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ABSTRACT

Génoplante is a partnership program between public
French institutes (INRA, CIRAD, IRD and CNRS) and
private companies (Biogemma, Bayer CropScience
and Bioplante) that aims at developing genome
analysis programs for crop species (corn, wheat,
rapeseed, sunflower and pea) and model plants
(Arabidopsis and rice). The outputs of these pro-
grams form a wealth of information (genomic
sequence, transcriptome, proteome, allelic variabil-
ity, mapping and synteny, and mutation data) and
tools (databases, interfaces, analysis software), that
are being integrated and made public at the public
bioinformatics resource centre of Génoplante:
GénoPlante-Info (GPI). This continuous flood of data
and tools is regularly updated and will grow
continuously during the coming two years. Access
to the GPI databases and tools is available at http://
genoplante-info.infobiogen.fr/.

INTRODUCTION

Génoplante is a major partnership program in plant genomics,
which links public research in France (INRA, CIRAD, IRD
and CNRS) and several private companies involved in crop
improvement and protection (Biogemma, Bayer CropScience
and Bioplante). Génoplante was established in 1999 with five
years’ funding from the partners, the Ministry of Research,
and the Ministry of Agriculture and Fisheries. The partners
aim to:

� Develop genome analysis programs for the five main crop
species cultivated in France: corn, wheat, rapeseed, sun-
flower seed and pea. For each species, the Génoplante
program is structured around four main topics:

– analysis of the genome structure,

– genetic studies on agronomic traits,

– genetic studies on quality of plant products and

– genetic studies on disease resistance.

� Develop so-called ‘generic’ research by:

– studying the two plant models: Arabidopsis and rice,

– inventing new biotechnological tools for genome analysis,

– developing bioinformatics tools and databases and setting
up the bioinformatics facilities for genome analysis
(Génoplante-Info and RhoBioInf platforms) and

– identifying specific genes of interest in other crops.

Details on the Génoplante program are given at http://
www.genoplante.org/.

GénoPlante-Info (GPI) was created in early 2000 as the
Génoplante bioinformatics resource centre for the public
research partners of Génoplante. GPI is paralleled with the
RhoBioInf bioinformatics resource centre on the private side.
At GPI, we aim at integrating all the data and results produced
by the �100 Génoplante scientific projects. These data concern
EST (Expressed Sequence Tags), FST (Flanking insertion Site
Tag), allelic variability, BAC sequences, genome maps, gene
and QTL mapping, proteomics and transcriptomics. We build
and maintain a bioinformatics environment for analysis of
these data. We also offer access to the software tools dev-
eloped by the Génoplante teams. Public web access to the
Génoplante data and tools is available at http://genoplante-info.
infobiogen.fr/.

CONTENTS OF GENOPLANTE-INFO

Currently available on the GPI web site are several plant
genomics databases:

� The FlagDB database (1), which characterizes a large
collection of T-DNA insertion transformants of Arabidopsis:
it currently comprises about 10 000 sequences flanking T-
DNA insertion sites (FST) and interfaces to locate a query
sequence on the Arabidopsis genome and to compare the
results with FST mappings and gene predictions.

� The CATMA (2) database (Complete Arabidopsis
Transcriptome Micro-Array, also at http://www.catma.org);
CATMA was initiated in Génoplante, and is now a European
consortium. A complete structural annotation of the
Arabidopsis genome is offered in CATMA, obtained via
new gene prediction software: Eugène, also developed partly
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in Génoplante (see next section). For each predicted gene, a
specific tag (GST) was computed, and primers designed
whenever possible (21120 GSTs). These two steps were
carried out by ad hoc software developed by Génoplante:
SPADS (see next section).

� The GPI EST database, which contains plant transcript
sequences, and the description of the sample and library
from which they originate. The database includes ESTs
and mRNA from Sorghum bicolor, Medicago truncatula,
Arabidopsis, Zinnia elegans, wheat, rice, rapeseed, pea and
sunflower. The mRNAs have been extracted from EMBL,
and the ESTs from dbEST and other sources: 1526 wheat
ESTs come from a Génoplante Triticum turgidum ssp.
durum, water-stressed root library (3), 1441 from T. aestivum
and Triticum monococcum libraries coming from ITEC
(http://wheat.pw.usda.gov/genome), 11 964 wheat ESTs
from CerealsDB (4), 86 623 rice ESTs from the Beijing
Genomics Institute (5), 1281 ESTs from a Génoplante
Arabidopsis library enriched in plasmalemma and tonoplast
encoding sequences (6), and 740 ESTs from a Génoplante
Zinnia library. A global clustering of sequences was
performed with the aim of producing gene specific contigs
for each of the following species: Sorghum, Medicago,
wheat, Arabidopsis and Zinnia (see Table 1). The clustering
and a first annotation of the sequences were achieved by a
suite of programs developed at GPI and based on other
software programs mentioned below: the GPI EST pipeline.
It includes: exclusion of the contaminated sequences
[Escherichia coli, yeast, rRNAs or mitochondrial contents
found with cross_match, (unpublished, see http://www.
phrap.org)], elimination of low quality regions when
the chromatograms are available (home made program:
gpiseqnet), clipping and masking of the probable vector and
of sequence repeats or low complexity regions using
RepeatMasker (A. Smit, unpublished, http://repeatmasker.
genome.washington.edu), EST clustering and annotation of
the contig sequences. Clustering is a two-step procedure
starting with a transitive clustering of sequence pairs with
sufficient similarity for a given minimal length (e.g. 90% for
80 bp), and then aligning the sequences from each cluster,
leading to one or more contigs with consensus sequences.
Clustering is based on LASSAP (7) and contiging on CAP3
(8). An ad hoc algorithm (Bellerophon) is being designed to
pinpoint candidate chimeric sequences from the contig
graph structure; such sequences will be eliminated from the
contiging process. Annotation is typically done by compar-
ing the contig consensus to SWISS-PROT and SPTrEMBL
with a package of GPI tools and the LASSAP BLAST2
algorithm. All the results of these above analyses are stored
into the GPI EST database to ensure traceability and to have
them readily available from the interface.

� The Plantgene database (Pierre Rouzé and Sébastien
Aubourg, personal communication), a library of plant genes
with cognate full-length cDNA. All the experimentally
cloned full-length cDNA/mRNA available for Arabidopsis
have been retrieved from EMBL, aligned to the genomic
sequences and controlled and corrected with a pipeline of
Perl scripts and by human expertise. A homogeneous set of
non-redundant documented complete genes with a controled

intron–exon structure has been produced. The same protocol
has been used for 300 genes from cereals (Philippe Leroy,
personal communication).

� A collection of tags obtained by serial analysis of
gene expression (SAGE) on a root Arabidopsis library,
with their level of expression (Hervé Sentenac, personal
communication).

� A collection of 200 Vitis vinifera microsatellite sequences
and primers developed from a Cabernet-Sauvignon cultivar
(Didier Merdinoglu, Stéphane Decroocq, Anne-Françoise
Adam-Blondon, personal communication).

� A description of the hydrophobic proteome of the
chloroplast envelope (9): a subcellular proteomic approach
was developed to identify the most hydrophobic envelope
proteins from Spinacia oleracea. Fifty per cent of the
identified proteins (27 out of 54) correspond to previously
uncharacterized proteins, most of them being very likely
envelope transporters. These proteins and previously known
envelope transporters were used to design a test for the
prediction of new envelop transporters. This test was run on
the Arabidopsis proteome and identified more than fifty new
proteins as putative envelope transport systems.

� A collection of Amplified Consensus Genetic Markers
whose primers were designed for 119 target genes spread
over the Arabidopsis genome, and which have been shown
to amplify Brassica napus, Brassica oleracea or Brassica
rapa genes. For 90 genes, PCR amplification on 20 to 24
different cultivars was conducted and sequencing of the
PCR products led to the detection of 301 SNPs for 47 genes
(Dominique Brunel, personal communication).

INTERFACES AND TOOLS

Several bioinformatics software tools have been developed in
the framework of Génoplante and are accessible at GPI:

� Eugène (10) is a gene prediction software program based on
an acyclic directed graph weighted by interpolated Markov
models, a start codon prediction program, Netstart (11), and
two splice site prediction programs, NetGene2 (12,13) and
SplicePredictor (14). Eugène has shown better specificity
and better sensitivity than any other gene prediction software
on the Arabidopsis genome (10).

Table 1. Current status of the results of EST clustering at GPI. Contigs for
maize, rapeseed, pea, sunflower and rice are will soon follow

Species mRNA from
EMBL

ESTs Contigs

Sorghum 65 82 961 from dbEST 23 965
Medicago 103 168 391 from dbEST 36 935

217 856 from dbEST
Wheat 580 1526 from Génoplante 59 615

11 964 from CerealsDB
Zinnia 35 6 from dbEST 254

405 from Génoplante
Arabidopsis 24 622 174 624 from dbEST 29 140

1281 from Génoplante
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� Predotar is a neural network program (Ian Small, personal
communication) that predicts the subcellular localization
( plastid, mitochondria, endoplasmic reticulum) of proteins
from their N-terminal signal. It has a very high specificity
and has been run on the complete Arabidopsis proteome.

� SPADS, Specific Primer and Amplicon Design Software
(15), generates GSTs (Gene Specific Tags) from the
sequence of a genome and its structural annotation. A

GST consists in a genome-specific pair of primers
amplifying a genome-specific gene sequence, thus allowing
the discrimination of genes from the same family.

� The GPI EST Web interface is a navigation environment
for the analysis of EST data, that was developed at GPI.
Users have access to many simple or advanced query
facilities for selecting EST contigs of interest. Requests
can concern annotation (e.g. SWISS-PROT keyword based

Figure 1. Examples of graphical interface for navigating in GPI EST contigs. On the drawing, the consensus sequence is shown in red, and the aligned ESTs are
drawn below. Mismatches are highlighted in black, zooming in is possible up to the sequence level. The colour code can match the library, or cultivar origin.
Annotations (blast similarities) and other features (contamination suspicion, repeated elements . . . ) can also be viewed with the graphical interface. Left: sequence
translations. Below the drawing, the table presents the consensus annotation.
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queries), expression profiles (relative occurrence of
sequences from each library in a given contig), virtual in
silico library substraction . . . Interactive graphical interfaces
(Fig. 1) concern EST alignments in contigs and annotations.
Moreover, the user can naturally do his own analysis ( pick
primers, do a similarity search in over 80 databases, or align
selected sequences) on the raw or translated sequences.

All Génoplante sequences released by GPI are also accessible
through a web BLAST server and a web ClustalW server.
These servers have been developed with the Pise generator
(16).

FUTURE DIRECTIONS

GPI progressively integrates the data generated by the
Génoplante programs into its bioinformatics environment and
releases it in the public domain. The web site is regularly
updated with these new releases. Considerable effort is being
made on the design of interfaces integrating all the data and
offering comprehensive viewpoints from sequence and map to
expression and function.

On the 1st July 2003 Génoplante will release sequences for
about 200 000 maize and wheat ESTs. Sequences from several
EST libraries for sunflower, rice, rapeseed and pea will also be
released during the next two years.

Mapping data for markers, QTL and genes of interest
from the Génoplante’s species of predilection will also be
made public in the coming months, as proteomics (2D gels
and mass spectroscopy) and transcriptomics (micro- and
macroarrays) data for Arabidopsis. Arabidopsis FSTs are
continuously being produced in Génoplante and are being
released every three months. Rice FSTs will also follow
soon. Allelic variability, mapping and synteny data for
maize, wheat, rapeseed and other species will be released in
the near future too.

IMPLEMENTATION

GPI has developed conceptual models for managing ESTs,
mapping and synteny, transcriptome, allelic variability, and
genomic sequence data. Proteome data modeling is under
progress. Conception was done in UML (Unified Modeling
Language) and submission formats have been defined in flat
files or XML. Databases are developed under ORACLE 8i or
Postgres and most software is written in Perl or Java. Database
connectivity is based on JDBC or DBD/DBI. The Génoplante-
Info environment is accessible at http://genoplante-info.
infobiogen.fr
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