR1), Histoplasma capsulatum (RYP1) and the plant pathogen Fusarium oxysporum (SGE1). Deletion
mutants generated separately for each gene showed that one member - RIG1 (Required for Infectious Growth 1) - but not the other,
M GG_06564, was important for pathogenicity. RIG1 is dispensable for vegetative growth, but RIG1 deletion mutants (rigl) are non-
pathogenic, even after removal of the penetration barrier. Microscopic analysis of the mutant from germination through infection indicate
that the mutant formssignificantly longer germ tubesthan the wildtype parental strain 70-15, but formsappressoriathat are morphologically
and functionally identical to those of 70-15. Observation of fluorescent protein- tagged strainsindicatesthat the mutant failsto form primary
infectious hyphae in planta: the point synonymous to phase transition in animal pathogenic fungi. RIG1 transcript levels are upregulated
inmature appressoriaof thewild type, relative to the mycelium. Based on the observed function of RIG1 homologsinthe Gtil_Pac2 family,
we propose that these members represent a consensus gene required for invasive growth within the host in both animal- and plant-
pathogenic fungi.

Hyphal development in Candida albicans requires two temporally linked changes in promoter chromatin for initiation and
maintenance. Y ang Lu, Chang Su, Allen Wang and Haoping Liu. Department of Biological Chemistry, University of California, Irvine,
CA 92697, USA.

Phenotypic plasticity iscommon in development. For Candida albicans, the most common cause of invasive fungal infectionsin humans,
morphological plasticity isitsdefining featureandiscritical for its pathogenesis. Unlike other fungal pathogensthat exist primarily in either
yeast or hyphal forms, C. albicansis able to switch reversibly between yeast and hyphal growth forms in response to environmental cues.
Although many regulators have been found involved in hyphal development, the mechanisms of regulating hyphal development and
plasticity of dimorphism remain unclear. Here we show that hyphal development involves two sequential regulations of the promoter
chromatin of hypha-specific genes. Initiation requires a rapid but temporary disappearance of the Nrg1 transcriptional repressor of hyphal
morphogenesis via activation of the cAM P-PK A pathway. M aintenance requires promoter recruitment of Hdal histone deacetylase under
reduced Torl (target of rapamycin) signalling. Hdal deacetylates a subunit of the NuA4 histone acetyltransferase module, leading to
eviction of NuA4 acetyltransferase module and blockage of Nrgl access to promoters of hypha-specific genes. Promoter recruitment of
Hdal for hyphal maintenance happens only during the period when Nrgl is gone. The sequential regulation of hyphal development by the
activation of the cAM P-PK A pathway and reduced Tor1 signalling provides a molecular mechanism for plasticity of dimorphism and how
C. albicans adaptsto the varied host environments in pathogenesis. Such temporally linked regulation of promoter chromatin by different
signalling pathways provides a unique mechanism for integrating multiple signals during development and cell fate specification.
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Characterization of ZNF2 asa master regulator for hyphal mor phogenesisand virulencein Cryptococcusneoformans. Lingi Wang
and Xiaorong Lin. Texas A& M University, College Station, TX, xlin@mail.bio.tamu.edu

Dimorphism is a common feature that is usually associated with virulence potential in many dimorphic fungal pathogens. However, this
association remains elusive in Cryptococcus neoformans, a major causative agent of fungal meningitis, in which filamentation is usually
observed during mating. Thisispartially dueto limited knowledge of filamentation-specific determinantsin C. neoformans. We previously
revealed that Znf2 is aterminal regulator for hyphal morphogenesis. Deletion of Znf2 completely abolishes filamentation and increases
virulencein theanimal model of cryptococcosis, suggesting that Znf2 playsapivotal roleinlinking cryptococcal dimorphism and virulence.
To further address the role of Znf2 in hyphal morphogenesis, we overexpressed Znf2 in the wild-type (JEC21JA), as well as mf|A1,2,3a
and mat2|a mutantsinwhich the pheromone sensing pathway isblocked and self-filamentation isal most abolished. Overexpression of Znf2
in all backgrounds leads to extremely robust self-filamentation, indicating the role of Znf2 as a master regulator in cryptococcal
self-filamentation. The effect of Znf2 overexpression on self- filamentation wasfound to beindependent of serotype or mating type. Further
dissection of roles of Znf2 in hyphal production and virulenceis expected to provide not only the critical link for cryptococcal dimorphism
and virulence but also a general mechanism underlying dimorphism and virulence among evolutionarily diverse fungal species.

Thecalcineurin pathway governsdimor phic transition in the pathogenic zygomycete Mucor circinelloides. Soo Chan Lee, Cecelia
Shertz, Robert Bastidas, and Joseph Heitman Department of M olecular Genetics and Microbiology, Duke University, Durham, NC.

The calcineurin pathway is conserved from yeast to humans and controls numerous cellular processes. In pathogenic fungi, calcineurin
functionsin both growth and pathogenesis, which makes calcineurin inhibitors attractive antifungal drug candidates. Interestingly, FK 506
drives Mucor circinelloides to grow as yeast, which is also observed in anaerobic and high CO, growth conditions. M. circinelloides has
three calcineurin subunit A’s(CnaA, CnaB, and CnaC) and one calcineurin B subunit (CnbA). CnaC ishighly expressed during anaerobic
or FK506 treatment, in which the fungus grows as a yeast. M. circinelloides grows filamentously in the absence of FK506 and in aerobic
conditions, where the expression of CnaC is lower. The expression of CnaA and CnaB were not altered during the dimorphic switch.
Interestingly, an FK 506-resistant mutant expressed higher levelsof CnaC inthe presence of FK 506 and displayed hyphal growth. Rhizopus
oryzae also has three calcineurin A subunit genes with a single calcineurin B subunit. Further analysis revealed that three copies of cha
might have involved a whole genome duplication in R. oryzae and individual gene duplications in M. circinelloides. Phycomyces
blakesleeanus has a single copy of gene for each subunit. Our results demonstrate that the calcineurin pathway regulates dimorphic
transition in M. circinelloides and variation in the evolutionary trajectory of the calcineurin pathway has been adapted in zygomycetes.

Shared regulation during asexual development and dimor phic switchingin thehuman fungal pathogen Penicillium marneffei. Tan,
K, Bugeja, H. E., Canvas, D., Boyce, Kylie. J. and Andrianopoulos, Alex . Department of Genetics, University of Melbourne, 3010,
AUSTRALIA.

Penicillium marneffei is an emerging fungal pathogen of humans, in particular those who are immunocompromised. P. mar neffei has the
capacity to alternate between a hyphal and a yeast growth form, a process known as dimorphic switching, in response to temperature. P.
mar neffei grows in the hyphal form at 25°C and in the yeast form at 37°C. The hyphal form produces conidia which are likely to be the
infectious agent while the yeast growth form is the pathogenic form found in infected patients. These yeast cells exist intracellularly in the
mononuclear phagocyte system of the host. The molecular events which establish and maintain the developmental states and control of the
dimorphic switching process in P. marneffei are poorly understood.

The abaA gene is a member of the ATTS class of transcriptional regulators which control developmental processes in eukaryotes. In P.
mar neffei and Aspergillus nidulans, abaA isakey transcriptional regulator of asexual development (conidiation) and in particular phialide
differentiation. In addition, P. mar neffei abaA controlsyeast cell morphogenesisduring the dimorphic switch, and mutants produce aberrant
multinucleate yeast cells. In Saccharomyces cerevisiae and Candida albicans, the abaA homologue TEC1 regulates filamentation during
pseudohyphal growth and hyphal morphogenesis, respectively. The regulatory pathway in which abaA operatesisvery well characterised
for conidiation in A. nidulans. An extensive analysis of the upstream and downstream factors of this pathway has been conducted to
understand which elements of this pathway are shared during conidiation and dimorphic switching. In addition, an examination of the
regulatory signals that control abaA expression during conidiation and dimorphic switching has been performed. The data show that the
brlA gene encodes a C,H, zinc finger transcriptional regulator which is known to regulate abaA expression does not control dimorphic
switching. Instead, promoter analysishasdefined anewly evolved region which regul atesabaA expression during yeast cell morphogenesis.
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M orphological heterogeneity of Paracoccidioides brasiliensis: characterization and relevance of the Rho-like GT Pase Phcdc42
Menino J*, BarrosD?, Gomes-Alves A G, Hernandez 0?3, AlmeidaAJ*, Fernando Rodrigues'. 'Lifeand Health Sciences Research I nstitute
(ICVS), School of Health Sciences, University of Minho, Braga, Portugal, 2Instituto de Biologia, Universidad de Antioquia, M edellin,
Colombia, 3Cellular and Molecular Biology Unit, Corporacion para Investigaciones Biol6gicas (CIB)

Paracoccidioides brasiliensis is the etiological agent of paracoccidioidomycosis, a disease majorly confined to Latin America and of
evident significance in the endemic areas. This fungus is characterized by its ability to change from a mycelial non-pathogenic form at
environmental temperatures (22-25°C) to a pathogenic multiple-budding yeast form at host temperatures (37°C). In addition to its unique
budding pattern and cell division, P. brasiliensis yeast cells are also characterized by a polymorphic growth, leading to the formation of
both mother and bud cells with extreme variations in shape and size. We have previously shown the involvement of Pbcdc42p in the cell
size of P. brasiliensis using anti-sense RNA technology targeting this molecule. Further studies have been performed to characterize
different P. brasiliensisisolates, clinical and environmental, from the 3 different lineages(S1, PS2, and PS3) in terms of both morphological
heterogeneity of buds and mother cells and the expression of PbCDC42. Our resultsreveal high heterogeneity both within the sameisolate
and amongst different isolates regarding cell size and shape of the mother and bud cells. Bud number per mother cell was also highly
variable, suggesting at least a distinct regulation of the budding pattern. No associations were detected between mother cell and bud cell
size and shape. On the other hand, our data seems to point out a correlation between PbCDC42 expression and some of the previously
mentioned morphological characteristics. Altogether, this study provides a quantitative evaluation morphological parameters of P.
brasiliensis yeast cells, reinforcing that P. brasiliensis does not follow standard rules of cell division during growth. This work was
supported by agrant from FCT — Fundacéo paraaCiénciae aTecnologia, Portugal (PTDC/BIA-MI1C/108309/2008). J. M. and GAAG are
recipients of FCT fellowships.

Cell Adhesion NanodomainsResult from Amyloid For mation on Fungal Cell Surfaces. Peter N. Lipkel, MelissaC. Garcial, Cho Tan?,
Caleen Ramsook?, David Alsteens?, and Y ves Dufrene?. *Brooklyn College CUNY and 2Universite Catholique du Louvain

Strong cell-cell adhesive bonds are necessary for fungal homologousinteractionsin mating and biofilms, and of orheterologousinteractions
such as pathogen-host binding. Such strong bonds are not characteristic of thelow affinity interactions of lectinsand low-specificity fungal
adhesins, but could form if the adhesin proteins were clustered on the cell surface. Using Saccharomyces cerevisiae surface display, we
have assayed for activation of cell adhesion in adhesins from S. cerevisiae or Candida albicans. Atomic Force Microscopy was used to
stretch individual C. albicans Als5p adhesin molecules on cell surfaces. Stretching caused formation of patches of clustered adhesins on
the surface of cell walls. These clusters were visible by confocal microscopy, and were stained with the amyloid dye thioflavin T. Clusters
did not form in the presence of amyloid perturbants or an anti-amyloid peptide, or on the surface of cells expressing anon-amyloid mutated
form of Als5p. Formation of amyloid surface adhesion domainsresulted in activation of cell adhesion and strengthening of adhesive bonds
for C. albicans Als proteins and for S. cerevisiae flocculins, and the activation was also inhibited in the Als5p mutant or in the presence
of amyloid perturbants. Thus force-triggered amyloid nhanodomain formation activates fungal cell adhesion, and is a property of specific
protein sequences in fungal adhesins.

Supported by NIH SCORE Program grant SC1 GM 0853756
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Genome Defense M echanisms, Epigenetics and RNAi (Aramayo/Liu) Merrill Hall

Control of heterochromatin and DNA methylation in Neurospora crassa. Eric U. Selker, Shinji Honda, Keyur K. Adhvaryu and
Zachary A. Lewis. Institute of Molecular Biology, University of Oregon, Eugene, OR 97403, USA

Most methylated regions of Neurospora are relics of transposons inactivated by RIP (repeat-induced point mutation), a premeiotic
homology-based genome defense system that litters duplicated sequences with C:G to T:A mutations. Detailed analyses of thedistribution
of DNA methylation in the Neurospora genome revealed that it is most concentrated at centromeric regions, subtelomeric regions and
disperesed relics of RIP. Our genetic and biochemical studies on the control of DNA methylation revealed clear ties between DNA
methylation and chromatin modifications. In vegetative cells, the DIM-2 DNA methyltransferase is directed by heterochromatin protein
1 (HP1), whichinturn recognizestrimethyl-lysine 9 on histone H3, placed by the DIM -5 histone H3 methyltransferase. DIM-5 issensitive
to modifications of histones including methylation and phosphorylation and is found in a complex with several other proteins that are
essential for DNA methylation: DIM-7, DIM-8 (DDB1), DIM-9 and CUL4. DNA methylation is modulated by a variety of additional
factors. For example, mutantsin dmm-1 (DNA methylation modulator-1) show aberrant methylation of DNA and histone H3K 9, with both
frequently spreading into genes adjacent to inactivated transposable elements. M utants defective in dmm-1 grow poorly but growth can
be restored by reduction or elimination of DNA methylation using the drug 5-azacytosine or by mutation of the DNA methyltransferase
gene, dim-2. Mutants defective in both dmm-1 and dim-2 display normal H3K9me3 patterns, implying that the spread of H3K9me3
involves DNA methylation. In general, however, HP1 and DIM-2 are dispensable for virtually all H3K9me3. Moreover, H3K9me3 and
DNA methylation are rapidly and fully reestablished after these marks are stripped off genetically. | will summarize and discuss our recent
progress towards the elucidation of mechanisms controlling heterochromatin and DNA methylation in Neurospora.

Functions of Mucor circinelloides RNA-dependent RNA polymerasesin the Dicer-dependent and Dicer-independent regulation
of endogenous mRNAs. Silvia Calo?, Juan P. de Haro®, Francisco E. Nicolas?, Simon Moxon®, Santiago Torres-Martinez!, Tamas
Dalmayz, and RosaM . Ruiz-V dzquez®. 'D epartamento de Genéticay Microbiologia, Universidad de M urcia, 30100 M urcia, Spain. 2School
of Biological Sciences, University of East Anglia, Norwich, NR4 7TJ, UK. 3School of Computing Sciences, University of East Anglia,
Norwich, NR4 7TJ, UK. rmruiz@um.es

The RNA silencing mechanismisinvolved in the regulation of a number of biological processes through the production of different types
of endogenous small RNA molecules (esRNAS), which are usually generated from double-stranded RNA (dsRNA) by Dicer. The esRNA
register of fungi is poorly described compared to other eukaryotes and it is not clear what esRNA classes are present in this kingdom and
whether they regulate the expression of protein coding genes. Here we report the role of two RNA-dependent RNA polymerase (RARP)
proteins in the esSRNAs biogenesis pathways of the basal fungus Mucor circinelloides. RARP-1 and, at a minor extent, RARP-2 proteins,
are required for the production of different classes of esRNAs that are generated with the involvement of a Dicer activity. The largest
classes of these esRNAs derive from exons (exonic-siRNAs) and target the mRNASs of protein coding genes from which they were
produced. Besidesparticipating inthiscanonical dicer-dependent silencing pathway, rdrp genesareinvolved in anovel degradation process
of endogenous mMRNASs that is dicer-independent. Our results expand the role of RARPs in gene silencing and reveal the involvement of
these proteinsin a RNA degradation process that could represent the first step in the evolution of RNA mediated gene silencing.

Genome-wide analysis of Neurospora crassa transcriptsregulated by the nonsense-mediated mMRNA decay pathway. Ying Zhang®,
Fei Yang!, Mohammed Mohiuddin? Stephen K Hutchison? Lorri A Guccione?, Chinnappa K odira?, Matthew S Sachs'. Texas A& M
University, College Station, TX, 77843. °Roche 454, Branford, CT, 06405

Nonsense-mediated MRNA decay (NM D) isasurveillance pathway that rids cells of mMRNA sthat contain premature translation termination
codons. Itisactivein all eukaryotes examined and the core factors are highly conserved. NM D pathways in higher eukaryotes can employ
factors that are not present in the yeast Saccharomyces cerevisiae, such as components of the exon junction complex (EJC), which has a
rolein mRNA splicing. The genome of the model filamentous fungus Neurospora crassa contains core NM D components aswell as EJC
components, and, unlike S. cerevisiae, many of itsmRNAsare spliced. W e have established that knockouts of N. crassa genesfor the NM D
components UPF1 and UPF2 lead to the increased stability of specific mRNAs that are NM D substrates. We are using 454 whole
transcriptome sequencing to perform studies of transcriptsin N. crassa strains that are wild-type or deficient in NMD to evaluate at the
genome-wide level the changes that occur when this surveillance pathway is eliminated. Here we present the results of our comparative
analysis of the whole transcriptome data from wild type and knockout N. crassa strains and provide further evidence for the extent and
complexity of NMD in regulating transcript metabolism. For example, in the mutant strain, approximately 15% of mRNAs for predicted
proteins are at least two-fold up-regulated, and there are alarge number of novel exons in the transcriptome.
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Domainsof DNA methylation in Coprinopsiscinerea(Coprinuscinereus). VirginiaK.Hench and PatriciaJ. Pukkila. University of North
Carolina at Chapel Hill, Chapel Hill, NC 27599 USA ghench@med.unc.edu

Zemach et al. (Science 328:916-919, 2010) mapped thelocations of 5-methylcytosineresiduesin the C. cinerea genome and proposed that
repeated sequences, including transposable elements, are targets of DNA methylation in this species. Here we further characterize the
domains in this genome in which over 25% of the CpG residues are methylated. These domains (14% of the genome) range in size from
0.3t0 100 kb, and include both repeated (802) and unique (335) genes. One domain on each chromosomeincludes methylated transposons
that have been mapped to the cytological centromere (Stajich et al. PNAS 107:11889-11894, 2010). Since C. cinerea has an efficient
machinery to detect and methylate tandemly repeated sequences (Freedman et al. Genetics 135:357-366, 1993), we examined the
methylation status of several large repeated genefamilies. M ost duplicated paralogswithin families such asthe Fun K 1 kinases, cytochrome
P450 genes, and hydrophobins are not methylated. We observe transcription of 54% of all methylated genes, including a DNA
methyltransferase gene. Chromosome regions exhibiting elevated rates of meiotic recombination contain a 2.5 fold excess of methylated
domains (X?=116, P < 0.0001). These observations raise questions concerning factorsthat are required to establish and maintain repressive
chromatin structures at methylated centromeres, transposon clusters, and genes, but not within other methylated regions. Supported in part
by the HHM I through the Precollege and Undergraduate Science Education Program.

Severe symptomsobserved for infected RNA silencing mutants of Cryphonectria parasitica ar e associated with a central region of

the Hypovirus genome. Xuemin Zhang, Diane Shi and Donald Nuss. Institute for Bioscience and Biotechnology Research, University
of Maryland 9600 Gudelsky Dr, Rockville, MD 20850 dnuss@umd.edu

Hypovirusinfection of the chestnut blight fungus Cryphonectria parasitica attenuates virulence on chestnut trees and induces awide range
of phenotypic changes. Upon virus infection, the RNA silencing pathway of C. parasitica is induced as an antiviral defense response.
Disruption of the C. parasitica RNA silencing antiviral pathway results in very severe symptoms following infection by several
mycoviruses, especially the hypovirus type species CHV-1/EP713. In this study, we showed that not all hypoviruses cause severe
phenotypic changes of the fungal host in the absence of the RNA silencing pathway. Infection of the C. parasitica dcl-2 RNA silencing
mutant strain with hypovirus CHV - 1/EP721, which is 99% identical to CHV-1/EP713, resulted in symptoms similar to those exhibited
by the infected wild-type C. parasitica strain. By swapping domains of these two viruses, we mapped the region that is associated with the
severe phenotypic change in the dcl-2 mutant to a 2.5 kb domain located in the central part of the CHV-1/EP713 genome. Chimeric
infectiousviral cDNA clones carrying this portion of the hypovirus genome caused phenotypic changes in the dcl-2 mutant similar to that
caused by the corresponding parental viruses. The potential for using these chimeric viruses as viral expression vectorsis currently being
tested.

Diverse Pathways Generate Aberrant RNAs, MicroRNA-like RNAs and Dicer-Independent Small Interfering RNAsin Fungi.
Heng-Chi Lee!, LiandeLi?, Antti Aalto?, Weifeng Gu®, Qiuying Y ang®, CraigM ello® DennisBamford?, Yi Liu®. *Department of Physiology,

University of Texas Southwestern Medical Center, Texas, USA. 2 nstitute of Biotechnology and Department of Biosciences, University
of Helsinki, Finland. 2 Program in Molecular M edicine, University of M assachusetts M edical School, USA.

Inaddition to small interfering RNAs(siRNAs) and microRNASs, several types of endogenously produced small RNAsplay important roles
in gene regulation. In the filamentous fungus Neurospora, the production of qiRNAs requires QDE- 1, QDE-3 and Dicers. Surprisingly,
our results suggest that the RNA dependent RNA polymerase (RARP) QDE-1 is also a DNA-dependent RNA polymerase that produces
DNA damage-induced aberrant RNAs(aRNAs), which arethe precursor for qiRNA biogenesis. By comprehensively analyzing small RNAs
associated with the Argonaute protein QDE-2, we also show that diverse pathways generate miRNA-like small RNAs (milRNAs) and
Dicer-independent small interfering RNAs(disiRNAS). miIRNAsare processed by at |east four different mechanismsthat useacombination
of Dicers, QDE-2, the exonuclease QI P and anovel RNAselll domain-containing protein M RPL 3. disiRNAsoriginatefrom loci producing
overlapping sense and antisense transcripts, do not require any of the known RNAi pathway components for their production. Taken
together, several novel pathways are uncovered, shedding light on the diversity and multi-evolutionary origins of eukaryotic small RNAs.
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M apping and characterization of the Neur ospora Sporekiller elements. ThomasM.Hammond*, David G. Rehard*, HuaXiao?, Bryant
C. Harris!, Tony D. Perdue?, Patricia J. Pukkila® and Patrick K. T. Shiu®. 'Division of Biological Sciences, University of Missouri,
Columbia, MO, 65211. Department of Biology, University of North Carolina, Chapel Hill, NC 27599

For over 30 years, the Neurospora Spore killers (Sk) have been largely known as mysterious DNA elements that span a non-recombining
region of 30 cM on chromosome Ill. In heterozygous crosses between Sk and non-Sk strains, few non-Sk ascospores survive. However,
naturally-occurring resistant strains have been found. To elucidate the molecular components of the Neurospora Sk system, we took
advantage of the ability to rapidly place hygromycin resistance markers at targeted locations with NHEJ (Non-homologous end joining)
mutants, for the purpose of mapping the Spore killer resistance gene, r(Sk-2). We are using the knowledge gained by the mapping and
characterization of r(Sk-2) to identify other key components of the Sk system, such asthe gene(s) responsible for the sporekilling process.

M eiotic Sllencing in Neurospora. Dong W han Lee, Robert Pratt, AnaVictoria Suescun, Ryan Millimaki, Aldrin Lugena, AlexisBrown,
Michelle Y eoman and Rodolfo Aramayo. Department of Biology, Texas A& M University, College Station, TX 77843-3258

In Neurospora meiosis, if a segment of DNA is not present on the opposite homologous chromosome, the resulting "unpaired” DNA
segment is targeted for silencing. This situation occurs when a DNA element gets inserted at a particular chromosomal position (e.g., a
situation akin to the "invasion" of agenome by transposable DNA elements). It can also occur when anormal region gets deleted. In both
situations, the resulting “loop of unpaired DNA” activates a genome-wide "alert" system that results in the silencing not only of the genes
present in the "unpaired" DNA segment, but also of those same genes if present elsewhere in the genome, even if they are in the paired
condition. This phenomenon is called, meiotic silencing and was originally described in Neurospora crassa, but has since been observed
in nematodes and mammals. In all these organisms, "unpaired or unsynapsed" regions (or chromosomes) are targeted for gene silencing.
W ethink that meiotic silencingisatwo-step process. First meiotic trans-sensing comparesthe chromosomesfrom each parent and identifies
significant differences as unpaired DNA. Second, if unpaired DNA isidentified, a process called meiotic silencing silences expression of
genes within the unpaired region and regions sharing sequence identity. We are using a combination of genetics, molecular biology and
biochemistry aimed at identifying all the molecular players of the process and at understanding how they work together. In this work we
describe the genetic, molecular, cytogenetic and biochemical characterization of key components of the system: Sms-1 to Sms-17. In
addition, we describe components that are essential for the earlier stages of sexual development and discuss the connections between the
vegetative pathway Quelling and Meiotic Silencing.
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Pathway evolution in Saccharomycetes. Hilary C. Martin, JamesH. Bullard, Y ulia M ostovoy, Sandrine Dudoit, and Rachel B. Brem.

The search to understand how genomesinnovate in response to selection dominatesthe field of evolutionary biology. Powerful molecular
evolution approaches have been developed to test individual loci for signatures of selection. In many cases, however, an organism's
response to changes in selective pressure may be mediated by multiple genes whose products function together. We have developed
methods to detect polygenic evolution across pathways in Saccharomycetes. First, taking classic analyses of allele-specific expressionin
heterozygotes as a jumping-off point, we have dissected cis- and trans-acting regulatory variants between Saccharomycete species on a
genomic scale using Solexa sequencing. With the resulting data sets, we have identified suites of cis-regulatory variants which
predominantly upregulate or predominantly downregulate unlinked genes of related function in a given species. Each instance of this
directional pattern isacandidate for amodel of positive selection, or relaxed purifying selection, on the output of the respective pathway.
W e have also developed analysis methods for population genomic sequence datain Saccharomycetes, in which we identify pathwayswith
elevated interspeciesdivergence and reduced polymorphism that reflect ahistory of selection. Integrating expression- and sequence-based
approachesin a study of S. cerevisiae and S. paradoxus, we have uncovered evidence for a selective sweep of regulatory alleles that tune
basal expression and stress responsiveness in a pathway of membrane protein genes.

Genome Regulation in Fission Y east. Jiurg Béhler. University College London, Department of Genetics, Evolution & Environment,
London WC1E 6BT, United Kingdom E-mail: j.bahler@ucl.ac.uk; WWW: http://www.bahlerlab.info/

The characteristicsof organismsresult largely from the dynamic interplay between DNA or RNA and theregulatory apparatus. The control
of gene expression isfundamental to implement the information in the genome and to determine the properties of different organisms. Gene
expression isregulated at multiple levels, and cells need to integrate external and internal cues and coordinate different regulatory levels
to properly exert biological functions. We study transcriptional and post-transcriptional gene expression programmes during cellular
proliferation, quiescence/ageing, and stressresponse using Schizosaccharomyces pombe asamodel system. W e apply multiple genetic and
high-throughput approaches for systems-level understanding of regulatory networks and complex relationships between genotype,
phenotype, and environment, including roles of genome variation and evolution, transcriptome regulation, and non-coding RNAS.

The development of genetics and genomics for analysis of complex traitsin the model filamentous fungus, Neurospora crassa.
CharlesHall*, Christopher E. Ellison, Elizabeth Hutchison®, David K owbel?, Juliet Welch?, Rachel B. Brem? John W. Taylor, N. Louise
Glass®. Departmentsof *Plant & Microbial Biology and ?M olecular and Cell Biology, University of California, Berkeley, CA 94720-3102,
USA.

Our goal isto develop and make available to the community a set of strains and tools that will facilitate the rapid identification of genes
contributing to quantifiable traits in the filamentous ascomycete Neurospora crassa, identify regulatory networks on a genomic scale, as
well as provide a data-set useful for population genomics. We have used Illumina short-read sequencing of mRNA to simultaneously
identify Single Nucleotide Polymorphisms (SNPs) and quantify gene expression for 109 isolates of N. crassa from Louisiana USA. The
resulting dense marker map has facilitated the mapping of QTLs by association in our wild population with high resolution. M oreover, as
most sequence variation in a gene will result in an altered expression level for that gene, combining QTL analyses of physiological and
gene expression traits, based on co-localization of expression QTLs (eQTLs) and QTLs can directly indicate candidate genes. We have
also utilized this data to identify regulators and their regulatory networks. By this method we will be able to utilize the genetic, phenotypic,
and expression variation within a population of N. crassa to annotate thousands of previously uncharacterized genes.

A genomics based search for regulators of enzyme production. Tiina Pakula.
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Systems-based analysisof adipic acid catabolism in Penicillium chrysogenum. Jean-M arc Daran. Delft University of Technology, The
Netherlands

Penicillium chrysogenum was successfully engineered to produce a novel carbamoylated cephalosporin that can be used as a synthon for
semi-synthetic cephalosporins. To this end, genes for Acremonium chrysogenum expandase/hydroxylase and Streptomyces clavuligerus
carbamoyltransferase were expressed in a penicillinG high-producing strain of P. chrysogenum. Growth of the engineered strain in the
presence of adipic acid resulted in production of adipoyl-7-amino-3-carbamoyloxymethyl-3-cephem-4-carboxylic acid (ad7-ACCCA) and
of several adipoylated pathway intermediates. However, only a small fraction (circa 4%) of the consumed adipic acid was recovered as
ad7-ACCCA. A combinatorial chemostat-based transcriptome study, in which the ad7-A CCCA -producing strain and a strain lacking key
genes in beta-lactam synthesis were grown in the presence and absence of adipic acid, enabled the dissection of transcriptional responses
to adipic acid per se and to ad7-ACCCA production. Transcriptome analysis revealed that adipate catabolism in P. chrysogenum occurs
viabeta-oxidation and enabled the identification of putative genesfor enzymesinvolved in mitochondrial and peroxisomal beta-oxidation
pathways. Analysis of expressed genes encoding putative acyl-CoA oxidases and dehydrogenases provide more detailed information on
the molecular mechanisms involved in adipic acid catabolism.

Hyphal Heterogeneity in Aspergillus niger. Charissa de Bekker, Arman Vinck, Han Wdsten Microbiology and Kluyver Centre for
Genomics of Industrial Fermentations, Utrecht University, The Netherlands

Mycelia of filamentous fungi explore new substrates by means of growing hyphae. These hyphae secrete enzymes that degrade organic
material into small moleculesthat can be taken up to serve asnutrients. Previously, it has been shown that only part of the exploring hyphae
of Aspergillus niger highly express the glucoamylase gene glaA. This was a surprising finding considering the fact that all hyphae were
exposed to the same environmental conditions. Using reporter studies, we have demonstrated that the expression of other secretion enzyme
encoding genesin A. niger isalso heterogenic. Co-expression studies showed that hyphae that highly express one of these genes also highly
express other genes encoding secreted proteins. Over and above this, high expression of genes encoding secreted proteins correlated with
high expression of a gene involved in central metabolism and with high ribosomal RNA content. This suggests that there are populations
of hyphae at the periphery that differ in their transcriptional and translational activities. These studies were extended with whole genome
transcription profiling of individual hyphae. In order to perform (sub)-cellular transcriptomics on single exploring hyphae, protocols have
been set up to collect individual hyphae using LPC, isolate RNA and amplify cDNA. Microarray analysis led to the conclusion that
exploring neighboring hyphae are highly heterogenic in gene expression. Genes with heterogenic expression can be found in all functional
gene classes.

Genome-scale metabolic reconstruction and curation of the filamentousfungi Neurospora crassa. Jeremy Zuckerl, Heather Hood2,
Jonathan Dreyfus3, and James Galagan3. 1Broad Institute of MIT and Harvard, Cambridge M A 20HSU, Portland, OR 3 Boston University,
Boston, MA

We present NeurosporaCyc, a genome-scale flux balanced model of the filamentous fungi Neurospora crassa that is capable of
representing, integrating, modeling and simulating the data avalanche of omics data being generated for thisorganism. We constructed this
model using a combination of automated inference and manual curation based on the extensive literature for Neurospora. Furthermore, we
have experimentally validated the growth phenotypes predicted by this model.
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Systems-level design of filamentousfungi- integration of in silicoflux modesand in-vivo pathway fluxestowar dsdesir ed production
properties. Guido Melzer, Habib Driouch and Christoph Wittmann. Institute of Biochemical Engineering, Technische Universitat
Braunschweig, Germany

The recent efforts in genome sequencing and genome-scale modelling are major drivers for the prediction of genetic targets and optimal
pathways towards superior cell factories. On basis of thisrich set of information, computational and experimental strategies now aim at
systems-wide optimization of tailor-made filamentous fungi (Melzer et al., 2009). Here, we report on a novel approach recruiting
computationally and experimentally derived flux information for metabolic design of superior production properties. On basis of alarge-
scale metabolic model of Aspergillus niger, functionally condensed from genome-scale, elementary flux modes were determined for
different scenarios of interest. Hereby, a novel approach screened the large set of elementary modes, each representing a unique flux
distribution for flux correlations between metabolic reactions (M elzer et al., 2009). This, identified reactions coupled to desired properties
such as production fluxes and thus, for the first time allowed the simultaneous prediction of deletion and amplification targets. Exemplified
for different industrially relevant cell factories, products such as recombinant enzymes or chemicals and raw materials such as sugars,
hemicellulosesor oils, the simulationsreveal ed that the success of identification of most of the genetic targets depends on the differentiation
of biological states, i.e. growth-associated or non-growth-associated formation of the target product. In addition, selected targets, such as
the pathways of protein synthesis seem independent of the biological state. The simulation results nicely match with experimental data,
comprisinginvitro enzymeassay and experimental flux data. Theintegrated strategy of combining computational and experimental systems
biology seems of high relevance for future metabolic engineering of fungal cell factories.

Melzer G, Esfandabadi ME, Franco-Lara E, Wittmann C: Flux Design: In silico design of cell factories based on correlation of pathway
fluxes to desired properties. BM C Syst Biol 2009, 3:120.
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Fungi that Infect Humans (Mitchell/Lodge) Chapel

Hsp90 Gover nsDrug Resistance and Disper sion of Fungal BiofilmsNicole Robbins!, PriyaUppuluri?, Jeniel Nett®, Ranjith Rajendran®,
Gordon Ramage*, Jose L. Lopez-Ribot? David Andes®, and Leah E. Cowen® *Department of M olecular Genetics, University of Toronto,
Toronto, ON M5S 1A 8, Canada; “Department of Biology and South Texas Center for Emerging | nfectious Diseases, University of Texas
at San Antonio, Texas, 78249, USA; *Department of Medicine, University of Wisconsin, M adison, Wisconsin, 53792, USA; * Glasgow
Dental School and Hospital, University of Glasgow, Glasgow, G2 3JZ, UK

Fungal biofilms are amajor cause of human mortality and are recalcitrant to most treatments due to intrinsic dug resistance. These complex
communities of multiple cell types form on indwelling medical devices and their eradication often requires surgical removal of infected
devices. Here we implicate the molecular chaperone Hsp90 as a key regulator of biofilm drug resistance and dispersion, with profound
therapeutic potential. We previously established that in the leading human fungal pathogen, Candida albicans, Hsp90 enables the
emergence and maintenance of drug resistancein planktonic conditionsby stabilizing the protein phosphatase calcineurinand MAPK Mkcl.
Hsp90 also regulatestemperature-dependent C. albicansmorphogenesisthrough repression of cCAM P-PK A signaling. Herewe demonstrate
that genetic or pharmacological compromise of Hsp90 had negligible impact on C. albicans biofilm growth and maturation in vitro but
abrogated resistance to the most widely deployed antifungal drugs, the azoles. Although biofilms were resistant to the Hsp90 inhibitor
geldanamycin or the azole fluconazole individually, there was potent synergy with the drug combination. Genetic depletion of Hsp90
rendered biofilms exquisitely sensitive to fluconazole, with >100-fold increase in sensitivity in vitro. Depletion of Hsp90 transformed
fluconazole from ineffectual to highly effectivein eradicating biofilmsin arat venous catheter model of infection. Depletion of Hsp90 also
reduced dispersal of biofilm cells, blocking their capacity to serve as reservoirs for infection. Reduction of Hsp90 levels led to depletion
of calcineurin and Mkcl in planktonic but not biofilm conditions, suggesting that Hsp90 regulates drug resistance through different
mechanisms in these distinct cellular states. Inhibition of Hsp90 also reduced resistance of biofilms of the most lethal mould Aspergillus
fumigatus to the only new class of antifungal drugs to reach the clinic in decades, the echinocandins. Thus, targeting Hsp90 provides a
much-needed strategy for improving clinical outcome in the treatment of biofilm infections. N.R. is supported by an NSERC CGS-D and
L.E.C. by aBWF CABS, CRC, and CIHR M OP-86452.

A systems approach to regulation of a fungal virulence factor. Haynes, Brian C., Skowyra, Michael L.? Gish, Stacey R.%, Williams,
M atthew?, Brent, Michael R.},and Tamaral . Doering>. 1Department of Computer Science, W ashington University School of Engineering,
St. Louis, MO, USA. 2 Department of Molecular Microbiology, Washington University School of Medicine, St. Louis, MO, USA.

Cryptococcus neoformansis a pathogenic yeast responsible for serious opportunistic infections that lead to over 600,000 deaths annually
worldwide. The major virulence factor of this fungus is a polysaccharide capsule, which is dramatically regulated by growth conditions.
Elegant work by several groups working in this field has identified a handful of transcription factors that impact capsule phenotype.
However, a more global picture of the relationships between these factors is lacking. W e have combined transcriptional and phenotypic
profiling to model the capsule regulatory network in C. neoformans. Thisapproach hasimplicated an array of putative transcription factors
in capsule regulation, and uncovered relationships between several of these and known regulators. Deletion of the gene encoding one
putative transcription factor, Bchlp, yields cells with a notable reduction in capsule size and loss of virulence in animal models. Progress
on this project and this rapidly developing area will be presented. This work is supported by NIH grant GM 071007.

Allergen 1 and 2 constitute a novel class of virulence associated genesthat areregulated by phenotypic switching in Cryptococcus
neoformans. Neena Jain, Radames J. Cordero, Tejas Gawade and Bettina C. Fries. Department of Medicine, Microbiology and
Immunology Albert-Einstein College of Medicine Bronx NY

Cryptococcus neoformans, a human pathogenic fungus is a major cause of mortality and morbidity in immunocompromised patients.
Cryptococcal infections are characterized by a complex relationship between the host and the pathogen referred to as patho-adaptation.
C. neoformans can undergo phenotypic switching from a smooth (SM) to a mucoid (M C) colony switch variant during chronic infection.
Prior work has associated this switch with virulence including high intracranial pressure and the ability to persist in the host. We have
determined that the switch of the SM parent to the hypervirulent M C variant is associated with down-regulation of several genes, among
them Allergenl and Allergen 2 (ALL1 and ALL2). These genes encode for highly homologous cytosolic proteins of unknown function.
Deletion mutants of these proteins, namely all1D and all2D, mimic the hypervirulent phenotype of the M C variant. Especially the all1D
mutant has a striking phenotype, as it is more virulent than the SM parent in pulmonary infection and results in augmented intracranial
pressurein aCNSinfection model. M ost interestingly, static and dynamic light scatter analysis demonstrates that the all1D shedsa capsular
polysaccharide with altered shape that resultsin changes of viscosity. This mutant also exhibitsimpaired capsuleinduction. Since capsular
polysaccharide isimplicated in high intracranial pressure we now have a mechanistic link between regulation of ALL1 and the changesin
virulence. In addition to changesin the capsular polysaccharide the loss of ALL1 and ALL2 makesthe mutants moreresistant to stressfrom
oxygen radical and affects their replicative life span. In summary phenotypic switching in C. neoformans augmentsits virulence by down
regulation of two genesthat play akey rolein polysaccharide biology, stressresistance and lifespan. These findings highlight that virulence
in this pathogenic yeast is a dynamic property that can be altered by down regulation of ALL1 and ALL2.
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Chitosan isnecessary to establish Cryptococcus neoformansinfection. LorinaG. Baker Boomhower?, Charles A. Specht? and Jennifer
K. Lodge! Department of Molecular Microbiology?, Washington University School of Medicine, 660 S. Euclid Avenue, Saint Louis,
Missouri 63110, and Department of M edicine?, University of M assachusetts, 364 Plantation Street, Worcester, M assachusetts 01605

Cryptococcus neoformans is an opportunistic pathogen that mostly infects immunocompromised individuals. Its cell wall is an essential
organelle that provides structure and integrity. Several known virulence factors are located or attached to it, including melanin,
phospholipase, and the polysaccharide capsule. The wall matrix isacomplex structure composed of chitin, chitosan, and glucans. Chitin
is an indispensable component with the majority converted to the deacetylated form, chitosan, by three chitin deacetylases (Cdal, Cda2,
and Cda3). The deletion of all three-chitin deacetylease resultsin loss of chitosan production. In amouse model the triple chitin deacetylse
deletion strain was avirulent and did not establish infection. Additionally, both the chitin synthase three and chitin synthase regulator two
deletion strains, each with negligible chitosan levels, had similar in vivo phenotypes. Together the dataindicated chitosan is necessary for
in vivo growth. Interestingly, the single deletion of CDA1 resulted in attenuated virulence and reduced fungal burden, which suggested it
or the chitosan produced by it isneeded for virulence. Collectively the data suggest the proteinsinvolved in chitosan synthesis may be good
targets for anti-cryptococcal therapeutics.

Telomeres and Cell Wall Proteinsin Candida glabrata. Brian Green, Nicole Benoit, Elizabeth Hwang, M argaret Zupancic, Brendan
Cormack. Department of Molecular Biology and Genetics. Johns Hopkins University School of Medicine

Candida glabrata isanimportant agent of both mucosal and disseminated candidiasis. At the genomelevels, Candida showsahigh degree
of similarity to the non-pathogenic Saccharomyces cerevisiae. Comparative genomics reveals approximately 300 genes present in C.
glabratathat areabsent in S. cerevisiae; many of these are encoded in sub-telomeric regions of the genome and the majority of these encode
cell surface proteins. C. glabrataisableto adhere avidly to human cells. Adherence isdependent primarily on afamily of cell wall proteins,
encoded by the EPA genes. M ultiple members of thisfamily can mediate adherence to glycans expressed on epithelial or endothelial cells.
The Epa proteins are GPI anchored cell wall proteins (GPI-CWPs), crosslinked to cell wall glucan via aremnant of the GPI anchor. This
class of protein constitutes the major class of cell wall localized protein and it is likely that the vast majority of proteins expressed at the
surface of C. glabrata are also GPI-CW Ps.

In order to characterize the full complement of C. glabrata cell surface proteins, we have undertaken a careful analysis of the sub-telomeric
regions of C. glabrata. Sub-telomeres are rich in repeated regions and assembly of the sub-telomeres from shotgun sequences is
challenging; it is recognized that the current genome assembly of these regions is imperfect. We have taken the approach of individually
cloning the sub-telomeric regions for all 13 chromosomes and sequencing these clones. We have carried out this analysis for two strains,
the sequenced type strain ATCC2001 (CBS138) and BG2, our lab strain. For thesetwo strains, divergenceisrelatively high, approximately
0.5% nucleotide divergence across the genome as a whole. We have successfully cloned, sequenced and assembled most of the sub-
telomeres from both strains and will report on insights regarding the structure of the sub-telomeres and the complement of GPI-CWPsin
C. glabrata.

Strikingly, most sub-telomeres end in a characteristic structure with a GPI-CWP gene followed by 5-7 kb of non coding sequence. These
terminal genes, annotated previously as pseudogenes, are almost invariably transcribed towards the telomere. A second insight has come
from comparison of sub-telomere structure between the two sequenced strains. For most of the sub-telomeric region, the sub-telomeresare
largely syntenic between the two strains with only a few examples of large scale translocations, gene insertions or deletions between the
strains. In contrast to the bulk of the sub-telomeric region, the last 5-7 kb of the sub-telomeres shows substantial divergence between the
two sequenced strains, suggesting a potential for rapid microevolution in these regions of the genome.

Analysis of the secretomes of Cryptococcusgattii strainswith different virulence profiles. Leona T. Campbell?, Elizabeth Harry? Ben
Herbert®and Dee A. Carter®. 'School of M olecular Bioscience, University of Sydney, Sydney, NSW, Australia®iThree Institute, University
of Technology, Sydney, NSW, Australia *Department of Chemistry & Biomolecular Sciences, Macquarie University, Sydney, NSW,
Australia

Cryptococcus gattii is capable of causing disease in a wide range of animal hosts. Closely related strains of C. gattii exhibit significant
differences in virulence in mammalian hosts. As fungi produce a range of secreted degrative enzymes, and as these may invoke a host
response, the fungal secretomeislikely to beimportant in modulating host- pathogen interaction. In this study, we compare the secretomes
of two C. gattii strains, one categorized as hypervirulent (R265) and the other exhibiting low-level virulence (R272). A total of 27 proteins
were identified with only four proteins being shared between strains. The secretome of R265 primarily included uncharacterized proteins
containing catalytic cores with roles in carbohydrate degradation as well as the antioxidant superoxide dismutase and a GTPase. R272
secreted a more diverse set of proteins including enolase and transaldolase, enzymes canonically involved in glycolysis and the pentose
phosphate pathway respectively, but both also described as fungal allergens that bind IgE. This work indicates that different classes of
proteins are secreted by closely related strains of C. gattii exhibiting different levels of virulence.
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Ironiscritical for mucormycosispathogenesisinthediabetic ketoacidotic host. Ashraf S. Ibrahim, Los AngelesBiomedical Research
Institute, Harbor-UCLA Medical Center, Torrance, CA

Mucormycosis is a life-threatening infection that occurs in patients who are immunocompromised due to diabetic ketoacidosis (DKA),
neutropenia, organ transplantation, and/or increased available serum iron. Despite aggressive therapy the overall mortality is high and the
incidents of mucormycosis are on the rise.

Clinical and animal model data demonstrate that the presence of elevated available serum iron (e.g. as seenin DKA patients) predisposes
the host to develop mucormycosis which is commonly caused by Rhizopus oryzae. Therefore, abrogation of fungal iron acquisition is a
promising therapeutic strategy to impact clinical outcomesfor thisdeadly disease. The high affinity iron permease gene (FTR1) isrequired
for R. oryzaeirontransportiniron-limited environmentsin vitro and for full virulence in mice as determined by gene disruption and RNA -
interference studies. Passive immunization with anti-Ftrlp immune sera protects DKA mice from infection with R. oryzae.

Another hallmark of mucormycosis, isthe angioinvasion nature of infection. Weidentified GRP78 asanovel host receptor which mediates
invasion and damage of endothelial cells by Mucorales. Elevated concentrations of glucose and iron, consistent with those seen during
DKA, enhance GRP78 expression and resulting invasion and damage of endothelial cellsin areceptor-dependent manner. Anti-GRP78
immune serum protects mice in DKA from mucormycosis. Collectively, these results show that iron plays a critical role in mediating R.
oryzae virulence in the DKA host.

Insight into transcriptional regulatory mechanisms controlling filamentation in Candida albicans under hypoxia. Adnane Sellam,
André Nantel, Faiza Tebbji, Christopher Askew, Malcolm Whiteway. McGill University, Montreal, PQ, Canada.

Togaininsightinto regulatory mechanismscontrolling hyphaeformationin responseto low oxygen concentrationinthe opportunistic yeast
C. albicansacompilation of mutantsfrom various publicly available libraries were screened (648 mutant strains). In thiswork we focused
our investigation on mutants of genes encoding for transcription factors, components of chromatin remodeling and histone modification
complexes, and protein acting in different signaling pathways. The ability of mutants to form hyphae specifically under hypoxic condition
was assessed in solid medium by scoring the filamentation of colonies peripheral regions. Filamentation screen identified 40 mutants with
substantial morphology defect. Wefocused our investigation on the transcription factor Ahplp whose mutant displayed ahyperfilamentation
specifically under hypoxia. Transcriptional regulatory network associated with thisfactor was characterized using both expression profiling
and ChlP-chip. The obtained results demonstrated that this factor is required to activate genes involved in iron uptake and many
adhesin-encoding genes specifically under hypoxia. Transcriptional regulatory circuitsimplicating other regulators will be also presented
and their role in the adaptation to hypoxia and filamentation will be discussed.
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Proteomics and M etabolomics (Solomon/Hammond-K osack) Kiln

A metabolomic study of Candida albicans morphogenesisrevealsthe potential role of the cell redox balance on the morphological
transition. Silas G. Villas-Béas', Ting-Li Han' & Richard D. Cannon. *Centre for Microbial Innovation, School of Biological Sciences,
TheUniversity of Auckland, Private Bag 92019, Auckland, New Zealand; 2D epartment of Oral Sciences, The University of Otago, PO Box
647, Dunedin, New Zealand.

Candida albicansis a polymorphic fungus that has the remarkable ability to rapidly switch between yeast and hyphal forms in response
to various environmental factors (e.g. quorum sensing molecules). This morphological transition is considered to be a critical virulence
factor of thisfungus. The metabolic mechanisms that recognize environmental signals and promote the morphological changes at a system
level, however, remain unclear. In this study, we investigated the metabolic changes during the morphogenesis of C. albicans under
laboratory conditionsusing metabolomicsand isotope-labelling experiments. Our resultsdemonstrated that 16 metabolic pathwaysinvolved
in the central carbon metabolism were significantly up-regulated when C. albicans changed from yeast to hyphal form, whilst 11 metabolic
pathways were downregulated when hyphal formation was suppressed by specific quorum sensing molecules (farnesol and phenylethyl
alcohol). Combining the results from isotope-labelling experiment with metabolomics data, a final shortlist of 2 metabolic pathways was
obtained. These pathways highlighted the important role of NADP*/NADPH in the global regulation of C. albicans morphogenesis. The
importance of each pathway on the morphological switch of C. albicansis being validated by gene knockout mutagenesis.

M etabolome phenotyping of Fusarium graminearum wt and single gene deletion mutant strains affected in virulence under
DON-inducingand non-inducing conditions. Rohan Lowe!, Martin Urban !, Gail Canning*, William Allwood®, Mike Beal€?, Jane W ard?
and Kim Hammond-K osack! 'Centre for Sustainable Pest and Disease Management. 2 National Centre for Plant and Microbial
M etabolomics; Rothamsted Research, Harpenden, Herts., AL5 2JQ, United Kingdom. Email: Martin.Urban@bbsrc.ac.uk

Fusarium graminearum causes plant disease on cereal cropsincluding wheat, barley and maize. Thefungusreducesyield and contaminates
the crop with secondary metabolites toxic to plants and animals. These metabolites include trichothecene mycotoxins such as
deoxynivalenol (DON). Werecently reported on the use of metabolomic analysisto 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.,
MPMI, 2010, 16005-1618). In this study we investigated the global metabolic changes during time course experiments in the F.
graminearum wt strain PH-1 for which the complete genomic sequence is available (http://www.broad.edu). Also, a ‘triple-fingerprint’
of analytical techniquesincluding 1H-NM R and electrospray mass-spectroscopy (+/- ESI-M S) wasrecorded to characterise several single
gene deletion mutants affected in mycotoxin biosynthesis, cell signalling and plant pathogenicity. I nterestingly, all mutants analysed so far
showed significant changesin primary metabolism. Understanding these changeswill require more in-depth understanding of the metabolic
networks and the characterisation of the metabolites present in F. graminearum. Rothamsted Research receives grant aided support from
the Biotechnology and Biological Sciences Research Council.

The fludioxonil induced phosphoproteomes of the phytopathogenic fungi Alternaria brassicicola and Botrytis cinerea. Marléne
Davanture, Benoft Valot?, Claire Campion?, Jérome Dumur?, Nelly Bataillé-Simoneau?, Michel Zivy?, Philippe Simoneau? and S. Fillinger®
IPAPPSO, INRA-CNRS-U niversity Paris XI-Agro ParisTech, Gif-sur-Y vette, France; 2UMR PaVé, INRA-U niversity Angers, France;
SBIOGER CPP, INRA Versailles-Grignon, France

Protein phosphorylation and dephosphorylation are cellular processes rapidly induced by external stimuli adapting regulatory circuits and
enzymatic functions to changing environmental conditions. Signal transduction (ST) pathways necessary for signal perception and
phosphorylation cascades are involved in many physiological processes such as development, stress adaptation, virulence etc. ST
components may either constitute targets for agronomic fungicides or mediate resistance to these compounds. In order to identify and to
comparetheproteinsinvolved intransducing the signal perceived after phenylpyrrol treatment in two phytopathogenic fungi, we established
a gel-free phosphoproteomic approach for systematic identification of phosphorylated peptides in Alternaria brassicicola and Botrytis
cinerea, treated or not with fludioxonil. The gel-free phosphoproteomic approach combines two sequential steps after trypsin digestion
1 i) SCX chromatography (strong cation exchange); ii) IMAC (Immobilized metal affinity chromatography) for the enrichment of
phosphopeptidesprior to LC-M S/M Sanalysis. Preliminary experimentsreveal ed that among the high number of identified phosphoproteins
(500-600 and >800 for Ab and Bc samples, respectively), more than 12% were found specifically phosphorylated and 8% dephosphorylated
following the fludioxonil treatment. Among the functional categoriesidentified, we noticed a high proportion of proteins with regulatory
functions (transcription, translation etc.) or involved in signal transduction. Particular cellular functions affected by (de)phosphorylation
under these conditions concern the cell envelope and transport across it. Higher proportions of phosphorylated proteins compared to
dephosphorylated proteins following fludioxonil treatment were found for the functional categories of metabolism and energy production,
especially lipid metabolism, as well as of cytoskeleton and cell cycle. We are currently analyzing additional samples to confirm this
analysis.
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A functional genomics study of extracellular protease production by Aspergillus niger. M achtelt Braaksma', M ariet van der Werf?,
Cees van den Hondel? and Peter Punt*? 1, TNO Microbiology and Systems Biology, Zeist , the Netherlands 2, M olecular Biology and
Biotechnology, Leiden University

To study the complex regulation of extracellular proteases in the filamentous fungus Aspergillus niger a combination of comprehensive
functional genomics technologies was used. The requirements for performing a successful systems biology study and addressing the
challenges met in analyzing the large, information-rich data setsis adressed. Protease activity playsan important rolein strain and process
development of A. niger and other aspergilli. In our research the influence of several environmental factors on the production of
extracellular proteasesin controlled batch cultivations was studied. Samples generated in this study were used for analysis with functional
genomics technologies. With a shotgun proteomics approach the A. niger secretome under different experimental conditions was
determined. Furthermore, the effect of different quantitative phenotypes related to protease or glucoamylase activity on the information
content of a metabolomics data set was investigated. Based on a transcriptomics study the identification of co-expression networks is
described. First, a set of conserved genes was used to construct these networks. Subsequently, all annotated genes, including hypothetical
and poorly conserved genes, wereintegrated into the co- expression analysis, allowing identification of novel targetsfor strain and process
development.

A proteomics approach to understanding virulence in Pyrenophora tritici-repentis, the causal agent of tan spot of wheat. S.E.
Strelkov, Y.M.Kim, T.Cao,and N.N.V.Kav. Department of Agricultural, Food and Nutritional Science, University of Alberta, Edmonton,
AB T6G 2P5, Canada. E-mail: stephen.strelkov@ualberta.ca

The fungus Pyrenophora tritici-repentis causes tan spot, an important foliar disease of wheat. This pathogen produces three host-specific
toxins, including Ptr ToxB, a small chlorosis-inducing protein. It has been suggested that the virulence conferred by the Ptr toxins is
superimposed on the general pathogenic ability of P. tritici-repentis. A proteomicsapproach wasemployed to better understand the mode
of Ptr ToxB action in toxin-sensitive wheat, and to evaluate whether or not there are additional differences, beyond toxin production,
between virulent and avirulent isolates. Analysisof thewheat |eaf proteome by 2-DE revealed 102 protein spotswith significantly altered
intensities, relative to buffer-treated controls, after toxin-treatment but prior to the development of visible chlorosis. Theidentities of 47
of these spots were established by M S/M S and included proteins involved in the light reactions of photosynthesis, the Calvin cycle, and
the stress/defense response. These changes were accompanied by arapid decline in photosynthesis, as measured by infrared gas analysis.
Thus, it seems that Ptr ToxB disrupts the photosynthetic processin sensitive wheat, leading to chlorophyll photooxidation and chlorosis.
Comparisons of the secretome and mycelial proteome of the virulent and avirulent isolates revealed 133 differentially abundant proteins,
63 of which were identified by MS/MS. A number of the up-regulated proteinsin the virulent isolate have been implicated in microbial
virulence in other pathosystems, suggesting an enhanced general pathogenic ability in this isolate irrespective of toxin production.
Collectively, these results highlight the utility of proteomic studies in increasing understanding of the tan spot pathosystem.

The Cryptococcusgattii proteomein growth and responseto fluconazole. Hin Siong Chong?, L eonaCampbell*, Ben Herbert?, Elizabeth
Harry®, Mark K rockenberger®, Marc Wilkins® and Dee Carter®. * School of M olecul ar Bioscience, Sydney University, Australia; 2Chemistry
and Biomolecular Sciences, Macquarie University, Sydney, Australia; 3 iThree Institute, UTS, Sydney, Australia; 4 Department of
Veterinary Pathology, Sydney University, Australia; ° School of Biotechnology and Biomolecular Sciences, UNWS, Sydney, Australia.
dee.carter@sydney.edu.au

Cryptococcus gattii is a pathogenic yeast capable of causing disease in immunocompetent people. Antifungal susceptibility testing has
found closely related strains of C. gattii can vary greatly in their susceptibility to fluconazole (FL C) and other azoles, without any apparent
prior exposureto these drugs. Our group isinterested in determining the molecular basis of the antifungal responsein C. gattii. To establish
a baseline for this work we have examined the proteome of C. gattii cells that are moderately susceptible to FLC during normal growth
and in the presence of FLC. Compared to normal growth, cells treated with FL C had reduced levels of ribosomal proteins and increased
stress-related proteins, including several heat shock proteins. A number of proteinsinvolved in ATP biosynthesisalso increased, indicating
that ATP-dependent efflux of FLC and other toxic metabolic byproducts had been initiated. Ongoing studies will determine how the
proteome compares in strains with elevated FL C resistance.
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A quantitative proteomic analysis of the wheat pathogen Stagonospora nodorum during sporulation. Liam Cassidy’ ? Richard
Oliver, Richard Lipscombe?, Peter Solomon®. 'Research School of Biology, The Australian National University, Canberra 0200, ACT,
Australia. 2Proteomics International Pty Ltd, PO Box 3008, Broadway, Nedlands 6009, WA, Australia

Stagonospora nodorumisanimportant fungal pathogen of wheat and the causal agent of the disease Stagonosporanodorum blotch. During
the wheat growing season S.nodorum undergoes multiple rounds of asexual sporulation. This polycyclic lifecycle enables it to propagate
on and across crops resulting in accumulation of the pathogen on the plants, and accentuation of the damage it inflicts.

Previously, studies using various molecular techniques have looked in-depth into the genomics and metabolomics of S.nodorum during
the infection of wheat with the aim of finding specific targets that will aid in the control of this pathogen. These studies have identified a
number of independent pathways with possible key roles in the process of sporulation.

This study utilises shotgun proteomic techniques to characterise the proteome of Stagonospora nodorum and three mutant strains (with
disruptions in pathways previously shown to compromise sporulation) at time points prior to, and during, sporulation.

In order to analyse the proteomes of the four strains at two time points quantitatively, we have neutilised iTRAQ 8-plex isobaric peptide
tagging technology coupled with 2D LC-M S/M S.

Following analysis of the proteomics data, we are now utilising molecular biology techniques to knock out genes encoding proteins found
to be differentially abundant during the process of sporulation. By creating knock-out mutants lacking these proteins and characterising
the growth we will be able to further elucidate and confirm pathways that play key rolesin sporulation for thisimportant wheat pathogen.

A M ass Spectrometry Based Examination of the M agnaporthe oryzae Proteome During Appressorium Development. William L
Franck!, Emine Gokce? Y eonyee Oh', Timothy S. Collier?, David C. Muddiman? and Ralph A. Dean® 'Center for Integrated Fungal
Research, 2W .M. K eck FT-ICR M ass Spectrometry L aboratory, Department of Chemistry, North Carolina State University, Raleigh, North
Carolina, 27606

The rice blast pathogen, Magnaporthe oryzae, penetrates leaf surfaces via infection structures known as appressoria. Appressorium
formation can be induced by germination of conidia on hydrophobic surfaces or hydrophilic surfaces in the presence of CAMP. To better
understand the physiological changes occurring during the formation of appressoria, a mass spectrometry-based proteomics study was
initiated to examine changesin the proteome during spore germination and appressorium development. 1393 proteinswereidentified from
five conditionsincluding, conidiaand conidia germinated on a hydrophilic surface for 4 and 18 hoursin the presence or absence of 50mM
CAMP. A detailed examination of this data including changes in protein abundance will be presented. In addition, an analysis of the
phosphoproteome is in progress. Protein kinase dependent signaling is indispensible for production of appressoria. Phospho-(Ser/Thr)
kinase substrate antibodies were used to observe kinase-specific changes in protein phosphorylation patterns between mycelium, conidia
and germinated conidiaforming appressoria. Theseresultsprovide afoundation for examining the phosphoproteome and identifying protein
kinase targets involved in appressorium development.
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Stress Signalling (Sharon/Aguirre) Nautilus

Signaling mechanisms that sense and combat oxidative stress in Schizosaccharomyces pombe. Kaz Shiozaki, Department of
Microbiology, University of California, Davis, CA 95616, USA and Graduate School of Biological Science, Nara Institute of Science and
Technology, Ikoma, Nara 630-0192, JAPAN

Oxidative stress that generates the reactive oxygen species (ROS) is one of the major causes of DNA damage and mutations. The “DNA
damage checkpoints” that arrest cell cycle and repair damaged DNA have been afocus of recent studies. However, meansto eliminate ROS
are likely to be asimportant asthe DNA repair mechanismsin order to suppress mutations in the chromosomal DNA. To understand how
eukaryotes combat oxidative stress, our laboratory utilizes the fission yeast Schizosaccharomyces pombe, which has consistently served
as an excellent model system to uncover the cellular mechanisms broadly conserved among eukaryotes, including humans. M echanisms
that sense and transmit oxidative stress signals to the stress M AP kinase cascade and the TOR (Target Of Rapamycin) signaling pathway
in fission yeast will be discussed.

The CCAAT-binding complex coordinates the oxidative stressresponse in eukaryotes.

Axel A. Brakhage!, Marcel Thén', Qusai A. Abdallah?, Daniel H. Scharf®, Martin Eisendle?, Hubertus Haas? and Peter Hortschansky*
!Department of Molecular and Applied Microbiology, Leibniz Institute for Natural Product Research and Infection Biology (HK 1), and
Friedrich-Schiller-University Jena, Jena, Germany; 2Division of M olecular Biology, Biocenter, Innsbruck M edical University, Innsbruck,
Austria.

The heterotrimeric CCAAT-binding complex is a global regulator in all eukaryotes, but the regulation of its activity is still poorly
understood. The Aspergillusnidulans CCAAT -binding factor (AnCF) consists of the subunitsHapB, HapC and HapE and sensestheredox
status of the cell via oxidative modification of thiol groups within the histone fold motif of HapC. Mutational and in vitro interaction
analysesrevealed that two of these cysteine residues are indispensable for stable HapC/HapE subcomplex formation, high affinity DNA-
binding and proper nuclear import of AnCF. Oxidized HapC is unable to participatein AnCF assembly and localizesin the cytoplasm, but
can be recycled by the thioredoxin system in vitro and in vivo. In this study, we demonstrate that the central transcription factor AnCF is
regulated at the post-transcriptional level by interconnected feedback loopswith the peroxide sensor NapA. AnCF repressesfull expression
of napA and some NapA target genes. Oxidative stress inactivates AnCF via oxidation of HapC, which increases expression of napA and
NapA target genes directly (viarelease of AnCF repression) and indirectly (via NapA activation). This response includes the activation
of the thioredoxin system, which represses NapA activity and reactivates AnCF. The coordinated activation and deactivation of
antioxidative defense mechanisms, i.e., production of enzymessuch ascatal ase, thioredoxin or peroxiredoxin, and maintenance of adistinct
glutathione homeostasisvery likely represents a evolutionary conserved regulatory feature of the CCAAT-binding complex in eukaryotes.

On therole of NOX-derived ROS during cell fusion in Neurospora crassa. Alexander Lichius and Nick Read, Edinburgh University,
UK, alexlichius@gmail.com

Deletion of NADPH-oxidase-1 (NOX-1), itsregulator NOR-1, and the associated GT Pase RAC-1, resulted in acomplete loss of cell fusion
in Neurospora crassa, whereas deletion of NOX-2 did not, confirming functional separation between both isoforms. Although nox-1 and

nor-1 cells retained the ability to form conidial anastomosis tubes (CATs) they were unable to chemotropically interact. Ectopic
expression of fluorescent NOX-1 and NOR-1 fusion constructs rescued both mutant phenotypes, and their localisation to internal
membranes and the cytoplasm, respectively, indicated a role for NOX-1-derived reactive oxygen species (ROS) in intracellular redox
signalling. This notion was supported by the fact that CAT formation was selectively inhibited through the addition of micromolar
concentrations of hydrogenperoxide, which left germ tube development unaffected. Visualization of superoxide accumulation in the tips
of nox-1 and nor-1 germ tubes suggested that NOX-1 activity is dispensable for polarized growth, but has specific functions during
CAT-mediated cell fusion. Deletion of the catabolic NAD-dependent glutamate dehydrogenase (GDH-1(NAD)) resulted in a phenotype
very similar to nox-1, whereas absence of its anabolic counterpart NADPH-dependent GDH (GDH(NADPH)) produced no obvious
phenotype. Taken together, this data suggests that activity of GDH-1(NAD) is required to replenish NADPH stores in order to fuel
NOX-1-mediated ROS production which is essential to induce morphogenetic transitions leading to cell fusion.
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TheHYR1geneinthericeblast fungusfunctionstotolerate plant-produced r eactive oxygen speciesduring infection. Kun Huang?,
James Sweigard?, Jeffrey Caplan®, Kirk Czymmek?, Nicole Donofrio®. 'University of Delaware, Newark, DE, 19716 2DuPont Stine-Haskell,
Elkton Rd, Newark, DE, 19711 *Delaware Biotechnology Institute, Newark, DE, 19716 ndonof @udel.edu

Plants can mount several types of defense responses to block the pathogen completely or ameliorate the level of disease. Such responses
include release of reactive oxygen species (ROS) and cell wall appositions (CWASs). A successful pathogen will have its own ROS
detoxification mechanisms to manage this inhospitable environment. We are studying one such candidate mechanism in the rice blast
fungus, Magnaporthe oryzae, governed by a gene we call MoHYR1, which encodes a glutathione peroxidase domain. Its yeast homolog
is athioredoxin-dependent peroxidase that forms disulfide bonds with a partner protein, Y APL, to regulate ROS detoxification. The wild
type MoHYR1 gene partially complemented the yeast mutant, but it was not rescued by the gene mutated in the cysteines that form bonds
with YAPL1. A MoHYR1 deletion mutant showed growth inhibition in hydrogen peroxide (H202) and a decreased ability to break down
plant-generated ROS during compatible interactions, including ROS associated with CW As, resulting in significantly smaller lesions on
barley and rice. Our results indicate that the MoHYR1 gene functions similarly to its yeast homolog; it isimportant for fungal tolerance of
H202, which is directly related to virulence.

Tipping the Balance: Sclerotinia sclerotiorum regulates autophagy, apoptosis and disease development by manipulating the host
redox environment. Marty Dickman, Brett Williams, M ehdi K abbage, and Hyo-Jin Kim. Institute for Plant Genomics and Biotechnology,
Texas A& M University, Department of Plant Pathology and Microbiology, College Station, Texas 77843 USA

Disease symptoms in necrotrophic fungal infection have been attributed to direct killing of host tissue via secretion of toxic metabolites
by the pathogen. Recently however, accumulating evidence from several pathosystems have suggested that such fungi are tactically more
subtle in the manner by which pathogenic success is achieved, though the mechanistic details are not known. Sclerotinia sclerotiorum is
anecrotrophic ascomycete funguswith an extremely broad host range (>400 species). This pathogen producesthe non-specific phytotoxin
and key pathogenicity factor, oxalic acid (OA). Our recent work indicated that the fungus and more specifically OA, can induce apoptotic-
like programmed cell death (AP-PCD) in plant hosts. Importantly, we have also demonstrated that the induction of AP-PCD requires
generation of ROSinthe host, a process necessary for cell death and subsequent disease. Conversely, OA also dampensthe plant oxidative
burst, an early host response associated with defense. A challenge regarding OA in this context isthe observation that OA both suppresses
and induces host ROS during the same interaction. To address thisissue, we have generated transgenic plants expressing aredox-regulated
GFP reporter. Results show that initially, Sclerotinia (via OA) generates reducing conditions in host cells that suppress host defense
responsesincluding the oxidative burst and callose deposition, akin to hemi-biotrophic pathogens. Once infection is established however,
Sclerotiniainduces generation of plant reactive oxygen (ROS) leading to AP-PCD, of direct benefit to the pathogen. Chemical reduction
of host cells with dithiothreitol (DTT) or potassium oxalate (KOA) restored the ability of the OA mutant to cause disease. M oreover the
OA™non-pathogenic, Sclerotinia mutants, induce autophagy in the host. Funding: NSF 0923918.

Scavenging of reactive oxygen species (ROS) as part of a hierar chical networ k of mitochondrial pathwaysinvolved in aging and
lifespan control. Heinz D. Osiewacz!, AndreaHamann?, EddaK lipp? Axel Kowald? Sandrazintel®. 2Johann W olfgang Goethe University,
Faculty of Biosciences and Cluster of Excellence M acromolecular Complexes, Frankfurt, Germany. Humboldt University, Institute for
Biology, Theoretical Biophysics, Berlin, Germany. E-Mail: Osiewacz@bio.uni-frankfurt.de

Biological aging is controlled by a complex mitochondrial network of interacting molecular pathways. Here we report the effect of a
specific genetic manipulation of different components of the ROS scavenging system of the fungal aging model Podospora anserina.
Unexpectedly, we found that the deletion of the gene coding for the mitochondrial manganese superoxide dismutase (PaSOD3) did not
significantly affect the lifespan while over-expression | et to severe impairments (e.g., growth rate, sensitivity against exogenous stressors)
including areductionin lifespan. M ost strikingly, the up-regulation of only asingle gene had a strong impact on the abundance of anumber
of proteinsfrom different molecular pathways (e.g., ROS scavenging, proteolysis, heat-shock response) demonstrating the need for careful
and systematic anal yses of the effect of specific genetic manipulations. Such an analysis, which may utilize approaches of SystemsBiology,
is important to elucidate the impact and the interactions of individual pathways which in the past have been identified to contribute to
biological aging.
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Apoptotic fungal cell death mediates host invasion by pathogenic fungi. Amir Sharon, Neta Shlezinger, Sagi Shimshoni, Adi Doron.
Department of Molecular Biology and Ecology of Plants, Tel Aviv University, Tel Aviv 69978 Israel

The gray mold fungus Botrytis cinerea is a wide host-range plan pathogen causing significant crop losses worldwide. M ost of the damage
is due to post harvest rotting and infection of wounded plant tissues. Infection of intact plants is less significant, at least partly due to
sensitive of the fungus to plant-derived anti-fungal compounds. During disease spreading, the fungus induces cell death in the host and
inhabit only already killed tissues, thus avoiding direct contact with toxic plant metabolites. How the fungus mange to survive during the
initial phase, when the spores are in contact with live host cells remains unclear. We hypothesized that apoptotic cell death (PCD) might
be induced in the fungus by plant defense metabolites during the initial phase of disease establishment. Here we report on the
characterization of PCD in B. cinerea and the role of the fungal anti-apoptotic response in disease development.
Bioinformaticssearchesrevealed presence of awide range of candidate apoptotic genesin fungi, but al so absence of homologues of several
important regulators of animal apoptosis. Weisolated and characterized B¢cBirl, aB. cinerea homologue of IAP proteins, dueto the central
position of IAPsin mammalian apoptotic networks. Knockout or over expression strains of BcBIR1 revealed that BcBirl is anti-apoptotic
and this activity was assigned to the N' terminal part of the protein. Using a strain expressing GFP-tagged nuclei and direct apoptosis
assayed we found that the fungus undergoes massive programmed cell death during early stages of infection, but then fully recovers upon
transition to second phase of infection. Further studies using the fungal mutantsin combination with mutant Arabidopsis lines showed that
fungal virulence was fully correlated ability of the fungus to cope with plant-induced PCD. Similar results were obtained with another
necrotrophic pathogen Cochliobolus heterostrophus. Our result show that B¢cBirl is major regulator of PCD in B. cinerea and that proper
regulation of the host-induced PCD is essential for pathogenesis in this class of pathogens. Due to the general role of PCD in fungi and
considering the common strategies of host invasion by pathogens, we propose that host-induced fungal PCD might be a general
phenomenon including in human pathogens. The components of apoptotic networks, although only partially characterized, are conserved
between fungi but differ from plant and animals. When considered together, it isexpected that apoptotic networks might represent attractive
targets for novel antifungal drugs.

Evidencethat HxkC, an Aspergillus nidulans mitochondrial hexokinase-like protein, is anti-apoptotic. Margaret E. Katz*, Rebecca
Buckland!, and Matthias Brock?, *Molecular and Cellular Biology, University of New England, Armidale, NSW 2351 Australia,
mkatz@une.edu.au 2Microbiell Biochemistry, Hans-Knoell-Institut, Beutenbergstr. 1la, Jena 07745, Germany,
M atthias.Brock@hki-jena.de

Binding of hexokinase || to mitochondriainhibits Bax-induced cytochrome c release from mitochondria and apoptosisin mammalian cells
(Pastorino et al, 2002). HxkC, which plays a role in the response to nutrient stress, is the first fungal hexokinase shown to be associated
with mitochondria (Bernardo et al. 2007). In a strain lacking functional HxkC, cleavage of DNA into oligonucleosomal fragments, a
hallmark of mammalian apoptosis, occurs even in the absence of nutrient stress. This suggests that, as in plants, a fungal mitochondrial
hexokinase inhibits programmed cell death even though Bax, a member of the Bcl-2 family, is not present. The hxkC delta null mutant
shows increased susceptibility to oxidative stress but increased resistance to rapamycin-induced-inhibition of conidiation. Higher levels
of intracellular protease activity, which could be theresult of autophagy, are detected in the hxkC delta mutant. T o determine whether HxkC
playsarolein autophagy, we have generated mutants that lack both HxkC and AtgA, Although no loss of hexokinase activity was detected
in the hxkCdelta mutant, purification of HxkC has revealed that the protein possesses low levels of ATPase and glucose-phosphorylating
activity. Pastorino J.G., ShulgaN., Hoek J.B. (2002) Mitochondrial binding of hexokinase Il inhibits Bax-induced cytochrome c release
and apoptosis. J. Biol. Chem. 277: 7610-7618. Bernardo S.M.H., Gray K.-A., Todd R.B., Cheetham B.F., Katz M.E. (2007)
Characterization of regulatory non-catalytic hexokinases in Aspergillus nidulans. Mol. Genet. Genomics 277: 519-532.
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Hyphal Tip Growth (Gow/W endland) Heather

Tip growth in pollen tubes. An Yan, Gang Liu, Jamin Augusta, Guanshui Xu, and Zhenbiao Y ang. Center for Plant Cell Biology,
Department of Botany and Plant Sciences, University of California, Riverside, CA 92521. yang@ucr.edu

The extreme polar growth, ‘tip growth’, is required for the formation of elongated tubular cells, which explore their environment or
penetratetissues, e.g., fungal hyphaeinvade animal and plant host tissuesor explore nutrientsin the environment, and pollen tubes penetrate
femaletissuesto deliver spermsto the ovule for fertilization. Tip growth isachieved by targeting and fusion of vesiclesto the apical region
of the plasmamembrane, termed tip growth domain. Weinvestigate what defines and maintainsthe tip growth domain and how thisdomain
directs growth using the pollen tube as a model system. Our previous studies suggest that the tip growth domain is generated and
maintained by a self-organizing mechanism involving the ROP1 GTPase signaling network composed of an interlinking positive and
negative feedback loops. Furthermore, our studies suggest that the ROP1 signaling network controls tip-targeted exocytosis. Using a
combination of mathematical modeling and experimental approaches, we are testing the hypothesis that ROP1-dependent exocytosisis a
central cellular event in pollen tube tip growth by coordinating the positive and negative feedback loops with the mechanical dynamicsin
the apical region of the cell wall.

Cytoskeleton and polarized growth. R. Fischer, N. Takeshita, C. Seidel, N. Zekert Karlsruhe Institute of Technology (KIT), Dept. of
Microbiology, Hertzstr. 16, D-76228 Karlsruhe, reinhard.fischer@kit.edu

The interplay between the actin and the microtubule (M T) cytoskeleton in polarized growth of fungi has recently been revealed. In S.
pombe, Teal —aso-called cell end marker protein - istransported to the plusends of M Ts by the kinesin Tea2, and isdelivered to cell ends
by hitchhiking with growing M Ts. M od5, which is posttranslationally modified by prenylation, anchors Teal at the cell ends, where Teal
recruitsformin for actin assembly. W e showed recently that the functions are essentially conserved in A. nidulans. However, we found that
the cell end marker complex isnot only required for the polarization of the actin cytoskeleton but also for temporary attachment of the M Ts
to the complex. We also discovered that the correct localization of the cell end marker complex depends on sterol rich membrane domains.
Several genes, involved in the formation of these membrane domains are currently studied. Recently, there is increasing evidence that
endocytosis plays an important role in polarized growth. We characterized two Unc-104 related motor proteins and discovered that one
of them, UncA, which isinvolved in endocytic vesicle transportation, preferentially moves along a detyrosinated M Ts. Deletion analyses
revealed a stretch of 80 amino acids in the tail of UncA important for the recognition of the special MT. To understand the function of
different MT populationsin A. nidulans, the ratio between tyrosinated and detyrosinated alpha-tubulin in the cell is modified by different
means.

Roles of the Cdc42 polarity complex in hyphal tip steering. Emma Morrison®, Stephen Milne? Neil Gow® and Alexandra Brand®.
A berdeen Fungal Group, University of Aberdeen, UK. 2Bjosciences, University of Exeter, UK. (a.brand@abdn.ac.uk),

Fungal mycelia occupy alarge variety of environmental niches and each species has a growth strategy that is optimised for its niche. A
key effector in these strategiesisthe ability of hyphal tipsto regulate their direction of growth in response to relevant environmental cues.
These pre-programmed responses, or tropisms, are species-specific but are likely to be facilitated by the conserved molecular complexes
that drive polarised hyphal growth. The hyphae of the human pathogen, Candida albicans, respond by re-orienting on contact
(thigmotropism) and on the application of an electric field (galvanotropism). Using it asamodel, we have shown that calcium isimportant
for tropic growth responses and that hyphae are unable to respond appropriately to environmental cues when the GTP-cycling activity of
the small GTPase, Rsr1/Budl, is abolished, either by gene deletion or mutation. Rsrl anchors the essential Cdc42 polarity complex
correctly within the hyphal apex but the contribution of itsinteracting proteinsin thetip-reorientation processisnot known. W e show that
lossof GTP-cycling by Cdc42 severely reduces contact-sensing in C. albicansand causeshyphare-orientationin an electric field to become
anodal instead of cathodal. Thislatter phenotype has also been observed by othersin Schizosaccharomyces pombe, the fission yeast. To
probe the role of calcium in the regulation of the polarity complex, we mutated the putative calcium-binding site in the Cdc42 activator,
Cdc24, to disrupt itsbinding with the scaffold protein, Bem1. Interestingly, this mutant and the Bem1 reciprocal-binding mutant exhibited
very different phenotypes, but both displayed a slightly heightened propensity to re-orient their tips compared to the control strain, the first
time we have observed such an effect in amutant. Hyphal tip response levels may reflect the stability of protein-protein interactions within
the Cdc42 cell polarity complex.
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Linking the Hgcl1l-Cdc28 CDK to the polarity machinery in C. albicans hyphal development. Y ue Wang. Genes and Development
Division, Institute of Molecular and Cell Biology, Singapore 138673

Cyclin-dependent kinases (CDKs) play a central role in yeast morphogenesis. M any years of studies in Saccharomyces cerevisiae have
produced the following prevalent model. Cdk1 directs bud growth viaassociation with different cyclins throughout the cell cycle: Cdk1%:
promotes bud emergence and polarized growth at the bud tip, whereas Cdk1%? later switches the growth to isotropic expansion. Timing
of the switch is critical: a premature switch produces round buds, whereas a delayed one causes bud elongation. Although well accepted
and backed by strong evidence, direct links of CDK s with the cell’s polarity machinery remain largely unknown; also the S. cerevisiae
model has not been rigorously tested in other fungi. Using the dimorphic fungus Candida albicans as a model to study CDK’srolein
morphogenesis, we find that this organism hasevolved anovel G1 cyclin, called Hgcl, specifically for promoting hyphal growth. Through
asystematic screen for proteinsthat undergo CD K H%%-dependent hyperphosphorylation, we have discovered several direct regul atory targets
of CDK"™! including the Cdc42 GAP Rga2, the septin Cdcl1, the polarisome subunit Spa2, and the transcription factor Ace2. We also
found that CDK ™! associates with and negatively regulates the adenylyl cyclase Cyrl to lower cellular cAMP levels, essential for
maintaining hyphal growth. T ogether with findings by Peter Sudbery’ sand Haoping Liu’ sgroupsthat Sec2 and Efgl are CDK H%!substrates
respectively, our resultshave established concrete linksbetween CDK sand cellular machinesthat drive key processesimportant for normal
hyphal development.

Role of hyphal development in vir ulence of human fungal pathogen Cryptococcus neoformans. M arianna Feretzaki *, Min Ni?, Sarah
H. Hardison? Floyd L. Wormley Jr. %, and Joseph Heitman® 'Department of M olecular Genetics and Microbiology, Duke University
M edical Center, Durham, North Carolina, mf55@duke.edu 2Department of Biology, University of Texas at San Antonio, San Antonio,
Texas

Cryptococcus neoformansis a human fungal pathogen that causes lethal infections of the central nervous system in immunocompromised
individuals. In the environment Cryptococcus has a defined sexual life cycle with a and alpha mating types. M ating leads to the formation
of hyphae and spores that are considered to be the infectious propagul es of the fungus. Following inhalation, the spores travel to the lung
where they establish a pulmonary infection growing as budding yeast. Hyphal development inside the host is rare, possibly due to
mammalian physiological conditions. However, our previous work has demonstrated that filamentation and key virulence factors, growth
at high temperature and melanin synthesis, are governed by common genetic loci. In our study, we found that a hyperfilamentous strain
is hypervirulent compared to the afilamentous, attenuated parental strain using murine and insect models. To further examine the
progression of the infection, histological analysis showed that mice infected with the hyperfilamentous strain developed severe lung
pathology with collapsed tissue and widespread growth compared to the attenuated parent. We performed linkage analysis to determine
whether asingle or multipleloci contributeto the observed differencein virulence. The progeny from across of the hyperfilamentous strain
with the attenuated parent were screened for hyphal initiation and elongation, growth at high temperature and melanization. Murine and
insect model hosts will be used to determine virulence of the interesting strains. Our ongoing studies focus on the mammalian innate
immune response following infection of hyperfilamentous C. neoformans.

The signaling mucin M sb2 is processed into cellular and extracellular fragments during its function in appressorium formation
of Ustilago maydis. Daniel Lanver, Patrick Berndt and Regine K ahmann. M ax-Planck-Institute for Terrestrial Microbiology, Department
of Organismic Interactions, Karl-von-Frisch-Strasse 10, D-35043 M arburg, Germany. daniel.lanver@mpi-marburg.mpg.de

The dimorphic fungus Ustilago maydis switches from budding to hyphal growth on the plant surface. In response to hydrophobicity and
hydroxy fatty acids U. maydis developsinfection structures called appressoria. Here we report on the transmembrane mucin M sb2, which
is essential for appressorium formation in response to the hydrophobic stimulus. The M sh2-protein is processed into a cellular fragment
and a large, highly glycosylated extracellular part. The latter fragment remains attached to the cell surface, as demonstrated by
immunofluorescence and western analysis, but is also shed from cells. Although deletion of either part of M sh2 does not alter localization
of the remaining part, both, the extracellular and intracellular domains are essential for function. We propose that the cellular part of M sb2
plays a role in activating downstream signaling events. Epistasis analysis revealed that Msh2 acts upstream of Kpp2 and Kpp6, two
M A P-kinases essential for plant cuticle penetration. Collectively, our dataindicatesthat M sb2 in U. maydisisaplasmamembrane receptor
involved in plant surface sensing. To reveal theimpact of the M sh2-protein on gene regulation we performed genome-wide transcriptional
profiling at the stage of appressorium formation and will discuss these results.
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Intercalary extension in vegetative hyphae facilitates colonisation of developing grass leaves by fungal endophytes. Christine R.

Voisey’, Suzanne J.H. Kuijt', Mike J. Christensen®, Wayne R. Simpson®, Kelly Dunstan®, K.G. Sameera U. Ariyawansa', Nick D. Read?,
Neil A.R. Gow?, Rosie E. Bradshaw”, Hironori K oga®and Richard D. Johnson®. 2AgResearch, Palmerston North, New Zealand.?University
of Edinburgh, Edinburgh, Scotland.®U niversity of Aberdeen, Aberdeen, Scotland.*M assey University, Palmerston North, New
Zealand.®l shikawa Prefectural University, Nonoichi, Ishikawa, Japan. christine.voisey@agresearch.co.nz

The highly polarised process of apical extension in vegetative hyphae is a distinguishing characteristic of fungal growth. However, an
exception to this paradigm has recently been observed in endosymbiotic fungi that infect temperate grasses from seed. Grasses in the
sub-family Pooideae form symbiotic associations with endophytic fungi of the genera Epichloé and Neotyphodium. The fungi colonise
aerial tissues of developing grass seedlings by infecting the primordia of leaves and inflorescences as they develop on the shoot apical
meristem. The hyphae of the endophyte are firmly attached to growing plant cells, and the two organisms are therefore committed to
undertake coordinated developmental programmes.T heleavesof grassesgrow primarily thoughintercalary extension, aresult of significant
cell expansion throughout the leaf expansion zone. Conversely, vegetative fungal hyphae arethought to grow exclusively at the hyphal apex.
Inastriking example of co-evolution, these fungi have evolved anovel mechanism of elongation and division in intercalary compartments.
Thisextremely rare mode of growth has enabled the attached endophyte to grow in synchrony with the host. The molecular and cytological
events that orchestrate cell wall extension are the subject of a new study aimed at determining the specific orientation of the cytoskeleton
and the movement of chitomes during polar and intercalary modes of growth. Two key fungal signalling pathways are currently being
investigated to establish whether they participate in coordinating responses to mechanical stress which may trigger intercalary growth in
endophytes when host cells expand.

Polarity proteinsBem1 and Cdc24 are componentsof thefilamentousfungal NADPH oxidase complex. Daigo Takemoto'? Sachiko
Kamakura®, Sanjay Saikia?, Y vonne Becker?, Ruth Wrenn? Aiko Tanakal?, Hideki Sumimoto® and Barry Scott? * Graduate School of
Biogricultural Sciences, Nagoya University, Nagoya, Japan. 2 Institute of M olecular BioSciences, M assey University, Palmerston North,
New Zealand. 2 Graduate School of Medical Sciences, Kyushu University, Fukuoka, Japan

Endophytic fungi Epichloéfestucae systemically colonizetheintercellular spaces of perennial ryegrassto establish a symbiotic association.
W e have shown that reactive oxygen species (ROS) produced by a specific NADPH oxidase isoform, NoxA, a regulatory component,
NoxR, and the small GTPase, RacA have acritical role in regulating hyphal growth in the host plant. Generation of ROS by E. festucae,
requires functional assembly of amulti-subunit complex composed of NoxA, NoxR, and RacA. However, the mechanism for assembly and
activation of this complex at the plasma membrane is unknown. We found that E. festucae NoxR interacts with homologs of the yeast
polarity proteins, Beml1 and Cdc24, and that the PB1 protein domains found in these proteins are essential for these interactions. GFP
fusions of BemA, Cdc24 and NoxR preferentially localized to actively growing hyphal tips and to septa. These proteins preferentially
interact with each other in vivo at these same cellular sites as shown by bimolecular fluorescent complementation assays. The PB1 domain
of NoxR isessential for localization to the hyphal tip. An E. festucae bemA mutant was defective in hyphal morphogenesis and growth in
culture and in planta. The changes in fungal growth in planta resulted in a defective symbiotic interaction phenotype. These results
demonstrate that BemA and Cdc24 play a critical role in localizing Nox proteins to sites of fungal hyphal morphogenesis and growth.
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Compar ative and Functional Genomics

1. Peculiar chromosomal evolutionary processesin filamentousfungi, RI P, later al genetransfer, sectional genelossand mesosynteny, areamplified
in dothideomycetes. Richard P. Oliver, James K Hane, Robert Syme, ACNFP, Curtin University, Australia, Richard.oliver@curtin.edu.au

Comparisons of fungal genomes have highlighted four processes which seem to be prevalent and even unique in filamentous fungi. The best known is
RIP, a genome defence mechanism that mutates copies of repeated sequences during meiosis. We have devel oped semi-automated methods of detecting
RIPin genome assemblies and of predicting the progenitor sequences. The acquisition of genome sequences of multipleisolatesof , hasrevea ed patterns
of gene conservation within a species. Extraordinary numbers of genes are uniqueto each isolate. Furthermore the distribution of "missing" genesisnot
random. Rather many runs of adjacent genesaremissing - aphenomenomwe call sectional geneloss. Thirdly comparison of genecontent between species
suggeststhat many genes have been laterally transferred into and between filamentous speci es on times scalethat range from decadesto millions of years.
Comparisons between species reveals a novel form of synteny characterised by retained chromosomal gene content, but shuffled gene order and
orientation; we call thismesosynteny. M esosynteny promisesto expedite genomefinishing. Thesefour processesare prevalent with the Dothideomycetes,
agroup that includes the most damaging plant pathogens. We will discuss whether these phenomena have causal relationships and whether this group's
success as agricultural patterns can be attributed to these peculiar evolutionary processes.

2. Anin vivo transcriptome for the entomopathogenic fungus Metarhizium robertsii ARSEF 2575. B. Giuliano Garisto Donzdlli*, B. A. Ro€?, - S.
L. Macmil?, D. J. Schneider', G. DeClerck?, A. C. L. Churchill®, D. M. Gibson®. * R. W. Holley Center, USDA-ARS, Tower Road, Ithaca, New Y ork
14853. *Department of Chemistry and Biochemistry, University of Oklahoma, Norman, Oklahoma, 73019. *Department of Plant Pathology and
Plant-Microbe Biology, Cornell University, Ithaca, New Y ork, 14853.

To evaluate the transcriptional responses of the insect pathogen Metarhizium robertsii ARSEF 2575 during its interaction with insects, we developed
amethod to specifically recover pathogen transcripts from infected Spodoptera exigua (beet armyworm) larvae. cDNA was sequenced using the Roche
454 GS-FLX platformand theresulting 344,678 readswere attributed to either the pathogen or the host based on similarity searches against the GenBank
nr and est_others databases. Out of 34,652 unigenes, 14,298 had significant similarity to known fungal proteins or transcripts; 2,748 unigenes were
attributable to the host. All of the M. robertsii virulence factors described to date were represented, alongside with several novel transcripts potentialy
involved in virulence, including cell wall proteins, iron homeostasis genes and hydrolytic enzymes. On the host side, the library contained mainly
transcripts of housekeeping genes, only ~50 of which were associated with immune defense responses. A more compl ete annotation of thelibrary based
on the M. robertsii ARSEF 2575 genome isin progress.

3. Mappingthe Hsp90 Chaper oneNetwor k in Candida albicansRevealsEnvironmental Contingency and Rewir ed Cir cuitry. Stephanie Diezmann*,
Magali Michaut’, Gary Bader®, Leah E. Cowen* * Department of Mol ecular Genetics, University of Toronto, 1 King's College Circle, Toronto ON M5S
1A8 ° Terrence Donnelly Centre for Cellular and Biomolecular Research, University of Toronto, 160 College Street, Toronto ON M5S 3E1

Hsp90 is an essential molecular chaperone conserved in all eukaryotes. It regulates the stability of diverse client proteins, including many signal
transducers. In the leading fungal pathogen of humans, Candida albicans, Hsp90 governs cellular circuitry regulating fungal drug resistance and
morphogenesis, though only two client proteins have been identified to date. We mapped the C. albicans Hsp90 genetic interaction network and followed
its dynamics under different stress conditions, such as high temperature, high osmolarity, and exposure to drugs that compromise the cell wall and cell
membrane. We conducted a chemical genetic screen with alibrary comprising ~1,200 mutants covering 10% of the genome and the Hsp90 inhibitor
geldanamycin, and identified atotal of 226 interactions. Network analysesrevea ed common and unique stressresponse profil es. Further characterization
of specificinteractorssuggeststhat some of them act upstreamto modify Hsp90 function whil e othersare downstream and depend on Hsp90 for activation.
A comparison with Saccharomyces cerevisiae revealed a largely distinct C. albicans Hsp90 interaction network, suggesting rewiring of the network
probably in response to different niche requirements and the selective pressure exerted by different life histories.

4. Genome sequence analysisof Chrysosporium lucknowense C1: afilamentousfungusof biotechnological importance. HansVisser?, SandraHinz',
Martijn Koetsier', Vivi Joosten', Scooter Willis?, Bruce Pascal?, and Jan Wery*. 'Dyadic Netherlands, Wageningen, Netherlands. ?Scripps Institute,
Jupiter, Florida, USA.

The ascomycetous fungus Chrysosporium lucknowense C1 was developed as an efficient and versatile platform for high level protein production on a
commercial scale, providing a strong alternative to well established industrial fungi, like Aspergillus niger and Trichoderma reesei. Strain and process
improvement strategies of the original C1 isolate resulted in strains that are able to secrete large amounts of a complex mixture of (hemi-)cellul ases.
Re-sequencing and automated annotation of thewild type C1-genomeusing thelatest sequencing and bioinformaticstool srevealed that Clisarich source
of (potential) industrial enzymes. These enzymesinclude oxido-reductases, proteases, esterases and hydrolases. In particular, the approximately 38 Mbp
genome appeared to be very rich in genes encoding plant biomass hydrolyzing enzymes. Comparison of this plant cell wall degrading capacity with that
of A. niger and T. reesei revea ed interesting similarities and differences. C1 specifically differentiatesitself from A. niger and T. reesei by therelatively
large number of (glucurono-) arabinoxylan degrading enzymes. However, C1 and A. niger are similar with respect to the number of cellulases, while T.
reesel has notably less cellulases. An overview of these and other C1 genome sequence data as well as some examples of the exploitation thereof will
be presented.
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5. Correlation of geneexpression and protein productionrate- asystemwidestudy. Mikko Arvas, TiinaPakula, Bart Smit, Jari Rautio, PaulaJouhten,
Heini Koivistoinen, Erno Lindfors, Marilyn Wiebe, MerjaPenttilaand Markku Saloheimo VTT Technical research centre of Finland, Tietotie 2, 02044
VTT, Finland mikko.arvas@vtt.fi

The filamentous fungi Trichoderma reesei isan industrial protein production host with exceptiona protein secretion capability. It can produce up 100
o/l of protein and it is often used to produce cellulases and hemicellulases to depolymerise biomass. Most efficient production of secreted protein is
achieved at |ow specific growth rate of 0.03 1/h (Pakulaet al. Microbiology 151 (2005), 135-143). We have used transcriptomics and proteomicsto study
the effect of growth rate and cell density to T. reesel protein production in chemostat cultivations. Use of chemostat allows control of growth rate and
precise estimation of the specific protein production rate (SPPR). For each gene we calcul ateits correlation to the SPPR and analyse the distribution of
these correlations in context of genome structure and annotation, gene sequence homology to other fungi and predicted metabolic network. Although
highest protein production occurs at low growth rate and carbon limitation the observed response is distinct from Saccharomyces cerevisiag's response
to low growth rate or carbon limitation. In addition to conventiona transcriptomics by microarray, the used microarray also included probes for
non-coding sequence to detect novel genes (Arvaset a. Gene 467 (2010) 41-51). Several novel genes, putatively related to regulation, were discovered
as differentially expressed in these conditions.

6. Lascer capture microdissection, RNA-seq, and mutant genome sequencing: How to use next-generation sequencing to characterize
developmental genes in filamentous fungi. Minou Nowrousian, Ines Teichert, Ulrich Kiick Lehrstuhl fur Allgemeine und Molekulare Botanik,
Ruhr-Universitét Bochum, Bochum, Germany; email minou.nowrousian@rub.de

Next-generation sequencing (NGS) techniques haverevol utionized thefield of genomics/functiona genomics. Wehaverecently sequenced and assembled
the genome of the filamentous ascomycete Sordaria macrospora, a model organism for fungal development, solely from NGS reads (PLoS Genet
6:€1000891). We are now applying NGS in two approaches for the identification and characterization of developmental genes. (1) With laser capture
microdissection, we can separate protoperitheciafrom the surrounding hyphae. RNA isolation and amplification from 150 protoperitheciayieldsenough
materia for RNA-seq analysis. The resulting data will be compared to RNA-seq data from whole mycelial exctracts to characterize the genome-wide
spatial distribution of gene expression during sexual development. (1) We sequenced the genomes from two mutantsthat were generated by conventional
mutagenesis, and identified two causative mutations through bioinformatics analysis. One mutant carries a mutation in the known developmental gene
pro4l. The second, aspore color mutant, has a point mutation in a gene that encodes an enzyme of the melanin biosynthesis pathway. For both mutants,
transformation with awild-type copy of the affected gene restored the wild-type phenotype. These data show that whol e genome-sequencing of mutant
strainsis arapid method for the identification of developmental genes.

7. Thegenome sequencefor Eremothecium cymbalariaeestablishesalink between theS. cerevisiaeancestor and thestreamlined genomeof Ashbya
gossypii. Juergen Wendland and Andrea Walther, Carlsherg Laboratory, Y east Biology, DK-2500 Valby, Copenhagen, Denmark; jww@crc.dk

E. cymbalariae is a close relative of A. gossypii. Both species are filamentous fungi that show bifurcational (Y-shaped) tip growth. In contrast to A.
gossypii, E. cymbalariae generates an aeria mycelium with hyphae that form sporangiaat their tips. E. cymbalariae spores lack appendices with which
spores of A. gossypii stick together in bundles. To explore these differences on agenomic level we have established the compl ete genome sequence for
E. cymbalariae using a 454 approach. We obtained a 40x coverage of the genome and with additional paired-end sequencing of fosmids and directed
PCRs assembl ed the genome of app 9.6Mbinto E. cymbalaria€’ s8 chromosomesin contrast to only 7 chromosomesin A. gossypii. Wefound orthologs
of app. 4700 genes present in the yeast ancestor plus app 170 tRNAs. Most of the genes of E. cymbalariae are within blocks of synteny with the yeast
ancestor. Strikingly the conservation of synteny isgreater between E. cymbalariae and the ancestral yeast rather than to A. gossypii. At syntenic positions
several homolgsto S. cerevisiae or e.g. K. lactis are present in the E. cymbalariae genome that are absent from A. gossypii. This indicates that the E.
cymbalariae genome represents a preWGD genome with closeties to the ancestral yeast. During evolution several decisive changes occurred in the A.
gossypii genome that affected for example the mating-type loci, the removal of a transposon, the condensation of intergenic regions, a strong increase
in GC-content, and chromosomal rearrangements. We will present phenotypic comparisons of E. cymbalariae and A. gossypii as well asinsightsinto
genome evolution of the Eremothecium lineage.

8. Compar ative Genomics Suggests the Presence of RNA Interference in Oomycetes. Nahill Matari and Jaime E. Blair Department of Biology,
Franklin and Marshall College, Lancaster, PA

RNA interferenceisanatural process eukaryotes use to regulate gene expression. Here we used comparative genomic approaches to identify the genes
involved in RNA interference within available Oomycete genomes. Amino acid sequences of proteins known to be involved in RNAI biogenesis from
human, Drosophila, and Arabidopsis were collected and used as references to search Oomycete genomes for the presence of homologs. Dicer, drosha,
argonaute, and pasha protein sequences were used as queries as they are known to be crucia for RNAI biogenesis and are heavily conserved between
different organisms. Searches yielded that Phytophthora ramorum, P.capsici, P.infestans, P.sojae, and Saprolgenia parasitica, as well as outgroups
Thalassiosira pseudonana (diatom) and Ectocar pus siliculosus (brown alga), al contain proteins that are homol ogous to the reference sequences. Pfam
was used to verify that each homol og contained the appropriate protein domains known to beinvolved in RNAI biogenesis. Phylogenetic analysisof both
protein and nucleotide data suggest that these genes have al so experienced multiple rounds of duplication within Oomycetes. These results suggest that
Oomycete genomes contain the appropriate genes necessary for RNA interference. Currently, nucleotide alignments are being used to design primersfor
both genomic PCR and RT-PCR for test for the presence and expression of these genesin locally collected isolates of Phytophthora and Pythium.
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9. sex genein Rhizopusoryzae. Andrii Gryganskyi®, Soo Chan Lee', AnastasiaL itvintseva, O. Savitskyi?, IrynaAnishchenko?, Josef Heitman' and Rytas
Vilgalys'. 'Duke University, Durham, USA. 2Ukrainian Academy of Sciences, Kyiv, Ukraine.

The Rhizopus oryzae species complex comprises agroup of zygomycetous fungi that are common, cosmopolitan saprotrophs. Some strains are used for
production of tempeh and other Asian fermented foods but they can also act as opportunistic human pathogens. Although R. oryzae reportedly has a
heterothallic (+/-) mating system, most strains are incapable of sexua reproduction, and the genetic structure of its mating locus has not been
characterized. Here we report on the mating behavior and genetic structure of the mating locus from 57 isolates of the R. oryzae complex, including the
recently sequenced genome of isolate RA99-880. All strains from the R. oryzae complex have a mating locus that is similar in overall organization to
the mucoralean fungi Phycomyces blakesleeanus and Mucor circinelloides. In all of these fungi, the minus allel e features a high mobility gene (HMG)
flanked by an RNA helicase gene and a triose phosphate transporter gene. Within the R. oryzae complex, the plus mating allele includes alarge inserted
region that codesfor aBTB/POZ domain gene. Phylogenetic analysisof HMGs, ITSand 28srDNA, RPB2, mtSSU and LDH genesin R. oryzaeisolates
identified two distinct groupsthat correspond to previously described sibling species (R. oryzaes.s. and R. delemar). Laboratory mating assaysidentified
a phenotypic difference between these species.

10. Utilizingfunctional genomicsin Neurosporacrassatoidentify cell wall genes. DivyaSainand Jason E. Stajich, University of California, Riverside,
CA dsain001@ucr.edu

The cell wall is one of the most important organelles of the fungal cell and differentiates the pathogenic fungi from the plants and animals they infect.
This makesthe cell wall an excedllent target for anti-fungal drugs. We employed afunctional genomics approach to identify additional cell wall genesin
the model filamentous fungus, Neurospora crassa. While models of the cell wall biosynthesis were elucidated in the model yeast Saccharomyces
cerevisiae, filamentous fungi may have additional genes and pathways. Using genetic and genomic tools to investigate cell wall mutant phenotypesin
N. crassa will provideinsight into pathways needed for walls and growth in filamentous fungi. It has been shown that the growing fungal hyphal tip has
high cell wall biosynthesis activity (Bartnicki-Garcia and Lippman, Science, 1969) and a recent microarray study of N. crassa hyphal growth at 6
timepoints (Kasugaand Glass, Euk Cell, 2008) showed that the genes expressed at thetips of the colony were enriched for cell wall functions. We mined
the microarray results and found 60 genes were highly expressed in the tip. These included known cell wall geneslike CHS (chitin synthase) and FKS1
(1,3-betaglucan synthase); while many others have no known function. We screened knock- out mutants of these genesfor basic growth, developmental
abnormalities, and defectsin the cell wall integrity pathways. The mutants showing abnormal phenotypeswill serve asastarting set for future anti-fungal
screening and additional genetic analysis.

11. Characterization of Class|1 DNA Transposonsin Coprinopsiscinerea. Sydney Webb and Marilee A. Ramesh. Department of Biology, Roanoke
College, Salem, VA 24153. ramesh@roanoke.edu

An analysis of the Coprinopsis cinerea genome has identified three families of DNA transposons (Class |1 repetitive elements). While both Class| and
Class|| repetitive elementswerefound inthe C. cinerea genome, Class |1 elements appear to occur at amuch lower frequency. Bioinformaticstechniques
were used to analyze and characterize three main families of Class Il elementswithin C. cinerea. The C. cinerea genome assembly and annotation was
searched with 150 pFAM domains specific for eukaryotic transposons, identifying three families of elements. One family, the En/Spm family, contains
12 transposons ranging in size of 4044 to 3468 bp. This family is closely related to the CACTA superfamily in plants, although it does not appear to
contain the conserved terminal regions seen in the plant elements. To further characterize the En/Spm transposons, the exon and intron lengths were
assessed. The upstream and downstream regions were analyzed to identify and characterize each element’s Terminal Inverted Repeat (TIR) region.
Potential TIR repeats of 3-6 bp sequences have been identified on the upstream and downstream regions. A similar approach is being taken to analyze
the other two families of Class || elements (hAT and mariner) in the C. cinerea genome and preliminary data will be presented.

12. Mating-typeloci in the homothallic Ascomycete Eupenicillium crustaceum. Stefanie Poggelert, Céline M. O’ Gorman?, Birgit Hoff? and Ulrich
K ick?* Department of Geneticsof Eukaryotic Micro-organisms, I nstitute of Microbiology and Genetics, Georg- August University, Grisebachstr. 8, 37077
Gottingen, Germany; e-mail : spoegge@gwdg.de?Department of General and Mol ecular Botany, Ruhr-University Bochum, UniversitétsstralRe 150, 44780
Bochum, Germany

The homothallic Eupenicillium crustaceum Ludwig is very closely related to the penicillin-producer Penicillium chrysogenum, which is supposed to
reproduceonly asexually. However, recently strainsof P. chrysogenum have been shown to carry either the mating type (MAT) locusMAT1-1 or MAT1-2
suggesting a heterothallic breeding system. To analyze the molecular basis of homothallism in E. crustaceum, we cloned and sequenced its MAT
sequences. Two MAT loci, MAT1-1 and MAT1-2, reside in the genome of E. crustaceum. MAT1-1 is flanked by conserved apn2 and sla2 genes and
encodes a homologue of the apha-box domain protein MAT1-1-1, while MAT1-2 carries the HMG domain gene MAT1-2- 1 and is flanked by a
degenerated sla2 gene and an intact homologue of the P. chrysogenum ORF Pc20g08960. To determine functionality of the E. crustaceum MAT genes,
we demonstratetheir transcriptional expression during vegetative devel opment. Furthermore, theal pha-box domain sequenceof MAT1-1-1andtheHMG
domain sequence of MAT1-2-1 were used to determine the phylogenetic relationship with other ascomycetes. Phylogenetic trees confirmed strong
rel ationships between the homothallic E. crustaceum and the supposedly heterothallic P. chrysogenum.
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13. A functional genomicsstudy of extracellular protease production by Aspergillusniger. Machtelt Braaksmat, Mariet van der Werf*, Ceesvan den
Hondel*? and Peter Punt*? 1, TNO Microbiology and Systems Biology, Zeist , the Netherlands 2, Molecular Biology and Biotechnology, Leiden
University

To study the complex regulation of extracellular proteases in the filamentous fungus Aspergillus niger a combination of comprehensive functional
genomics technologies was used. The requirements for performing a successful systems biology study and addressing the challenges met in analyzing
thelarge, information-rich data setsisadressed. Protease activity playsanimportant rolein strain and process devel opment of A. niger and other aspergilli.
In our research the influence of several environmental factors on the production of extracellular proteases in controlled batch cultivations was studied.
Samplesgenerated in thisstudy wereused for analysiswith functional genomicstechnol ogies. With ashotgun proteomicsapproachthe A. niger secretome
under different experimental conditionswas determined. Furthermore, the effect of different quantitative phenotypesrelated to protease or glucoamylase
activity on the information content of a metabolomics data set was investigated. Based on a transcriptomics study the identification of co-expression
networksis described. First, a set of conserved genes was used to construct these networks. Subsequently, all annotated genes, including hypothetical
and poorly conserved genes, were integrated into the co- expression analysis, allowing identification of novel targetsfor strain and process development.

14. A Software System for Analysis of Next Generation Sequencing Data of Fungal Strains. Asa Oudes', Thomas Hartsch?, Sebastien Ribrioux?,
Nadim Jessani?, & Hans-Peter Fischer? Genedata, Inc., San Francisco, USA?, Genedata AG, Basel, Switzerland?

Next generation sequencing (NGS) has greatly increased the amount of data generated in genomic studies. NGS applications such as genome and
transcriptome sequencing are approachesthat producelarge volumes of data. However, agenericintegrative approach for management, visualization and
analysis of NGS data does not exist. In close collaboration with our customers we devel oped a flexible, scalable and integrative software solution called
Genedata Selector to provide a platform for genomic studies. The Selector system facilitates integration of public and proprietary datain one database
and contains built in tools for data analysis and visualization. With a software system such as Selector, studies that generate vast volumes of genomic
data which in the past presented a daunting data management and analysis task, are now approachable. We will illustrate how standard genomics
technol ogiestogether with NGS data of fungi can be used to elucidate the genetic variation, metabolic capacities, and stability of strainsat agenomewide
level. The Selector system supports cross-omics data analysis and we will show how diverse experimental data can be used to generate acomprehensive
analysisof fungal genomes. Theanalysistoolswewill demonstrateare useful in basic research and industrial biotechnol ogy applicationssuch asbio-fuels,
enzyme production, and feed or food ingredient production.

15. Mycotoxin gene expression in response to temper ature in Aspergillusflavus. Jiujiang Yu', Natalie Fedorove?, Beverly G. Montalbano', Deepak
Bhatnagar, Thomas E. Cleveland', Joan W. Bennett®, William C. Nierman? *USDA/ARS/SRRC, New Orleans, LA. ?The J Craig Venter Institute,
Rockville, MD. *Rutgers University, New Brunswick, NJ.

We investigated the transcriptome by RNA-Seq in Aspergillus flavus under temperature of conducive to aflatoxin production (30C) vs. not conducive
condition. For each sample, over 10 million reads were generated and mapped to over 70% known A. flavus genes. Further analysisreveal ed quantitative
differencesin gene expression between the conditionstested. It demonstrated that afl atoxin production is one of the most tightly regulated processesin
afungal cell. Thetranscript abundance for aflatoxin biosynthesis geneswas 1000 times greater under conditions conducive to aflatoxin production. The
data defined the complete aflatoxin biosynthesis gene cluster consisting of 30 genes. Our results are consistent with the view that high temperature
negatively affectsafl atoxin production by turning down transcription of thetwo key regulators, af|R and &fl S. It affectsmore on afl Sthan afl R. In addition,
over 500 other genesweredifferentially expressed under the conditionstested. Remarkably, the RNA-Seq approach al so exposed thousands of transcripts
that have not been previoudly identified. These included novel protein-coding and non-coding genes, which are being further characterized. This study
showsthat the RNA-Seq technology can provide an unprecedented high resol ution view of the transcriptome and reveal additional transcript complexity.

16. Compar ative Analysis of Thermophillic Fungal Genomes. Robert Otillar, Asaf Salamov, Frank Korzeniewski, Jeremy Schmutz, ErikaLindquist,
Adrian Tsang, Randy Berka, Igor Grigoriev

Rapid, efficient, and robust enzymatic degradation of biomass-derived polymers is currently a mgjor obstacle in biofuel production. A key missing
component in that process is the availability of enzymes that hydrolyze cellulose, hemicellulose, and other polysaccharides into biofuel substrates at
temperatures and chemical conditions suitable for industria use. Thermophilic fungi are known to excrete enzymes that rapidly degrade polymers
including cellulose and hemicellul ose at high temperatures, however the genome sequence and full gene complement of thermophillic fungi havenot been
previoudly reported. Herewe describetheinitial sequencing, geneidentification, and comparative analysisof two thermophilic fungi, Thielaviaterrestris
and Sporotrichum thermophile, with comparison to Chaetomium globosum, a closely related non-thermophillic fungal species.

17. Evolutionary genomic analysisof fungal Cytochrome P450 proteinswith Fungal Cytochr ome P450 Database 1.2. Venkatesh Moktali*, Jongsun
Park?, Y ong-Hwan L e€?, Seogchan Kang'. *Department of Plant Pathol ogy, The PennsylvaniaState University, University Park, PA 16802, USA. 2Fungal
Bioinformatics Laboratory, Seoul Nationa University, Seoul 151-921, Korea. Venkatesh Moktali: vpm104@psu.edu Prof. Seogchan Kang:
sxk55@psu.edu

Cytochrome P450 proteins(CY Ps) play diverseand pivotal rolesin fungal biology and ecology. Their ability to detoxify harmful environmental chemicals
and involvement in the production of many secondary metabolites underpinsthe adaptation of fungi to specific hosts or environments. Therapid increase
of sequenced fungal genomes representing diverse taxa has enabled | arge-scal e phyl ogenomi ¢ studies to investigate the evol utionary mechanisms of the
genesencoding CY Psin thefungal kingdom. Comparison of CY Ps across speci es has shown signs of gene birth and death, suggesting that understanding
of how and when such events occurred likely provides new insightsinto fungal evolution. The rapid increase in the number of CY Psidentified through
genome sequencing also posesameajor challengein classifying CY Pssystematically. The poster describesamethod to cluster CY Psusing the Tribe-M CL
algorithm. We have also reviewed the function of previoudly characterized CY Ps and analyzed the patterns of evolution in this protein family based on
arecently established web platform, the Fungal Cytochrome P450 Database (http://p450.ricebl ast.snu.ac.kr/index.php). Theresultsof these analyseswill
also be presented in the poster.
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18. Comparative genomics of Coccidioides and its close relatives. Emily Whiston' and John Taylor. U.C. Berkeley, Berkeley CA. *
whiston@berkeley.edu

The mammalian pathogens Coccidioidesimmitisand C. posadasii are the only dimorphic fungal pathogensthat form spherulesin the host. Furthermore,
all of Coccidioides' closest known relatives are non-pathogenic. In this project, we areinterested in genome changes between the Coccidioides lineage
and itsrelatives. In the last few years, full genomes have become available for Uncinocarpus reesii and 20 Coccidioides species; Coccidioides and U.
reesi are estimated to have diverged 75-80 million years ago. Here, we have sequenced the genomes of 4 species more closely related to Coccidioides
than U. reesii: Byssoonygena ceratinophila, Chrysosporiumqueend andicum, Amauroascusniger and A. mutatus. For each of these4 species: weisolated
DNA, prepared libraries for 1llumina sequencing and generated 3 lanes of 101bp paired-end sequence data. Genomes were assembled using the SOAP
de novo sequence assembly pipeline (Corrector, SOAPdenovo and GapCloser). The 4 assembled genomes ranged from 23-34Mb, with N50 of
90kb-205kb. Preliminary gene callswere generated using SNAP. With thisdata, wewill report on evidenceof positive selection, individual genegain/loss,
and gene family expansion/contraction.

19. A new mutant phenotype system and the curation of pathogenesis-related phenotypesfor Aspergillus nidulans and Aspergillus fumigatus at
the AspergillusGenomeDatabase. Diane O. Inglis?, MarthaB. Arnaud*, Jon Binkley *, Gustavo Cerqueira?, MariaC. Costanzo *, Marcus C. Chibucos
2, Jonathan Crabtree?, JoshuaOrvis?, Prachi Shah !, Marek S. Skrzypek *, Gail Binkley *, Stuart R. Miyasato !, Jennifer R. Wortman 2 and Gavin Sherlock
11 Department of Genetics, Stanford University School of Medicine, Stanford, CA ?Ingtitute for Genomic Sciences, University of Maryland School of
Medicine, Baltimore MD

The Aspergillus Genome Database (AspGD; www.aspgd.org) collects and displays gene, protein, and genomic information gathered from published
literature about the model fungus, Aspergillus nidulans and other aspergilli including the pathogen A. fumigatus. Much of the curated information in
AspGD isdescribed using controlled vocabul aries, such asthe Gene Ontology, which greatly facilitates searching for specific dataand comparison across
genomes. We use anew phenotype curation system that conformsto arigorously controlled-vocabulary system that was devel oped at the Saccharomyces
Genome Database (SGD). Each phenotype annotation is broken down into an "observable", representing the entity or process that is observed (e.g.,
conidiation) and aqualifier that describesthe effect on that entity or processin the mutant (e.g., decreased, increased, abnormal, normal). Additional fields
may contain information about the mutant such as strain background, allele name, conditions under which the phenotype is observed or the animal model
usedinavirulenceassay. To more comprehensively capturehost-pathogen interacti on phenotypes, wehave expanded our phenotypevocabulary toinclude
the additional pathogenesis-related terms, “resistance to killing by host cells’ and “resistance to phagocytosis’ in addition to terms, such as virulence,
that were already in use. A summary of the mutant phenotype information is displayed on the Locus Summary page for each gene, and the complete
information isdisplayed in tabular format on the Phenotype detail s pagefor each gene. All of theinformation is searchable, and may al so be downloaded
in bulk using AspGD's Batch Download tool or from the Download Data page. AspGD is supported by grant RO1 A1077599 fromthe NIAID at the NIH.

20. I dentification of new nonself recognition loci in Neurospora crassa. Elizabeth Hutchison, CharlesHall, and N. Louise Glass. Plant and Microbial
Biology Department, University of California, Berkeley, CA 94720-3102. hutchison@berkeley.edu, charleshal @berkeley.edu, Iglass@berkeley.edu

Nonself recognition mechanisms are prevalent acrossadiverse array of organisms. The filamentous ascomycete Neur ospora crassa can undergo hyphal
fusion to form heterokaryons, however, N. crassa employs anonself recognition mechanism termed heterokaryon incompatibility (HI) to restrict hyphal
fusion to genetically identica strains. Fusion cells between strains different at any one of eleven heterokaryon (het) loci are rapidly compartmentalized
and undergo programmed cell death. Interestingly, amost all molecularly characterized het loci are associated with a gene containing a HET protein
domain; HET domains are specific to filamentous ascomycete species, and over- expression of just the HET domain can cause cell death. N. crassa has
approximately 50 HET domain genes, but it isunlikely that all areinvolved in HI. Previous evolutionary analysis of het loci reved ed that they are highly
polymorphic, and that allele classes are maintai ned by balancing selection. Thus, in order to identify HET domain genesthat functionin HI, weidentified
polymorphic HET domain genes showing signatures of balancing sel ection using a comparative genomics approach and an RNA-Seq dataset from ~120
wild N. crassa isolates. We identified approximately 20 candidate polymorphic HET domain genes. One of the candidate genes, NCU09037, has two
digtinct alelesin an N. crassa popul ation, and these alleles exhibit balancing selection.

21. Mitotic chromosomesand kar yotype of Colletotrichum or bicular e. Masatoki Taga', Kaoru Tanaka?and Y asuyuki Kubo?. *Department of Biology,
Okayama University, Okayama 700-8530, Japan; *Graduate School of Life and Environmental Sciences, Kyoto Prefectural University, Kyoto 606-8522,

Japan

Colletotrichumorbiculare (syn. C. lagenarium) isan ascomycete causing anthracnosein cucumber. Although it has served asamodel organismto study
appressorium-aided invasion of fungal pathogens into plants, aimost no information was available of its genome. In this study, we anayzed mitotic
chromosomes and karyotype of C. orbiculare using a standard wild type strain 104-T (MAFF240422). Pulsed field gel electrophoresis (PFGE) showed
that no mini-chromosomes are comprised in the genome. Even the smallest chromosome was 5 to 6 Mb in size and other larger ones were difficult to
clearly resolve by PFGE. Cytological observations by bright-field and fluorescence microscopy on mitotic metaphase reveal ed that chromosome number
isn=10. Interestingly, most chromosomes contained avery large, highly A-T-rich segment that were persistent throughout cell cycle and hence thought
to be constitutive heterochromatin. The other chromosomal parts seemed to be G-C-rich. The nucleolar organizer region was easily discerned on alarge
chromosome based on its characteristic stainability to fluorescent dyes. By measuring axial length of chromosomes, the total genome size was roughly
estimated to be 80 to 100 Mb, among the largest in Ascomycota. We hypothesize that C. orbiculare has accumulated a large amount of repetitive
sequences to congtitute heterochromatin, which contributes to the generation of this exceptionally large genome.
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22. Changesin geneexpression of Botrytiscinerea at low temperatureand functional analysisof abacteriorodopsin-likegene. S. Ish - Shalom, and
A. Lichter* Department of Postharvest Science, ARO, The Volcani Center, POB 6, Bet Dagan, 50250, Israel [*e-mail: vtlicht@agri.gov.il ].

The fungus Botrytis cinerea causes the "Gray mold" disease in alarge number of plant species. B. cinereais also amajor postharvest pathogen, due to
its exceptiond ability to develop at low temperature, which isthe major postharvest tool used to maintain the quality of fresh produce. The aim of this
research isto understand genetic factorswhich alow B. cinerea to develop under low temperature and the working hypothesisisthat up regulated genes
at low temperature may be involved in mechanisms of cold tolerance. Three methodol ogies were used to discover cold induced genes: a) genes which
areknown to beinvolved in cold tolerance in other organisms; b) geneswhich originated from cDNA subtraction; ¢) microarray data using aNimblegen
platform. Gene expression during growth was compared at 4°C and 22°C after 1, 4, 10 and 24 h. The microarray data showed that many genes which
changed significantly (P<0.01), do not have assigned function and among genes with assigned functions, many are not known to be involved in cold
response. Diverse cellular functions are influenced but stress response is under-represented. One of the genes which was markedly unregul ated at low
temperature was a bacterio-Rhodopsin-like (bR) genethat servesaslight proton pumpsin bacteriawas chosen for functional analysis. Knockout strains
of bR show attenuated growth at low temperature and were extremely sensitive to osmotic stress.

23. Mapping a vegetative incompatibility locus in the plant pathogen Botryotinia fuckeliana using high throughput sequencing technologies.
Saadiah Arshed"?, Erik Rikkerink?, Murray Cox?, Michael Pearson', James Lee"?, Ross Beever* and Matthew Templeton?. *The University of Auckland,
Auckland, New Zealand. ?The New Zealand Institute for Plant & Food Research, Auckland, New Zealand. *Massey University, Palmerston North, New
Zealand. “Landcare Research, Auckland, New Zealand.

Vegetative incompatibility (V1) in Botryotinia fuckeliana is controlled by at least 7 loci termed vic (vegetative incompatibility) or het (heterokaryon
incompatibility). Our main objective isto map asingle vic locus that regulates V1 in near isogenic lines of interacting compatible and incompatible B.
fuckeliana strains. Progeny generated from multiple backcrosses were pooled into two vegetative compatibility groups, sequenced using |llumina
technology and mapped to areference genomefor SNP analyses. A small proportion of unique SNPswasidentified that were diagnostic of thetwo pools
and found to be clustered into a few candidate genomic regions. The most promising candidate identified by BLASTp and Pfam is a predicted protein
that contains domain architectures implicated with V1 in Podospora anserina and Aspergillus spp., including the NACHT family of NTPases, ankyrin
repeats and a putative serine esterase. We are currently verifying the candidate status of this protein, using PCR to survey the progeny for alleles.

24. Thefludioxonil induced phosphopr oteomesof the phytopathogenicfungi Alternariabrassicicolaand Botrytiscinerea. Marlene Davanture', Benoit
Valot!, Claire Campion?, Jér6bme Dumur?, Nelly Bataillé-Simoneau?, Michel Zivy', Philippe Simoneau?, and S. Fillinger® 'PAPPSO,
INRA-CNRS-University Paris XI-Agro ParisTech, Gif-sur-Yvette, France; 2UMR PaVé, INRA-University Angers, France; *BIOGER CPP, INRA
Versailles-Grignon, France

Protein phosphorylation and dephosphorylation are cellular processes rapidly induced by external stimuli adapting regulatory circuits and enzymatic
functions to changing environmental conditions. Signal transduction (ST) pathways necessary for signal perception and phosphorylation cascades are
involvedin many physiological processessuch asdevel opment, stressadaptation, virulenceetc. ST componentsmay either constitutetargetsfor agronomic
fungicides or mediate resistance to these compounds. In order to identify and to compare the proteinsinvolved in transducing the signal perceived after
phenylpyrrol treatment in two phytopathogenic fungi, we established agel -free phosphoproteomi c approach for systematicidentification of phosphorylated
peptidesin Alternaria brassicicolaand Botrytiscinerea, treated or not with fludioxonil. The gel-free phosphoproteomi c approach combinestwo sequential
stepsafter trypsindigestion: i) SCX chromatography (strong cation exchange); ii) IMAC (Immobilized metal affinity chromatography) for theenrichment
of phosphopeptides prior to LC-M S/MSanalysis. Preliminary experimentsreved ed that among the high number of identified phosphoproteins (500-600
and >800 for Ab and Bc samples, respectively), more than 12% were found specifically phosphorylated and 8% dephosphorylated following the
fludioxonil treatment. Among the functional categories identified, we noticed a high proportion of proteins with regulatory functions (transcription,
translation etc.) or involved in signal transduction. Particular cellular functions affected by (de)phosphorylation under these conditions concern the cell
envelope and transport acrossit. Higher proportions of phosphorylated proteins compared to dephosphorylated proteins following fludioxonil treatment
werefound for the functional categories of metabolism and energy production, especialy lipid metabolism, aswell as of cytoskeleton and cell cycle. We
are currently analyzing additional samplesto confirm this analysis.

25. Re-sequencing of Verticillium dahliaeisolatesreveal shigh genome plasticity. Ronnie de Jonge and Bart Thomma Laboratory of Phytopathology,
Wageningen University, Droevendaal sesteeg 1, 6708 PB Wageningen, The Netherlands

Verticillium spp. are soil-borne plant pathogensthat are responsiblefor Verticillium wilt diseases on awide range of host plants. They belong to the class
of Deuteromycetes, a class of fungi for which no known sexual stage has been found. In our research wefocuson V. dahliae, a plant pathogenic species
withintheVerticillium genus. In order to perform popul ati on geneti csand comparative genomi cs, we have used massive parallel sequencing to determine
the genome sequences of 11 V. dahliae isolatesin addition to the publicly available genome of the V. dahliaeisolate VdLs17. Theisolates were selected
based on whether they are pathogenic or not on Arabidopsis and tomato, and on aggressiveness. Sequences were assembled using a combination of
mapping tools (SOAPaligner, Maqg) and de novo assemblers (SOAPdenovo and Velvet). In our initial genome comparisons, whole genome mapping was
performed to investigate structural differenceson the scaffold level, and nucl eotide diversity on the genelevel, between the newly sequenced isolatesand
VdLs17. For most isolates, the largest percentage of reads (70-80%) could be mapped with high confidence and similarity to VdLs17. Furthermore, de
novo assembly of the non-mappabl e reads and subsequent comparisons between isolates demonstrated high sequence diversification of some regions,
aswell as complete loss of other regions, demonstrating a high degree of plasticity of the V. dahliae genome.
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26. Genome reconstruction of comycete pathogens. Michadl F Seidl*, and Berend Snel. Theoretical Biology and Bioinformatics, Utrecht University
& Centre for BioSystems Genomics (CBSG), Wageningen, The Netherlands. *m.f.seidl @uu.nl

Oomycetes are the causal agents of devastating diseases on plants, animals and insects. Recently several genomes of these pathogens became available.
These fungi-like organisms have large and flexible genomes with expanded gene families that areimplied to play an important rol e in the host-pathogen
armsrace. Hence, we want to systematically investigate when gene familiesin these pathogens duplicated, e.g. in the common ancestor or continuously
along thetree, and conversely, whether the adaption of oomycetesto their host and life styleisin part due to the loss of certain families. Therefore, we
analyzed the predicted proteomes of six pathogenic oomycetes and four non-pathogenic sister taxa (diatoms, brown and golden-brown agae). We
constructed ~12,000 multi-species gene (protein) familiesaswell astheir gene (protein) treesand reconciled these with areliable species phylogeny. The
inferred evolutionary eventswere projected onto the speciestree. We observed a high number of duplicationsand losses, especially within the oomycetes,
that shapethe genome content of the extant organisms. The evol utionary signature of duplicationsand | ossesal ong the branches of the speciestreediffered
significantly between functional classes. Our results corroborate and generalize recent observation in the study of individual gene families. Moreover,
thiswill aid in the understanding of the evolutionary processes that shape the genome content of extant oomycetes.

27. Antimicrobial activity and polyketide synthase gene cloning of the stonefr uit pathogen Monilinia fructicola. Fang-Yi Y ut, Chien-Ming Chou?,
Pei-Ling Yu!, Richard M. Bostock? and Miin-Huey Lee' *Department of Plant Pathology, National Chung-Hsing University, 250 Kuao-Kuang Rd.,
Taichung 402, Taiwan. 2Department of Plant Pathology, University of California, One Shields Ave., Davis, CA 95616

Monilinia fructicola causes blossom blight and fruit rot of stonefruits. Infected fruit are colonized by thisfungal pathogen, which eventually formsblack
stromaasresting structures. A slowly growingisolate, TW5-4, from our M. fructicol a collection formed dark colonies and expressed strong antimicrobial
activity against phytopathogenic fungi and bacteria. In addition, an albino mutant, TW5-4MW, was spontaneously generated from TW5-4, and displayed
normal growth but had reduced antimicrobial activity. We have partially purified antimicrobial compoundsfrom cultures and have preliminary evidence
that they are aromatic. An early study (Sassaet d. 1983) identified an antimicrobia phenolic octaketide (monilidiol) from benomyl-resistant isolates of
M. fructicola. Biosynthesis of fungal melaninsis known to require the involvement of polyketide synthases (PKS) in the primary biosynthesis step. To
elucidate the relationship of stroma formation, pigmentation and antimicrobial activity, twelve partial PKS genes of M. fructicola were isolated by
degenerate PCR and their expression analyzed by semi-quantitative rt-PCR. Results indicate that some of the 12 PK S genes are differentially expressed
in the three isolates examined: TW5-4, TW5-4AMW and M1 (a representative wild-type strain of M. fructicola). Functional analyses of the PKS genes
in fungal development, pathogenicity and antimicrobia activity using gene silencing are underway.

28. Transcriptome profiles of Fusarium graminearum during infection of wheat, barley and maize. Linda Harris, Margaret Ba cerzak, Danielle
Schneiderman, Anne Johnson, and Thérese Oudl let. Eastern Cereal & Oilseed Research Centre, Agriculture& Agri-Food Canada, Ottawa, ON, K 1A 0CS6,
Canada, Linda.Harris@agr.gc.ca.

Theinteraction between host and pathogen can be dissected using transcriptome studies and can lead to the development of new strategies for pathogen
control. We compared gene expression profiles of Fusarium graminearum growing on three susceptible monocots to identify genes required for early
infection of diverse hosts. RNA profiling has been performed using a custom 4x44K Agilent microarray platform (three oligomers representing each of
13,918 predicted F. graminearum ORFs), detecting gene expression at 1, 2 and 4 days after inoculation of wheat and barley heads and maize ears.
Surveying threebiological replicatesof each time point collection and eliminating plant cross-hybridizing probes, the expression of 6879, 4602, and 2389
F. graminearum genes was documented in inoculated wheat, barley, and maize, respectively. A majority of the expressed fungal genes are observed in
all three hosts. However, asmall subset of genes shows ahost-preferential expression pattern. Quantitative PCR analyses have validated the microarray
gene expression profiles of selected genes.

29. Correlating fungal growth and biotope to genome content using the FUNG-GROWTH and CAZy databases. Ronad P. de Vries(1), A.
Wiebenga(1), Vincent Robert(1), Pedro M. Coutinho(2), Bernard Henrissat(2) (1)CBS-KNAW Fungal Biodiversity Centre, Utrecht, The Netherlands;
(2 AFMB, Marseille, France; e-mail: r.devries@chbs.knaw.nl

Fungal genome sequences demonstrate the potentia to utilize avariety of different carbon sources. Natural carbon sources for many fungi are based on
plant biomass and often consist of polymeric compounds, such as polysaccharides. They cannot be taken up by the fungal cell and are extracdlularly
degraded by acomplex mixture of enzymes. Plant polysaccharide degrading enzymes have been studied for decades dueto their applicationsin food and
feed, paper and pulp, beverages, detergents, textile and biofuels. These enzymes have been classified based on amino acid sequence modules
(www.cazy.org). Based on the hypothesisthat fungal genomes have evolved to suit their ecol ogical niche, we have performed acomparative study using
>90 fungal species. In this study we have compared growth profiles on 35 different carbon sources (consisting of mono-, oligo- and polysaccharides,
lignin, protein and crude plant biomass) to the CAZy annotation of the genomes and the natural biotope of the speciesto identify correlations between
growth and genomic potential. In addition we have compared growth on monosaccharides to the presence/absence of related metabolic pathways.
Highlights of these comparisons as well asthe FUNG-GROWTH database (www.fung-growth.org) will be presented.
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30. Pathogens of land and water: functional genomics of plant and animal pathogenic oomycetes. RaysH.Y. Jiang', Brian J. Haas', Sean Sykes',
Broad Genome Annotation Group', Sarah Young*, Irene De Bruijn?, Pieter van West?, Chad Nusbaum', Brett Tyler® and Carsten Russ' * Broad I nstitute
of MIT and Harvard, Cambridge, MA 02142, USA 2 University of Aberdeen, Aberdeen AB25 2ZD, UK * Virginia Bioinformatics Institute, Blacksburg,
VA 24061, USA

Saprolegnia parasitica is an oomycete pathogen that causes severe diseases in fish, amphibians and crustaceans, resulting in major annual losses to
aquacultureand damageto agquatic ecosystems. It representsthefirst animal oomycete pathogen genometo be sequenced. Weannotated the53 Mb genome
using ab initio methods and RNA- seq data from multiple life stages. We report on the genomic landscape and analysis comparing Saprolegnia with
plant-pathogenic Phytophthora species. The canonical host-targeting domains found in plant pathogen comycetes appear to be absent in Saprolegnia.
Nevertheless, we found several effector candidates with variant-RX LR motifs, and showed experimentally that they target animal host cells. Thelargest
plant pathogen effector familiesin Phytophthora, such as RXLR, crinkler and Necrosis Inducing Proteins (N1P) are absent in Saprolegnia. In contrast,
Saprolegnia possesses one of largest sets of protease genes among eukaryotes, with about 300 more than typical fungal species. RNA-seq data show a
wave-like deployment of proteasesat different pointsduringinfection. Saprolegnia also hasamassive kinome of 619 genes, similar in sizeto mammalian
kinomes, 20% of which are induced upon infection. Surprisingly, Saprolegnia has ~50 protein domains that otherwise only occur in animals, e.g.
disintegrins and Notch-like proteins, which may modulate host cells by molecular mimicry. Comparison of Saprolegniaand Phytophthoraindicatesthat
different host cellular environments have greatly shaped the evolution of plant and animal pathogen genomes.

31. Systematic deletion analysisof Aspergillusnidulanskinasegenes. *Colin P. De Souza, *Shahr B. Hashmi, *AyshaH. Osmani, ?Carol S. Ringelberg,
2Jay C. Dunlap and *Stephen A. Osmani. 'The Ohio State University, Columbus, OH, USA. ?Dartmouth Medical School, Hanover, NH, USA. (
osmani.2@osu.edu )

Phosphorylation mediated through kinase enzymesisimportant to the regulation of virtually all eukaryotic processes. In the filamentous fungi analysis
of theseimportant regul atory enzymeshasbeen limited to specific kinasesidentified through biochemical or genetic approachesor by sequencesimilarities
to kinasesin other organisms. However, recent advancesin genetargeting and the availability of pre-made del etion constructs makes possibl e the global
analysisof all kinasesin Aspergillusnidulans. Wereport here thedel etion and primary characterization of al protein kinase, histidinekinaseand PI3/Pl4
kinase encoding genes, totaling 130 deletions, in this model fungus. Each gene has been deleted and defined as either essential or not essential.
Non-essential haploid deleted strains have been tested for conditiona phenotypesin response to numerous cellular stress conditions. In addition, for al
24 of the essential kinase genes, the terminal growth and cell cycle phenotype has been defined using heterokaryon rescue and microscopic analysis of
DAPI stained cells. Thisglobal analysis has confirmed the phenotypes of previously studied kinase genes and has expanded the number of kinase genes
that have now been characterized in A. nidulansby 82. The deleted strains have been deposited at the FGSC and provide a powerful resourcefor analysis
of processes regulated by phosphorylation in fungi. (Funded by NIH Program Project grant GM068087)

32. A method for accurate prediction of the size of secondary metabolite clustersin Aspergillus nidulans. Mikael R. Andersent, Jakob B. Nielsen®,
Mia Zachariassen', Tilde J. Hansen', Krigtian F. Nielsen!, and Uffe H. Mortensen'. ‘Center for Microbia Biotechnology, Technical University of
Denmark, Denmark.

Fungal secondary metabolites (SMs) are receiving increasing interest due to their role as bioactives, ranging from antibiotics over cholesterol-lowering
drugsto food toxins. Theidentification of SMsand their biosynthetic gene clusters are thus amajor topic of interest. |dentifying these genesis atedious
and time-consuming affair, with the standard method requiring the knockout of genes on both sides of putative SM synthases. Furthermore, one does not
know the number of genesinthe cluster and thereby extent of thiswork before starting the experiment. In thiswork, we present an algorithm for prediction
of thesize of SM clustersin Aspergillus nidulans. The method isbased on an gene expression catal og of >60 transcriptome experiments, using adiverse
set of strains, media, carbon sources, and solid/liquid cultivations. Furthermore, the method isindependent of the quality of annotation. Application of
the algorithm has allowed the accurate prediction of the number of included genes in well-characterized gene clusters. including the 25 genes of the
sterigmatocystin cluster and the emericellamide cluster (4 genes). The method has provided strong predictions of unknown clusters, some of which we
have verified experimentally and identified the corresponding metabolites.

33. Genome analysis of a strain from the UK blue 13 clonal lineage of Phytophthora infestans reveals significant genetic and expression
polymor phismsin effector genes. LilianaM. Cano*, Sylvain Raffagl €', Ricardo Oliva', David Cooke?, Paul Birch2and Sophien Kamoun ** The Sainsbury
Laboratory, JIC Norwich Research Park. NR47UH, Norwich, UK. 2 SCRI, Invergowrie, Dundee. DD25DA, Scotland, UK.

Phytophthora infestans is an oomycete pathogen that causes the devastating late blight disease in potatoes. In 2005, a clonal lineage of the A2 mating
type, termed genotype blue 13, wasidentified in the UK and now this strain has become the most prevalent in the country. P. infestans blue 13 strains
arecharacterized by anincreased aggressivenessand virulenceon several resi stant potato varieties. Genomeanalysisof P. infestansblue 13 UK 3928 strain
revealed regions containing RXLRs with copy number variation (CNV) represented by increased depth of coverage. In addition, a whole-genome
microarray screen allowed the detection of specifically induced genes on potato with no induction in thelessvirulent P. infestans reference strain T30-4.
Our findings suggest that P. infestans blue 13 exhibit significant CNV and expression polymorphisms in effector genes. A better understanding of the
genetic variation of P. infestans blue 13 will help to provide clues of the evolution of virulence of this epidemic disease.

34. Whole-genome duplication in M ucoromycotina? A.Salamov', A.Kuo?, S.Torres-Martinez?, L.Corrochanc?®, |.Grigoriev* * DOE Joint Genome
Institute, Walnut Creek, USA 2 Universidad de Murcia, Spain ® Universidad de Sevilla, Spain

Mucoromycotinais one of three clades of former phylum of Zygomycota. The genome of one sequenced Mycoromycotina species - Rhizopus oryzae -
was shown to have the features of whole-genome duplication (WGD) (Maet a, 2009). JGI have sequenced two other species from the same clade -
Phycomyces bl akesleeanus and Mucor circinelloides. From the comparative analysis of these three genomeswe found several evidencesincluding higher
number of loosely conserved duplicated regions, which indicate that in addition to lineage-specific WGD in R.oryzae, the more ancient WGD event may
occurred at the root of Mycoromycotina.
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35. Fusarium Mitochondrial Genome Dynamics: Horizontal Transmission, Gene Duplication and Degeneration. Rasha M. Alreedy and John C.
Kennell. Saint Louis University, St. Louis, MO

With few exceptions, mitochondrial (mt) genomes of fungi, plants, and animals encode the same set of ~13 genes, each of which play a direct rolein
oxidativerespiration or ATP synthesis. Theannotation of mtDNAsof Fusariumspeciesrevea ed two novel open reading frames(ORFs) that arenot found
in other fungal mtDNAs. Thefirst ORF (designated ORF151) is highly conserved among Fusarium species and derives from the partia duplication of
the last exon of cox1. Other small ORFsthat derive from the duplication of 3' end of highly conserved mt genes are also detected, suggesting that they
may have been generated by a common mechanism. The second ORF (designated BigORF) is predicted to encode an exceptionally large, unidentified
polypeptide (>2000 a.a.). The region encoding the BigORF is located between rnl and nad2 and appears to have been introduced via horizontal
transmission prior to Fusaria speciation. Theregion hasasporadic distribution within all speciesthat have been examined, with somestrainsexperiencing
acomplete loss and others showing varying degrees of degeneration. In strainsthat retain the BigORF, thereisasurprisingly low level of conservation
suggesting that the region could serve as a strain-specific molecular marker. The unexpected finding of two conserved ORFsin Fusarium speciesisin
contradiction to thewide-scal ereduction of mt genomesi ze and gene content experienced by mtDNA lineagesand future studies could reveal mechanisms
associated with both the gain and loss of mitochondrial DNA sequences.

36. The genome sequence of Leptosphaeria biglobosa ‘ canadensis’, a pathogen of oilseed Brassicas. Angela P. Van de Wouw', Marie-Helene
Balesdent?, Jonathan Grandaubert?, Thierry Rouxel? and Barbara J. Howlett! * School of Botany, the University of Melbourne, Parkville, VIC, 3010
Australia? INRA-Bioger, Avenue Lucien Brétigniéres, BP 01, 78850 Thiverval-Grignon, France

Leptosphaeriamaculansand L. bi globosa compriseaspeci escomplex associated with di sease of crucifersincluding Brassica napus(canol a, oil seed rape)
and B. juncea (Indian mustard). The genome of L. maculans is compartmentalized into GC-rich and AT-rich blocks (Rouxel et ad 2010 manuscript
accepted). The AT-rich blocks are gene—poor and riddled with degenerated transposable elements and host putative effector genes that encode small
secreted proteins (SSPs). We have sequenced the genome of L. biglobosa ‘ canadensis’ using paired 75 bp Illumina reads. The genome was assembled
into 2287 contigs with amedian length of 5460 bp, a maximum length of 136,419 bp and an overall size of 28.7 Mb. The genome does not appear to be
compartmentalized into AT-rich and GC- rich blocks, nor contain retrotransposons. A third of 52 putative SSPslocated in AT-rich blocks of L. maculans
have a homol ogue (>65% sequenceidentity) in L. biglobosa. A further 28% of the SSPsfrom AT-rich blocks of L. maculans have potential homologues
(35-65% sequence identity). Of the 529 SSPsin GC-rich blocks of L. maculans, 60% have a definite homol ogue with a further 23% having potential
homologuesin L. biglobosa. Lastly, the gene order in both species seems generally conserved.

37. Control and distribution of chromatin domainsin Neurospora crassa. Zachary A. Lewis, Keyur K. Adhvaryu, Shinji Honda, Kirsty S.F. Jamieson,
Michael R. Rountree, Andrew D. Klocko and Eric U. Selker. Ingtitute of Molecular Biology, University of Oregon, Eugene, OR 97403.
Zlewis@uoregon.edu

Eukaryotic genomesare composed of distinct structural and functiona domai nsmarked by various coval ent modificationsof histoneproteinsand, in some
organisms, by methylation of cytosine basesin DNA. Gene-rich euchromatin is thought to exist in a relatively open conformation, facilitating DNA
transactions such as transcription, whereas the gene-poor heterochromatin is more condensed and is a poor substrate for DNA-based transactions. We
performed genomic analyses to determine the distribution and molecular composition of heterochromatin domains in Neurospora. We show that
heterochromatin domains are directed by A:T-rich DNA (i.e. products of the genome defense system repeat-induced point mutation) and are composed
of histone H3 methylated on Lysine-9 (H3K9me3), Heterochromatin Protein-1 (HP1), and DNA methylation. These and other studies revealed that
A:T-rich DNA recruits the histone methyltransferase DIM-5, which catalyzes tri-methylation of H3K9. H3K9me3 then directs DNA methylation by
recruiting acomplex containing HP1 and the DIM-2 DNA methyltransferase. To identify additional genesthat regulate DNA methylation, we performed
a genetic selection for mutants defective in DNA methylation (dim). This selection uncovered a group of genes that encode components of a
DIM-5-containing complex (hamed DCDC) and are essential for H3K9 methylation and DNA methylation. We show that one component of the complex,
DIM-7, directsDIM-5to appropriateregionsof thegenome. Wewill present our ongoing analyses of thedistributions, functions, and control of chromatin
domains in Neurospora.

38. Compar ativeanalysisof mitochondrial genomesfrom Aspergillusand Penicillium spp. VinitaJoardar, Suman Pakala, JessicaHostetler, Suchitra
Pakala, Natalie Fedorova and William Nierman J. Craig Venter Ingtitute, Rockville MD, USA.

Fungal mitochondria genesarewidely usedin population and phylogenetic studiesand have been linked to virulenceand senescencein somefungi. While
multiple nuclear genomes are avail able for Aspergillus spp., few annotated mitochondria genomes have been published for these organisms. We report
here the complete sequence of 6 mitochondrial genomes of Aspergillus as well as 3 Penicillium spp.obtained by Sanger sequencing. While core gene
content and synteny are well conserved within each genus, the genomes sizes range considerably from 24,658 to 35,056 bp in Aspergillus spp. and from
27,017 to 36,351 bp in Penicillium spp. The core mitochondrial genome includes the 14 genesinvolved in oxidative phosphorylation, acomplete set of
tRNASs, the small and large subunits of ribosomal RNA and the ribosomal protein S5, all encoded on the same strand. The differencesin size correlate
with the number of introns and the number of accessory genes present in the genome. The smallest genomesdo not contain intronsin the protein-coding
genes whereas the larger genomes contain as many as 9 introns. Accessory genes include intron-encoded endonucleases, DNA and RNA polymerases
and hypothetical proteins. The comparative and phylogenetic analysis of these and related publicly available mitochondria genomes are presented.
Funding: NIAID
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39. The genome of the Dothideomycete forest pathogen Dothistroma septosporum. Rosie E. Bradshaw, Andrea Aerts?, Hui Sun?, Murray P. Cox?,
Pranav Chettri*, Stephen B. Goodwin® and Igor V. Grigoriev?. ! Ingtitute of Mol ecular BioSciences, Massey University, Palmerston North, New Zealand.
2 DOE Joint Genome Institute, Walnut Creek, CA 94598, USA. * USDA-ARS/Department of Botany and Plant Pathology, Purdue University, West
Lafayette, IN 47907- 2054, USA.

Dothistroma septospor um causes Dothistroma needl e blight of pines and has aworldwide distribution, but has recently reached epidemic statusin parts
of Europeand Canada. Aspart of aninitiative by the Dothideomycetes Comparative Genomics Consortium, the genome of D. septosporumwas sequenced
by the DOE Joint Genome I nstitute (JGI) to 34x coverage. The 30.2-Mb genome assembly consists of 20 scaffolds, 13 of which are 1 Mb or larger with
telomere sequence at one or both ends. Sizes of the 13 largest scaffolds are similar to those of chromosomes predicted from PFGE analysis. A total of
12580 genes was predicted using the JGI annotation pipeline and are available viathe JGI MycoCosm portal at http://www.jgi.doe.gov/Dothistroma.
Availability of thisgenomewill facilitatediscovery and analysis of potential effector genesinvolved in communi cation between the pathogen and itshost.
It will allow usto explorethe genetics of secondary metabolite production in D. septosporum, in particular of dothistromin, atoxin produced in diseased
pineneedles. Comparativegenomicsanal yseswith other sequenced Dothideomyceteswill hel pto determinedistinctivefeaturesof aforest foliar pathogen.

40. Compar ative genomics of Dothideomycetes plant pathogens. Robin Ohm?, Andrea Aerts', Asaf Salamov?, Stephen B. Goodwin?, Igor Grigoriev*
raohm@lbl.gov * Joint Genomel nstitute, 2800 Mitchell Drive, Walnut Creek, CA 94598, USA 2 USDA-ARS, Crop Production and Pest Control Research
Unit, 915 West State Street, Purdue University campus, West Lafayette, IN 47907-2054, USA

The Dothideomycetes are one of the largest and most diverse groups of fungi. Many are plant pathogens and pose a serious threat to agricultural crops,
whether for biofuel, food or feed. Eight genomes of fungi belonging to this group have been sequenced, allowing comparative genome analysis:
Mycosphaerellagraminicola, Sagonosporanodorum, Pyrenophoratritici-repentis(all pathogensof wheat), Alternaria brassi cicola (pathogen of Brassica
species), Cochliobolus heterostrophus (pathogen of corn), Mycosphaerdllafijiensis (pathogen of bananas), Dothistroma septosporum (pathogen of pine
trees) and Septoria musiva (pathogen of poplar trees). Chromosome content of these organisms is highly conserved; rearrangements have taken place
mostly within, rather than between, chromosomes. In M. graminicola, several chromosomes have previously been identified as dispensable and on a
genomic level show alower GC content and gene density, higher repeat content and an under representation of proteins involved in metabolism and
transcriptional regulation. These chromosomes may have originated by transfer from an unknown donor; asimilar effect is observed for scaffolds of other
Dothideomycetes. Compared to other fungi, Dothideomycetes have significantly more proteinswith: ahistidine kinasesignaling domain; an ATP binding
region; and a peptidase C19 domain. On the other hand, proteins with an ABC transporter domain and those with a GTP binding region are under
represented in the Dothideomycetes. Severa clusters of orthologous proteins are specific to the Dothideomycetes and have no previously described
conserved domain. These results offer valuable insightsinto fungi of the class Dothideomycetes and their method of pathogenicity.

41. Genome sequencing classical mutantsin Neur ospor acrassa: Theburden of proof. Kevin McCluskey, Aric Wiest, Joel Martin, Wendy Shackwitz,
Igor Grigoriev, Scott Baker. University of Missouri- Kansas City, Fungal Genetics Stock Center. US DOE JGI, Walnut Creek

The genomes of multiple classical mutants of Neurospora crassa were sequenced at the JGI revealing a high amount of genome variability among these
strains. Both SNP and indel distribution were analyzed with reference to genetic mapping data to identify mutations against a background of genome
variability. The ability to compare among multiple strainsleveraged the analysis and allowed identification of putative mutationsin multiple strains. The
identification of hundreds of thousands of SNPsand indel sallowed improvementsto gene annotati on and provided insight into the co-inheritance of large
regions of the genome. Theinclusion of aN. crassa strain carrying the Sk-2 region introgressed from N. intermedia all owed unambiguous delineation
of the Sk-2 region and providesinsight into the genes potentially responsiblefor the meiotic drivefunction. Theimpact of back-crossinginto thereference
genomeis elucidated by the sequence of this and other strains. Several mutations putatively identified have other allelesthat have been characterized at
the molecular level. The similarity of phenotype between classical and knock-out mutants is strongly suggestive that these mutations are accurately
identified by whole genome sequencing. The presence of significant numbers of mutations in these strains suggests that classical mutant strains carry a
burden of neutral or unselected mutations. Additional insight into selection mechanismsfor neutral mutatio