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A SMALL, CYSTEINE-RICH PROTEIN SECRETED BY FUSARIUM OXYSPORUM DURING COLONIZATION OF
XYLEM VESSELS IS REQUIRED FOR I-3-MEDIATED RESISTANCE IN TOMATO

Martijn Rep, Michiel Meijer, Charlotte van der Does, Petra Houterman and Ben J.C. Cornelissen

University of Amsterdam, Swammerdam Institute for Life Sciences, Plant Pathology, Amsterdam, the Netherlands. Tel:
+31-20-5257764, Fax: +31-20-5257934, e-mail: rep@science.uva.nl

We report the identification if the first avirulence factor from a root-infecting pathogen. It is a cysteine-rich protein secre-
ted by Fusarium oxysporum f.sp. lycopersici during colonization of tomato xylem vessels. The corresponding gene was
identified with degenerated primers based on peptide sequences and encodes a 30 kD protein, designated Six1 for
Secreted in xylem 1. The central part of Six1 corresponds to the 12 kD protein found in xylem sap of infected plants.
Disruption of the SIX1 gene in a wild-type strain results in breaking of I-3-mediated resistance, suggesting that I-3-
mediated resistance requires secretion of Six1 in xylem vessels. On susceptible plants, SIX1-deleted strains are less
virulent than wild-type. In forma specialis lycopersici, SIX1 lies on a chromosomal region with a high density of transpo-
sons. SIX1 is absent in isolates belonging to other formae speciales, suggesting that it may be associated with host-
specificity. We are now investigating if variation in virulence on I-3 plants amongst natural isolates is associated with
variation in the SIX1 sequence.

THE ROLE OF REACTIVE OXYGEN SPECIES IN THE CLAVICEPS PURPUREA/RYE INTERACTION. 

Nathues E, Joshi S, Oeser B, Tenberge KB, Giesbert S, Bäumer N, Tudzynski P

Institut fuer Botanik, Westf. Wilhelms-Universitaet, Schloßgarten 3, D-48149 Muenster, Germany, phone +49 251
8323810, fax +49 251 8323823,  e-mail to eva-mail@web.de

The ascomycete C. purpurea is an ubiquitious phytopathogen with a broad host range including many grasses and cere-
als. It infects only grass florets and causes the ergot disease.
Until now no clear evidence for incompatibility has been found in the interaction C. purpurea/rye. Nevertheless H2O2
generation could be shown in rye ovaries colonized by the fungus. Because of C. purpurea‘s biotrophic lifestyle one
would expect a set of ROS scavenging enzymes preventing oxidative damage from both the fungus itself and the host tis-
sue. Investigation of the function of such enyzmes by targeted inactivation of genes encoding the most abundant enzy-
mes, catalase C/D and superoxide dismutase A, revealed that none of them alone is required for pathogenicity.
Interestingly, probably all catalase isoforms of C. purpurea are under control of a bZIP transcription factor (CPTF1) which
we recently identified during an in planta EST-analysis. It activates transcription of a catalase gene, cpcat1, after treat-
ment with 0.5 mM H2O2 in axenic culture. 
CPTF1 is essential for full virulence of C. purpurea on rye. Cytological investigation of rye ovaries colonized by a cptf1
deletion mutant lead to first time observation of an oxidative burst-like accumulation of H2O2 around the infecting hyphae
but also in distant tissue areas. Since the mutant seems to secrete even more H2O2 in axenic culture (due to downregu-
lation of catalases), this observation could be explained by an induction of the host defense reaction by the fungal ROS.
Additionally, two NADPH oxidases have been identified which could be involved in superoxide anion generation, the sub-
strate of SOD.
We now focuse on signal chain components involved in oxidative stress signalling. The CPTF1 sequence contains poten-
tial MAP kinase phosphorylation sites. Two MAP kinases of C. purpurea, CPMK1 and CPMK2 are obviously not involved
in the CPTF1 mediated cpcat1 induction. A recently identified HOG-homologous MAP kinase could be a candidate for the
oxidative stress signal transmitter and is currently characterized. Furthermore functional analysis of histidine kinases is in
progress.
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THE GPMK1 MAP-KINASE OF FUSARIUM GRAMINEARUM REGULATES THE PRODUCTION OF

CELL WALL DEGRADING ENZYMES

Nicole Joan Jenczmionka and Wilhelm Schäfer
University of Hamburg, Center of Applied Molecular Biology of Plants, Department of Molecular
Phytopathology and Genetics, Ohnhorststr. 18, 
D22609 Hamburg, Germany;
phone: ++49-40-42816 266, fax: ++49-40-42816 513
email: schaefer@botanik.uni-hamburg.de

Fusarium graminearum secretes cell wall degrading enzymes during colonization of its host. Recently, we
reported that ∆gpmk1 mitogen-activated protein-kinase mutants are apathogenic and cannot invade wheat
spikes. Now, we show the regulation of various cell wall degrading enzymes via this map-kinase pathway.
In a quantitative assay a F. graminearum wild type strain and ∆gpmk1 mutants were analysed concerning
their ability to produce various cell wall degrading enzymes. The gpmk1 disruption had no effect on the
production of polygalacturonases or amylases. However, it could be shown that Gpmk1 regulates the early
induction of endoglucanase, xylanase and protease activity. Since the disruption of the Gpmk1 MAP kinase
leads to an apathogenic phenotype, these results suggest the infection process of F. graminearum to
depend on the secretion of cell wall degrading enzymes particularly during the early infection stages.

TRANSCRIPTOME ANALYSES DURING THE ECTOMYCORRHIZAL DEVELOPMENT BETWEEN PAXILLUS INVO-
LUTUS AND BIRCH (BETULA PENDULA)

Tomas Johansson, Antoine Le Quére, Derek Wright, Bengt Söderström and Anders Tunlid

Department of Microbial Ecology, Ecology Building, Lund University, SE-223 62 Lund, Sweden

Telephone: +46 46-222 45 49; Fax: +46 46-222 41 58; E-mail tomas.johansson@mbioekol.lu.se

Certain fungi maintain a genetic constitution that enables them to form functional symbiosis with plants in one type of
interaction we know as ectomycorrhiza. In this association between plant roots and fungal hyphae, the fungi derive pho-
tosynthetic sugars from the plant, which in turn benefit from the fungus-mediated assimilation of nutrients. This phe-
nomenon is a classic example of mutualism, and is of fundamental ecological importance. We are interested in the
molecular and genetic background to the development of this tissue and the signals that govern and maintain a com-
patible symbiotic interaction. For this purpose we are analyzing the gene expression in the symbiotic tissue. As a model
we use the common ectomycorrhizal interaction between the fungus Paxillus involutus and the plant Betula pendula
(birch). A previous investigation using microarray analyses on fully developed mycorrhiza have shown significant differ-
ences between fungal and plant transcription during mycorrhizal conditions vis-à-vis free-living conditions (Johansson et
al. 2004 MPMI 17:202). In this study we have been using microarrays to sample the mycorrhizal interaction at five dif-
ferent time points during the first 21 days of development. Analyses of 2400 cDNA probes of either fungal or plant origin
show significant regulation for 251 fungal and 138 plant genes as compared to the control. Groups of fungal and plant
genes are identified that show co-regulation at different stages of the mycorrhizal development.
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THE ROLE OF DOTHISTROMIN TOXIN IN PINE NEEDLE BLIGHT 

Arne Schwelm1, Phillip West1, Peter Long2, Rosie Bradshaw1

1Institute of Molecular BioScience, 2Institute of Natural Resources 
Private Bag 11 222
Massey University
Palmerston North, New Zealand
Email: Arne.Schwelm.1@uni.massey.ac.nz

Dothistroma pini Hulbary is a filamentous fungus that causes needle blight in conifers throughout the world. The
main hosts for D. pini are Pinus spp.. D. pini produces the difuroanthraquinone mycotoxin dothistromin (DOTH).
DOTH is structurally similar to sterigmatocystin and aflatoxin produced by some Aspergillus species and there is
evidence that DOTH shares steps in its biosynthesis with aflatoxin. Using aflatoxin biosynthesis genes as probes

dothistromin (dot) genes have been found1. The relationship between the expression of dot genes and the produc-
tion of DOTH has been determined. Although it was shown that purified DOTH reproduces the symptoms of dis-

ease when injected into pine needles1, the role of DOTH in pine needle blight has not been confirmed. It is neces-
sary to understand the role of DOTH in the infection and disease process to find new possible targets for disease
control. To specify the role of DOTH in the infection process D. pini mutants have been made. Pathogenicity tests
are in progress and infection processes with wild type and DOTH deficient mutants will be investigated. This will
show if DOTH is necessary for pine needle infection and disease symptoms. GFP expressing D. pini strains are
being constructed to observe the infection process in detail. 

1 Bradshaw et al., 2002: Applied and Environmental Microbiology 68(6) 2885-2892
2 Shain and Franich, 1981; Physiological Plant Pathology 19: 49-55

MOLECULAR DISSECTION OF STAGONOSPORA NODORUM – WHEAT INTERACTION

Peter S. Solomon1, Kar-Chun Tan, T.J. Greer Wilson Robert Lee & Richard P. Oliver

Australian Centre for Necrotrophic Fungal Pathogens, Murdoch University, Perth 6150, Western Australia, Australia. 1

Corresponding author: psolomon@murdoch.edu.au Ph.+61-8-9360-7239 Fax +61-8-9360-6303

The Australian Centre for Necrotrophic Fungal Pathogens (ACNFP) was created to develop an understanding of necrotrophic
fungal pathogen/host interactions at the molecular level, particularly those affecting Australian crops. One such project within
the centre is focused on the interaction between the fungus Stagonospora nodorum and wheat. Stagonospora nodorum is the
causal agent of leaf and glume blotch on wheat and is responsible for $60M (AUD) of crop loss in Australia each year. Whilst
also appearing to be an economically important pathogen throughout the world, very little is known at a molecular level about
how the fungus infects wheat. Using a range of classical microscopic techniques supplemented by the use of GFP-express-
ing strains, we have characterised the infection biology of the fungus. The fungus appears to penetrate the leaf both via
stomata and directly through the cuticle. Small penetration structures, which we term hyphopodia, are normally found at pen-
etration sites. Within 2-3 days the fungus ramifies through the depth of the leaf. This precedes obvious cell death. Pycnidia
develop within 5-8 days or as soon as the leaf senesces.
We have begun dissecting this interaction using a variety of molecular techniques. We have developed a small collection of
ESTs and developed moderate throughput methods to generate knock-out strains. Transformation and homologous recombi-
nation are efficient. 
We have investigated genes previously associated with pathogenicity and some novel genes. Amongst the known genes are
an alpha subunit of a heterotrimeric g protein encoding gene. The mutants have multiple phenotypes including lack of sporu-
lation, lack of pigmentation, reduced osmo-tolerance and reduced secretion. Analysis of this gene has differentiated stomatal
and direct penetration and has identified DOPA as the likely precursor of the melanin. Amongst the genes not previously
associated with pathogenicity is a mannitol-1-phosphate dehydrogenase. Knock-outs of this gene lack all detectable M1PDH
activity and have radically altered neutral sugar contents. Gross symptom production was not changed but the time taken to
sporulate was increased markedly. This mutant has focused our attention on the conditions required for sporulation on the
host.
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CHARACTERIZATION OF  ARABIDOPSIS THALIANA UDP-GLUCOSYL-TRANSFERASES INACTIVATING THE FUSARI-
UM MYCOTOXIN DEOXYNIVALENOL

Brigitte Poppenberger1, Franz Berthiller2, Doris Lucyshyn1, Rainer Schuhmacher2, Rudolf Krska2, Gerhard Adam1

1Center of Applied Genetics, BOKU - University of Natural Resources and Applied Life Sciences, Muthgasse 18/05/66, A-
1190 Vienna, Austria.  Phone/Fax: 0043-1-36006-6380 /-6392. E-mail: gerhard.adam@boku.ac.at
2Institute for Agrobiotechnology (IFA-Tulln), Center for Analytical Chemistry, Konrad Lorenz Straße 20,   A-3430 Tulln, Austria.

Plant pathogenic fungi of the genus Fusarium cause agriculturally important diseases of small grain cereals and maize. The
trichothecene mycotoxins produced by Fusarium species inhibit eukaryotic protein biosynthesis and presumably interfere with
the expression of genes induced during the plants defense response. The F. graminearum mycotoxin deoxynivalenol (DON) is
a virulence factor and frequently accumulates in grain to levels posing a threat to human and animal health. 

We have used heterologous expression in Saccharomyces cerevisiae to clone and characterize a gene from Arabidopsis
thaliana, encoding a UDP-glycosyltransferase, that is able to confer resistance to deoxynivalenol. This enzyme catalyzes the
transfer of glucose from UDP-glucose to the hydroxyl group at carbon 3 of deoxynivalenol, as shown by LC-MS/MS.
Experiments with a wheat germ extract coupled transcription /translation system demonstrated that the DON-glucoside has
highly reduced ability to inhibit protein synthesis in vitro. Expression of the glucosyltransferase in Arabidopsis is developmen-
tally regulated and induced by deoxynivalenol as well as the plant defense signalling compounds salicylic acid, ethylene and
jasmonic acid. Constitutive overexpression in Arabidopsis leads to enhanced tolerance of seedlings against deoxynivalenol.

The identified deoxynivalenol-glucosyltransferase is a member of a huge gene family (more than 100 genes in Arabidopsis!)
and is located in a gene cluster consisting of six members of the UDP-glycosyltransferase subfamily UGT73C, all of which are
highly similar in their amino acid sequences, but have different substrate specificity. Using domain shuffling the N-terminal part
of UGT73C5 could be identified to be essential for deoxynivalenol inactivation. The relevance of detoxification reactions and
structural diversity of trichothecenes in plant-pathogen co-evolution are discussed. 

(Funded by the Austrian genome programme GEN-AU) 

THE DATABASE OF PCR PRIMERS FOR PHYTOPATHOGENIC FUNGI

Stefano Ghignone1 and Quirico Migheli2

1Department of Plant Biology and IPP-CNR – University of Turin, V.le P.A. Mattioli 25, I-10125 Turin, Italy; Phone: +39
011 6705968; Fax: +39 011 6705962; e-mail: ste.ghi@libero.it
2Department of Plant Protection - Center for Biotechnology Development and Biodiversity Research, University of
Sassari, Via E. De Nicola 9, I-07100 Sassari, Italy; Phone: +39 079 229295; Fax: +39 079 229316; 
e-mail: migheli@uniss.it

Among the modern nucleic acid-based techniques, those involving the polymerase chain reaction are most suited for
early detection of phytopathogenic fungi, due to their high sensitivity and the automating potential. Primer sets can be
designed to get specificity at the genus, species, or physiological race level, in order to distinguish a given pathogen
even from closely related entities.
So far, very few are the examples of specific primer set collections reported in the literature while no on-line repository
is available. Here we present the first on-line searchable database of primer sets useful for the detection of plant patho-
genic fungi. This web resource is totally implemented with open source software (PHP, MySQL). Primer set details can
be retrieved by organism’s name, primer’s name, nucleotide sequence comparison, target DNA, PCR technique,
authors’ name, journal and year of publication. Each record is directly linked to other reference databases to allow easy
access to the correct nomenclature, taxonomical position and anamorph/teleomorph connections of the pathogen,
GenBank deposited source sequences of the primer sets and reference contents.
The database is open to data additions after free registration of the submitter and following system administrator review
of submitted data.
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SCLEROTINIA SCLEROTIORUM STEM ROT OF CANOLA IN AUSTRALIA

Adrienne Sexton and Barbara J. Howlett
School of Botany, The University of Melbourne, Parkville VIC 3010, Australia
Ph: +613 8344 5056   Fax: +613 9347 5460 
E-mail: sextona@unimelb.edu.au

Stem rot caused by the ascomycete Sclerotinia sclerotiorum is now a significant cause of yield loss in Australian
Brassica crops.  The broad host range (over 400 species, including crops and weeds) of this fungus enables popula-
tions to persist and spread easily, and effective and economically feasible disease control measures are lacking.  In
1999, yield losses ranged from 5-20% affecting up to 180,000 ha in New South Wales. Currently sown canola lines
have no resistance although some genotypes with resistance have been identified in China.  Knowledge of the mecha-
nisms employed by the fungus during infection of canola and the underlying genetics of the host-pathogen interaction
is imited.  

We have collected more than 220 isolates of S. sclerotiorum from canola petals at mid-flowering in different regions in
eastern Australia.  Very high levels of inoculum were present - over 90 % of petals collected in New South Wales and
one site in Victoria contained Sclerotinia sclerotiorum,  whilst there was lower inoculum at a second Victorian site
(35%).  DNA fingerprints from 80 of these isolates are currently being analysed for genetic diversity.  The fingerprints,
created using a repetitive element of nuclear DNA provided by Prof. Linda Kohn, Canada, will be compared with a
database of 3000 North American isolates. 

A second aim is to generate mutant strains of S. sclerotiorum that have reduced pathogenicity on canola, and to use
these to identify genes important for infection. To date, Poly Ethylene Glycol (PEG) -mediated transformation is the only
method of transforming Sclerotinia that has been reported. We have produced a Green Fluorescent Protein (GFP)-
expressing strain by this method, and fluorescence is observed in both hyphae and sclerotia. These transformants are
being used for cytological studies of the infection process on canola and on other Brassica species.

IDENTIFICATION OF THE ROLE OF CHITINASES FROM THE ANTAGONISTIC CLONOSTACHYS ROSEA STRAIN
IK726 IN BIOCONTROL.

Mojtaba Mamarabadi, Dan Funck Jensen and Mette Lübeck

Plant Pathology Section, Department of Plant Biology, The Royal Veterinary and Agricultural University,
Thorvaldsensvej 40, DK-1871 Frederiksberg C, Copenhagen, Denmark. Phone: (45) 35 28 34 18. Fax: (45) 35 28
33 10.
E-mail: mom@kvl.dk

The fungus Clonostachys rosea (syn. Gliocladium roseum) is a common saprophyte worldwide. C. rosea strains have
antagonistic features against a wide variety of phytopathogenic fungi. A strain of C. rosea, IK726, was isolated from bar-
ley roots infected with Fusarium culmorum and evaluated in an in vivo screening program. The strain has proven highly
efficient against seed-borne diseases of cereals under field conditions. Furthermore, a formulation of the strain with long
shelf-life has recently been developed. The modes of action of C. rosea as a biological control agent are not well under-
stood but enzymatic activity, mycoparasitism, substrate competition, induced resistance and production of secondary
metabolites all have been suggested to play a role. A few recent studies have shown that C. rosea produces cell wall
degrading enzymes (CWDEs) including chitin, glucan and cellulose degrading enzymes. Thus, enzymatic activity, includ-
ing activity of chitinases, likely plays a significant role for successful biocontrol of C. rosea but has not been studied ear-
lier. The main aim with the Ph.D. project is to identify chitinases and their genes expressed during the antagonistic inter-
actions of C. rosea strain IK726 and plant pathogens. The project involves identification of which type(s) of chitinases is
expressed, cloning of chitinase genes using PCR strategies and studies on their expression. 

Side 40-123   26/03/04  14:57  Side 63



64 7th European Conference on Fungal Genetics Copenhagen 17-20 April, 2004

IIp-12

IIp-11
GENE EXPRESSION PROFILES IN BLUMERIA GRAMINIS

Pietro Spanu*, Maike Both*, Mike Csukai# and George Dimopoulos**

* Department of Biological Sciences, SAFB, Imperial College, London SW72AZ, United Kingdom; phone: +44-20-
75945384; email: p.spanu@imperial.ac.uk
# Syngenta Ltd;Jealott’s Hill International Research Centre; Bracknell, Jealott’s Hill, Berkshire RG42 6ET; United
Kingdom; phone: +44-(0)1344-413861 ; email: michael.csukai@syngenta.com
**Department of Molecular Microbiology and Immunology; Malaria Research Institute; Bloomberg School of Public
Health; Johns Hopkins University; 615 N. Wolfe street; Baltimore, MD 21205-2179, USA; phone: +1 443 28
70128;email: gdimopou@jhsph.edu

Blumeria graminis f. sp. hordei (Bgh) is the causal agent of barley powdery mildew, an economically significant disease
that can cause yield losses of up to 40%.  Bgh is an obligate biotrophic plant pathogen; it can only complete its life
cycle on a living host.  The asexual life cycle of Bgh on the host proceeds in a highly ordered fashion.  The conidium
produces a primary germ tube and subsequently an appressorial germ tube, which forms the appressorium.  By a com-
bination of physical force and enzymatic action, the appressorium sends a penetration peg into the plant cell, where a
haustorium starts to develop.  Once the nutrient supply is established, the fungus grows by spreading mycelium over
the plant leaf surface. 
We have developed microarrays to study global gene expression in Bgh. The arrays are about 3500 sequenced and
annotated cDNAs derived from Bgh libraries. We probe the arrays with fluorescent cDNA from RNA extracted from the
fungus at 8 different stages of development, from the ungerminated conidium to a fully sporulating, mature colony.

Expression analysis is examined with Genedata ExpressionistTM software and reveals patterns of expression that iden-
tify some gene clusters that are likely to play key roles at various developmental stages. This data allows us to propose
some models for metabolic and signalling pathways that regulate and control development of infection in this obligate
biotrophic pathogen. 

EFFECTS OF SEVERAL FUNGICIDES ON THE EXPRESION OF THE FUMONISIN BIOSYNTHETIC GENE, FUM-5,
AND THE MFS EFFLUX PUMPS OF Fusarium verticillioides BY REAL TIME PCR. 

López-Errasquín,E., Mirete, S*., Patiño, B., González-Jaén, M.T.*, and Vázquez, C. Departamento De Microbiología.
*Departamento de Genética. Facultad de Biología, Universidad Complutense de Madrid, José Antonio Novais, 28040,
Madrid. Pone: 0034913944966. Fax: 0034913944964. E-mail: erraskin@bio.ucm.es.

Fumonisins are toxic secondary metabolites produced by the Gibberella fujikuroi species complex, particularly F. vertici-
llioides, F. proliferatum and F. nygamai. The genes involved in the fumonisin biosynthesis are clustered in the genome
of the fumonisin-producing strains of F. verticillioides. One of these genes, fum5 (=fum1) encodes a polyketide syntha-
se, which is present in the fumonisin-producing F. verticillioides strain FV2, but not in the fumonisin non-producing
strain FV16. In a previous work, a MFS (Major Facilitator Superfamily) efflux pump encoding gene had been identified
in both strains of F. verticillioides and showed an enhanced expression in the fumonisin-producing strain FV2 in compa-
rison with the fumonisin non-producing isolate FV16, suggesting a role of these efflux pump in the export of the toxin.
In this work, we report the comparison of this gene in both strains and the results of the analysis of the effect of several
antifungal compounds, including fungicides (carbendazime, propiconazol, benomile), antibiotics (cicloheximide, higromi-
cine B) and food preservatives (propionic acid) in the expression of fum-5 gene and  MFS coding gene by real time
PCR in both isolates. The results of fum5 expression are discussed in relation to the growth and concentration of the
antifungal compounds.
The comparison of the effects of the antifungal compounds on the expression of MFS coding gene in both strains indi-
cated a higher level of expression of the MFS coding gene in the strain FV2 than in the strain FV16 in most of the
cases, suggesting a role of fumonisins in the activation of the expression of MFS, and possibly other efflux pump
genes. Furthermore, we described the efficiency of the real time PCR assay to be used in future assays on the control
of fumonisin production.
Supported by the CAM07G/0007/20031 and the AGLZ001-2927-C05-05 projects.
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NOVEL FACTORS INVOLVED IN THE INTERACTION MECHANISMS OF TRICHODERMA, A MYCOPARASITE
AND AN AVIRULENT OPPORTUNISTIC PLANT SYMBIONT.

S.L. Woo, M. Ruocco, P. Ambrosino, R. Marra, R. Ciliento, S. Lanzuise, V. Scala, F. Vinale, S. Gigante, L.
Catapano, F. Scala and M. Lorito
Dep. Ar.Bo.Pa.Ve.-Plant Pathology, University of Naples, CNR-IPP, Via Università 100, Portici (Napoli) 80055 Italy,
phone: +390812539372,  fax: +390812539339, e-mail:lorito@.unina.it.

Trichoderma-based biofungicides are a reality in commercial agriculture, with more than 50 formulations registered
worldwide as biopesticides or biofertilizers. Several research strategies have been applied to identify the main
genes and compounds involved in the complex, three-way interactions between fungal antagonists, plants and
microbial pathogens. Proteome and genome analyses have greatly enhanced our ability to conduct targeted and
genome-based functional studies. We have obtained reproducible 2-D maps of the entire fungal proteome in vari-
ous conditions of interaction, which permitted the isolation of many proteins related to specific functions. Many dif-
ferential proteins from several biocontrol strains of Trichoderma spp. during the in vivo interaction with different
plants and/or several phytopathogenic fungi have been isolated and analyzed by MALDI-TOF. Relevant genes
have been cloned and specifically inactivatedn, to demonstrate their function in biocontrol and induction of disease
resistance. GFP-based reporter systems with interaction-inducible promoters allowed the characterization of regu-
latory sequences activated by the presence of the pathogen or the plant. From extensive cDNA and EST libraries
of genes expressed during Trichoderma-pathogen-plant interactions, we have identified and determined the role of
a variety of novel genes and gene-products, including ABC transporters specifically induced during antagonism
with other microbes; enzymes and other proteins that produce or act as novel elicitors of Induced Resistance in
plant and promote root growth and crop yield; proteins possibly responsible of a gene-for-gene avirulent interaction
between Trichoderma and plants; mycoparasitism-related inducers released from fungal pathogens and that acti-
vate biocontrol in Trichoderma; fungal promoters specifically induced during mycoparasitism and plant colonization;
plant proteins and a novel phytoalexin induced by the presence of the fungal antagonist; ecc. We have also trans-
genically demonstrated the ability of Trichoderma to transfer heterologous proteins into plants during root coloniza-
tion. Finally we have used GFP and other markers to monitor the interaction in vivo and in situ between
Trichoderma and its host (the fungal pathogen or the plant). 

FUSARIUM OXYSPORUM GAS1 ENCODES A 1,3-β-GLUCANOSYL-TRANSFERASE REQUIRED FOR VIRULENCE
ON PLANTS

Zaira Caracuel, Marta P. Madrid,  Antonio Di Pietro, Ana Lilia Martínez Rocha and M. Isabel G. Roncero

Departamento de Genetica, Universidad de Cordoba, Campus de Rabanales Ed. C5,  14071 Cordoba, Spain. 
Email: b42cariz@uco.es

The family of 1,3-β-glucanosyltransferases includes Gas1p from Saccharomyces cerevisiae, Phr1p and Phr2p from
Candida albicans and Gel1p from Aspergillus fumigatus which are implicated in fungal cell wall biosynthesis and mor-
phogenesis. Deletion of PHR1 genes in C. albicans results in pH-conditional defects in growth, morphogenesis and vir-
ulence on mice. The role of 1,3-β-glucanosyltransferases in fungal pathogenesis to plants has not been explored. We
have cloned the gas1 gene encoding a putative1,3-β-glucanosyltransferase from the vascular wilt pathogen Fusarium
oxysporum. In contrast to C. albicans, expression of F. oxysporum gas1 was independent of ambient pH and of the pH
response transcription factor PacC. F. oxysporum mutants lacking a functional gas1 allele showed a similar growth
phenotype as the wild type strain in submerged culture but exhibited an abnormally restricted colony morphology on
solid media. This restricted growth phenotype was partially relieved in the presence of the osmotic stabilizer sorbitol,
suggesting that it is caused by alterations in the fungal cell wall. Northern analysis showed an increase in the ∆gas1
mutants, of transcript levels of genes implicated in cell wall biogenesis such as chsV encoding a class V chitin syn-
thase or rho1 encoding a small G protein, suggesting the presence of a compensatory mechanism for cell wall integrity.
The ∆gas1 mutants were strongly impaired in virulence on tomato plants, both in a root infection assay and in a fruit
invasion model. Our results suggest that 1,3-β-glucanosyltransferases are required for plant infection by fungal
pathogens. 
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THE ROLE OF SECRETED PROTEINS IN THE VIRULENCE OF AN APOPLAST-COLONIZING PLANT 
PATHOGENIC FUNGUS

Julie Zwiesler-Vollick, Victoria A. Bamford, and Anne E. Osbourn

The Sainsbury Laboratory, John Innes Centre, Colney, Norwich NR4 7UH, United Kingdom 
Phone +44 (0)1603 450400   Fax +44 (0)1603 450011
Email julie.zwiesler-vollick@sainsbury-laboratory.ac.uk

Septoria lycopersici is a hemibiotrophic fungal plant pathogen which can infect a variety of solanaceous hosts.  S. lycopersici
colonizes the plant leaf by growing between plant cells in the apoplastic space.  The fungal hyphae never penetrate the host
cell or form specialized feeding structures.  Thus, the principal way in which the fungus can interact with the host to promote
disease relies upon secretion of molecules into the apoplastic space.  In order to better understand pathogenesis, we are
studying the proteins which are secreted into the apoplastic space by S. lycopersici.  
Currently, two S. lycopersici secreted proteins have been identified.  The first protein is the enzyme tomatinase which cat-
alyzes the breakdown of alpha-Tomatine, a tomato compound with anti-fungal activity.  This protein has been the focus of
other researchers in the lab.  The second protein is SEP (Septoria extra-cellular protein).  SEP shows limited sequence simi-
larity with the PhiA protein of Emericella nidulans.  Mutants which lack PhiA show altered phialide and conidial development.
The crystal structure of the Sep protein has been solved, and the structure is that of a beta-trefoil fold protein.  S. lycopersici
mutants which lack SEP are being generated and the phenotype will be presented as well as molecular characterization of
the SEP-encoding gene.  
Further work is also planned to identify and characterize more S. lycopersici secreted proteins with the goal of determining
their role in pathogenesis.  Secreted proteins will be identified via analysis of apoplastic wash fluid followed by MALDI-TOF
MS/MS or database mining for ESTs which contain a signal peptide for secretion.  The biological activity of these proteins will
be assessed in planta.  S. lycopersici mutants will be generated which lack the putative secreted proteins.  The mutants will
be assessed for changes in host range and/or virulence.  This study will provide important information about the mechanism
of pathogenesis for S. lycopersici and possibly other plant pathogenic fungi which colonize the apoplastic space.  

The multigenic endoPG gene family from the necrotrophic fungus Sclerotinia sclerotiorum : characteri-
zation and expression during plant pathogenesis

Zsolt Kasza, Michel Fèvre and Pascale Cotton.
Laboratoire de Biologie Cellulaire Fongique, UMR 5122, bat LWOFF 10 rue Dubois, Université C. Bernard Lyon1,
69622 Villeurbanne cedex, FRANCE. Tel: 33 4 72 44 85 43, fax: 33 4 72 43 11 81, email: cotton@biomserv.univ-
lyon1.fr

The fungus Sclerotinia sclerotiorum is an ubiquitous and polyphage pathogen, agent of soft-rot diseases. S. sclerotio-
rum invades its host and rapidly macerates the plant tissues. Among the numerous cell wall-degrading enzymes
secreted by the fungus during pathogenesis, endopolygalacturonases (endoPGs) play a major role as they can alone
cause tissue maceration. S. sclerotiorum endoPGs isozymes are encoded by a large family of genes. A subfamily con-
stituted by the genes pg1, pg2 and pg3 (pg1-3) encodes neutral pI isoforms and has been previously characterized. To
improve our understanding of this pectinolytic system, we have isolated and characterized three additional distinct
endoPG genes, named pg5, pg6 and pg7. The analysis of the amino acid sequences of PG5; PG6 and PG7 revealed
the presence of highly conserved domains considered to be the signature of this family of enzymes. The predicted
unprocessed endoPGs proteins range in length from 370 to 392 amino acids and contain a signal peptide. The predict-
ed isoelectric points of PG5, PG6, and PG7 are 4.7, 5.5, and 6.9 respectively. The amino acid sequences of PG5,
PG6, and PG7 show significant homology to other fungal endoPGs. As expected, the highest amino acid identity was
found with those of the related necrotroph B. cinerea (79% to 89%). The relationship between the sequences from S.
sclerotiorum and B. cinerea was studied by the prediction of a phylogenetic tree. It appeared that genomic organization
of the S. sclerotiorum and B. cinerea endoPG families are similar. Expression of the S. sclerotiorum endoPG gene
family was analyzed during pathogenesis of carrot roots. Whereas transcripts of the pg1-3 genes were detected by
Northern blot, transcripts of pg5, pg6, and pg7 could only be detected by RT-PCR. pg1-3 genes were expressed dur-
ing the phase of colonization of the healthy tissues, whereas pg5 was transcribed during the final phase of maceration,
and pg6 and pg7 exhibited a more constant expression pattern. In the course of infection, acidification of the ambient
medium by oxalic acid secretion creates a sequence of environemental conditions that necesseraly activates or
repressess the transcription of the endoPG genes. Even if the signification of large endoPG gene families in
necrotrophic fungi is not clearly explained, their presence provides an efficient and flexible pectinolytic system that may
contribute to the success of S. sclerotiorum as a polyphage fungus. 
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GENETIC AND PATHOGENIC VARIABILITY IN RHIZOPYCNIS VAGUM D.F. FARR, A ROOT ROT AND 
ENDOPHYTIC FUNGUS

S. Ghignone*, C. Mariani*, C. Murat*, G. Tamietti** and M. Girlanda***
* Dipartimento di Biologia vegetale, University of Torino, Viale P.A. Mattioli 25, 10125 Torino, Italy
** Dipartimento di Valorizzazione e Protezione delle Risorse Agroforestali, Via Leonardo da Vinci 44, 10095 Grugliasco (TO),
Italy
*** Dipartimento di Biologia vegetale, University of Torino and IPP-Torino, Viale P.A. Mattioli 25, 10125 Torino, Italy; phone ++39-
011-6705968; fax ++39-011-6705962; mariangela.girlanda@unito.it

The coelomycete Rhizopycnis vagum is known to belong to the complex of root rot pathogens contributing to “vine decline” of
cucurbits, a disease responsible for considerable economic losses in several parts of the world. Although primarily reported from
cucurbit roots, the fungus has also been recently reported as associated with other, unrelated hosts, such as tomato plants
showing typical corky root symptoms (Porta-Puglia et al., 2001). A different, endophytic association was described with wild,
asymptomatic Pinus halepensis and Rosmarinus officinalis plants in Italy (Girlanda et al., 2002). To assess host-specific and
geographical differentiation within R. vagum, pathogenic and endophytic isolates from cucurbit, tomato, P. halepensis and R.
officinalis plants in Italy and Northern and Central America were analysed for polymorphisms in single and multilocus markers;
pathogenicity assays on melon were also performed under semicontrolled conditions. Phylogenetic analyses of separated and
combined ITS (ITS1-5.8S-ITS2) and Gpd (glyceraldehyde 3-phosphate dehydrogenase) sequences and UPGMA analysis of 42
microsatellite loci indicated lower diversity within the American than the Italian isolates, some of the latter clustering with the for-
mers; Fst and Gst indices based on ITS and Gpd haplotype and microsatellite marker frequences revealed high genetic differen-
tiation on both a geographical and a host basis. These results indicate that selection may be important in the association of both
pathogenic and nonpathogenic R. vagum with specific hosts. Inoculation experiments established that endophytic isolates may
exhibit pathogenic potential on a cucurbit host.

References
Girlanda M, Ghignone S and Luppi AM (2002) Diversity of root-associated fungi of two Mediterranean plants. New Phytologist
155:481-498
Porta-Puglia A, Pucci N, Di Gianbattista G and Infantino A (2001) First report of Rhizopycnis vagum associated with tomato
roots in Italy. Plant Disease 85: 1210

FUNCTIONAL ANALYSIS OF THE FUNGAL TETRASPANIN PLS1 DURING RICE INFECTION BY
MAGNAPORTHE GRISEA. 

Lambou K., Fargeix C., Catusse J., Gourgues M., Cottier F. and Lebrun M.H.

FRE 2579 CNRS/Bayer Cropscience- 14-20, rue Pierre Baizet - 69 263 LYON Cedex 02 (France)
Karine.lambou@bayercropscience.com
TEL: (+33)4 72 85 24 81, FAX: (+33)4 72 85 22 97

The non-pathogenic mutant punchless was obtained by insertional mutagenesis in the rice blast fungus Magnaporthe grisea. This
mutant produces melanised appressoria with normal turgor that fail to penetrate into host leaves. The gene inactivated in this mutant
encodes a putative integral membrane protein of 225 aa (Pls1). This protein is structurally related to the tetraspanin family(1) and
could control an appressorial function essential for the penetration of the fungus into host leaves(2). Genes homologous to PLS1
were identified in other phytopathogenic fungi such as Botrytis cinerea and Colletotrichum lindemuthianum. The B. cinerea ortholog
of PLS1 is required for fungal penetration into host plant(3). Identifying the appressorial functions controlled by Pls1 should help
understanding fungal appressorium-mediated penetration. This approach requires the identification of proteins upstream or down-
stream of Pls1. Fungal tetraspanins exhibit conserved domains such as the small intracellular loop (ECL1), motifs of the large extra-
cellular loop (ECL 2) and the C-terminal cytoplasmic tail. These domains of Pls1 were modified by site-directed mutagenesis and
their functionality was assessed by complementation of the apathogenic pls1∆hph mutant. The cysteine motifs of ECL2 and the C-
terminal tail are required for Pls1 function. Moreover, the C-terminal tail is necessary for the vacuolar localisation Pls1. Proteins inter-
acting with Pls1 will be investigated using TAP-tag purification of Pls1 complexes and yeast two-hybrid method. In order to identify
functions controlled by Pls1, appressorial gene expression profiles were compared between wild-type and pls1∆hph mutant. Most of
the genes repressed in pls1∆hph are involved in protein secretion, suggesting a role for Pls1 in vacuolar sorting or protein trafficking.

(1) Gourgues M, Clergeot PH, Veneault C, Cots J, Sibuet S, Brunet-Simon A, Levis C, Langin T, Lebrun MH. (2002) A new class of
tetraspanins in fungi. Biochem Biophys Res Commun.297(5):1197-204.
(2) PLS1, a gene encoding a tetraspanin-like protein, is required for penetration of rice leaf by the fungal pathogen Magnaporthe
grisea. (2001) Proc Natl Acad Sci U S A. 5;98(12):6963-8
(3) Gourgues & al. (2003) The tetraspanin BcPls1p is required for appressorium-mediated penetration of Botrytis cinerea into host
plant leaves. Molecular Microbiology. In press.
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CHITINASE GENE FROM TRICHODERMA ATROVIRIDE CONFERS FUSARIUM RESISTANCE TO GM-BARLEY

S.S. Klemsdal, J.L. Clarke and O. Elen
Norwegian Crop Research Institute, Plant Protection Centre, Høgskoleveien 7, N-1432 Ås, Norway. 
Phone +47 64949400, Fax +47 64949226, sonja.klemsdal@planteforsk.no

The plant pathogenic fungi Fusarium spp. are known to produce a range of mycotoxins that cause diseases in humans such
as cancer, hormonal disturbances and allergy. As many of the mycotoxins are heat stable, these compounds cannot be
removed through the chain of processing, and once present in the grains at harvest, they will also be present in the final prod-
uct. The reduction of the original infection of Fusarium will thus be the only way to reduce the amount of Fusarium-produced
mycotoxins in the final food products. Cereal genes conferring resistance to Fusarium infection have not yet been identified,
but in some wheat cultivars, resistance loci have been mapped. Trichoderma genes encoding chitinolytic enzymes involved in
biocontrol have been introduced into several plant species and have been shown to increase the plants’ resistance against
fungal pathogens. 
At the Norwegian Crop Research Institute we have produced GM-barley where a fungal endochitinase gene, ech42 from T.
atroviride regulated by the barley promoter Ltp2, has been inserted resulting in increased resistance towards Fusarium infec-
tion. The advantage of the Ltp2 promoter is that it permits a gene to be expressed only in the aleurone layer of developing
seeds. Interestingly, this point of time is exactly the time where Fusarium infects the spikes of barley.
One of the resulting transformed plant lines, PL9, seemed to be especially promising. The copy number was estimated by the
real-time PCR method to be low. Study on the inheritance of the transgenes in T1 progeny revealed a Mendelian 3:1 segrega-

tion pattern.
The expression of the chitinase gene, ech42, was studied in the T1 generation using quantitative real-time RT-PCR assay.

Some T1 progenies showed very high ech42 expression while others had either very low or no detectable expression at all.

After inoculation with Fusarium culmorum, all ech42 containing T1 progenies coming from PL9 showed high resistance. The

amount of F. culmorum present after point inoculation of the spikes was quantified by real-time PCR analysis. Extremely low
amounts or no F.  culmorum could be detected in seeds located at the same spike close to the point inoculated grains com-
pared to the huge amounts found in wild type control plants. 

LACCASE PRODUCTION IN FUSARIUM OXYSPORUM

Córdoba Cañero, D. and Roncero M.I.G.
Departamento de Genética, Facultad de Ciencias, Universidad de Córdoba, Campus Rabanales, C5 1ª. Córdoba 14071, Spain.
Phone:(+34)957218981  Fax:(+34)957212072  E-mail: b72cocad@uco.es

Laccases are blue copper phenol oxidases, which catalyse the oxidation of molecular oxygen into water. Many plant pathogen-
ic fungi produce different laccase isoenzymes encoded by multiple genes. For example, Rhizoctonia solani has four laccase
genes, Gaeumennomyces graminis var. tritici has three and Botrytis cinerea has two. Nevertheless, the biological role of the
majority of fungal laccases remaining uncertain. Grapewine produce the secondary metabolite resveratrol, considered as a phy-
toalexin which protects the plant against B.cinerea infection, laccases produced by this pathogenic fungus are assumed to
detoxify resveratrol facilitating the colonization of the host plant (Schouten, A. et al, 2002). The cereal root pathogen G. gramin-
is var tritici penetrates the lignitubers by producing lignin degrading enzymes, such as laccases among others (William A.E.,
1999). The tomato pathogen Fusarium oxysporum f.sp. lycopersici penetrates the roots and invades the vascular system by pro-
ducing different hydrolytic enzymes: polygalacturonases, pectinases, xylanases and proteases (Roncero et. al., 2003).
The presence of multiple laccase genes has been evidenced by bioinformatic analysis in the closely related species F. gramin-
earum (http://www.broad.mit.edu/annotation/fungi/fusarium/), using the lac1 and lac2 sequences previously isolated (Córdoba
et al, ECFG6 2002). Recently four new laccase encoding gene fragments have been isolated, from F. oxysporum genomic DNA
by PCR amplification, and named lac3, lac4, lac5 and lac9. The role of laccases in pathogenicity is being studied by targeted
replacement of the encoding genes with each inactive allele. The pathotype of disrupted lac1 mutants was indistinguishable from
the wild type strain, indicating that the gene is not essential for virulence. Further characterization of the laccase system is being
accomplished by construction of knockout mutants. In addition, time-course production of total laccase activity has been deter-
mined in the ∆lac1 mutant, in a ∆pacC mutant (affected in a pH-dependent transcription activating factor; Caracuel et.al., 2003),
in comparison with the wild type strain 42.87 grown on minimal medium containing sucrose as sole carbon source during 5 days.
Extracellular activity increases along growth time in both strains the ∆lac1 mutant and wild type, in contrast  ∆pacC mutant does
not secrete any detectable activity under the conditions studied. Expression analysis of the six F. oxysporum laccase genes is
being carried out, by northern hybridization or RT-PCR under induction conditions for laccase (presence of copper, tannic acid,
resveratrol) and at different ambient pHs.
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PATHOGENIC AND NON-PATHOGENIC MODES OF CONIDIAL GERMINATION

Sima Barhoom and Amir Sharon
Department of Plant Sciences, Tel Aviv University, Tel Aviv 69978 Israel
Phone: 972-3-6407734; Fax: 972-3-6405498; Email: soomsoom@hotmail.com

Colletotrichum gloeosporioides f. sp. aeschynomene (C.g.a) is a hemibiotrophic fungus that is specifically pathogen-
ic on the weed Aeschynomene virginica. C.g.a. conidia do not germinate readily in water due to self-inhibiting mate-
rials. We previously found that pea extract can overcome this inhibition: when submerged in pea extract conidia
divide within less that an hour and one of the resulting cells differentiates a germ tube. Further studies revealed that
in rich medium without pea extract conidia first swell and then form two germ tubes on opposite sides of the conidi-
um. Addition of cAMP to rich medium resembles the major events that occur during Aspergillus nidulans conidial
germination. On a solid surface as on plants, conidia germinate only from one side even in the absence of pea
extract, but form appressoria only on hydrophobic surfaces or on a hydrophilic surface in the presence of pea
extract. The two modes of conidial germination suggested that they may have different roles and might be important
under different conditions. To test the effect of germination conditions on pathogenicity, conidia were germinated in
pea extract and in rich medium, and then inoculated on plants. Only the conidia that were germinated in pea extract
were fully pathogenic on A. virginica plants, whereas conidia that were incubated in rich medium caused only minor
disease symptoms. These results suggest that C.g.a., and possibly other plant pathogenic fungi retain two separate
germination pathways one of which is pathogenic specific.

INDUCTION OF INFECTION PLAQUES IN OCULIMACULA SPP. THE CEREAL EYESPOT FUNGI

Kerry Maguire1, Matthew Dickinson 2, Paul Bowyer1, Sabine Perrone3, John Lucas1 and Kim Hammond-Kosack1

1 Wheat Pathogenesis Programme, Rothamsted Research, Harpenden, Hertfordshire, AL5 2JQ UK Tel: +44 (0)1582 763133

Fax: +44(0)1582 760981 Email: kerry.maguire@bbsrc.ac.uk 2 School of Biosciences, University of Nottingham, Sutton

Bonington Campus, Loughborough, UK.3School of Botany, University of Melbourne, Australia.

Cereal eyespot, caused by the closely-related fungi Oculimacula yallundae and O. acuformis (formerly Tapesia yallundae and T.
acuformis, Crous et al., 2003), is one of the most important diseases of wheat, barley, and rye in temperate regions. These
pathogens infect the stem base, predisposing the plant to lodging; if vascular tissues are penetrated the ears become white and
fail to mature. This results in poor grain quality and lower yields. Oculimacula infects the plant by two different mechanisms.
Initially, conidia germinate and form simple infection hyphae that penetrate the coleoptile. A mechano-stimulus, created by con-
tact between the coleoptile and the first leaf sheath, is then sensed by Oculimacula and triggers the development of an infection
structure or plaque. Plaques are complex multicellular mats with multiple infection hyphae required for penetration of the next
leaf sheath. Mechano-sensing is therefore key to the infection process. The object of this project is to examine the mechanisms
involved in mechano-sensing. An in vitro technique has been developed to test mechano-sensing and plaque formation. Both O.
yallundae and O. acuformis respond to the in vitro mechano-stimulus but the architecture of the plaque differs between the two
species; O. yallundae forms dense plaques whereas O. acuformis forms digitate plaques. Mutants of O. yallundae, created
using the chemical mutagen N’-methyl-N’-nitro N-nitrosoguanidine (NTG), have been screened to identify those unable to sense
pressure or to form functional plaques. To date, mutants unable to form plaques have not been found, but interestingly a signifi-
cant number that form more plaques than the wild type have been isolated. This result suggests the plaque induction process is
negatively regulated.

Mechano-sensing in Oculimacula underlies plaque formation. Initial pharmacological studies in our group suggest that a stretch-
activated channel may be involved in the signal pathway. Experiments are in progress to isolate the receptor for this stimulus
and to investigate the role G proteins have on plaque formation. This research will provide information on how the mechano-
stimulus is sensed and on the signal transduction pathway that leads to infection structure formation.

Ref. Crous et al 2003 European Journal of Plant Pathology 109:841-850

Side 40-123   26/03/04  14:57  Side 69



70 7th European Conference on Fungal Genetics Copenhagen 17-20 April, 2004

IIp-24

IIp-23
TOXIN PRODUCTION BY FINNISH FUSARIUM STRAINS IN ARTIFICIALLY INOCULATED WHEAT AND BARLEY

Yli-Mattila, T.1,  Jestoi, M.3, Paavanen-Huhtala, S1, Parikka, P2 and Rizzo, A3.
1Lab. of Plant Phys. and Mol. Biol., Dept of Biology, Univ. of Turku, FIN-20014 Turku, Finland, e-mail: tymat@utu.fi.
2Plant Production Research/Plant Protection, MTT Agrifood Research Finland, FIN-31600 Jokioinen, Finland
3National Veterinary and Food Research Institute (EELA), Department of Chemistry, FIN-00581 Helsinki, Finland

The aim of the work was to study the capability of Finnish F. avenaceum, F. artrhosporioides, F. tricinctum, F. culmorum. F. gramin-
earum . F. sprotrichioides and F. poae strains to produce mycotoxins on spring barley cultivar Scarlett and spring wheat cultivar Mahti
on field conditions. Artificial inoculation (three strains per species/inoculum) increased F. culmorum and F. sporotrichioides contami-
nation levels in both wheat and barley in 2002. F. avenaceum, F. arthrosporioides, F. tricinctum and F. graminearum inoculation on
barley had no clear effect on the contamination level, while both wheat and barley were slightly sensitive to F. poae and wheat clear-
ly sensitive to F. avenaceum. Spraying by the spores of other Fusarium species reduced F. culmorum contamination in wheat, while
spraying by the spores of any species strongly increased F. tricinctum and less strongly F. poae contamination in barley, as com-
pared to the unsprayed control.
In inoculated barley F. culmorum treatment induced deoxynivalenol (DON, 3 mg/kg) and zearalanone (ZEN, 0.096 mg/kg) production
and F. sporotrichioides HT-2 production. Nivalenol (NIV), moniliformin (MON), enniatins (ENN) and beauvericin (BEA) were incuded
in all inoculated barley samples, except for the one inoculated by F. culmorum.  The high DON levels in control wheat (1 mg/kg) and
barley (0.9 mg/kg) were inhibited in inoculated wheat and barley, except for the plots inoculated with F. culmorum. The DON level of
the plots of wheat and barley inoculated by F. culmorum were 22-fold and 3-fold, respectively, compared to the non-inoculated plots.
The highest NIV levels (ca. 0.3-0.6 mg/kg = 6-8-fold compared to the non-inoculated sample) were found in the plots with the highest
F. poae contamination, while the highest HT-2 (0.466 mg/kg) and T-2 (0.062 mg/kg) levels were found in the wheat plot inoculated
with F. sporotrichioides. The ZEN concentration (0.045 mg/kg) was highest in the wheat plot inoculated with F. culmorum, while no
ZEN was detected in other inoculated wheat plots or in the neighbouring wheat field. In wheat the highest MON, BEA and ENN lev-
els were induced by F. avenaceum/ F. tricinctum. F.avenaceum/F. sporotrichioides and F.
poae/F.avenaceum/F.arthrosporioides/F.tricinctum, respectively. 
Based on our results it seems that both cultivars of the present work are clearly sensitive to F. culmorum and F. sporotrichioides,
while inoculation with other Fusarium species inhibited the natural infection by F. culmorum and DON production. It seems that the
spraying treatment by any species, except for F. culmorum, incuced the natural infection of F. tricinctum and F. poae in barley, which
caused higher MON, ENN, NIV and BEA production.

TOXIN PRODUCTION BY FINNISH FUSARIUM STRAINS IN AUTOCLAVED RICE 

Jestoi, M.1, Paavanen-Huhtala, S.2, Rizzo, A.1 & Yli-Mattila, T.2
1National Veterinary and Food Research Institute (EELA), Department of Chemistry, FIN-00581 Helsinki,
Finland.
2Lab. of Plant Phys. and Mol. Biol., Dept of Biology, Univ. of Turku, FIN-20014 Turku, Finland; e-mail:
tymat@utu.fi.

The aim of the work was to study the capability of Finnish F. avenaceum, F. artrhosporioides, F. tricinctum, F.
culmorum. F. graminearum, F. sprotrichioides and F. poae strains to produce mycotoxins in pure cultures grown
on autoclaved rice. 
All three F. poae strains produced different amounts of beauvericin (BEA), enniatins (ENN), fusarenon-X (FX),
diacetoxyscirpenol (DAS) and nivalenol (NIV), while no deoxynivalenol (DON) and 3-acetyldeoxynivalenol
(3AcDON) were produced. Only small amounts of zearalenone (ZEN) and moniliformin (MON) were produced
by F. poae. All three F. culmorum and F. graminearum strains had similar toxin profiles and they produced
DON, 3AcDON (except for one F. culmorum strain) and ZEN and smaller amounts of BEA, ENN, and NIV. The
greatest production of DON and ZEN was found in a F. graminearum strain. Both F. sporotrichioides strains
produced BEA, DAS, HT-2 and T-2 and smaller amounts of ENN and ZEN. F. avenaceum, F. arthrosporioides
and F. tricinctum strains had similar toxin profiles and all strains of these species produced ENN and MON and
smaller amounts of BEA and ZEN. In one F. tricinctum strain a small amount of DON was also produced. 
According to our results F. avenaceum, F. arthrosporioides and F. tricinctum were not able to produce great
amounts of trichothecenes, but they could produce different amounts of ENN and MON. F. arthrosporioides
strains were most effective in producing ENN and MON. F. poae strains were most effective in producing NIV,
F-X and BEA, while F. sporotrichioides strains were most effective in producing HT-2, T-2 and BEA. There were
also a great intraspecific variation in the amounts of different toxins produced. We are going to continue study-
ing toxin production of the same strains in different temperature and humidity conditions.
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DEVELOPMENT OF SPECIFIC PRIMERS FOR A PHYTOPATHOGENIC STRAIN OF FUSARIUM OXYSPORUM

Kalko, G.1,  Paavanen-Huhtala, S.2 and Yli-Mattila, T.2

1 Laboratory of Microbiological Control, All-Russia Institute for Plant Protection, St.-Petersburg, Russia, e-mail:
gkalko@mail333.com
2 Laboratory of Plant Physiology and Molecular Biology, Department of Biology, FIN-20014 University of Turku, Finland, e-
mail: tymat@utu.fi

The aim of the study was to be able to monitor the presence of a F.oxysporum strain  in order to study the mechanism of
action of biological agents. 
The randomly amplified polymorphic DNA (RAPD) and universally amplified PCR (UP-PCR) techniques were used for
screening 21 RAPD and two UP-PCR primers in order to develop strain-specific primers for Fusarium oxysporum strain 246
VIZR, the casual agent of wilt in tomato. The RAPD and UP-PCR products were very similar in all tested strains, although
variation between the isolates was obtained by both methods. Primer OPA6 proved to be strain specific. Strain 246 VIZR
gave  amplification products of 400 and 1970 bp which were not revealed among the products of 28 other F.oxysporum
strains. The specific products were cloned and sequenced and primer pairs designed according to the sequences of these
fragments were tested on specificity. The designed primer pairs detected not only strain 246 VIZR but also about 40-50% of
other F.oxysporum strains used in work. 
DNA samples isolated from tomato plants treated or untreated with a suspension of F.oxysporum conidia and fungi grown in
peat were also used in order to test the specific primers. The new primer pairs did not detect the strain 246 VIZR from infect-
ed tomatos. The F. oxysporum specific primer pair FO1f/r designed on the sequence divergence within the internal tran-
scribed spacer region of nuclear ribosomal DNA detected F. oxysporum on one of the infected tomatos, while in uninfected
plants no PCR products were obtained. 
The specific PCR products of strain 246 VIZR and two closely related strains were sequenced and compared with each other
in order to design more specific primers to separate strain 246 VIZR from other F. oxysporum strains. Differences in the
sequences of the three strains were obtained and new more specific primers were designed for the strain 246 VIZR. We are
now testing the specificity of the new primers both in pure culters and .infected plants.

FOPTA1a AND FOPTA1b: TWO TRANSCRIPTION FACTORS DIFFERENTIALLY INVOLVED IN PATHOGENICITY OF FUSARI-
UM OXYSPORUM F.SP. PHASEOLI

M. Brisa-Ramos, M.A. García-Sánchez, B. Núñez-Corcuera, N. Martín-Rodrígues, A.P. Eslava, J.M. Díaz-Mínguez

Área de Genética. Centro Hispano-Luso de investigaciones Agrarias (CIALE). Universidad de Salamanca. 37007, Salamanca,
Spain.
Phone / Fax: 34 923 29 46 63
Emails: A.P. Eslava: eslava@usal.es M. Brisa Ramos: brisa@usal.es
Workshop : 2. Fungal-plant interactions. 

One of the severe diseases of common bean (Phaseolus vulgaris) is the Fusarium wilt, produced by Fusarium oxysporum f.sp.
phaseoli J.B. Kendrick & W.C. Snyder. The plant pathogen Fusarium oxysporum is a common soilborne fungus with a worlwide dis-
tribution. It can grow as a saprophitic organism but many isolates have also the capabilities to infect and cause wilt disease in differ-
ent plant hosts. We are interested in the molecular basis of the differences that allow the pathogenic isolates to penetrate the host
and cause the disease. 

We have previously isolated and characterized the gene Fopta1 (Fusarium oxysporum phaseoli transcription activator 1), that
belongs to the Gal4 family, which is specific of highly virulent  strains that infect common bean plants. We have analysed its expres-
sion“in vitro” (by means of RT-PCR) and “in vivo” by Real Time PCR, detecting a dramatic expression peak in infected plant stems
24-48 hours after plant inoculation. To determine the role of Fopta1 in pathogenicity and/or virulence, we also inactivated the native
copy by gene disruption, using a cloned copy of the gene with the hygromycin resistance gene inserted in the coding region.
Analysis of the knock-out mutants obtained by Agrobacterium-mediated transformation of a highly virulent strain, showed the pres-
ence of a second copy of Fopta1 that we have named Fopta1b. Fopta1b is 80% homologous at the nucleotide level with Fopta1a,
the main differences being located in the promoter region. Further analyses have shown that Fopta1b is also present both in weakly
virulent and nonpathogenic strains (which lack Fopta1a).

These facts suggest that Fopta1a and Fopta1b may have the same origin but have acquired different functions along the evolution.
We are currently characterizing mutants with both genes inactivated, and also double mutants, in an effort to elucidate their role in
the pathogenicity process.
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A NEW GENE IN AN ARBUSCULAR MYCORRHIZAL FUNGUS MODULATED BY NITROGEN: AN AMINO ACID PERME-
ASE?

CAPPELLAZZO G1, LANFRANCO L1, BONFANTE P1,2

1Dipartimento di Biologia Vegetale - Università di Torino e 2Istituto per la Protezione delle Piante, CNR, V.le Mattioli 25,
10125 Torino, Italy, tel. +390116502927, fax +390116705962, e-mail:gilda.cappellazzo@unito.it.

Arbuscular mycorrhizas (AMs) are widespread mutualistic symbioses, involving over 80% of land plants and a limited number
of fungi, belonging to Glomeromycota. They were overall considered for their active role in the contribution to plant phosporus
nutrition. Recent data obtained in microcosm experiments suggest the possibility of an important role in the uptake of organic
nitrogen: AM symbiosis enhance decomposition and increase nitrogen capture, but there is no direct evidence of amino acid
transport from extraradical hyphae to the host plant (Hawkins et al. 2000, Hodge et al. 2001). 
The aim of the research is to investigate whether an AM fungus, Glomus mosseae, particularly present in agricultural sys-
tems, has the molecular bases to improve the uptake of organic nitrogen. A DNA sequence (GmosAAP1) with high similarity
with other amino acid transporters was identified. Expression analyses performed on various steps of the fungal life cycle indi-
cate that GmosAAP1 is expressed in the external mycelium but not in the asymbiotic phase. In order to investigate whether
gene expression is regulated by different nitrogen sources, Cucumis sativus mycorrhizal roots were treated for 3 days with 2
micromolar or 2 millimolar nitrate, ammonium or an aminoacid pool containing leucine, alanine, asparagine, lysine and tyro-
sine. Preliminary results, obtained by Real-Time RT-PCR assays on external mycelium from the different treatments, suggest
that GmosAAP1 transcription responds to available N compounds.

This work was supported by the European Union GENOMYCA project (Project no. QLK5-CT-2000-
01319)(www.dijon.inra.fr/bbceipm/genomyca/)

Hawkins H, Johansen A, Eckard G (2000) Uptake and transport of organic and inorganic nitrogen by arbuscular mycorrhizal
fungi. Plant and soil 226:275-285

Hodge A, Campbell CD, Fitter AH (2001) An arbuscular mycorrhizal fungus accelerates decomposition and acquires nitrogen
directly from organic material. Nature 413:297-299

IDENTIFICATION OF FUNGAL GENES OVER-EXPRESSED DURING INFECTION OF ARABIDOPSIS BY
MACROARRAY ANALYSIS.

Anastasia Gioti, Adeline Simon, Muriel Viaud, Jean-Marc Pradier, Caroline Levis.
Unité de Phytopathologie et Méthodologies de la Détéction (P.M.D.V), Institut National de Recherche Agronomique,
I.N.R.A de Versailles, Route de St-Cyr, 78026, Versailles Cedex, France.
Tel: 0033-1-30833217, Fax: 0033-1-30833195
Corresponding author: gioti@versailles.inra.fr

Our group is studying the ascomycete Botrytis cinerea, a broad-spectrum pathogen of plants. In order to investigate the molecular
mechanisms of pathogenicity of Botrytis without a priori, a genomic approach was adopted: 6.559 fungal sequences obtained from a
cDNA library were analyzed by bioinformatic resources. 3032 unigenes (approximately one third of the estimated number of genes)
were thus obtained and spotted onto nylon filters for macroarray expression studies. 
Here we present a study of the expression profiling of these unigenes during  the interaction of Botrytis with one of its hosts,
Arabidopsis thaliana. The infected leaves of the plant, harvested at three different times during the period of infection, served as the
material for the extraction of RNAs subsequently used as the “interaction” probes. The macroarray filters were hybridized in parallel
with the “reference” probes, that is, the RNAs of Botrytis grown in vitro in two different culture media (reference: “Botrytis without
plant”), as well as the RNAs of the uninfected plant. 

The resulting data has been treated statistically using GeneAnova software (based on the analysis of the variance of expression)
and clustered through Genesis. We could then search for genes potentially implicated in the Botrytis-Arabidopsis pathogenic interac-
tion among the unigenes that were systematically over-expressed during the infection (compared to in vitro growth). The list of uni-
genes coming out of this analysis was furthermore compared with two types of existing data:

1) Two subtractive libraries representing the interaction of Botrytis with Arabidopsis thaliana and Vitis vinifera 
2) A previous study made on the transcriptome of a mutant with an altered pathogenicity phenotype (Viaud et al, Mol. Microbiol,
2003, 50, 1451-1465).
A certain number of unigenes have shown a good agreement between their expression profiles for these conditions and the results
of the present study. We consider these unigenes as good candidates for a reverse genetics analysis aimed at verifying their poten-
tial role in the “pathogenicity arsenal “ of Botrytis.
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THE CELLULOSE-BINDING ELICITOR LECTIN (CBEL) FROM PHYTOPHTHORA PARASITICA IS A NEW
PATHOGEN-ASSOCIATED MOLECULAR PATTERN

Gaulin E, Khatib M, Esquerré-Tugayé MT, Rickauer M and Bottin A

UMR5546 CNRS-Université Paul-Sabatier, Pôle de Biotechnologie Végétale, BP 17, Auzeville, 31326 Castanet-
Tolosan, France. Phone +33 562 193 518 ; Fax +33 562 193 502 ; E-mail bottin@scsv.ups-tlse.fr

The oomycete pathogen Phytophthora parasitica produces a cell wall glycoprotein which binds to fibrous cellulose,
agglutinates erythrocytes and elicits defence responses and necrosis in the host plant tobacco (1). It consists in a
repetition of two domains containing each a Cellulose-Binding Domain (CBD) of the fungal type and an Apple/PAN
domain found in animal proteins. CBEL has been shown to be involved in recognition of cellulose, adhesion to this
substrate, and cell wall deposition in Phytophthora parasitica (2).
The distribution, activity range and structure-activity relationships of CBEL were further investigated. Homologues
of CBEL were found in all Phytophthora strains tested. Infiltration of CBEL into the non-host plants French Bean,
Zinnia and Arabidopsis thaliana induced defence reactions in these species. The use of A. thaliana plants mutated
in perception of either jasmonic acid (coi1) or ethylene (ein2), or expressing the salicylate hydrolase gene (nahG),
showed that defence induction by CBEL involves at least three different signalling pathways in Arabidopsis (3).
Structural requirements for elicitor activity in tobacco were studied by leaf infiltration of recombinant proteins pro-
duced in E. coli, or by transient expression using a Potato Virus X vector. The deletion/mutation analysis showed
that the integrity of the whole sequence, as well as specific amino acid residues of the CBDs, are involved in elici-
tor activity.
Taken together, the results shown by this and previous studies suggest that CBEL is a new Pathogen-Associated
Molecular Pattern (PAMP) from Phytophthora.

(1) Villalba F, Rickauer M and Esquerré-Tugayé MT (1997). Mol. Plant-Microbe Interact. 10, 1045-1053.

(2) Gaulin E, Jauneau A, Villalba F, Rickauer M, Esquerré-Tugayé MT and Bottin A (2002). J. Cell Sci. 115, 4565-4575.

(3) Khatib M, Lafitte C, Bottin A, Esquerré-Tugayé MT and Rickauer M. New Phytol., in press.

A FUNGAL MITE IS TRANSACTIVATED BY IMPALA, A MEMBER OF THE TC1-MARINER SUPERFAMILY

Hala abd el Wahab, Aurélie Hua-Van, Laure Teysset, Marie Dufresne and Marie-Josée Daboussi

Institut de Génétique et Microbiologie, Université Paris-sud, 91405 Orsay cedex, France. Tel : 33-1 69 15 62 13 ; Fax
: 33-1 69 15 70 06 ; E-mail : marie.dufresne@igmors.u-psud.fr

The mimp1 element, previously identified in the fungus Fusarium oxsporum has structural features of miniature inver-
ted-repeat transposable elements (MITEs) : short size (approximately 220 bp), TIRs of 27 bp, a TA target site, no
coding capacity, a stable secondary structure. The mimp TIRs are very similar to those of impala, a Tc1-like family
known to contain autonomous elements. However the central region is not homologous to any part of the full-length
element. Analysis of the distribution and nucleotide divergence of mimp1 elements in a wide range of strains belonging
to different Fusarium species showed that they are generally present in 5-20 copies and very homogeneous both in
sequence and size. In addition, a strong correlation between the presence of mimp1 and impala was established. To
better understand this relationship, we investigated transactivation of mimp1 by an impala element using a phenoytypic
assay for excision. 

Here we show that a mimp1 element, inserted in the first intron of the niaD gene encoding nitrate reductase, can
excise leaving short footprints when an impala source of transposase is provided. Reinsertion occurs in about 90% of
all excision events. These results clearly demonstrate that this fungal MITE is actively transposing by a cut-and-paste
mechanism through the action of a transposase provided in trans by a Tc1-mariner member. 

The mobility of the transposon mimp1 represents an interesting alternative tool for gene tagging in filamentous fungi.
Because several MITE families seem to be associated with genes in plants, we started a comparative analysis of
mimp1 insertion sites in different genetic contexts. The position of resident versus newly transposed mimp1 elements
relative to ORFs should reveal their insertion site specificity as well as the effect of selection and the impact of mimp1
insertions. 
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FUNCTIONAL ANALYSIS OF CLSTE12, A STE12-LIKE GENE FROM THE BEAN PATHOGEN COLLETOTRICHUM LIN-
DEMUTHIANUM

Joanne Wong Sak Hoi, Corentin Herbert, Marie-Thérèse Esquerré-Tugayé and Bernard Dumas

UMR 5546 CNRS-Université Paul Sabatier, Pôle de Biotechnologie Végétale, 24 Chemin de Borde Rouge, 31326 Castanet-
Tolosan, France
Tel.: (33) 5 6219353 Fax: (33) 5 62193502 email: dumas@scsv.ups-tlse.fr

Colletotrichum lindemuthianum is the causal agent of anthracnose of bean. This fungus produces a cell wall-associated poly-
galacturonase, CLPG2, during the early stages of pathogenesis (1). Recently, the regulatory sequences involved in CLPG2
transcriptional induction during pathogenesis were identified (2). These elements showed significant sequence homologies
with the yeast filamentation and invasion response element (FRE). In yeast, this element controls the expression of genes
induced during the invasive development or pseudohyphal growth. It binds two different transcriptional factors named Ste12
and Tec1 which form a heterodimer. A gene encoding a STE12-like transcription factor was isolated from C. lindemuthianum
and named CLSTE12. This gene codes for a 705 amino acid protein which contained two putative DNA-binding motifs, a
homeodomain at the N-terminal region and two Cys2His2 zinc finger at the C-terminal region. The homeodomain is present in
all Ste12-family proteins ever identified. The second DNA binding motif, the Cys2His2 zinc fingers is absent from
Saccharomyces cerevisiae and Candida albicans Ste12 proteins but present in Magnaporthe grisea and Colletotrichum lage-
narium proteins. The protein was produced in E. coli and purified. Gel shift experiments revealed that the recombinant
CLSTE12 was able to cooperate with the yeast TEC1 protein to bind a sequence containing a FRE. 
To define the function of CLSTE12, clste12 mutants were created by targeted gene replacement. Saprophytic growth of the
mutants was indistinguishable from those of the wild type strain. However, these mutants did not produce anthracnose lesions
in bean tissues, indicating that CLSTE12 is essential for pathogenicity of C. lindemuthianum.

Herbert, C., Jacquet, C., Borel, C., Esquerré-Tugayé, M. T., and Dumas, B. (2002) J. Biol. Chem. 277, 29125-29131
Herbert, C., O’Connell, R., Gaulin, E., Salesses, V., Esquerré-Tugayé, M. T. and Dumas, B. (2004) Fungal Genet. Biol. In
press.

ROLE OF CUTINASES IN THE SOILBORNE PATHOGEN FUSARIUM OXYSPORUM

Martínez-Rocha A.L., Di Pietro A, Roncero M.I.G.
Departamento de Genética. Universidad de Córdoba. Campus de Rabanales, Edificio Gregor Mendel C5, 1ª planta,
E-14071-Córdoba, Spain. Phone (34) 957218981, Fax (34) 957212072
e-mail: martinezana74@hotmail.com
Session 2. Fungal-Plant Interactions.

Cutin is an insoluble lipid polyester covering the surface of all aerial parts of the plant. This polymer is thought to
play a key role in protection against the invasion by pathogenic microorganisms. Fungal leaf pathogens secrete
cutinolytic enzymes able to depolymerize the plant cutin. In Fusarium solani three highly homologous cutinase
genes, cut1, cut2 and cut3 have been described. While expression of cut2 and cut3 is constitutive at basal levels,
expression of cut1 is induced to high levels in the presence of cutin monomers and this induction is mediated by the
transcription factor Ctf1α (Li and Kolattukudy, 1997, JBC 272:12462).
F. oxysporum is a soilborne pathogen that infects its host plants strictly through the roots. To study the role of cuti-
nases in root infection, we have isolated ctf1, the F. oxysporum orthologue of F. solani ctf1α . The deduced protein
of 902 amino acids shares 91% identity with Ctf1α and contains a Cys6Zn2 binuclear cluster motif, three signals for

nuclear localisation and numerous consensus sites for protein phosphorylation. Gene replacement was used to cre-
ate F. oxysporum mutants harbouring an interrupted copy of ctf1. We also produced strains expressing the ctf1
gene under the control of the constitutive Aspergillus nidulans gpdA promoter. Mycelial growth and conidiation of
the two classes of mutants were similar to that of the wild type strain. Northern analysis of genes encoding different
plant cell-wall degrading enzymes (pg1, pgx4, pg5, prt1, xyl4) as well as cut1 encoding a cutinase with high identity
to the three F. solani cutinases, showed no significant differences between the wild type strain and ctf1 mutants.
Experiments are currently underway to identify the gene functions and enzymatic activities regulated by Ctf1. In
contrast to F. solani (Li et al., 2002, JBC 277:7905) knockout of the ctf1 gene did not significantly affect virulence of
F. oxysporum on tomato plants, suggesting that cutin-activated transcriptional regulation plays differential roles in
soilborne and foliar plant pathogens.
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SECONDARY METABOLISM AND AVIRULENCE 
IN MAGNAPORTHE GRISEA

Heidi U. Böhnert, Jerôme Collemare, Isabelle Fudal and Marc-Henri Lebrun. 
CNRS / Bayer CropScience, 14/20 rue Pierre Baizet, 69263 Lyon Cedex 09, France. Tel. +33 472852481, Fax +33
472852297, E-mail : marc-henri.lebrun@bayercropscience.com

Isolates of the rice blast fungus Magnaporthe grisea that carry the avirulence gene ACE1 are specifically recognized by
rice varieties carrying the resistance gene Pi33. ACE1 was isolated by map based cloning and encodes a natural
hybrid between a polyketide synthase (PKS) and a nonribosomal peptide synthetase (NRPS). Together with the lovas-
tatin biosynthetic enzyme LNKS from A. terreus, Ace1 defines a novel family of eukaryotic PKS/NRPS that appears to
be widespread in ascomycetes. Since Ace1 is not a secreted enzyme and its biosynthetic activity is required for aviru-
lence, we believe that the fungal signal recognized by resistant rice plants is the secondary metabolite whose synthesis
depends on Ace1. Construction of an ACE1 overexpressing strain is underway to facilitate the purification and charac-
terization of the polyketide produced by Ace1. 
Expression of ACE1 is detected exclusively in penetrating appressoria. The same penetration-specific expression was
also observed for ten other genes that are located adjacent to ACE1 in the genome (the ACE1 gene cluster). Based on
homology, these genes may be involved in secondary metabolite production and export. Individual gene disruption
experiments should reveal whether these functions are required for the biosynthesis of the avirulence signal. Microbial
gene clusters often include regulatory genes involved in the transcriptional control of the cluster. We identified a Gal4-
like transcriptional activator in the ACE1 gene cluster. The presence of a corresponding binding site in the ACE1 pro-
moter further strengthens the idea that this putative transcription factor may be involved in the regulation of ACE1
expression. In two convergent approaches, overexpression and disruption of this transcriptional activator, and site
directed mutagenesis of its putative binding site in the ACE1 promoter, we are aiming to elucidate its role in the regula-
tion of expression of the ACE1 gene cluster. This may pave the way to the constitutive expression of the entire ACE1
cluster, facilitating the purification of the final metabolite and characterization of its role in avirulence signaling. 

A MAP KINASE GENE, MgMK1, IS ESSENTIAL FOR PATHOGENICITY IN MYCOSPHAERELLA GRAMINICOLA

Rahim Mehrabi, Cees Waalwijk, Theo van der Lee, Sarah Ware and Gert H.J. Kema
Plant Research International P. O. Box 16, 6700 AA Wageningen, The Netherlands. Phone: +31-317-477202. Fax: +31-
317418094. E-mail: Rahim.Mehrabi@wur.nl

The infection of Mycosphaerella graminicola, the causal agent of septoria tritici leaf blotch of wheat, is initiated by ger-
mination of conidia and entry of the germ tubes through the stomates. Subsequent intercellular growth in close contact
with mesophyll cells and colonization of the tissue leads to chlorosis, necrosis and pycnidia formation. So far the
molecular mechanisms involved in pathogenesis and infection process are poorly understood in this pathogen.
Infection is triggered by perception of the host by the fungal pathogen through physical and/or chemical signals leading
to cascades of biological processes needed for establishment and successful colonization. We are particularly interest-
ed in understanding the role of the signal transduction pathways/genes in the establishment and development of M.
graminicola on wheat. Through analyses of cDNA libraries of M. graminicola, we identified a full-length cDNA clone
containing a ~2.2kb insert sequence that is highly homologous to a mitogen-activated protein (MAP kinase), FUS3 in
Saccharomyces cerevisiae. In other fungi this gene has been identified as a crucial factor for pathogenicity. This MAP
kinase, designated MgMK1, possesses a 1068 bp open reading frame and encodes a 356aa sequence. We generated
a knockout of this gene by in vitro transposon mutagenesis, followed by Agrobacterium-mediated transformation
through homologous recombination. The disruptant showed no differences in germination, sporulation and growth rate
in vitro as compared to the wild type isolate IPO323 or transformants with an ectopic integration of the construct.
However, the MgMK1 disruptant failed to cause any symptoms e.g. chlorosis, necrosis and pycnidia on wheat in either
detached leaf or seedling bioassays. We monitored the fungal biomass of MgMK1 disruptant in the absence of visual
symptoms and determined only a slight increase of fungal biomass over time using Real Time PCR (TaqMan).
However, this increase was tremendously lower than the increase of biomass of the wild type isolate IPO323. Our
results indicate that non-pathogenic transformants/isolates can survive in or on hosts without causing symptoms.
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PATHOGENICITY GENES IN THE MYCOPARASITE CONIOTHYRIUM MINITANS

Christopher Rogers, Meena Muthumeenakshi, Prasad Sreenivasaprasad, Mike Challen*, Jon Green, John Whipps
Horticulture Research International, Wellesbourne, Warwick, CV35 9EF, UK
School of Biosciences, The University of Birmingham, Edgbaston, Birmingham
B15 2TT, UK
(*Email: mike.challen@hri.ac.uk)

Coniothyrium minitans is an aggressive mycoparasite of sclerotia (resting bodies) of its host Sclerotinia sclerotiorum, an
economically important plant pathogen. Although there has been much research on the use of C. minitans as a biocon-
trol agent, little is known at the molecular level of the mechanisms by which it infects its host. We are attempting to
identify, clone and characterise C. minitans genes required for pathogenicity against S. sclerotiorum.
Transformation systems have been developed using both Agrobacterium tumefaciens and Restriction Enzyme Mediated

DNA Integration (REMI). Both techniques gave comparable numbers of transformants, with 37 transformants/5x105

germlings and 32 transformants/mg of DNA respectively. Southern analysis has shown single-copy integration in 17% of
REMI and 37% of Agrobacterium transformants.
From a collection of 3000 REMI-HindIII transformants and 1000 Agrobacterium-derived transformants, nine pathogenici-
ty mutants, two auxotrophic mutants and 39 secondary metabolite mutants were identified. DNA flanking the sites of
insertion in four REMI-derived pathogenicity mutants was recovered using plasmid rescue. Sequencing of one of these
revealed two putative ORFs with homology to (i) Schizosaccharomyces pombe RRM3/PIF1 helicase involved in mtDNA
repair and recombination and (ii) a pisatin demethylase gene (PDA) from Nectria haematococca.
To recover wild-type copies of the putative pathogenicity genes, a C. minitans cosmid genomic library has been pre-
pared and is being screened via macro-arrays. Progress of this screening and approaches for insertional inactivation of
pathogenicity genes will be discussed.

REGULATION OF XYLANOLYTIC GENES IN FUSARIUM OXYSPORUM

FJ Calero-Nieto, A. Di Pietro, MIG Roncero, C. Hera
Departamento de Genética, Universidad de Córdoba, Edificio Mendel, Campus de Rabanales, Córdoba 14071, Spain
e-mail: b52canif@uco.es Phone +34 957218981, Fax +34 957212072

Fusarium oxysporum is an economically important plant pathogen that enters the host plant through the roots and
colonises them by spreading upwards through the vascular system. During infection, F. oxysporum encounters a num-
ber of polymers that constitute the structural components of the plant cell wall, of which xylan represents the major
hemicellullose fraction. We have previously identified four structural xylanase genes of F. oxysporum, xyl2-xyl5. Here
we present the characterization of the F. oxysporum orthologue of the Aspergillus nidulans xlnR gene, encoding a tran-
scription factor required for expression of xylanolytic genes. Electrophoretic mobility shift experiments showed specific
binding of a recombinant FoXlnR-6His-tag protein to the sequence GGCTAA present in the promoter of the xyl4 gene,
which was abolished by site-directed mutagenesis of the G located at the second position. At present we are carrying
out experiments to establish the possible effects of this mutation on xylanase gene expression in vivo. To study the role
of XlnR in F. oxysporum, we have created a ∆xlnR loss-of-function mutant and a xlnRc strain carrying the gene under
the control of the AngpdA promoter, resulting in strongly increased xlnR transcript levels. Extracellular xylanase activity
and xyl4 transcripts were significantly increased in the xlnRc strain as compared to the wild type, and reduced in the
∆xlnR mutant. Root infection assays on tomato plants showed that neither knockout nor overexpression of the xlnR
gene produced significant alterations in virulence of F. oxysporum. At present, we are studying the mechanisms of transcrip-
tional regulation of the xlnR gene.
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SAPONIN GLYCOSYL HYDROLASES AS VIRULENCE DETERMINANTS IN “Septoria lycopersici”

Diaz-P. N., Bouarab K., Melton R., Carter J. and Osbourn A.
The Sainsbury Laboratory. NR4 7UH Norwich, England.
Telephone: +441603450407  Fax: +441603450011 
E-mail: annie.osbourn@sainsbury-laboratory.ac.uk
E-mail: nelly.diaz-puentes@sainsbury-laboratory.ac.uk
Phone: +441603450412

A number of plant pathogens are known to degrade the antimicrobial secondary metabolites of their hosts and in some
cases this phenomenon has been shown to be associated with virulence.  The fungus “Septoria lycopersici” (a foliar
pathogen of various Solanaceous species) produces the extracellular enzyme tomatinase, which hydrolyses the tomato
steroidal glycoalkaloid saponin alpha-tomatine to the less toxic product, beta-2-tomatine. Tomatinase-minus mutants of

“S. lycopersici” are unable to degrade alpha-tomatine and display enhanced sensitivity to this compound.  These
mutants are still able to cause disease on tomato leaves, but trigger enhanced cell death and elevated expression of
plant defence genes during the early stages of infection.  A more striking effect of loss of tomatinase is seen on an
alternative Solanaceous host, “Nicotiana benthamiana”.   Tomatinase-minus mutants of “S. lycopersici” are unable to
cause disease on this host and elicit a hypersensitive-like response.  Our results indicate that tomatinase is involved in
a novel two-component process in which host saponins are hydrolysed and the resulting hydrolysis products then sup-
press induced defence responses via interference with fundamental disease resistance signal transduction processes.
Further characterisation of the role of tomatinase in interactions between “S. lycopersici” and Solanaceous hosts is in
progress.

ROLE OF CUTINASES IN THE SOILBORNE PATHOGEN
FUSARIUM OXYSPORUM

Martínez-Rocha A.L., Di Pietro A, Roncero M.I.G.
Departamento de Genética. Universidad de Córdoba. Campus de Rabanales, Edificio Gregor Mendel C5, 1ª planta,
E-14071-Córdoba, Spain. Phone (34) 957218981, Fax (34) 957212072
e-mail: martinezana74@hotmail.com
Session 2. Fungal-Plant Interactions.

Cutin is an insoluble lipid polyester covering the surface of all aerial parts of the plant. This polymer is thought to
play a key role in protection against the invasion by pathogenic microorganisms. Fungal leaf pathogens secrete
cutinolytic enzymes able to depolymerize the plant cutin. In Fusarium solani three highly homologous cutinase
genes, cut1, cut2 and cut3 have been described. While expression of cut2 and cut3 is constitutive at basal levels,
expression of cut1 is induced to high levels in the presence of cutin monomers and this induction is mediated by
the transcription factor Ctf1α (Li and Kolattukudy, 1997, JBC 272:12462).
F. oxysporum is a soilborne pathogen that infects its host plants strictly through the roots. To study the role of cuti-
nases in root infection, we have isolated ctf1, the F. oxysporum orthologue of F. solani ctf1α . The deduced protein
of 902 amino acids shares 91% identity with Ctf1α and contains a Cys6Zn2 binuclear cluster motif, three signals for

nuclear localisation and numerous consensus sites for protein phosphorylation. Gene replacement was used to cre-
ate F. oxysporum mutants harbouring an interrupted copy of ctf1. We also produced strains expressing the ctf1
gene under the control of the constitutive Aspergillus nidulans gpdA promoter. Mycelial growth and conidiation of
the two classes of mutants were similar to that of the wild type strain. Northern analysis of genes encoding different
plant cell-wall degrading enzymes (pg1, pgx4, pg5, prt1, xyl4) as well as cut1 encoding a cutinase with high identity
to the three F. solani cutinases, showed no significant differences between the wild type strain and ctf1 mutants.
Experiments are currently underway to identify the gene functions and enzymatic activities regulated by Ctf1. In
contrast to F. solani (Li et al., 2002, JBC 277:7905) knockout of the ctf1 gene did not significantly affect virulence of
F. oxysporum on tomato plants, suggesting that cutin-activated transcriptional regulation plays differential roles in
soilborne and foliar plant pathogens.
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INVOLVEMENT OF PHOSPHOLIPASE D IN THE REGULATION OF AN ACID PROTEASE PRODUC-
TION IN BOTRYTIS CINEREA.

Rolland, S., Fèvre, M., et  Bruel, C.
Laboratory of Fungal Cell Biology. U.M.R. 5122. 10 Rue Dubois.
Université Claude Bernard Lyon 1, 69622 Villeurbanne – France
Tel : (33) 472 448 542 – Fax : (33) 472 431 181
Email : rolland@biomserv.univ-lyon1.fr

Upon contact with plant tissues, the necrotrophic fungus B. cinerea secretes numerous lytic enzymes that
participate in the host colonisation by reducing the host defences and by degrading the host cellular com-
ponents to provide nutrients. The production of these enzymes is regulated by a complex array of signals
that transduce information on the extracellular pH, the available nutrients in the medium or the presence of
a potential host. In order to understand the molecular basis of these signals transduction pathways, the
regulated production of the acid protease ACP1 has been used as a model. ACP1 is encoded by a single
gene whose expression is induced upon contact with a host plant and repressed by neutral or alkaline
pHs.
We identified phospholipase D as a signalling component involved in the regulation of the acp1 gene. The
expression of this gene decreased when the fungus was incubated in the presence of phospholipase D
inhibitors whereas that of other lytic enzymes encoding genes was not affected. Incubation of the fungus
under different growth conditions and direct measurements of the lipase activity showed variations that cor-
related with acp1 expression and with the status of available sulphur and nitrogen sources in the growth
medium. On the other hand, modification of phospholipase D activity did not interfere with the perception of
pH by the fungus. Phospholipase D therefore appears to play an important role in the regulation of one set
of fungal lytic enzymes and molecular analyses are underway to fully characterize it.

A SECRETED LIPASE OF FUSARIUM GRAMINEARUM IS A MAJOR VIRULENCE FACTOR TO WHEAT

Christian A. Haase, Siegfried Salomon, and Wilhelm Schäfer  
University of Hamburg, Center of Applied Molecular Biology of Plants, Department of Molecular Phytopathology and Genetics,
Ohnhorststr. 18, 
D22609 Hamburg, Germany;
phone: ++49-40-42816 297, fax: ++49-40-42816 513
email: ssalomon@botanik.uni-hamburg.de

Fusarium head blight (FHB) caused by the fungus Fusarium graminearum Schwabe (Gibberella zeae (Schwein.) Petch) is
one of the most destructive diseases of cereals in humid-temperate climates. Apart from reduced grain quality and yield, FHB
is also responsible for the contamination of grain with toxins which reveals a serious threat to the health of humans and ani-
mals. Fungal pathogens have evolved a number of different strategies to infect and colonize host plants. Therefore the identi-
fication of pathogenicity factors is of great importance for the understanding infection processes. Like other fungal pathogens,
F. graminearum secretes various extracellular enzymes which are supposed to be involved in host infection. 
We could detect, clone and characterize for the first time a secreted lipase (FGL1) of F. graminearum. The 1056 bp-ORF of
the FGL1 is interrupted by two introns, and the encoded lipase consists of 337 amino acids with a calculated molecular weight
of 35.7 kDa (after cleavage of the signal peptide).This lipase shows a high homology to the known lipase NHL1 from Nectria
haematococca. Expression analysis of FGL1 indicated that the gene can be induced by suitable substrates and is repressed
by catabolites. In planta, FGL1 transcripts were already detected one day after inoculation of wheat spikes. 
To evaluate the role of FGL1 during the infection process we created lipase deficient mutants (∆fgl1) by gene disruption and
compared them with wild type strains. Gene disruption of FGL1 resulted in a significantly reduced extracellular lipolytic activity
of the yielded strains. After infection of wheat spikes, the ∆fgl1 strains shows a drastically reduced virulence. The infected
region was limited only to directly inoculated spikelets. 
In summary our results show for the first time on a molecular level the direct evidence that a secreted lipase is a major fungal
pathogenicity factor.
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MOLECULAR, CHEMICAL, AND IN PLANTA ANALYSES OF TRICHOTHECENE MUTANTS OF THREE FUSARIUM
GRAMINEARUM FIELD ISOLATES WITH DIFFERENT PHYTOPATHOGENIC PROPERTIES

F. J. MAIER1, S. HENNING1, T. MIEDANER2, M. LEMMENS3 AND W. SCHÄFER1

1University of Hamburg, Center of Applied Molecular Biology of Plants, Department of Molecular Phytopathology and
Genetics, Ohnhorststr. 18, D-22609 Hamburg, Germany; 2University of Hohenheim, State Plant Breeding Institute (720),
70593 Stuttgart, Germany, 3BOKU - University of Natural Resources and Applied Life Sciences, Dept. Biotechnology in Plant
Production, Konrad Lorenz-Straße 20, A-3430 Tulln, Austria.
Phone ++49-40-42816-266, Fax –513, 
e-mail schaefer@botanik.uni-hamburg.de,

Head blight caused by the ascomycetic fungus Gibberella zeae (Fusarium graminearum) is one of the most destructive dis-
eases of cereals. It causes yield reductions and contaminates grain with mycotoxins, which constitutes a potential risk for
human and animal nutrition. One important class of mycotoxins produced by several Fusarium species are the trichothecene
derivatives (e.g. nivalenol, deoxynivalenol). Trichothecenes accumulate in Fusarium-infested food and non-specifically affect
most eukaryotes. We want to investigate whether virulence is only determined by the presence of the trichothecenes or is a
quantitative character that is heterogeneously determined by several factors differing from one isolate to the other. Three iso-
lates of F. graminearum, well characterized in field experiments, were selected: 
a medium aggressive isolate that produces nivalenol, 
a medium aggressive isolate which forms deoxynivalenol, 
a highly virulent producing high levels of deoxynivalenol. 

The Tri5 genes of these three isolates were cloned, sequenced, and disrupted by transformation mediated homologous
recombination. The molecular analysis, the trichothecene quantification, and the phytopathogenic properties of the mutants
will be presented. 

GENETIC TRASFORMATION OF PYRENOCHAETA LYCOPERSICI OF TOMATO

M. Aragona and A. Infantino
Istituto Sperimentale per la Patologia Vegetale, Via C. G. Bertero, 22, I-00156, Rome, Italy. Phone: +39
06 82070330; fax: +39 06 82070249; e.mail: a.infantino@ispave.it
Poster presentation, Session 2: Fungal-Plant Interactions

Corky root, caused by Pyrenochaeta lycopersici, is an important soil-borne disease of tomato in Italy.
The study of the fungal infection process of tomato roots and the monitoring of the propagation of P.
lycopersici in the soil are hampered by the slow growth of the fungus and the difficulties in the isolation
procedures. A transformation protocol using the Escherichia coli gusA gene coding for β-glucuronidase
was choosen to obtain genetically engineered fungal strains for histochemically detecting the presence
of hyphae into the roots. GUS assay has become a widely used reporter system in the study of filamen-
tous fungi, mainly because of enzyme stability and the high sensitivity and amenability of the assay by
fluorometric or histochemical techniques. The highly virulent P. lycopersici isolate ISPaVe ER-1211 was
stably co-transformed with plasmids pNOM102 containing the  β-glucuronidase gene and pAN7-1 for
hygromycin resistance. Protoplasts obtained from mycelium were transformed in the presence of PEG
giving an efficiency of 0.1-0.2 transfomants/µg of DNA/107 protoplasts. Among the transformants
obtained, two of them revealed stable after several replicates on non-selective medium. No difference
in morphology and virulence between transformants and the wild type were observed. DNA analyses of
transformants were carried out. This system provides a practical mean of screening of tomato varieties
with different resistance at different time after inoculation. It will also facilitate the observation and
detection of the fungus in soil. 
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A SYSTEM FOR DIRECTED INTEGRATION IN THE pyrG LOCUS OF Aspergillus awamori GENOME.

Pinto, RM (1); Moralejo, FJ (1); Lombraña, M (1); Martín, JF. (1,2)

(1) Institute of Biotechnology, INBIOTEC, 24006, León, Spain.
(2) Area of Microbiology, faculty of Biolofy, University of León, 24071, León, Spain.

The BiP protein is a molecular chaperone member of the heat shock 70 protein family (HSP70) also known as glu-
cose-regulated protein (GRP78). It is found in the lumen of the endoplasmic reticulum (ER) and participates in the
translocation of newly synthesized proteins to avoid their aggregation before the correct folding. The expression level of
the BiP-enconding gene (bipA) is strongly increased under situations of cellular stress.
To study the role of bipA promoter and the UPR elements in the gene expression we have designed a system of direct-
ed integration in a specific locus of A. awamori (pyrG locus). We have obtained an A.awamori pyrG mutant strain
(56pyrG-) by UV radiation. Transformation of this strain with a plasmid that contains 1000pb of the bipA promoter fused
to a reporter gene (lacZ gene of E.coli) and a mutant copy of the pyrG gene of A.niger resulted in the integration by
homologous recombination of a single copy of the bipA promoter fused to the lacZ gene in the pyrG locus of A.awamori.
By this method we could also integrate into the A. awamori genome, in a single copy, several fragments of the promoter
obtained by the action of S1 nuclease on the 5´end. This strategy is being used to analyse the role of different boxes
(heat stress elements and UPR elements) on bipA gene expression.

CHARACTERISATION OF ISOLATES OF PHOMA TRACHEIPHILA BY RAPD-PCR, MICROSATELLITE-PRIMED
PCR AND rDNA ITS1/ITS2 SEQUENCING AND DEVELOPMENT OF SPECIFIC PRIMERS FOR IN PLANTA PCR-
DETECTION.

Virgilio Balmas1, Barbara Scherm1, Ali Ould Mohamed Salem2, Santa Olga Cacciola3, Quirico Migheli1. 
1Department of Plant Protection - Center for Biotechnology Development and Biodiversity Research, University of
Sassari, Via E. De Nicola 9, 07100 Sassari, Italy; Phone: +39 079 229295; Fax: +39 079 229316; e-mail:

migheli@uniss.it; 2Department of Biology, University of Nouakchott, B.P. 5026 Nouakchott, Mauritania; 3Department
S.En.Fi.Mi.Zo., University of Palermo, Viale delle Scienze 2, 90128 Palermo, Italy.

The mitosporic fungus Phoma tracheiphila is the incitant of the “mal secco” disease of lemon and other Citrus species.
The pathogen invades the xylem and causes impairment of the water transport system of the plant, leading to wilting of
branches and eventually to plant death. When grown in liquid substrate, the fungus is able to produce a complex of
phytotoxic glycoproteins, among which a 60 kDa toxin coded Pt60 was shown to reproduce the disease symptoms
when injected into plant leaves. Moreover, pectolytic enzymes are produced by P. tracheiphila and their role as patho-
genicity or virulence factors is being currently evaluated. With the aim of seeing whether the variability in virulence
observed among P. tracheiphila isolates may be related to differences at the genome level, a collection of 35 isolates
representing Italian populations of this pathogen was characterised by different molecular tools and compared to repre-
sentatives of other phytopathogenic Phoma species. These included analysis of the distribution of RAPD and
microsatellite markers and sequencing of the internal transcribed spacer region of the nuclear rDNA genes. The result
obtained with 10 RAPD primers and 8 microsatellite primers indicates that this pathogen presents a high level of genet-
ic homogeneity, leading to overlapping patterns upon amplification with most of the tested primers. Accordingly, ITS1/2
sequences were highly conserved among all the tested isolates of P. tracheiphila. The ITS1/2 of P. tracheiphila were
compared with those of species commonly found on Citrus as pathogen and those of other Phoma species (namely P.
betae, P. cava, P. exigua, P. fimeti, P. glomerata, P. lingam, and P. medicaginis) and P. tracheiphila-specific primers
were designed matching diverging ITS1/2 regions. A PCR assay coupled to electrophoretic separation of PCR products
made it possible to detect P. tracheiphila in naturally infected Citrus wood tissue. The limit of detection was 50 pg of
genomic DNA. The PCR assay is being applied to study the colonisation pattern by P. tracheiphila in artificially inoculated
lemon plants. 
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MOLECULAR BASIS OF MITOCHONDRION-ENCODED RESISTANCE TO Q0 INHIBITOR FUNGICIDES IN

PODOSPHAERA FUSCA

D. Fernández-Ortuño1, J. A. Torés1, I. Cánovas1, D. Romero2, A. de Vicente2 and A. Pérez-García2

1Estación Experimental “La Mayora” (CSIC), Algarrobo Costa, E-29750 Málaga and 2Departamento de Microbiología,
Facultad de Ciencias, Universidad de Málaga, E-29071 Málaga, SPAIN. Phone: 34-952131890. Fax: 34-952132000. E-
mail: aperez@uma.es

Strobilurins are inhibitors of respiration and constitute a major class of modern agricultural fungicides. Strobilurins have a
single-site mode of action. They inhibit mitochondrial respiration by binding to the Q0 site of the cytochomre bc1 enzyme

complex, thus blocking electron transfer in the respiration pathway and leading to energy deficiency due a lack of ATP,
and are also known as Q0 inhibitors (Q0Is). It is well known that single-site inhibitors generally posses a high risk of

resistance development if resistant mutants are not impaired in their ability to survive and reproduce in the agricultural
environment. Following the commercial introduction of Q0Is in 1996, resistant isolates were detected in field populations

of several phytopathogenic fungi and soon after, the mechanisms underlying resistance to Q0I fungicides in those

pathogens were investigated. Thus, it is assumed that the main mechanism conferring Q0I resistance is a point mutation

in the mitochondrial cytochrome b gene (cytb) leading to an amino acid change from glycine (G) to alanine (A) at position
143 (G143A) in the Q0 centre.

Powdery mildew is one of the most important diseases of cucurbits worldwide. Disease induces as the most characteris-
tic visual symptom a whitish, talcum-like, powdery growth developing on both leaf surfaces, petioles and stems. The
main causal agent of cucurbit powdery mildew in Spain is Podosphaera fusca, an obligate biotrophic ectoparasite which
is responsible for important yield losses in cucurbit crops under field and greenhouse conditions. Fungicide application is
currently the principal control practice in most cucurbit crops for managing powdery mildew. As part of a research pro-
gram on cucurbit powdery mildew management in Spain, we are carrying out a detailed analysis on fungicide resistance
in populations of P. fusca from different cucurbit production areas. To date, we have detected a frequency of resistance to
Q0I fungicides (azoxystrobin, kresoxim-methyl and trifloxystrobin) up to 17%, with minimal inhibitory concentration values

>500 µg/ml for resistant isolates. In addition, we are characterizing cytb alleles from Q0I resistant and sensitive P. fusca

isolates by mapping the G143A substitution.

VIRULENCE AND THE PRODUCTION OF ENDO-1,4-B-GLUCANASE BY ISOLATES OF ALTERNARIA ALTERNA-

TA INVOLVED IN THE MOLDY-CORE DISEASE OF APPLES

Moshe Reuveni, Natali Sheglov, Dani Eshel, Dov Prusky and Ruth Ben-Arie 

Golan Research Institute, University of Haifa, P.O. Box 97, Katzrin 12900, Israel

Phone: 972-4-6962401, Fax: 972-4-6961930.
Email: mreuveni@research.haifa.ac.il 

Alternaria alternata, is the predominant fungal pathogen responsible for moldy-core in apple cvs. of the Red Delicious
group. Here we report on the association between virulence of natural isolates of A. alternata, their production of endo-
1,4-β-glucanase (EG) and moldy-core development in apple fruits. Based on decay development following wound-inoc-
ulation of mature fruits, three of 150 isolates, collected in three orchards in northern Israel and representing low, mod-
erate and high virulence, were selected and designated Rm44, Er30 and Sh42, respectively. All three isolates secreted
EG when grown on enzyme inducing medium (EIM) containing commercial cellulose or apple cell walls and this pro-
duction was related with their degree of virulence. Polyacrylamide gel electrophoresis (PAGE) revealed small quantita-
tive differences between the three isolates, relative to their virulence, but no qualitative differences. A single band with
a molecular mass of 23 kDa showing EG activity was produced by isolates Er30 and Sh42 but not by Rm44 grown on
EIM containing fruit cell walls. A commercial cellulase preparation (containing endo and exo-1,4-β-glucanase) placed
on pricked fruit mimicked the formation of symptoms that developed on A. alternata-inoculated fruits within 2-4 days.
Inoculation of bloom clusters at full bloom with A. alternata resulted in significantly higher infection in fruits inoculated
with isolate Sh42 (58%) than in fruits inoculated with isolate Rm44 (30%). Our results suggest that the moldy-core
symptoms caused by A. alternata, in apple, could be related to the ability of the fungus to produce EG in developing
lesions.
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QUANTIFICATION OF FUSARIUM GRAMINEARUM IN INFECTED PLANT MATERIAL BY REAL-TIME PCR APPLY-
ING A SPECIES SPECIFIC TAQMAN PROBE

G. REISCHER, R. L. MACH

Institute for Chemical Engineering, Gene Technology Group, Vienna University of Technology, Getreidemarkt 9/166/5,
A-1060 Vienna, Austria
phone: +43-1-5880117252; fax :+43-1-5816266
email: reischer@mail.zserv.tuwien.ac.at

Fusarium graminearum (teleomorph: Gibberella zeae) is a major cause for cereal scab. We developed a Real-Time
PCR assay to selectively quantify F. graminearum in infected wheat. The assay is based on the detection of a 111-bp
part of the ß-tubulin gene of  F. graminearum using a pair of newly developed primers and a TaqMan probe with speci-
ficity on the species level. As a reference we constructed a plasmid standard for ß-tubulin quantification. We showed
that the developed assay was able to specifically detect all 9 Austrian F. graminearum isolates tested in our evaluation
whereas applying the method on the most closely related Fusarium species no product formation could be observed
(e.g. F. sporotrichoides, F. poae, F. culmorum, F. cerealis). The limit of quantification in a background of wheat DNA was
determined to be 10 copies of the ß-tubulin gene while the detection limit was even lower than that. The method led to

reproducible results, which were linear (R2 >0,97) over five orders of magnitude (from 10 to 105 templates).
This assay was then employed in planta using wheat samples inoculated with F. graminearum in a field experiment.
During all phases of infection of the plant (day 1 to day 16) samples were taken, nucleic acids were extracted and then
subjected to further analysis. The developed method allowed the detection of F. graminearum in early stages of infec-
tion before the appearance of any visible symptom of the disease. In addition we assessed the expression of tri5 (tri-
chodien synthase encoding) following a RT-PCR approach combined with Real-Time quantitation using SYBRgreen I as
fluorescent dye. The method developed in this study allows a fast identification and quantitation of plant-infections by F.
graminearum at very early stages where classical microbiological and toxin analysis methods fail to detect the
pathogen. 

FOPTA1, DETECTED IN FORMAE SPECIALES OF FUSARIUM OXYSPORUM

B. Núñez-Corcuera, B. Ramos, M.A García-Sánchez, N. Martín-Rodrígues, A.P. Eslava, J.M. Díaz-Mínguez

Área de Genética. Centro Hispano-Luso de investigaciones Agrarias (CIALE). Universidad de Salamanca. 37007, 
Salamanca, Spain.
Phone / Fax: 34 923 29 46 63
Email: A.P. Eslava: eslava@usal.es;  Brisa Ramos: brisa@usal.es
Session : 2. Fungal-plant interactions. 

The plant pathogen Fusarium oxysporum is a common soilborne fungus with a worlwide distribution. Within the species there
is a high level of host specificity with over 120 described formae speciales and races capable of causing vascular wilt dis-
eases of many agricultural crops. This combination of wide range of infection as species and host specificity as formae spe-
ciales makes F. oxysporum an atractive model for the study of the molecular interactions involved in pathogenicity and/or virulence.

We have previously isolated and characterized the gene Fopta1 (Fusarium oxysporum f.sp. phaseoli transcription activator 1),
that belongs to the Gal4 family, which is specific of highly virulent  strains that infect common bean plants. In order to deter-
mine whether this gene is  also present in other pathogenic strains of F. oxysporum we screened representants of 15 different
formae speciales. We designed primers for PCR analyses based on the nucleotide sequence of Fopta1 from a highly virulent
strain of F. oxysporum f.sp. phaseoli. By using different combinations of primers aimed to obtain the promoter region and the
coding region close to the promoter, we have obtained homologous fragments from formae speciales pisi, lycopersici, betae,
vasinfectum, lupini and raphani. Comparison of the cloned sequences shows a very high identity among the copies of this
gene. Southern analyses have shown that, besides the presence of the Fopta1a copy of the gene, there is also a second
copy named Fopta1b, as it is the case of the highly virulent strains of F. oxysporum f.sp. phaseoli (see abstract by B. Ramos
et al.).

These results suggest that Fopta1a and Fopta1b are conserved among the pathogenic isolates of F. oxysporum, and that
Fopta1a is required for pathogenicity in a wide range or formae speciales.
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USE OF FORWARD AND REVERSE GENETICS AND COMPARATIVE GENOMICS TO DISSECT THE Fusarium  EAR
BLIGHT – WHEAT INTERACTION

Martin Urban1, Thomas Baldwin 1, Arsalan Daudi1, Frances Trail2 and Kim E. Hammond-Kosack1

1 Wheat Pathogenesis Programme, Rothamsted Research, Plant-Pathogen Interactions Division, Harpenden, Herts, AL5

2JQ, UK. (Martin.Urban@bbsrc.ac.uk, Tel : +44 1582 763133, Fax: +44 1582 715009) and 2 Departments of Plant Biology
and Plant Pathology, Michigan State University, East Lansing MI 48824, USA.

This Fusarium ear blight project is part of the new Wheat Pathogenesis programme at Rothamsted Research which aims to
identify the common molecular themes underlying disease formation on cereal hosts caused by non-biotrophic fungi.  The
two other species investigated are the leaf blotch pathogen Mycosphaerella graminicola (Septoria tritici) and the eyespot
pathogen Oculimacula yallundae, formerly named  Tapesia yallundae.

F. graminearum and F. culmorum cause ear blight disease on small grain cereals. Infections at anthesis, not only lower grain

quality but also lower grain safety because both fungal species produce a range of trichothecene mycotoxins post-infection1. 

Our research aims to identify Fusarium genes and gene networks of functional importance to the outcome of the cereal
interaction.  By a forward genetics approach, involving random plasmid insertion and ear pathogenicity tests, nine disease
attenuated Fusarium (daf) mutants have been recovered. Each daf mutant differed in its ability to (a) cause disease symp-
toms on the ear, leaf and roots of wheat plant, (b) affect grain fill and (c) synthesise trichothecene mycotoxins.  By a reverse
genetics approach, our laboratory and others have demonstrated that two distinct Mitogen Activated Protein Kinases

(MAPKs) Map1 and Mgv1, are independently required for infection and subsequent spread within the wheat ear2.  We have
now selected, via comparative genomics, other candidate fungal pathogenicity genes for targeted gene disruption and biolog-
ical evaluation. 

References 1 http://www.scabusa.org; 2 Hou Z et al.  (2002) Mol. Plant-Microbe Interact. 15: 1119-1127; Jenczmionka  NJ et
al.  (2003) Current Genetics 43: 87-95; Urban M et al. (2003) Mol. Plant Pathol. 4: 347-359. 
Rothamsted Research receives grant-aided support from the Biotechnology and Biological Sciences Research Council
(BBSRC) of the UK. This work is supported in part by Monsanto and Syngenta. 

SEXUAL DEVELOPMENT AND FUNCTION IN GIBBERELLA ZEAE.

Frances Trail1, Weihong Qi, Yvonne Letourneau and Luis Velasquez. Departments of Plant Biology and Plant
Pathology, Michigan State University, East Lansing, Michigan, USA. PH: (517)432-2939, Email: trail@msu.edu

Gibberella zeae (anamorph Fusarium graminearum) produces its sexual spores (ascospores) in sacs called asci.  The
asci are produced in ephemeral perithecia which are produced on the surface of field debris and which, when mature,
fire their spores into the air.  We have been investigating formation of perithecia and the mechanism of forcible
ascospore discharge through a variety of molecular, histological and physiological techniques. We will present the
results of these studies.  Among the findings will be results of microarray analyses to identify genes expressed during
perithecium maturation, and evidence that accumulation of osmolytes is important to generation of the turgor pressure
for discharge of these spores.  The recent availability of a genomic sequence for F. graminearum has greatly facilitated
the study of perithecium development and function, and host colonization. 
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IDENTIFICATION AND ANALYSIS OF THE AUROFUSARIN GENE CLUSTER IN SPECIES OF THE FUSARIUM
GRAMINEARUM COMPLEX

Morten N. Grell*, Klaus S. Albertsen, Pernille Rosager, Charlotte Thrane, Lisbeth Bohn and Henriette Giese
Section of Genetics and Microbiology, Department of Ecology, The Royal Veterinary and Agricultural University,
Thorvaldsensvej 40, DK-1871 Frederiksberg C, Denmark.
*Phone, +45 35 28 26 09. Fax, +45 35 28 26 06. E-mail, mng@kvl.dk

The filamentous ascomycetes of the genus Fusarium are living partly as saprophytes in the soil, partly as necrotrophic
plant pathogens. Fusarium culmorum is a major pathogen of the cereals in Northern Europe. Like the closely related
Fusarium graminearum, a major pathogen in North America, it is causing head blight and foot and root rot. Due their
ability to produce a range of different toxins these fungi are of concern in feed and food production. Recently, the first
release of the complete genome of F. graminearum was made publicly available at the Whitehead Institute.

We are currently working on the identification of genes and molecular factors involved in pathogenesis of F. culmorum.
One strategy involves random DNA mutagenesis of species in the complex using Agrobacterium tumefaciens mediated
transformation. We have presently produced about 2000 transformants. To identify potential pathogenicity genes, we
are planning two ways of screening the transformants. The first involves a screen for secondary metabolism mutants,
followed by pathogenicity testing of each identified mutant. The second involves a direct pathogenicity screen. The first
target chosen of the former screen was the toxic red pigment aurofusarin, due the expected easily detectable pheno-
type of mutants: a culture of a mutant should appear white or pale, as opposed to the red wild type. To this date 3
white, 1 yellow and 6 pink mutants have been produced. Until now, three of the mutants, two white and one pink, have
been localised to the same gene cluster. The organisation of this gene cluster in the species of the F. graminearum
complex is under investigation.
We are currently working on implementing an HPLC screen to identify mutants in other secondary metabolite pathways.

FUSARIUMSCREEN™, A SENSITIVE, REALTIME AND NON-DESTRUCTIVE MONITORING TOOL FOR FUSARIUM
INFECTION IN CEREALS 

Theo van der Lee, Henk Jalink, Rob van der Schoor, Cees Waalwijk and Gert H.J. Kema. Plant Research International
B.V., P. O. Box 16, 6700 AA Wageningen, The Netherlands. Email: theo.vanderlee@wur.nl

A complex of Fusarium spp. causes head blight on wheat. Unlike the advances in the area of Fusarium genomics,
progress in the understanding of the infection process and the possible resistance mechanisms of the host is slow. In
wheat several different resistance mechanisms to Fusarium are currently recognised, including resistance to infection,
resistance to colonisation and resistance to kernel infection. To exploit these natural types of resistance in wheat breed-
ing programs it is important to monitor the infection process to identify and characterise the type and the level of resist-
ance in wheat genotypes. We developed FusariumScreen™ to quickly identify different levels and mechanisms of
resistance in wheat. FusariumScreen™ is based on high throughput fluorescence imaging (HTFI) and enables fast,
detailed, non-destructive studies of the Fusarium-cereal interactions. We inoculated wheat heads with a Fusarium::GFP
transformant and utilised FusariumScreen™ to identify the stress response of the plant and the colonisation process of
the Fusarium::GFP strain. All images are quantified in an automated image analysis pipeline. The integration of the plant
stress response and the increase of fungal biomass enables efficient screening of wheat lines and will generate invaluable
information about the infection process and the genetic variation for resistance mechanisms in cereals to Fusarium species.
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IN VITRO AND IN PLANTA EXPRESSIÓN OF THE BOTRYTIS CINEREA ALTERNATIVE OXIDASE CODING GENE. 

Martín-Domínguez, R., Arranz, M., Pescador, D.B., Eslava, A.P. and Benito, E.P.

Área de Genética. Centro Hispano-Luso de Investigaciones Agrarias. Universidad de Salamanca. Campus Unamuno. Ed.
Departamental. 37007. Salamanca. Spain.
Phone/Fax: 34 23 294663.
E-mail: epbenito@usal.es 

Getting energy during the infection and colonization process is a primary problem any plant pathogen must face.
Mitochondria are the energy producing engines in eukaryotic cells. Most fungi retain a core mitochondrial electron transfer
chain similar to that utilised by mammalian mitochondria involving the participation of three large protein complexes (I, III and
IV). In each complex electron transport is coupled to proton tanslocation. The resultant proton motive force is used for ATP
synthesis. In addition to this cytochrome-involved respiratory pathway, higher plants, protists and fungi possess an alternative
cyanide-resistant pathway, based on the activity of an altenative oxidase enzyme which accepts electrons from the ubiquinol
pool and catalyses the reduction of dioxygen to water.  
Botrytis cinerea is an important plant pathogenic fungus with a wide host range. Previous work carried out in our laboratory
suggested a causal link between altered mitocondrial metabolism and pathogenicity of B. cinerea. In order to evaluate in this
necrotroph the role of fungal respiration through the alternative oxidase pathway during the interaction of the pathogen with
its host, we decided to clone the B. cinerea alternative oxidase gene, analise its expresión pattern during the interaction and
characterise it functionally by generating mutants deficent in the alternative oxidase activity which will be tested for pathogeni-
ciy. Northern analisis during saprophytic growth indicated that expression of the alternative oxidase gene is developmentally
regulated, increassing significantly once gemination of conidia in liquid medium took place. In planta, its level of expression is
below the limit of detection by Northern analysis, even at late stages of the infection process, during maceration of the infect-
ed tissue, indicating that the expression of the gene is down-regulated in planta. Transformation experiments are currently
being performed to obtain mutants deficient in this enzimatic activity by gene replacement. Their possible alterations, both
during saprophytic growth and during the interaction of the pathogen with its host, will be investigated.  

This work was supported by grant AGL2001-2052 (Ministerio de Ciencia y Tecnología, Spain).   

A MULTIDISCIPLINARY APPROACH TO DISSECT THE MOLECULAR BASIS OF THE NEOTYPHODIUM LOLII / RYEGRASS SYMBIOSIS

Richard Johnson, Shalome Bassett, Mike Christensen, Charlotte Gaborit, Linda Johnson, Christine Voisey and Gregory Bryan.

AgResearch Ltd., Tennent Drive, Private Bag 11008, Palmerston North, New Zealand. 

Telephone: +64-6-3518090
Fax: +64-6-3518128
E-mail: Richard.Johnson@Agresearch.co.nz

Neotyphodium lolii is a fungal endophyte that lives entirely within the intercellular spaces of its grass host, perennial ryegrass. Infection is
symptomless and the endophyte relies on the host plant for dissemination via the seed. The association is mutually beneficial since the
endophyte confers a number of biotic and abiotic advantages to the host, including enhanced plant growth, protection from certain mam-
malian and insect herbivores, enhanced resistance to nematodes and some fungal pathogens and in some associations enhanced drought
tolerance. 

We are using a multidisciplinary approach to dissect the molecular basis of this important symbiosis and intend to link the knowledge gained
from basic biology and cytology with the fields of Genomics, Transcriptomics, Proteomics and Metabolomics. To achieve this we have used
isogenic ryegrass lines infected or uninfected with endophyte and a combination of Suppression Subtractive Hybridisation (to enrich for plant
and fungal transcripts that are differentially expressed during the symbiosis), Microarray analysis, 2D-gel electrophoresis (to identify novel
proteins associated with symbiosis), and metabolic profiling (also see abstract by L. J .Johnson et al.). To aid our proteomics approach we
have also generated both fungal genomic and EST databases. 

By linking these approaches we hope to identify genes which are important in both the establishment and maintenance of symbiosis, some
of which could be fundamental to understanding how plant-fungal interactions, particularly evasion of host defences, are regulated.  In addi-
tion, by combining transcriptomics with metabolomics, we intend to elucidate how endophyte infection influences host secondary metabo-
lism, which we hypothesise is correlated with many of the endophyte conferred enhancements mentioned above. In accordance with this we
have so far identified a significant number of up and down-regulated genes involved in secondary metabolism as well as genes involved in
signalling, defence/stress responses and protein turnover. 
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ELUCIDATING THE ROLE OF THE F-BOX PROTEIN FRP-1 IN PATHOGENESIS OF FUSARIUM OXYSPORUM.

W. Jonkers, R. G. E. Duyvesteijn, B. J. C. Cornelissen and M. Rep

University of Amsterdam, Swammerdam Institute for Life Sciences, Plant Pathology, Amsterdam, the Netherlands. Tel:
+31-20-5257683, Fax: +31-20-5257934, e-mail: jonkers@science.uva.nl

During evolution, plants have developed effective ways to defend themselves against microbial invasion. A microbial
pathogen has to break through these defences in order to colonize the plant. To investigate the genetic basis of this
ability of pathogens, we use the interaction between the soil-borne fungus Fusarium oxysporum f.sp. lycopersici and its
host tomato as a model system. Using insertional mutagenesis of F. oxysporum, an F-box protein called Frp1 was
found to be required for pathogenicity. It was shown that this protein, like other F-box proteins, binds to Skp1, a subunit
of the E3 complex. This complex is involved in the ubiquitinylation of proteins recruited by F-box proteins, marking them
for degradation by the proteasome. To unravel the function of Frp1, other interacting proteins will be searched for, in
particular ones that are recruited for degradation. To do so, a yeast two-hybrid screening using only the C-terminal part
of Frp1 will be carried out. Another approach is the identification of interacting proteins by tandem affinity purification
(TAP) and mass-spectrometry. TAP-tagged Frp1 will be generated and used to fish interacting proteins from an extract
of Fusarium oxysporum. Interacting proteins will then be analysed for their role in pathogenicity.
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