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OBJECTIVES

Our working hypothesis is that Fusarium
graminearum is able to overcome host resistance by
producing smal molecules suppressing defense gene
expression. Weintend to utilize the tools of genomics
toidentify fungd virulencefactorsand to usethe knowl-
edge gained to search for plant resistance mechanism
which are able to at least partly antagonize the funga
virulence factors. The improved understanding of the
interaction between plant and pathogen should be uti-
lized for development of new chemicd control strate-
gies, development of new screening and selectiontools
for breeders, and in biotechnol ogical approachesam-
ing to improve Fusarium resistance.

INTRODUCTION

In 2002 the Austrian Federal Ministry for Education,
Science and Culture has established the nationd ge-
nome program GEN-AU (http://www.gen-au.at/). In
the pilot project FUSARIUM (coordinated by G.
Adam) an interdisciplinary team of researchers from
BOKU and IFA Tulln, the TU Vienna, the Audtrian
Research Center Seibersdorf (ARCYS) and from the
wheat breeding company Saatzucht Donau (SZD)
found together to approach the Fusarium head blight
problem.

MATERIAL AND METHODS

Asafirs step towardsthe god to get new indghtsinto
funga virulence mechanisms by using the tools of
genomics, we have supported the development of the
Fusarium graminearum genome database by the
subcontractor MIPS (http://mips.gsf.de/genre/proj/
fusariumy). Severd team members areinvolved in ef-
forts to improve the available tools for functional
genomicsof Fusarium (e.g. repeated genedisruption
using the Creflox system). Changes in the metabolite
gpectrum of Fusarium gene disruptionswere charac-
terized usng HPLC-MS/MSS techniques. Modd or-
ganigms like yeast and Arabidopsis thaliana were
used to characterize and identify toxin resistance
mechanisms and to clone detoxification genes.

RESULTSAND DISCUSSION

Asafirg successful examplewe haveidentified agene
from the mode plant A. thaliana encoding a UDP-
glucosyltranderase, whichisableto detoxify theknown
Fusarium virulence factor deoxynivalenol
(Poppenberger et al., 2003). DON-glucosideisaso
formed in wheat Dall’ Asta et al., 2004), and this
detoxification reaction seems to be a very important
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res stance mechanism againg Fusariumasoin whest
(see contribution of M. Lemmens).

In collaboration with Prof. F. Trail (Michigan State
University) we are currently investigating the effect of
disruption of individua polyketide synthase (PKS)
genes on virulence of F. graminearum and on its
metabolite spectrum. Preliminary results suggest that
inactivation of a PK'S gene necessary for zearaenone
(ZON) production leads to a moderate reduction in
aggressveness of the mutant on wheet heads. Wehave
investigated the effect of ZON on the modd plant
Arabidopsis thaliana. Results of Affymetrix
microarray experiments and characterization of signa
transduction mutants indicate that ZON represses
genes encoding proteins involved in cdl wal modifi-
caion/reinforcement, mogt likely by interfering withthe
ethylene sgnding pathway. We have identified an
Arabiodpsis gene encoding aUDP glucosyltransferase
inactivating zearalenone (Poppenberger et al., in
preparation).

We have furthermore identified a Fusarium ZON
detoxification gene which seemsto play arole in sf
protection (Mitterbauer et al., in preparation). Inacti-
vation of the predicted sulfotransferase gene leads to
loss of production of ZON and ZON-sulfate.

One result supporting the suppressor hypothesisisthe
recent identification of anew virulence gene. Deletion
of this gene leads to highly pleiotropic changesin the
metabolite spectrum of F. graminearumand anearly
complete loss in the ability to cause dissase. We are
currently working on the development of a bioassay
dlowing high throughput screening for inhibitors of this
potentid target for Fusarium control.
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ABSTRACT

We have developed aDNA chip to facilitate expression studies of genesinvolved in the synthess of secondary
metabolitesin Fusarium graminearum and related species. The genome sequence from F. graminearum
was used to design aPCR probe that correspondsto 9 genes from thetrichothecene cluster, 8 ABC transport-
ers, 15 polyketid synthases, 21 peptidsynthetases, and 6 genes from the aurofusarin cluster. As an internd
standard for funga growth, probes corresponding to the constitutive expressed genes, b-tubulin and glycerd-
dehydes-3-phosphate, gpd, were generated. The DNA chips were spotted using a Genetix Q-pix Robot
(contact spotting) and scanned using a ArrayWoRXx scanner (Applied Prescison Inc.). The chip design in-
cluded one replication of the target genes and severa copies of the interna standards.

Secondary metabolites are expressed relaivey late in the fungd life cycle and under stress. Some of these
substances have a detrimentd effect on the quaity of RNA and the amounts that can be purified. Contaminat-
ing compounds or degradation of RNA prepared from older cultures hasresulted in alowered efficiency of the
incorporation of Cy3/Cyb. Severd different methodsaretested to overcomethisproblem. Anaysesof aurofusarin
deficient mutantsindicate that this pigment may in part be responsible for the problem. Preiminary resultsfrom
comparison of 3 different F. culmorum isolates showed a sgnificant difference in the regulation of two ABC
transporters and Tri101 (trichothecene 3-O-acetyl transferase). To determine how gene expression correlates
to the presence of secondary metabolites a time series experiment using F. culmorum is performed. The
trichothecenes are analysed by HPLC and the expression profile of the tri genes determined by DNA chip
anadyses. To increase the sengtivity of the assay dlowing the use of smaler amounts of RNA from infected
plant materia a Gensisphere 3DNA array 900™ kit istested.
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ABSTRACT

The biosynthesis of trichothecene mycotoxins by Fusarium sporotrichioides and F. graminearuminvolvesa
complex biochemica pathway that begins with the cyclization of farnesyl pyrophosphate to the sesquiterpene
hydrocarbon trichodiene and continues with multi ple oxygenation, cydlization and ederification reections. While
amog dl of the steps in the pathway have been identified, there are ill some questions regarding gene
function, particularly of severd of the P450 enzymes involved in the oxygenation steps. In previous studies
usng F. sporotrichioides, disruption of the P450 monooxygenase-encoding gene Tri4 blocked trichothecene
production and led to the accumulation of trichodiene. Therefore, trichodiene is the likely subgrate of the
TRI4 protein. To further eucidate the function of the TRI4 protein, we heterologoudy expressed the F.
graminearum Tri4 (FgTri4) in F. verticillioides, which does not produce trichothecenes. Transgenic F.
verticillioides carrying FgTri4 under the control of a fumonisn biosynthetic gene (FUM8) promoter con-
verted exogenoustrichodiene to isotrichodermin. Conversion of trichodieneto isotrichodermin requires seven
geps. Previous studies indicate that two of these reactions are non-enzymatic, and feeding studies done here
indicate that wild-type F. verticillioides can convert isotrichodermoal to isotrichodermin.  Thus, theremaining
four oxygenation reactions required for the conversion of trichodiene to isotrichotriol must be catalyzed by the
TRI4 protein, suggesting thet it isamultifunctiond monooxygenase. Using asmilar srategy, we andyzed the
expression of FgTRI1 and FSTRI1. We have shown the usefulness of using atransgenic expresson sysemto
determine function of unknown genes which should be helpful in andyzing the many genes tha are being
identified in genomic projects.
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ABSTRACT

Sincethe 1990ies Fusarium head blight (FHB) and the resulting mycotoxin (mainly DON) contamination of the
crops are agreat problem in winter wheat production in Bavaria. Main objective isto elaborate aforecasting
system for FHB and DON production based on the correlation of actua epidemiologicd data gained in the
field and the corresponding meteorologica parameters captured by weather stationsin spatia proximity. Asa
firg sep in our project fidd trids usng Fusarium graminearum infected maize stubbles as inoculum were
conducted in 2004. Two different cultivars of winter wheat were planted at two different locations and the
development of FHB was monitored throughout the growing period. Samples were taken two times a week.
For quditative and quantitative determination of Fusariumin these samples PCR-based methodswere el abo-
rated. For the quantitative gpproach redtime PCR using SY BR green and Tagman ® probes are chosen. First
results with the newly designed primers and probes are shown. As a prerequisite for the risk assessment of
DON production in a next step a test for expresson of the tri 5 gene, coding for the key enzyme in the
production of thrichothecene mycotoxins, isto be established.
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ABSTRACT

O Donnell et al. (2000) divided Gibberella zeae into saven phylogendtic lineages and this was extended to
eight lineages by Ward et d. (2002). Recently, the lineages were extended to nine and given species rank by
O'Donnéll et d. (2004). Bowden and Ledie (1999) had previoudy shown crossfertility between somedrans
later placed in different speciesin the Gibberella zeae clade by O’ Donnell et d. The objective of this study
was to estimate the potentia for genetic exchange between these lineages or species by quantifying cross
fertility in the laboratory. Crosses were conducted on carrot agar as described by Bowden and Ledie (1999).
Three drainsof G. zeae lineage 7 with an insertion in the MAT1-2 locus that renders them heterothdlic were
used asfemdes (Lee et d., 2003). Standardized suspensions of macroconidiafrom strains of each of the nine
lineages were used asmalesto fertilize the femaes. At least two male strainswere used for each lineage except
lineage 1. On day 10 after fertilization, carrot agar plates were inverted in a40 cm spore settling tower made
of 10 cm PV C pipe. Fertility was measured by counting ascospores deposited overnight on water agar plates
at the bottom of the spore settling tower. Homothallic cultures and unfertilized heterothadlic strains served as
controls. Crossfertility was highly variable and differed for the three femde strains. All maesfrom dl lineages
produced vigble progeny with at least one lineage 7 femde drain. Individud pairings of lineage 7 femaeswith
males of lineages 1, 4, 5, 6, and 9 showed fertility levels comparable to lineage 7 x 7 crosses. Pairings with
representatives of lineages 2, 3, and 8 arein progress. No evidence for congstent fertility barriers between the
lineages (or species) of O'Donndll et d. (2004) and lineage 7 has been found.
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ABSTRACT

Fusarium graminearumistheasexud conidia stage
of a haploid fungus that can sdlf-fertilize to produce
the sexua ascospore stage, Gibberella zeae. Although
predominantly an inbreeder, G. zeae has been shown
to outcrossin laboratory studies (Bowden and Ledlie,
1999). Crosses can befertile both within and between
the lineages of G. zeae described by O’ Donnell et d.
(2000). A difficulty ingenetic sudiesof fungi withmixed
mating systems is digtinguishing sdlfings from out-
crosses. One solution is to use pairs of complemen-
tary auxotrophic markers, such as nitrate nonutilizing
mutants, to detect recombinants among random as-
cospore progeny (Bowden and Ledie, 1999). In this
fungus, dl asdl inindividud perithecia result from one
fertilization event and contain ether seifed or outcrossed
ascospore progeny, but not both. When the as-
cosporesfromanindividua perithecium are collected,
sngle segregating markers can be used to detect out-
crosses. Another solutionisto create obligate outcross-
ing srainsby deeting portions of the meting type (MAT)
locus (Lee et d., 2003). Segregation occursinthe F,
generation in haploid fungi so recombinant population
development can be rapid.

These genetic techniques make genetic mapping pos-
gble in this fungus. To date, we are aware of three
genetic maps of G. zeae (Bowden et al, 2002;
Jurgenson et a., 2002; and Gae and Kidler, http://
www.broad.mit.edu/annotati on/fungi/fusarium/
maps.html). Markers utilized to construct the maps
include Amplified Fragment Length Polymorphisms
(AFLP), Redtriction Fragment Length Polymorphisms
(RFLP), Cleaved Amplified Polymorphic Sequences
(CAPS), Derived Cleaved Amplified Polymorphic
Sequences (ACAPS), and Simple Sequence Repeats
(SSR). The genomic sequence of G. zeae (http:/

www.broad.mit.edu/annotation/fungi/fusarium/
index.html) has been a vauable tool for development
of some of these markers. A variety of software has
been usad for haploid linkage andysis including Map
Maker, MapManager QTX, and JoinMap.

The genetic maps of G. zeae are ussful for many pur-
poses. For example, the linkage map of Jurgenson et
a. (2002) was used to sdlect an unbiased set of un-
linked AFLP markersfor population diversity sudies
of G. zeae (Zdler et d., 2003, 2004). Genetic maps
can be used to ass & or vaidate the genomic sequence
assembly. Comparative mapping is useful for under-
ganding differences in genome organization between
Species, lineages, or srains. Perhaps most importantly,
genetic maps are vauable tools to dissect the genetic
basis of important traits of the pathogen such astoxin
production, fertility, or aggressiveness.

The map of Jurgenson et a. was based on a cross
between a Japanese barley strain (R-5470, lineage 6)
and a Kansas wheat dtrain (Z-3639, lineage 7). This
cross was chosen because it was polymorphic for
trichothecenetoxintype (nivaenol vs. deoxynivaenal),
toxin amount, colony color, femdefertility, and AFLP
banding patterns. The map contains 1048 polymor-
phic markers, primarily AFLPs, which map to 468
uniguelod onninelinkagegroups. Thetota map length
isapproximately 1300 cM with an average interva of
2.8 map units between loci. The map was used to
position the deoxynivaenol/nivaenol switch in the
trichothecene gene cluster. This was corroborated
when the Tri13 gene in the trichothecene cluster was
proved to be the switch (Lee et d. 2002). We dso
located a maor gene for toxin accumulation (TOX1)
whichwastightly linked to femdefertility (PERI 1) and
colony color (PIG1)
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In collaboration with colleagues at the Universty of
Hohenhelm, we conducted aQTL anaysis of the ag-
gressiveness of the progeny of the Jurgenson et dl.
mapping cross (Cumagun et d., 2004). We identified
two mgjor QTLsfor pathogenicity or aggressveness.
One locus (PATH1) maps on linkage group IV near
TOX1, which controlstoxin amount. Progeny produc-
ing little or no detectable trichothecene toxin had very
low pathogenicity, an effect that had previoudy been
reported (Proctor et d., 1995). The other QTL maps
onlinkagegroup | and is centered on thetrichothecene
gene clugter that contains the deoxynivalenol vs.
nivdenol switch. Progeny producing deoxynivaenal
were, on average, twice as aggressive as those pro-
ducing nivdenal. Boath the high aggressveness and
high pathogenicity alees were from the Kansas par-
ent. It was interesting that no transgressive segrega
tion for aggressiveness was detected in this cross be-
tween lineages 6 and 7.

Therelease of the genomic sequence of G. zeaedran
PH-1 by the Broad Ingtitute provided an opportunity
to dign the sequence assembly with our linkage map.
We used 7 sequenced structural genes and 130 se-
quenced AFLP markers from al nine linkage groups
of the genetic map (Lee &t al., 2004). One hundred
and fifteen markers were associated with nine
supercontigs of the genomic sequence. Thedignments
of linkage groups with supercontigs alowed the as-
sembly of four putative chromosomes that anchored
99% of the genomic sequence. Co-linearity of the
physicad and geneticsmapswasvery high, though there
wassomeevidenceof inversonson two chromosomes,
The map by Gae and Kistler dso showed ahigh de-
gree of co-linearity and anchored 99.8% of the ge-
nomic sequence. The supercontigs joined by the two
mapsarein agreement. Theseresultsvaidate both the
genomic sequence assembly and the linkage maps.
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ABSTRACT

Fusarium head blight (FHB) is an important disease of whest, barley and maize world-wide. Fusariumfung
exhibit an extraordinary degree of biodiversity with respect to morphologica, physiologica and ecologica
characterigtics. This study used AFLP andysis, to examine the inter- and intra-gpecies genetic diversity of 80
Fusariumwhesat-pathogenic i solates representing five species (F. avenaceum, F. culmorum, F. graminearum,
F. poae and M. nivale) and originating from Ireland, the UK, Hungary and Italy. Nine other F. graminearum
isolates representing the different geographic lineages and isolates of seven other Fusarium species were
included in this study. Isolates were identified morphologicaly and by species-specific PCR andysis. At the
intracspeciesleve, UPGMA cluster andysisof AFLP datareveded that theF. avenaceum, F. culmorumand
F. graminearum isolates showed the highest level of genetic smilarity. The most geneticaly diverse species
were F. poae and M. nivale. Principa coordinate andysis of AFLP datagenerally confirmed the same cluster
profile as did the dendrograms. The present study aso found a relationship between genetic diversity and
country of origin of theisolates within certain species; no rel ationship was found between genetic diversity and
growth or pathogenicity of the isolates.
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ABSTRACT

Fusarium head blight, caused by Fusarium graminearum, isamaor disease in wheat and barley. To engble
genomics sudies of F. graminearum, we developed abacterid artificial chromosome (BAC)-based physical
map and integrated it with the genome sequence and genetic map. We developed two complementary ge-
nomic libraries with average insert szes of 107 and 95 kb, which were estimated to exhibit 23-fold genome
coverage. We fingerprinted 4,224 BAC clones and developed a physicd map conssting of 112 contigs.
Usng lower stringency parameters for contig assembly, 112 contigs were assembled into 26 contig groups
covering 36.4 Mb. The physica map was confirmed by comparing our map to the genome sequence posted
on the F. graminearum database website (http://mwww.broad.mit.edw/cgi-bin/annotation/fusarium). Our re-
sults show high consistency of the physica map with the genome sequence. Among the 112 contigs used for
BAC assembly, 3 contigs did not match with any of the genomic sequences registered in database. To further
vdidate the physcad map and to integrate the physcad map and the genetic map, we sdected 30 genetic
markers evenly covering the whole genome and conducted PCR-based screening of the BAC clones. The
physicad map was consstent with the genetic map throughout the entire genome. Our current physical map,
integrated with the genome sequence and genetic map, will enable advanced studies such as gene cloning,
comparative mapping, and eucidation of F. graminearum genome organization.
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SPECIESIN MY CELIAL CULTURESAND GRAINS
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OBJECTIVES

1. Tousespecies-specific PCR assaysto identify nine
Fusarium species collected from cereds in Canada.

2. To screen cered samples for Fusaria usng PCR
and whole seed plating techniques.

INTRODUCTION

Fusarium head blight (FHB) isone of the mgor funga
diseases of cereals in Canada and worldwide.
Fusarium graminearum Schwabe is the predomi-
nant FHB pathogen in Manitoba and southeastern
Saskatchewan (Clear and Peatrick, 2000). The other
principad FHB pathogensin CanadaareF. avenaceum
(Cordaex Fr.) Sacc. and F. culmorum (W.G. Smith)
Sacc. Several other common Fusarium speciesaso
infect cereal grains in Canada, including F.
acuminatum Ell. & Ev., F. equiseti (Corda) Sacc.,
F. poae (Peck) Wollenw., and F. sporotrichioides
Sherb. (Clear et d., 2000a, Clear et d., 2000b, Clear
and Patrick 1993).

The traditiond diagnostic method for the detection
and identification of Fusarium speciesin pure culture
or ininfected grainisusualy based on the observation
of themicro and macro morphologica features of cul-
tures developing on a nonsdective agar medium. Be-
sdesrequiring agrowth period of severd days, many
of the diagnostic characters can be dtered by the cul-
ture conditions. In addition, when culturing fungi from
seed, only viable fungi that are able to compete well
enough to be visudly detectable are recorded. Poly-
merase chain reaction (PCR) is a sengtive and rapid
method that can be used for detection and screening
of Fusarium speciesininfected grainsamples. Inthis

study, species-specific PCR assay was used for the
detection and identification of nine Fusarium species
in pure mycdlid cultures and grain samples.

MATERIALSAND METHODS

Grain samples— The wheat sampleswere compos-
itesof producer deliveriesfrom 39 crop didtrictsacross
western Canada. The other grain samples were from
individua producers.

Mycological analysis— 200 seeds from each grain
sample were surface disinfected and placed onto po-
tato dextrose agar (PDA) for 5 days and anayzed
according to Clear and Patrick (2000).

Fungal cultures—For each culturein thisstudy, ini-
tid fungd isolations were made by transferring myce-
liagrowing frominfected cered seed (or for threeiso-
latesof F. pseudograminearum, from straw) to apetri
plate containing PDA. After 5to 10 daysof growth at
room temperature and under UV light, a spore sus-
pension was prepared and spread onto a fresh PDA
plate and incubated for 18 h a room temperature. A
sngle germinating conidium was then removed from
thePDA plate, transferred to an SNA plate (Nirenberg
1981), and after 7 days growth stored in aplastic bag
at 4°C for up to one year.

DNA extraction —For DNA extraction, mycdiafrom
the SNA plates were transferred to PDA plates and
incubated in the dark at room temperaturefor 7 to 10
days. The mycedlia were then harvested and freeze-
dried prior to DNA extraction. DNA was aso ex-
tracted from fresh mycdlid cultureswithout freeze dry-
ing. For cereal samples, a20g samplewasground in
a coffee grinder and then a subsample of 0.2g was
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taken for DNA extraction. Sodium dodecyl sulphate
(SDS) based buffer was used for DNA extraction.

Polymerase chain reaction — PCR for single spe-
cies detection was performed in 96-well plates con-
taining 25 L of areaction mixture conggting of 1.5
mM MgCl,, 50 mM KClI, 10 mM Tris-HCI (pH8.3),
0.2 mM of each of thefour dNTPs, 0.25 uM of each
oligonuclectide primer (Table 1), 1.5 P DNA solu-
tion and 0.15 units of Taqg DNA polymerase (Applied
Biosystems, Foster, CA). AccuPrimeO Tag DNA
polymerase (Invitrogen, Burlington, CA) was used for
multiplex PCR according to the manufacturer’s rec-
ommendations. DNA amplification was performedin
an MJ Research PTC-200 Therma Cycler usng an
initia 3.0 min denaturation a 95°C; and then 38 cycles
of 30 sat &°C, 20 sat 62°C, and 45 s at 72°C, fol-
lowed by afind extenson of 5 min a 72°C. Annedl-
ing temperatures of 56°C and 57°C were used for F.
acuminatum and F. pseudograminearum PCR re-

actions, respectively.
RESULTSAND DISCUSSION

PCR detection of Fusarium species — Twelve F.
acuminatum, nine F. avenaceum, seven F.
crookwellense, 12 F. culmorum, 11 F. equiseti, 77
F. graminearum (72 isolatesfrom Canadaand 5iso-
lates from Australia), 10 F. poae, 23 F.
pseudograminearum (fiveof themfrom Audrdia) and
10 F. sporotrichioidesisolates were correctly identi-
fied using species-pecific PCR (datanot shown). The
primers for F. acuminatum, F. crookwellense, F.
culmorum, F. equiseti, F. graminearum, F. poae,
F. pseudograminearumand F. sporotrichioidesare
specific as there was no cross reaction when each
specific primer was used to amplify DNA from the
other Fusarium species. One of the primer sets for
F. avenaceum (FaF/FaR) dso amplified DNA frag-
mentsfrom F. acuminatum. The other primer set
(JIAF/R) was specific and did not amplify DNA from
the other eight Fusarium species.

A multiplex PCR reaction was developed for the S-
multaneous detection of the three most important my-
cotoxin producing Fusarium species (F. culmorum,
F. graminearum and F. sporotrichioides).

Detection of Fusariumspeciesin cereal grains —
Most grain samples were infected with several
Fusarium species. A comparison between the re-
aultsfor PCR and whole seed plating for Sx Fusarium
speciesis shown in Table 2. Fusarium avenaceum
was the most often detected species by both PCR
(using FaF/FaR primer) and whole seed agar plating
(Table2). TheFusariumavenaceum specific primer
(JIAF/R) waslesssengtivethan FaF/FaR primer (am-
plifiesboth F. avenaceum and F. acuminatum) in
amplification of infected grain samples. Four of the
SiX species were detected in more samples by PCR
than by whole seed plating, with only F. poae and F.
sporotrichioides being detected dightly more often
by whole seed plating than by PCR (Table 2). Three
species, F. crookwellense, F. acuminatum and F.
pseudograminearum, were not included in Table 2.
For F. crookwel lense, only one sample of barley from
New Brunswick reveded apostivereaction with PCR
and whole seed agar plating. Fusariumacuminatum
was detected in severd grain samples when assayed
with whole seed agar plating. However, only those
samples that had a rdatively high frequency of seed
infection by Fusarium acuminatum (~35%) were
positive with the PCR assay (data not shown).
Fusarium pseudograminearumwas not detected in
any samples by either PCR (85 samples) or whole
seed agar plating (82 samples), reflecting the rare oc-
currence of this speciesinfecting cered seed in west-
ern Canada.

Out of 474 comparisons (using F. avenaceum, F.
culmorum, F. equiseti, F. graminearum, F. poae,
and F. sporotrichioides) between PCR and whole
seed agar plating results, a discrepancy occurred 83
times (Table 2). Ffty-four times a Fusarium spe-
cies-specific PCR amplification was obtained even
though the target species was not observed during
whole seed agar plating, whereas in 29 comparisons
thereversewastrue (Table2). Indl sampleswherea
discrepancy was noted the level of the target species
in the plating results was very low. Maost importantly,
F. graminearum was detected more often by PCR
(50 of 85 samples) than by whole seed agar plating
(36 of 82 samples), and the PCR-based method was
ableto accuratdy didtinguish between F. graminearum
and F. pseudograminearum. Failure of whole seed
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agar plating to detect speciesthat PCR detected may
be dueto theremoval of funga materid during surface
disnfestations, failureto detect the Fusariadueto com-
petition on the plate, or lack of viability of the target
species. Differences between PCR and whole seed
agar plaing results may aso be dueto varidion in the
two sampling techniquesand to low levelsof thetarget
gpecies on the grain. In this trid, whole seed agar
plating was done on 200 individua kernds, whereas
0.2g subsample from 20g ground seed was used for
DNA extraction and PCR analyses.

In summary, species-specific PCR assay was success-
fully used for the identification of nine Fusarium spe-
cies. The PCR assay was also used for the detection
of Fusarium species in severd types of cered gran.
The PCR assay used in this study can be used for rou-
tine detection and identification of Fusarium species
in mycdid cultures and grain samplesin Canada.
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Table 1. List of primer sequences, expected DNA fragment length and sources of
primers.

Primer Size

name Target Sequence (5’ — 3) (bp) Source*
FACF F. acuminatum GGGATATCGGGCCTCA 600 A
FACR GGGATATCGGCAAGATCG

FaF F. avenaceum CAAGCATTGTCGCCACTCTC 920 B
FaR GTTTGGCTCTACCGGGACTG

JIAF F. avenaceum GCTAATTCTTAACTTACTAGGGGCC 220 c
JIAR CTGTAATAGGTTATTTACATGGGCG

CroAF F. crookwellense CTCAGTGTCCACCGCGTTGCGTAG 842 D
CroAR CTCAGTGTCCCAATCAAATAGTCC

FCO1F F. culmorum ATGGTGAACTCGTCGTGGC 570 E
FCO1R CCCTTCTTACGCCAATCTCG

FEF1 F. equiseti CATACCTATACGTTGCCTCG 400 F
FER1 TTACCAGTAACGAGGTGTATG

FG11F F. graminearum CTCCGGATATGTTGCGTCAA 450 E
FGLIR GGTAGGTATCCGACATGGCAA

FP82F F. poae CAAGCAAACAGGCTCTTCACC 220 G
FP82R TGTTCCACCTCAGTGACAGGTT

AF330109CF F. sporotrichioides AAAAGCCCAAATTGCTGATG 332 H
AF330109CR TGGCATGTTCATTGTCACCT

FP1-1 F. pseudograminearum CGGGGTAGTTTCACATTTCYG 523 |
FP1-2 GAGAATGTGATGASGACAATA

"Sources of primers— A = Williams et al., 2002; B = Doohan et al., 1998; C = Turner et
al., 1998; D = Yoder et a., 1998; E = Nicholson et a., 1998; F = Mishraet al., 2003; G =
Parry and Nicholson 1996; H = Genbank AF330109 (primer designed by authors); | =
Aoki and O’ Donnel, 1999.
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Table2. Summary of Fusarium detection in grain samples using PCR and whole seed
agar plating.

PCR Whole seed
Fusarium PCR+ PCR- Similarity
species Crop #+ve #ve TTL #+ve #-ve TTL & WS- WS+ %
F. avenaceunt CWRS |37 |1 38 32 6 38 4 0 34/38 (89.5)
CWAD |26 |0 26 23 3 26 3 0 23/26 (88.5)
Barley |8 2 10 9 1 10 O 1 9/10 (90.0)
Oat 3 1 4 3 1 4 0 0 4/4 (100.0)
Cor |[O |6 6 0 3 - - - -
Rye 1 0 1 1 0 1 0 0 1/1 (100.0)
F. culmorum CWRS (5 33 38 4 34 38 5 4 29/38 (76.3)
CWAD (11 (15 26 10 16 26 3 2 21/26 (80.8)
Barley |0 10 10 1 9 10 O 1 9/10 (90.0)
Oat 1 3 4 1 3 4 1 0 3/4 (75.0)
Corn 0 6 6 0 3 - - - -
Rye 0 1 1 0 1 1 0 0 1/1 (100.0)
F. equiseti CWRS (20 (18 38 13 25 38 12 5 21/38 (55.3)
CWAD |21 |5 26 19 7 26 4 2 20/26 (76.9)
Barley |8 2 10 7 3 10 3 1 6/10 (60.0)
Oat 1 3 4 1 3 4 0 0 4/4 (100.0)
Corn 0 6 6 1 2 - - - -
Rye 1 0 1 1 0 1 0 0 1/1 (100.0)
F. graminearum CWRS (21 (17 38 14 24 38 8 1 29/38 (76.3)
CWAD (13 (13 26 10 16 26 4 1 21/26 (80.7)
Barley |9 1 10 9 1 10 O 0 10/10 (100.0)
Oat 3 1 4 2 2 4 1 0 3/4 (75.0)
Corn 3 3 6 0 3 - - - -
Rye 1 0 1 1 0 1 0 0 1/1 (100.0)
F. poae CWRS (14 (24 38 18 20 38 O 4 34/38 (89.5)
CWAD |9 17 26 9 17 26 1 1 24126 (92.3)
Barley |6 4 10 9 1 10 O 3 7/10 (70.0)
Oat 2 2 4 3 1 4 0 1 3/4 (75.0)
Corn 0 6 6 0 3 - - - -
Rye 0 1 1 0 1 1 0 0 1/1 (100.0)
F. sporatrichioides | CWRS |20 |18 38 21 17 38 3 0 35/38 (92.1)
CWAD (15 (11 26 19 7 26 2 2 22/26 (84.6)
Barley |9 1 10 9 1 10 O 0 10/10 (100.0)
Oat 3 1 4 3 1 4 0 0 4/4 (100.0)
Corn 0 6 6 0 3 - - - -
Rye 1 0 1 1 0 1 0 0 1/1 (100.0)

3 FaF/FaR primer set was used for the PCR assay. "Three corn samples were received
ground, and thus whole seed agar plating was carried out for only three of the six corn
samples. WS = whole seed agar plating method. Two hundred seeds were used for whole
seed agar plating assay, whereas 0.2g from 20g ground sample was used for DNA
extraction and PCR assay.
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Coordinated Collection of Micro-organisms (BCCM™) consortium.)
“Corresponding Author: PH: 32 10-47 37 42; E-mail: vanhove@mbla.ucl.ac.be

ABSTRACT

Fumonisins are polyketide-derived mycotoxins produced by Fusarium species of the Gibberella fujikuroi
complex. Wild type dtrains of the fungus produce predominantly four B-series fumonisins, designated FB1,
FB2, FB3 and FB4. Recently, acluster of 15 putative fumonisin biosynthetic genes (FUM) was described in
F. verticillioides. We have now conducted a functiond andysis of the FUM12 gene that is predicted to
encode a cytochrome P-450 monooxygenase. Therefore, we generated FUM12 disrupted mutants (FUM12)
of the wild-type F.verticillioides strain MUCL 43478 (M-3125). HPL C analyses reveded that the FB1 and
FB3 production of FUM12- mutants was reduced by over 98% and was at |east doubled for FB2 compared
to the progenitor strain. These resultsindicate that theFUM12 protein catayses the hydroxylation of the C-10
of the fumonisin backbone. Asthe phenotype of the mutantsisidentical to that of previoudy described mutants
with defective dleles a the meoticaly defined fum?2 locus, it appears that FUM12 and fum2 locus are the
same gene which is now renamed FUM2.
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IDENTIFICATION OF GENES EXPRESSED BY FUSARIUM
GRAMINEARUM DURING INFECTION OF WHEAT
Rubella S. Goswami?, Jn-Rong Xu? and H. Corby Kistler'*
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Purdue Univ., West Lafayette, IN 47907; and SUSDA-ARS, CDL, S. Paul, MN 55108, USA
"Corresponding Author: PH (612) 625-9774; E-mail: hckist@umn.edu

ABSTRACT

Our initid studies have shown that the Fusarium graminearum species complex is comprised of gtrains
belonging to a least nine biogeographicaly structured cryptic speciesthat may differ sgnificantly in aggressve-
ness on wheat and mycotoxin production. To study this host-pathogen interaction a a genomic level and
identify fungal genesexpressed duringinitia infection (48 hoursafter inoculation), cDNA librarieswere crested
by suppression subtractive hybridization. One such library was congtructed usng RNA isolated from wheet
heads inoculated with a highly aggressive drain (tester) or with water (driver). The ESTs sequenced from this
library could be assembled into 182 contigs and 630 singletons. Of these, 349 ESTswere determined to be of
fungd origin according to their matches to the F. graminearum genome sequence. These sequences were
compared with ESTsfrom libraries crested using theF. graminearum grown under various culture conditions
and the whole genome sequences of Magnaporthe grisea and Neurospora crassa. Putative functions of
genes corresponding to the funga ESTs obtained from thislibrary were predicted based on comparisonswith
sequences from publicly available databases. Interestingly, nearly 56% of the fungal ESTs were mitochondria
relaed. Also, a dgnificant number of ESTs with no known homologs in currently available databases were
observed. These are believed to be new open reading frames specific to F. graminearum. Additiondly,

candidate genes potentialy involved in pathogenicity were identified e.g. those corresponding to genes coding
for an ABC trangporter, amino acid permease, polyketide synthase, histidine kinase and the regulatory gene
acR. Some of these have been selected for targeted deletion mutagenesis using gene replacement. Analysis of
these sequences and the methods used for successful gene replacement in F. graminearumwill be presented.
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DEVELOPMENT OF ANAFFYMETRIX GENECHIP MICROARRAY
USING THE GEN-AU / MIPS FUSARIUM GRAMINEARUM
GENOME DATABASE
U. Gueldener?, F. Trall?, JR. Xu3, G. Adam* and H.C. Kistler®™

IMIPS-Munich Information Center on Protein Sequences, GSF - National Research Center for Environment
and Hedlth, Ingolstadter Landstrasse 1, D-85764 Neuherberg, Germany; 2Michigan State University,
Department of Plant Biology, East Lansing, M1 48824-1312, USA; *Purdue University, Botany and Plant
Pathology, Lilly Hall, 915 West State Street, West Lafayette, IN 47907-2054, USA; “BOKU - University
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Disease Laboratory, University of Minnesota, St. Paul, MN 55108 , USA
*Corresponding Author: PH: 612-626-7269; E-mail: hckist@umn.edu

ABSTRACT

Shortly after public release of the genome sequence of the plant pathogenic fungus Fusarium graminearum
by the Broad I ngtitute, automated draft gene callswere processed at MIPS and aso at the Broad I ngtitute. For
both predicted gene sets, a variety of bioinformatics methods were gpplied a MIPS using the PEDANT
system. Manua ingpection of the calls using different gene prediction programs and EST sequences were dso
conducted to examine underpredicted genes and verify predicted coding regions. In order to reduce mis-
designed probe sets, manua inspection of genes, at least the most interesting targets, is desirable before the
design of an Affymetrix GeneChip microarray design.

With the help of the Fusarium community we manually processed ~860 entries; 408 of the callswere dtered
or added ascompletdy new cdls. Tointegratedl different calsaswdl astheresults of the gpplied bioinformatics
methods, theF. graminearum Genome Database was created (http://mips.gsf.de/genre/proj/fusarium/). How-
ever, only 6.1 % of the putative 14,000 Fusarium genes were manualy processed.

During the manual gene modeing and correction procedure it appeared that the MIPS draft gene call st
performed sgnificantly better than the Broad set. Therefore we produced a combined gene call st for the
Affymetrix GeneChip design with the order of preference “manually processed new cals’ > “MIPS draft set”
> “Broad set”. To reduce the number of ~26,000 gene calls, the ORF sequences were truncated to 500 bases
towards the 3' end and al redundant call names were added to the preferred ones as an dias. This gpproach
resulted in aset of 16,926 cdls. The set of full length ORF sequences and an additional 611 EST- and rRNA-
sequences were submitted to Affymetrix for initiad computation of probe sets. After 3 rounds of chip design
proposas, the sets were gpproved for mask design. First chip experiments for validation are on the way.
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FUNCTIONAL GENOMICS OF FUSARIUM GRAMINEARUM
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ABSTRACT

Weare conducting gene profiling experimentsusing Fusarium graminear um~4.5K unieST cDNA microarrays
and targeted gene disruptions to identify and functiondly test candidate genes suspected to be involved in F.
graminearum (Fg) pathogenicity. Fourteen F. graminearum cDNA libraries have been constructed from
funga cultures grown under avariety of conditions to generate a collection of ~10,000 expressed sequence
tags (ESTs) which group into ~5500 contigg/'singletons. A 4.5K unigene F. graminearum cDNA microarray
has been printed in-house and array hybridization experiments are underway to explore metabolite biosynthe-
ssand genesinduced upon plant contact. Initid array hybridizations have compared expression profiles of Fg
grown in liquid culture under conditions of trichothecene production over a 12-day period versus Fg in log
phase. Metabolite anayss (HPLC/NMR) of ethyl acetate extracts of these liquid cultures has indicated in-
creasing production of 15A-DON over the growth period as well as the presence of a second metabalite,
butenolide.

Functional andysis of candidate genes through gene disruption or modification is the focus of a collaborative
project between the USDA and Agriculture & Agri-Food Canada. For example, an andlysis of Fg ESTs
reveded a hotgpot of gene expresson from a putative nove biosynthetic gene clugter.  Eight consecutive
predicted genes are represented by a total of 51 Fg ESTs isolated from trichothecene-producing culture
conditions. In addition, five of the genes are represented by sx ESTs originating from Fg-infected wheet or
barley libraries, suggesting these genes are expressed in planta. Northern analysis conducted on seven of the
elght genes showed coordinated induction of gene expression, beginning at 4 days post induction and pesking
a approximately 10 days post induction in liquid culture. Expresson andlyss of the eighth geneisin progress.
Two of these genes have been initidly targeted for gene disruption.
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Research Unit, National Center for Agricultural Utilization Research, USDA ARS, Peoria, IL, USA
“Corresponding Author: PH: 814-863-7232; E-mail: kuldau@psu.edu

ABSTRACT

Most Fusariacausing wheat and barley head scab produce the type-B trichothecene deoxynivaenol and other
8-keto trichothecenes such as 3-acetyldeoxynivaenol and 15-acetyldeoxynivaenol. However, some fungi
found on head-blighted wheat are known to produce the more toxic type-A trichothecenes such as
diacetoxyscirpenol. Our objectiveisto fully €ucidate species and species boundarieswithin thetrichothecene-
producing group of Fusarium and to determine the trichothecene mycotoxin profile of dl species within the
group. We analyzed a set of 57 suspected type-A producers from the Penn State Fusarium Research Center
collection and the NRRL collection at Peoriausing molecular phylogeneticsand HPL C-M Sfor trichothecenes.
For HPLC-MS andlysis, cultures were grown on autoclaved rice grains and subjected to andysis for ten
trichothecenes. T-2 tetraol, nivalenol, deoxynivaenal, fusarenon-X, neosolaniol, 3-acetyldeoxynivaenol, 15-
acetyldeoxynivaenol, diacetoxyscirpenol, HT-2, and T-2 toxin. Peak identities were determined using mass
gpectrd andysis and comparison to standards. DNA sequences were generated from seven nuclear genes,
EF1-atrandation elongation factor, phosphate permease, 28SrDNA, Tril01, Tri4, Tri5 and Bo-tubulinand
subjected to phylogenetic andys's using maximum parsmony as the optimdlity criterion. Trichothecene-pro-
ducers resolved to four well-supported clades. Most type-B trichothecene producers associated with head
scab fdl into asingle clade, termed the Gibber ella zeae complex, which is derived from within the others. Our
initial observationsindicatethat there are specieswithin each of thethreetype-A producer cladesthat produce
type-B trichothecenes exclusively or in addition to type-A compounds. Species cgpable of producing both
type-A and type-B are found in two of three type-A clades. Previous reports have noted this phenomenon
only for F. kyushuense and recently for F. poae. We will report our ongoing work to define species and
mycotoxigenic potentia within the trichothecene-producing Fusaria
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ABSTRACT

Jurgenson et d. (2002) previoudy published a genetic map of Gibberella zeae (Fusarium graminearum)
based on a cross between Kansas strain Z-3639 (lineage 7) and Japanese strain R-5470 (lineage 6). The
genetic map was based on 1048 AFLP markers and consisted of nine linkage groups. We aigned the genetic
map with thefirst assembly of the genomic sequence of strain PH-1 (lineage 7) that was released by The Broad
Ingtitute (Cambridge, MA). We used 7 sequenced structura genesand 130 sequenced AFLP markersfrom dl
nine linkage groups (LG) of the genetic map. One hundred and fifteen markers were associated with nine
supercontigs (SC) of the genomic sequence. LG1, LG7, LG8 and LG9 digned with SC2 and SC5; LG2
aligned with SC3, SC8 and SC9; LG 3 digned with SC4 and SC6; and LG4, LG5 and LG6 aigned with SC1
and SC7. Approximately 99% of the sequence was anchored to the genetic map, indicating the high quality of
the sequence assembly and the relative completeness and vdidity of the genetic map. The alignments grouped
the linkage groups and supercontigs into four sets, suggesting that there are four chromosomes in this fungus.
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ABSTRACT

Weamed for theandyssof genetic variationin populations of Fusarium graminearum collected on aworld-

wide, regiond, and locd basis and within a crossng progeny by molecular markers (RAPD, AFLP) and
phenotypic traits. The traitswere: Aggressiveness on a susceptible host, deoxynivaenol [DON] and nivaenal
[NIV] production, and host colonization. The amount of genetic variation is an indicator for the evolutionary
potentia of a pathogen and provides an important clue for risk andyss of host resstance. Anayss of the
world-wide collection showed that practicaly dl isolates were mycotoxin producers, mosily of the DON (22/
26), but some of the NIV (4/26) chemotype. NIV producer were from Germany, Italy, and Brazil and gener-

aly lower aggressve. AFLP profiles of 38 isolates of the world collection showed a high level of molecular
diversity (mean GS 0.21). No grouping with respect to geographica origin or host species occurred. On a
regiona bass (southwestern Germany) dso a significant (P<0.01) genetic variaion for aggressveness was
found, isolates displayed asmilar genotypic range than the world collection. Smilarly, molecular diversty was
high even on the locd scale of two samdl (about 10.000 n¥) whest fidlds amounting to 46 to 64% of the
maximal genotypic diversity (G, ). In totd, 70 isolates yielded 53 multi-locus haplotypes within the largest
German population. Allelefrequenciesranged from 0.01 and 0.97 in thisloca population compared to 0.04 to
0.92 intheworld collection. A hierarchica andyss of diversty for RAPD bands and aggressiveness showed
that 84 and 54% of totd variance, respectively, was dready found within sampling sites of about 1 n?. Within
single-fidd populations from Hungary and Canadaalower, but still considerable genotypic variation (27-28%
of G_,) wasdetected. Crossing of two medium aggressiveisolates from Europe (Germany, Hungary) resulted
in aprogeny of 155 isolates displaying a sgnificant (P<0.01) and large segregation variance for aggressve-

ness, host colonization, and DON production. Moreover, sgnificant transgression directed towards higher
aggressiveness, colonization and DON production was found consistently across three environments. This
illugtrates that different aleles for these traits were present in both parents that were obvioudy combined to a
higher performance. The large molecular and phenotypic diversity of F. graminearum even on smal spatid

scales might be most likely caused by alarge population sze of the pathogen and regular recombination with
some extent of outcrossing. This enlarges dlde diversity, but favourable genotypes can ill be maintained by
asexud propagation. The frequent dternation between saprophytic and paragitic life cycle might additionaly

support a high degree of polymorphism within populations. In conclusion, the resultsreflect ahigh evolutionary
potentid of F. graminearum that might alow a non-specific adaptation to host resstance, especidly when
highly effective resstance sources are used on large acreages.

570



Taxonomy, Population Genetics, and Genomics of Fusarium spp.
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ABSTRACT

The intergenic spacer of the rDNA units is located between 28S and 18S genes of the nuclear rDNA in
filamentous fungi with a length of about 2,5 kb in species of Fusarium. This region shows a high variahility
which iswidely used to andyse variahility a intragpecific level or among closaly rdated species. Vaiahility is
due to nuclectide subdtitutions and to differences in length, which are attributed to duplications or deletions
during crossing-over events. However, |GS region aso contains a number of relevant conserved motifs such
asthose matifs controlling rDNA expresson. We report the results of the comparative analysis of the primary
dructure of the IGS region to unravel the presence of repetitions and/or functional matifs in the Gibberella
fujikuroi species complex and closely related species. This complex is especidly reevant because it includes
cosmopoalitan pathogens of important agricultura plant species and they are important source of mycotoxins.
Severd short (14 nt) and long (120 nt) repetitions have been identified which showed variagbility in the number
and position, in the case of the short repeets, causing the occurrence of characteristic specific patterns and
differences in length which may be accompanying the speciation in this complex. These patterns could be
explained by recombination events reducing or increasing the number of repetitions and its relative postion.
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ABSTRACT

F. phyllophilum and F. ramigenum are two species newly described within the Gibberella fujikuroi com-
plex (Nirenberg and O’ Donnell, 1998). In previous studies, it was demonstrated that they were fumonisin
producers (Fotso et al., 2002; Van Hoveet al ., 2002). Asonly fragmentary data concerning their sexua stage
exist, we decided to focus our study i) on their mating identification, ii) on the search of their sexud stage, and
iii) on their phylogenetic relationships within the complex.

Therefore, the primers Gfmatla and Gfmat1b, previoudy developed by Steenkamp et al. (2000) for identifi-
cation of the mating type in theGibberella fujikuroi complex, were used to characterize theisolates. Interest-
ingly, two F. ramigenum strains (MUCL 43904 and 7612) presented two different mating sequences (MAT-
1 and MAT-2). Furthermore, two F. phyllophilum strains (MUCL 239 and 43905) were identified as MAT-
1 drains, whiletwoF. phyllophilum-like strains (MUCL 27661 and 44479) were identified asMAT-2 gtrains.
Phylogenetic analyses clearly separated F. ramigenum and F. phyllophilum from the other sequenced spe-
cies, particularly those for which the sexud stage has aready been described (mating population A to ). The
anadyses a'so demongtrated the close relationships of the two species with F. verticillioides.

Didlde crosses were tested on six different media, and under different light conditions. Besides the develop-
ment of peritheciain compdtible F. verticillioides crosses used as control, development of mature perithecia
was observed in F. ramigenum crosses, what isthefirst report of the sexud form for this species. On basis of
integration of the various results (morphological, molecular and crosses), we propose to create a new mating
type population J and its teleomorphic stage Gibberella ramigena. Additionna data are expected for F.
phyllophilum.
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ABSTRACT

Head scab of wheat caused by Fusarium spp. is characterized by bleaching of the wheat spike, shriveled
kernds and accumulation of mycotoxins which may cause various alments in humans and animas. Under-
ganding the variability of the funga population associated with head scab could improve disease control
drategies. The main am was to investigate the genotypic and pathogenic variability within F. graminearumin
rel ation to geographic origin. In the present sudy, F. graminearumwereisolated from di seased spikes sampled
from naturaly infected wheat from Punjab, Tamil Nadu and high Himaayas of Himacha Pradesh during 2000-
2002. Inter and intra species specific aggressiveness assessed could also be noticed on the basis of head scab
rating on different varieties of whest. F. graminearumisolates of Dalang Madan and Wellington were Sgnifi-
cantly more aggressive than L udhianaand Gurdaspur isolates of F. graminearum. Fusarium head scab ratings
were more on varieties Sonalika, HD 29 and PBW 222, irrespective of the isolate used. Randomly amplified
polymorphic DNA (RAPD) was used to Sudy genetic variationin natura pathogen populaionsof F. graminearum
(15 isolates). A screening of sixty one 10-mer oligonucleotide RAPD primers (OPAA 1-20, OPAC 1-20,
OPAD 1-20, OPV 14) reveded 19 RAPD primersto yield informative (polymorph), strong and reproducible
DNA amplicons (bands) by PCR. The number and size of the amplified fragments varied with different prim-
ers. The amplification products were in the range of 300 bp to 1.2 Kb. Maximum number of bands (11) were
scored with primer OPAD 12 followed by 10 bands with OPAA 12. The geneticdly most smilar isolates
belonged to Punjab viz., G 31 and L 23 (92.65 %) while the Lahaul valey isolate (D 3) and the Wellington
isolate (W 3) were found geneticaly most dissmilar (47.79 %). Clugter andysis of band sharing coefficients
separated isolates of F. graminearum into four clusters. This sudy has shown that there is a consderable
pathogenic and genotypic variahility among F. graminearum isolates obtained from infected whesat earheads
from different geographic regions of India
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OBJECTIVES

Vaiahility of Fusarium culmorum to pathogenic and
toxic will study.

Strainsof F. culmorumwill characterizeon 5 rye cul-
tivars.

INTRODUCTION

Scab or Fusarium heed blight (FHB) isa serious dis-
ease in many cered crops Russa This disease isthe
maost dangerous to the winter rye. FHB can sgnifi-
cantly reduce rye grain yield and quaity (Novozhilov
K.V., Levitin M.M., 1990; Monastirskij O.A. 2000;
G. Gang et d., 1998; lvaschenko V.G. et d, 2004).

The mycotoxins produced by Fusarium spp. in in-
fected grains are harmful to animals and human hedth
(Bila V.., 1955; Bamburg et dl, 1968; Mirocha et
al, 1976; Ivaschenko V.G. et d, 2004; Levitin M.M.,
1994; S. L. Walker et d., 2001).

The sdection of winter rye cultivars immune to FHB
congders the very perspective. But it is impossible
without study pathogenic and toxic qudities of fre-
quent fungus.

Fusarium culmorum (W.G.Sm.) Sacc. isoneof fre-
quent pathogens of scab in Moscow region.

MATERIALSAND METHODS

Genotypes F. culmorum with various morphologica
- culturd types (“C”) of colonies were received on
potato agar plates at 24°C during 2 weeks.

With the purpose of pathogenic and toxic quaitiesster-
ile seeds were inoculated with conidid suspensons
and culture filtrates of the 4 genotypes F. culmorum.
Inoculated and control (treated by adding 5 ml Serile
water) seeds were dlowed to continue germination
for 3 days, onfilter paper with low moisture level (25
seedg/Petri digh). In fours reiteration samples were
evauated for each experiment. For each genotype,
records of following parameters are taken:- the
germination’s percent of seeds; - length of root of
seeds.

Accounting information of control taken for 100 %.
RESULTSAND DISCUSSION

Genotypes F. culmorum with various MCT sgnifi-
cantly differed pathogenic and toxic qudity. Theandy-
gsof variance has showed sgnificant influence of fac-
tors (cultivars and strains) on percent of seed germi-
nation of winter rye(fig. 1, 2). Each bar representsthe
mean of experimentswith ten replicationsfor cultivar-
strain combinations averaged across 4 strains
Fusarium culmorum or 5 winter rye cultivars with
the purpose of reveding their influence on percent of
seed germination. Cultivars or drains with a letter in
common above the bar do not differ sgnificantly ac-
cording to Tukey’s multiple test (a= 0.05)*.

The grain MCT 1V dgnificantly differed ( P<0.05)
from grains “C” |, “C” 1ll and “C” V according to
Fisher’s criterion. Strain MCT 1V showed the greet-
est pathogenic and toxic qudity. It was reduced per-
cent of seed germination of winter rye on 50 % in
comparison with control. Differences between srains
F. culmorumwithMKT I, I1l and V wereinessentid.
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They were reduced percent of seed germination of
seeds on 61 % on average.

Didinctions in percent of seed germination on culti-
vars were sgnificant ( P<0.05). The least susceptible
to culturd suspension and culture filtrates were cul-
tures of rye Purgaand Falenskgja4 — percent of seed
germingion was 67 % in comparison with control.
Genotype of ryeVjatka 2 wasthe most susceptibleto
sudied gtrains. Percent of seed germination was 50
% in average.

Influence of cultivar-girain interactions was also da
tigicaly sgnificant ( P<0.05), separate distinctionsbe-
tween vaues of average percent of seed germination
have been inggnificant and marked with identica |&t-
tersabovethebars (fig. 3, 4). Each bar representsthe
mean of experimentswith ten replicationsfor cultivar-
strain combinations averaged across 4 strains
Fusarium culmorum or 5 winter rye cultivars with
the purpose of revedling their influence on percent of
seed germination. Cultivars or drains with a letter in
common above the bar do not differ sgnificantly ac-
cording to Tukey’s multiple test (a = 0.05)*.

The analyss of variance has showed sgnificant influ-
ence of factors (cultivarsand strains) on length of root
of seedsof winter rye. ThestransMCT IV and MCT
| sgnificantly differed (P<0.05) from grains “C” 11l
and “C” V according to Fisher’s criterion (fig. 5, 6).
These drainswere characterized high pathogenic quali-
ties. Stran MCT V was characterized less pathogenic
qudities to length of root. Strain MCT |V was char-
acterized hightoxic quditiesto length of root, and srain
MCT | was characterized less toxic qudities.

Didinctions in length of root of seeds of winter rye
were sgnificant (P<0.05). The least susceptible to
cultural suspension were culture of rye Flenskga4 —

length of root was 66 % in comparison with contral.
The least susceptible to culture filtrates were culture
of rye Fenskga 4, Purga and Bezenchukskga 88.
The mogt susceptible to culture filtrates were culture
of rye Shezhana

So F. culmorum showed high varigbility pathogenic
and toxic qualities. It isnecessary to note at the selec-
tion of resstance cultivars,
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Germination of rye seeds
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Figure 1. Mean percent of seed germination of five winter rye cultivars inoculated with
conidia suspension of four strains Fusarium culmorumwith various morphological - cultural
types (? C?) of colonies(l, Il1, IV and V).

Germination of rye seeds

=l ]
8
£ 60 b
£ b = -
2 i
2 50+
b
o
§ 30 1

20 -

N\ 3 . X
S of sy Wb‘ ¢
Strains Cultivarsof rye

Figure 2. Mean percent of seed germination of five winter rye cultivars inoculated with
culture filtrates of four strains Fusarium culmorumwith various ? C? of colonies (I, 111, IV
and V).
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conidia suspension of four strains Fusarium culmorumwith various ? C? of colonies (I, I11,
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Figure 4. Mean percent of seed germination of five winter rye cultivars inoculated with
culture filtrates of four strains Fusarium culmorum with various ? C? of colonies (I, 11, IV
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ABSTRACT

Fusarium head blight caused mainly by Fusarium graminearum and F. culmorum is the most important
disease of wheat in Central Europe. Contamination of wheat by the mycotoxins produced by these and other
peciesisthe most serious effect of FHB, since these mycotoxins are harmful to both humansand animas. We
examined the mycotoxin producing abilities, aggressvenessand molecular variability of Fusariumgraminearum
isolatesusing different techniques. Altogether 26 Hungarian, three Austrian isolates and representatives of eight
Speciesidentified in the F. graminearum clade were involved in this study. Mycotoxin producing abilities of
the isolates were tested by GC-MS and HPLC. The mycotoxins tested included type B trichothecenes
(deoxynivadenal, 3- and 15-acetyl-deoxynivaenal, nivaenal, 4-acetyl-nivdenadl (fusarenone X)) and zeardenone.
All but one of the isolates produced zeardenone. The Central-European isolates were found to belong to
chemotype | (producing deoxynivaenol). Most isolates produced both 15- and 3-acetyl-DON, but the ma-
jority of them produced more 15-acetyl-deoxynivalenol than 3-acetyl-deoxynivalenol suggesting that they
bel ong to chemotype 1b. Huge differences were observed among DON producing abilities of theisolates (54-
16.000 mg kg?). All F. graminearum isolates were found to be highly pathogenic in in vitro aggressiveness
tests. During previous studies, most Central-European i solates were found to belong to lineege 7 characteristic
to the Northern hemisphere, with the exception of one Hungarian isolate based on RAPD and IGS-RFLP
data, and two other Hungarian isolates based on mitochondrial DNA RFLP analyss. We carried out sequence
andyss of a putative reductase gene to ascertain the taxonomic position of these isolates. Sequence data
confirmed that these isolates do not belong to the F. graminearum species, but represent isolates of the
species F. boothii and a so far undescribed species closaly related to F. asiaticum. The presence of mating
type gene homologs have aso been studied in the Central European isolates. All isolates carried both mating
typeidiomorphsin accordance with previousfindings. Further work isin progressto compare the pathogenic-
ity of the isolates belonging to different lineagesin fidd tedts.

579



Taxonomy, Population Genetics, and Genomics of Fusarium spp.

USING GENOMICS TO UNDERSTAND THE LIFE
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ABSTRACT

In the last two years, the genome of Gibberella zeae has been sequenced and genome-based microarray
chips have become available. These tremendous resources will provide an opportunity to study thelife cycle
of this important plant pathogen a aleve not previoudy within reech. Over the last severd years, we have
characterized the development of perithecia in vitro, and more recently, we have eucidated the process of
colonization of wheat tissue which leads to perithecium production The latter Sudies have reveaed the
formation of vascular occlusons which prevent mycdlia from colonizing the stem tissue. We have dso been
investigating the mechanism of forcible spore discharge in ascospore-producing fungi. For over 100 years, the
working hypothesis has been that turgor pressure drives ascospore gection. For thefirst time, we have shown
that components of the ascus fluid are crucid to generating turgor within the ascus. The components include
mannitol and ions. We are in the process of ducidating the role of each in discharge. In addition, we have
identified aDNA binding protein that may beinvolved in controlling mechanism of ascospore discharge. These
findings shed light on the environmentd factors that influence spore discharge in the field.

How can we use genomicsto extend these studies? We have begun to ducidate the gene expression shiftsthat
accompany sexua development in vitro using a limited EST-based microarray. Genes showing highest ex-
pression level at earlier development stages were mainly those related to metabolism and cell type differentia-
tion, while genes showed highest expression level at later development stages were mainly those related to
cdlular trangport. Wewill be ableto extend thissurvey to dl of the genesin the genome with the new genome
chip, and pinpoint those important for each developmenta stage. We can identify the genes regulated by the
DNA binding protein controlling discharge of spores, and thereby uncover the process whereby environmenta
factors are trandated into spore release.

We have dready used the genomic sequence to understand the production of mycotoxins. During host coloni-
zation, the fungus produces mycotoxins, including deoxynivaenol, zearaenone and aurofusarin, which make
the grain unfit for human and anima consumption. Zeardenone and aurofusarin belong to the family of com-
pounds called pol yketides. Polyketides are produced by Polyketide Synthases (PK'S) using acetyl or malonyl
precursors. We used the recently released genomic sequence to identify al the PKS genesin the genome. We
then disrupted each gene individualy and anayzed the mutants phenotypicaly. We were able to assgn func-
tion to five of 15 identified PKS genes. We continue to explore their role in the life cycle of this important

pathogen.

These studies provide new targets for control of this devastating pathogen. Elucidation of the developmenta
processes underlying the disease cycle and the response of the pathogen to the environment is an important
step towards devel oping integrated control Strategies. Thisresearch providesinformation about infection path-
ways and serves as abasis for these and future investigations into the genetics of host-pathogen interactions.
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ABSTRACT

Decisve steps in the interactions between hosts and pathogens occur at the onset of infection. During these
gages the fungd biomassis dill very limited and the mgority of mRNAswill originate from the host. To get a
better understanding of the genes involved in the infection process we generated cDNA libraries of infected
plants. In order to avoid sequencing large numbers of ESTS, before obtaining funga genes, we have devel oped
aprocedure that specificaly enriches for fungd sequences during the early (and later stages) of infection. This
alowed usto generate large datasets containing pathogen genesinvolved in the early stages of pathogenesisin
various pathosystems. Together with the huge amounts of data available through severa genome-sequencing
efforts (Whitehead, Sanger, TIGR, JGI/DOE, Genescope) there is a great need for bioinformatics tools to
mine and compare these large datasets. A bioinformatics platform has been developed that performs auto-
mated analysis of sequence datasets and allowsfor fast and robust comparison of different databases. Among
1724 F. graminearum in planta unigenes, we identified three ABC transporters that were not present in the
annotated genome of Magnaporthe grisea, two of which were dso absent in the Neurospora crassa ge-
nome. Among 4452 in planta unigenes from Mycosphaerella graminicola, we identified 41 unigenes in-
volved in Sgnd transduction, four of which were not previoudy identified in N. crassa.
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ABSTRACT

Effective disease control programsthat minimize the threet of FHB to the producers, processors, and consum-
ersof wheat and barley require a detailed understanding of pathogen diversity. Although the primary etiologi-
ca agent of FHB, Fusariumgraminearum, has been regarded as asingle, panmictic species worldwide, we
previoudy used genedlogical concordance phylogenetic species recognition (GCPSR) to demondirate thet this
morphospecies actudly congsts of at least nine phylogenetically digtinct and biogeographically structured spe-
cies (the Fg complex).

Here we report the identification of severa additiona specieswithin theFg complex, incdluding anove species
isolated from wheet withinthe U.S. In addition to the extraordinary speciesdiversity that we have discovered,
we have adso demondtrated that the virulence-associated trichothecene mycotoxin genes are under a novel
form of baancing sdection, which may have important consequences for the fitness and aggressiveness of
FHB pathogens on particular hosts or in particular environments. It gppears that only a fraction of FHB
species/chemotype diversty is currently represented within North America. Therefore, the introduction of
novel FHB pathogens or chemotypes viagloba trade in agricultura products has the potentid to exacerbate
the FHB problem inthe U.S. Using aunique multi-locus DNA sequence database (11 nuclear genes, 13.6 kb
of DNA sequence) we have developed a high-throughput single tube assay for the smultaneous identification
of dl known B-trichothecene FHB species and chemotypes in order to improve disease surveillance efforts
and to facilitate a greater understanding of the ecology, epidemiology, and population dynamics of these FHB

pathogens.
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