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Genomic resources available to researchers studying phy-
topathogenic fungi are limited. Here, we briefly review the 
genomic and bioinformatic resources available and the cur-
rent status of fungal genomics. We also describe a rela-
tional database containing sequences of expressed sequence 
tags (ESTs) from three phytopathogenic fungi, Blumeria 
graminis, Magnaporthe grisea, and Mycosphaerella gramini-
cola, and the methods and underlying principles required 
for its construction. The database contains significant an-
notation for each EST sequence and is accessible at 
http://cogeme.ex.ac.uk. An easy-to-use interface allows the 
user to identify gene sequences by using simple text queries 
or homology searches. New querying functions and large 
sequence sets from a variety of phytopathogenic species 
will be incorporated in due course. 

The application of molecular genetic analysis to the study of 
phytopathogenic fungi has led to the identification and charac-
terization of a diverse collection of genes involved in fungal 
pathogenicity (Idnurm and Howlett 2001; Knogge 1998; 
Sweigard et al. 1998). These include genes involved in detoxi-
fication of antifungal compounds produced by plants (Bowyer 
et al. 1995; Straney and VanEtten 1994), biosynthesis of phyto-
toxic compounds (Panaccione et al. 1992), breakdown of the 
host plant cuticle (Tonukari et al. 2000; Walton 1994), conidio-
genesis (Hamer and Givan 1990), appressorium formation and 
function (Balhadère and Talbot 2001; Clergeot et al. 2001; 
Silué et al. 1998; Talbot et al. 1993), and amino acid metabo-
lism (Balhadère et al. 1999), as well as those involved in con-
served signaling pathways (Kronstad 1997; Xu and Hamer 
1996). The capacity to cause plant disease is, however, clearly 
a complex phenotype, and phytopathogenic fungi exhibit con-
siderable diversity both in their developmental biology and in 
the types of disease symptoms they induce (Agrios 1988; 
Bowyer 1999). While molecular biology has allowed investiga-
tion of the genetic control of pathogenic development in a lim-
ited number of experimentally tractable pathogens—most nota-
bly Ustilago maydis and Magnaporthe grisea—it is apparent 
that the current state of knowledge of the biology of fungal 
pathogens is relatively superficial. 

The advent of genome-wide analysis promises to provide a 
new and powerful means of investigating diverse fungal patho-
gens. For the first time, it will be possible, for example, to de-
fine all the genetic components that are expressed during spore 
germination, infection-related development, and plant tissue in-

vasion, as well as those expressed under the control of the key 
signal-transduction pathways that are required for pathogenesis 
(Idnurm and Howlett 2001; Talbot and Foster 2001). Identify-
ing the gene inventories and genomic organization of diverse 
fungi similarly offers the opportunity to test hypotheses regard-
ing mechanistic distinctions among phytopathogenic species and 
their evolutionary relationships. With these tremendous oppor-
tunities to further our understanding of fungal pathogens, how-
ever, comes a series of fresh challenges. The first of these is 
likely to be the development of specific bioinformatic resources 
designed to house and investigate the huge amount of genomic 
information that is likely to be generated from phytopathogenic 
fungi. Here, we briefly review the progress of genome-wide 
studies of pathogenic fungi and the available informatic re-
sources that have been produced so far. We also describe the 
generation of a new relational database, which houses a signifi-
cant proportion of the currently available expressed sequence 
tag (EST) data from phytopathogenic fungi, and review the 
methods by which it was constructed and the underlying prin-
ciples upon which it was designed. 

The Current Status of Fungal Genomics 
The application of genomic approaches to study fungal patho-

gens has so far lagged behind that of many other organisms, 
largely because, to date, no pathogenic fungus has had its ge-
nome fully sequenced in a public-sector laboratory. In fact, only 
one fungal genome sequence, that of Saccharomyces cerevisiae, is 
fully available in the public domain (Goffeau et al. 1996); although 
two others, those of the fission yeast Schizosaccharomyces 
pombe (http://www.sanger.ac.uk/Projects/S_pombe/) and the fila-
mentous fungus Neurospora crassa have recently been completed 
(http://www-genome.wi.mit.edu/annotation/fungi/neurospora). The 
utility of the yeast genome has been aided enormously by spe-
cifically designed databases, such as the yeast protein database 
(http://www.incyte.com/sequence/proteome/index.shtml) and the 
Stanford genome database (http://genome-www.stanford.edu/ 
Saccharomyces/), which offer a means of interrogating and re-
trieving specific gene information from among the 6,200 open 
reading frames that have been identified so far in the S. cere-
visiae genome sequence. These databases incorporate informa-
tion regarding mutant phenotypes and transcriptional profile 
analysis experiments that monitor the expression of the ge-
nome under different conditions. Yeast microarray analysis has 
been used, for example, to assay changes in levels of tran-
scripts caused by heat shock, cold shock, the switch from ga-
lactose to glucose as principal carbon source (Lashkari et al. 
1997), the switch from fermentation to respiration (DeRisi et 
al. 1997), diauxic growth shift from rich nutrient conditions to Corresponding author: N. J. Talbot; E-mail: N.J.Talbot@exeter.ac.uk 
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starvation stress (Wodicka et al. 1997), cell-cycle progression 
(Cho et al. 1998), sporulation (Chu et al. 1998), and gene ex-
pression in a number of regulatory mutant strains (DeRisi et al. 
1997). Similarly, serial analysis of gene expression (SAGE) is 
a very robust technology (Yamamoto et al. 2001) that has been 
widely utilized to investigate global patterns of gene expres-
sion in yeast (Kal et al. 1999; Velculescu et al. 1997). SAGE 
frequency tables can provide a measure of the abundance of a 
given gene transcript at a specific point during the growth of 
yeast cells (Jansen and Gerstein 2000) and have been used to 
explore the relationship between transcript abundance and pro-
tein accumulation (Gygi et al. 1999), which will be vital in 
comparing transcriptional profiling and proteomic data in the 
future. Cluster analysis of genome-wide expression data from 
microarray and SAGE experiments has also enabled genes 
showing similar patterns of expression to be grouped together. 
Clustering of gene expression data in yeast and in humans, for 
example, has been used to classify genes of similar function 
(Eisen et al. 1998). The collation of all of this information into 
central data repositories has been invaluable in maximizing 
their utility to the yeast community. 

The next generation of object relational databases to incor-
porate analysis of the yeast proteome and metabolome, in 
addition to the systematic gene disruption of the large major-
ity of yeast genes, is already being designed and imple-
mented. A clear example of a next-generation bioinformatic 
resource is the Genome Information Management System 
(GIMS) developed by the University of Manchester 
(Manchester, U.K.) (http://www.cs.man.ac.uk/~norm/gims), 
which provides an environment in which researchers can 
carry out more than 50 different analysis tasks utilizing 
available genomic information. The environment also allows 
the use of elaborate querying facilities including long, text-
based queries (Paton et al. 2000). The opportunity to ask 
more elaborate questions of archived genomic information by 
using better pattern-identification software should allow tran-
scriptional profiling and proteomic analysis to be far more 
useful in revealing the orchestrated action of complex gene 
sets than by using a simple, manual examination of the infor-
mation. 

The contrast between bioinformatic resources developed for 
yeast researchers and those currently available for the phytopa-
thogenic fungi research community could not be greater, but 
these databases do provide a clear example of what can be 
achieved in a very short period of time, given access to ge-
nomic information. Fungal genome information is, therefore, 
urgently required, and the relative lack of public-sector funding 
for fungal genomics has been the source of considerable dis-
cussion (Pennisi 2001). In a recent review, for example, out of 
379 genome project websites surveyed, only 16 (4%) involved 
fungi, of which only seven involved pathogenic species (Yoder 
and Turgeon 2001). Recent developments, however, including 
the announcement of the Fungal Genomes Initiative by the 
Whitehead Institute (Cambridge, MA, U.S.A.) made at the 21st 
Fungal Genetics Conference (Pacific Grove, CA, U.S.A.; March 
2001), indicate that the sequences of a number of phytopatho-
genic fungi will become available in the foreseeable future. 
Under this new initiative, up to 15 fungi will be selected for 
genome sequencing, using the same whole-genome shotgun 
approach developed for sequencing N. crassa. This wealth of 
new genomic information will certainly revolutionize the man-
ner in which phytopathogenic fungi are studied, and it can only 
be hoped that the initiative will soon receive the financial sup-
port required. Similar, albeit smaller scale, initiatives in Europe 
to sequence genomes from the powdery mildew fungus 
Blumeria graminis and the end-rot pathogen Botrytis cinerea 
will also contribute to the wealth of new information likely to 
be released in the next 3 to 5 years. The recent observation of 
areas of synteny between sequenced regions of the genomes of 
the fungal pathogen M. grisea and the saprotroph N. crassa, in 
contrast to the limited similarity between some of the yeasts 
such as S. cerevisiae and Candida albicans (Seoighe et al. 
2000), illustrates the likely surprises in store from analysis of 
genome sequences (Hamer et al. 2001). 

Current fungal genome projects in progress and the corre-
sponding bioinformatic resources available are listed in Table 1. 
Here, we have only included reference to sites in which sequence 
data can be accessed and retrieved using either text or sequence-
similarity searches. Genome projects are in progress for two hu-
man-pathogenic fungi; the pulmonary pathogen Aspergillus fumi-

Table 1. Publicly accessible pathogenic fungal and oomycete genomic resources 

Fungus Centera
 URL Status January 2002 

Aspergillus fumigatus SC http://www.sanger.ac.uk/Projects/A_fumigatus/ 5,548 BACb end sequences 
 TIGR http://tigrblast.tigr.org/ufmg  
Blumeria graminis UE http://cogeme.ex.ac.uk 2,701 unisequences 
Botrytis cinerea GS http://www.genoscope.cns.fr/externe/English/Projets/Projet_W/W.html 6,558 ESTsb 
Candida albicans SGTC http://sequence-www.stanford.edu/group/candida/ 1.5-fold genome coverage 
 SC http://www.sanger.ac.uk/Projects/C_albicans/ 10 cosmids 
Cryptococcus neoformans OU http://www.genome.ou.edu/cneo.html 4,000 ESTs 
 SGTC http://baggage.stanford.edu/group/C.neoformans/menu.html 156 genomic DNA contigs, 18.1 Mb 
 TIGR http://www.tigr.org/tdb/e2k1/cna1/index.shtml Nominal sixfold genome coverage 
 DU http://cgt.genetics.duke.edu/data/index.html 4,867 BAC end sequences 
 GSC http://rcweb.bcgsc.bc.ca/cgi-bin/cryptococcus/cn.pl  
 UBC http://www.bcgsc.ca  
Fusarium sporotrichioides TAMU http://www.genome.ou.edu/fsporo.html 5,000 ESTs 
Magnaporthe grisea FGL http://www.fungalgenomics.ncsu.edu 5,000 ESTs, 188 BAC contigs 
 UE http://cogeme.ex.ac.uk 1,839 unisequences 
Mycosphaerella graminicola UE http://cogeme.ex.ac.uk 2,926 unisequences 
Phanerochaete chrysosporium JGI http://www.jgi.doe.gov/programs/whiterot.htm 30,000-kb genomic sequence 
Phytophthora infestans NCGR http://www.ncgr.org/pgc/index.html 3,000 unisequences 
Phytophthora sojae    
Pneumocystis carinii UK http://biology.uky.edu/Pc/ 3,896 ESTs 
 SC http://www.sanger.ac.uk/Projects/P_carinii/ 1 telomeric cosmid 
a DU = Duke University, FGL = Fungal Genomics Laboratory, GS = Genoscope, GSC = Genome Sequence Centre, JGI = DOE Joint Genome Initiative, 

NCGR = National Centre for Genomics Research, OU = Oklahoma University, SC = Sanger Centre, SGTC = Stanford Genome Technology Centre, 
TAMU = Texas A&M University, TIGR = The Institute for Genomic Research, UBC = University of British Columbia, UE = University of Exeter, and 
UK = University of Kentucky. 

b BAC = bacterial artificial chromosome; ESTs = expressed sequence tags. 
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gatus at the Sanger Centre (Cambridge, U.K.) and The Institute 
for Genomics Research (TIGR; Rockville, MD, U.S.A.) and the 
meningitis-causing basidiomycete fungus Cryptococcus neofor-
mans at TIGR and also by a consortium of laboratories at Duke 
University (Durham, NC, U.S.A.), University of Oklahoma 
(Norman, OK, U.S.A.), and Stanford University (Stanford, CA, 
U.S.A.) and the University of British Columbia (Vancouver, BC, 
Canada). Plans are also in progress to sequence Histoplasma 
capsulatum at the Washington University Genome Sequencing 
Center (St. Louis, MO, U.S.A.). For phytopathogenic and related 
species, the sequencing projects in progress are partial-genome 
sequence initiatives or (predominantly) EST projects (Table 1). 
Of particular significance among current projects is the U.S. De-
partment of Energy-funded Joint Genome Institute (Walnut 
Creek, CA, U.S.A.), which has sequenced the genome of the 
white wood rot fungus Phanerochaete chrysosporium. The ge-
nome sequence can be searched at a website using BLAST algo-
rithms and is the first basidiomycete fungus to be sequenced in 
the public domain, although the genome sequence of the corn 
smut fungus U. maydis is held in two private databases (belong-
ing to Bayer Ag [Leverkusen, Germany] and Exelixis [San Fran-
cisco, CA, U.S.A.]). The Phytophthora Genome Consortium 
(Davis, CA, U.S.A.) has sequenced ESTs from the oomycete 
pathogens Phytophthora infestans and Phytophthora sojae. Their 
website allows searches using BLAST algorithms and simple 
text queries and represents an important resource for investigat-
ing oomycete biology. 

Development of a phytopathogenic fungal EST database 
To fully sequence a fungal genome is obviously beyond the 

scope of most fungal research groups. Single-pass, partial se-
quencing of either 3′ or 5′ ends of complementary DNA 
(cDNA) clones to generate a set of ESTs, however, offers a 
low-cost strategy to identify substantial gene inventories in the 
absence of gene information, although it is constrained by the 
developmental stage at which mRNA is extracted. EST produc-
tion has been used to search for genes in a wide variety of or-
ganisms but has only recently been applied to a small number 
of phytopathogenic fungi (Keon et al. 2000; Rauyaree et al. 
2001; Thomas et al. 2001). Inventories of EST data are avail-
able in the public domain from a small number of fungal spe-
cies, including five plant pathogens (Skinner et al. 2001) but 
generally only in a flat-file format, with limited annotation. A 
growing number of other EST sets are also being generated 
from diverse pathogens and await release onto the Internet. As 

a resource to the phytopathogenic fungi research community, 
we have designed and implemented a database containing EST 
data from three pathogenic fungi: Magnaporthe grisea, the 
causal agent of rice-blast disease; Blumeria graminis, which 
causes barley powdery mildew; and Mycosphaerella gramini-
cola, which causes Septoria blotch of wheat. The database was 
designed to be easy to use and to provide information that 
would be of immediate use to the phytopathogenic fungi re-
search community. 

ESTs from B. graminis were obtained by sequencing a li-
brary constructed by Dr. Sarah Gurr, University of Oxford (Ox-
ford, U.K.), from infected plant material and from an EST 
dataset produced by the Carlsberg Institute (Copenhagen, Den-
mark) (Thomas et al. 2001). The dataset comprised 2,701 uni-
sequences, with an average sequence length of 499 base pairs. 
M. grisea ESTs were downloaded from the EMBL database 
(http://www.ebi.ac.uk/embl/index.html) and are data generated 
predominately by Dr. Ralph Dean at North Carolina State Bio-
technology Center (Research Triangle Park, NC, U.S.A.) (and 
formerly Clemson University, Clemson, SC, U.S.A.) and Pro-
fessor Daniel Ebbole at Texas A&M University (College Sta-
tion, TX, U.S.A.). The dataset comprised 1,839 unisequences, 
with an average length of 851 base pairs. ESTs from Myco-
sphaerella graminicola were obtained by sequencing three 
cDNA libraries constructed at IACR-Long Ashton (Bristol, 
U.K.) by Dr. John Hargreaves and Dr. John Keon (Keon et al. 
2000). Two libraries were constructed from fungal mycelium 
grown in liquid culture and one from fungal-infected plant ma-
terial. The dataset comprised 2,926 unisequences, with an aver-
age length of 667 base pairs. 

EST sequences are often single-pass sequences (which are 
sequence reads from one DNA strand only) and invariably con-
tain sequencing errors. EST data often exhibit high intrinsic re-
dundancy because of a high representation of sequences repre-
senting highly expressed mRNAs. EST data can be enhanced 
when these sequences are used to generate a nonredundant set 
of unique sequences (unisequences) through cluster assembly 
(by using Sequencher; Gene Codes Corporation, Ann Arbor, 
MI, U.S.A.). This removes redundancy from the dataset, as 
well as improves sequence accuracy and produces longer se-
quences. Unisequences derived from the EST datasets contain 
a mixture of assembled consensus sequences and unassembled 
singletons. 

Putative functions were assigned to each unisequence based 
on similarity to sequences of known genes. The blastx algo-

Table 2. The number of unisequences from each organism allocated to the top level categories of our classification 

Category All unisequences Blumeria graminis Magnaporthe grisea Mycosphaerella graminicola 

No hit 4,097 1,786 1,031 1,280 
Cloning vector 12 5 0 7 
Plant host 41 9 10 22 
Unknown protein 527 157 136 234 
Metabolism 550 128 116 306 
Energy 393 103 89 201 
Cell growth, cell division, and DNA synthesis 86 19 24 43 
Transcription 177 45 36 96 
Protein synthesis 279 90 58 131 
Protein destination 357 110 79 168 
Transport facilitation 206 45 43 118 
Intracellular transport 120 35 25 60 
Cellular biogenesis 61 16 15 30 
Cellular communication/signal transduction 168 53 49 66 
Cell rescue, defense, death, and aging 158 23 43 92 
Ionic homeostasis 10 0 3 7 
Cellular organization 132 20 54 58 
Development 31 11 16 4 
Transposon proteins 61 46 12 3 
     
Total 7,466 2,701 1,839 2,926 
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rithm (Altschul et al. 1990) was used to query the National 
Center for Biotechnology Information (NCBI; Bethesda, MD, 
U.S.A.) database (http://www.ncbi.nlm.nih.gov/). The blastx pro-
gram translates the unisequence into protein sequences in all 
six reading frames and compares these sequences with those in 
the database of known protein sequences. The top five most 
similar sequences (with expectation values less than 1 × 10–5) 
were retrieved for each unisequence. The expectation value can 
be regarded as an indicator of the strength or quality of match 
between the sequences; the lower the expectation value, the 
better the match. The cutoff value selected here is more rigor-
ous than the recommended value of 10–2 (Anderson and Brass 
1998), below which the matches were considered significant in 
98% of the cases. On the basis of these similarity scores, a pu-
tative product or function was assigned to each unisequence. 
The assignment of a putative function to a unisequence based 
on sequence similarity alone is obviously highly speculative in 
some cases. Within each EST set, we also identified ESTs that 
represented sequences from vectors used in creating the cDNA 
libraries or from contaminating host plant material. Based on 
the assignments, the unisequences were classified by function 
according to a hierarchical scheme used by the Munich Infor-
mation Centre for Protein Sequences (MIPS; Neuherberg, Ger-
many) (Mewes et al. 1997). This scheme groups gene products 

depending on the particular metabolic pathway or cellular 
process in which they are involved. Table 2 shows the number 
of unisequences allocated to each top level grouping in our 
classification system. Out of 7,466 unisequences, 3,369 se-
quences (45%) showed homology to sequences in the NCBI 
database. Out of these sequences, 53 (1.6%) represented genes 
from cloning vectors or plant hosts and 527 (16%) had homol-
ogy to genes whose functions were unknown. The rest of the 
sequences represented a wide variety of genes involved in a 
range of basic metabolic pathways, as well as DNA, RNA, and 
protein synthesis, protein sorting, and cellular transport. Also 
present were genes potentially involved in fungal pathogenic-
ity, such as those involved in melanin biosynthesis, fungal 
toxin synthesis, detoxification of plant defense compounds, 
plant cell wall degradation, fungal development, and signal 
transduction. 

A relational database scheme was designed to contain the 
data generated from the ESTs (Fig. 1). The database was im-
plemented with MySQL version 3.23.38 for Solaris 2.7, which 
was obtained from http://www.mysql.com. The database was 
first constructed with Microsoft Access 2000 and then trans-
ferred to MySQL. Programs to assist in implementing the data 
base were written in Java version 1.3 (obtained from 
http://java.sun.com) and Microsoft Visual Basic for Applica-

Fig. 1. A schematic representation of the phytopathogen expressed sequence tag (EST) relational database. Each box represents a table in the database. 
For each table, the title is in bold and below that is the primary key for that table. One to many relationships are shown by links between the tables (∝ = many). 



Vol. 15, No. 5, 2002 / 425 

  

 

Fig. 2. Screenshots from the web-based front end of the phytopathogen expressed sequence tag (EST) database illustrating a simple text query. A, The 
search page of the website, enabling the user to use a text query to look for unisequences whose putative protein description contains the word provided 
by the user, who can also choose which EST datasets to search. In this case, the user is searching all EST datasets for unisequences whose putative protein 
product descriptions contain the word ‘glycogen.’ B, Results of running the query, showing a list of unisequences, the EST set they are from, and a de-
scription of their putative product/function. Clicking on the name of a unisequence brings up C, a page showing details about that unisequence. 
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tions. A web-based interface was designed to allow users to 
search the database (Fig. 2). The interface allows the user to run 
simple, text-based queries to search for unisequences with par-
ticular putative protein products or to search for unisequences 
that have a similarity to known genes. The web pages were hand-
written in HTML. Web-based database searching was imple-
mented with CGI-Perl scripts. Perl programs were written with 
ActiveState Perl version 5.6 for Windows, which was obtained 
from http://www.activestate.com. The Perl modules DBI and 
DBD-Mysql were installed to allow communication with the 
database. The web interface also allows the user to use BLAST 
algorithms to find unisequences in the database that match the 
sequence they input. To allow BLAST searching of the unise-
quence datasets, the BLAST suite of programs were downloaded 
from the NCBI BLAST ftp site (ftp://ftp.ncbi.nlm.nih.gov/blast) 
(Altschul et al. 1990, 1997). Local BLAST databases were 
created for each unisequence set. A web page and a CGI-Perl script 
were written to implement the user interface with the BLAST 
programs. The database is accessible at http://cogeme.ex.ac.uk. 

The number of published gene sequences for the three phy-
topathogenic fungi represented in our database is relatively 
small. Searches of the NCBI protein database revealed 56 en-
tries for B. graminis, 25 for Mycosphaerella graminicola, and 
196 for M. grisea. We envisage that the main purpose of our 
database will be as a gene discovery tool. By searching the 
database for a gene in which they are interested, a researcher 
will be able to use the EST sequence to design primers to en-
able them to clone that gene relatively easily. If researchers 
have already cloned a given gene and are interested in identify-
ing homologues present in the genome of organisms repre-
sented in our database, then the EST dataset represents a much 
larger set of sequences than those currently available in the 
public databases. This project is ongoing and EST datasets will 
be added for phytopathogenic fungi. EST sequences will soon 
be added from three other phytopathogenic fungi: Botrytis 
cinerea, Fusarium graminearum (Gibberella zeae), and F. 
sporotrichioides. Eventually, the database will be a repository 
for all publicly available EST data from phytopathogenic fungi. 
The web-based interface will also be updated with new fea-
tures that will allow more sophisticated text queries and offer 
the ability to search the database by function, which will allow 
more analysis of the metabolic pathways present in each fun-
gus. The research groups that supplied the EST data from B. 
graminis and Mycosphaerella graminicola are using the cDNA 
clones that the EST sequences were derived from to produce 
microarrays that will be used to monitor global changes in 
gene expression in these organisms under conditions pertinent 
to pathogenesis. Data from these experiments will be incorpo-
rated into the database. The database has been constructed as 
part of the Consortium for the Genomics of Microbial Eu-
karyotes (COGEME) project (http://www.cogeme.man.ac.uk/). 
In due course, the data from our database will be incorporated 
into the GIMS (Paton et al. 2000) for full comparison with the 
S. cerevisiae genome. One of the goals in studying the genom-
ics of pathogenic fungi is to identify those factors that are nec-
essary for pathogenesis. Comparison of sequence data from 
fungal pathogens and comparing them with nonpathogenic 
fungi such as N. crassa may identify pathogen-specific 
orthologues (genes that are present in pathogenic fungi but not 
in nonpathogenic fungi). However, it is likely that many patho-
genicity factors present in phytopathogenic fungi have homo-
logues in nonpathogenic fungi and their expression patterns or 
functions have been modified to become important in patho-
genesis. For example, the mitogen-activated protein (MAP) 
kinase encoding genes PMK1 and MPS1 in M. grisea are vital 
for signal-transduction pathways involved in pathogenesis but 
also have functional homologues in S. cerevisiae (Xu and 

Hamer 1996; Xu et al. 1998). Microarray analysis will also be 
a valuable tool for identifying genes that are highly expressed 
during processes vital to pathogenesis, such as appressorium 
formation, conidiation, and invasion of plant tissues. 

In the current absence of publicly available, completed ge-
nome sequences for phytopathogenic fungi, it is hoped that the 
COGEME database will become a valuable resource for the 
phytopathogenic fungi research community as a tool for identi-
fying new genes in order to determine their functions. 
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