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plantes, Castanet Tolosan 31326, France

Received February 16, 2004; Revised and Accepted April 26, 2004

ABSTRACT

The Iccare web server, http://genopole.toulouse.
inra.fr/bioinfo/Iccare, provides a simple yet efficient
tool for crude EST (expressed sequence tag) annota-
tion specifically dedicated to comparative mapping
approaches. Iccare uses all the EST and mRNA
sequences from public databases for an organism
of interest (query species) and compares them to all
the transcripts of one reference organism (Homo
sapiens or Arabidopsis thaliana). The results are dis-
played according to the location of the genes on the
chromosomes of the reference organism.Gene struc-
ture information and sequence similarities are com-
bined in a graphical representation in order to
pinpoint the nature of the transcript query sequence.
The user can subsequently design primers or probes
for the purpose of physical or genetic mapping. In
addition to the query organisms already available in
Iccare, users can perform a tailor-made search with
their own sequences against the animal or plant refer-
ence organism genes.

INTRODUCTION

Comparative analysis has always been central to biology. With
the advent of the DNA revolution, the development of com-
puter tools for sequence comparison has been essential to
apply a comparative approach at the protein or DNA level.
The success of this approach is attested by the extensive use of
the world-famous BLAST programs [(1), W. Gish, http://
blast.wustl.edu]. In the field of gene mapping, the comparative
approach takes advantage of genome conservation. Indeed,
while at the molecular level genes evolve by accumulated
point mutations, at the genome scale chromosomes evolve
by inter- and intra-chromosomal rearrangements of large seg-
ments within which the gene content and order may remain
unaltered (2–4). Comparative mapping studies have confirmed

the local conservation of gene repertoire and order, also called
microsynteny conservation, not only between mammals (5–7)
but also between mammalian species and more distant animals
such as pufferfish and chicken (8–10). For plants, this con-
servation is clearly revealed between species of the same
family [Poaceae (11–13) or Brassicaceae (14–16)] and also
between Arabidopsis thaliana (Brassicaceae) and species of
other families [Fabaceae (17–19), Poaceae (20,21) and
Solanaceae (22,23)]. Without underestimating the confusing
effect of local micro-rearrangements, the synteny conservation
enables, at least to a certain extent, the transfer of mapping
information from one species to another and many genome
species are now studied using the human (24–28) or the
A.thaliana (29–33) genome dense maps to accelerate the
process of mapping.

With the emergence of high-throughput sequencing pro-
jects, which generate both EST (expressed sequence tag)
and genomic DNA, an impressive amount of sequence data
from many species is available in public databases. Whereas
much effort has been devoted to developing computer tools for
sequence assembly, annotation (34,35) and their graphical
display (36,37), the process of gathering sequence data in a
chromosomal region of interest for a given genome is still a
time-consuming and awkward task. The main comparative
mapping studies are usually oriented towards local chromo-
somal investigations for Quantitative Trait Loci (QTL) map-
ping or fine mapping purposes. In the case of a fine mapping
approach in a mammalian species, the process starts by iden-
tifying, using state-of-the-art comparative maps, the corre-
sponding region in the human genome. The gene sequences
located in the so-called homologous region are used to identify
available orthologous ESTs for the genome under study. These
EST sequences are subsequently used to design primers for
mapping experiments.

To facilitate and accelerate the exploitation of public
sequence data available for different plant and animal spe-
cies—the query species—we propose organizing them accord-
ing to their sequence similarities to the genes of a completely
sequenced organism—reference organism (Homo sapiens for
animals and A.thaliana for plants). This is the underlying
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principle of the tool Iccare, which stands for ‘Interspecific
Comparative Clustering and Annotation foR Est’, available
at http://genopole.toulouse.inra.fr/bioinfo/Iccare. Using this
tool, sequence similarities results are available through the
chromosomal maps of the reference organism. Furthermore,
based on the gene splicing information for the reference organ-
ism, Iccare enables the prediction of splicing site positions on
the query species’ sequences. In addition to publicly available
data, the user can organize new sequences according to the
same scheme.

MATERIALS AND METHODS

Datasets

For the human genome, the UniGene clusters were used to
define the reference organism gene catalog [(38), http://www.
ncbi.nlm.nih.gov]. The set of unique sequences is used to
define the reference transcript sequence for each gene
(see the README file at ftp://ftp.ncbi.nih.gov/repository/
UniGene). The mapping information as well as the gene
structure information is defined according to the annotation
of the human genome provided by Ensembl [(37), http://
www.ensembl.org]. For the Arabidopsis genome, the gene
sequences (26, 637), gene information and mapping informa-
tion were defined according to the Munich Information
Center for Protein Sequences [(39), http://mips.gsf.de]. For
Arabidopsis transcript sequences, only the translated regions
of the predicted mRNA were used. For the query animal or
plant species (Table 1), all EST and full-length mRNA
sequences have been downloaded using the SRS retrieval soft-
ware on the Infobiogen server (http://www.infobiogen.fr).
Additional organisms can be added on request to the authors.

Personal inputs

Personal sequences can be also submitted to Iccare. The input
required by Iccare is a sequence or a set of sequences in
FASTA format.

Software description

All sequences are screened for vectors and masked for known
repeats with RepeatMasker (UniVec at ftp://ftp.ncbi.nih.gov/
pub/UniVec; A. Smit and P. Green, RepeatMasker at http://
ftp.genome.washington.edu/RM/RepeatMasker.html). The
masked sequences are subsequently compared to all the tran-
script sequences of the reference organism with the blastn
option of the BLAST program (1). The results are filtered
according to the expected value. This value is normalized
in order to fit a standardized expected (E-)value of a compar-
ison with a database of one million residues. Only similari-
ties—or more precisely, using the terminology of BLAST,
highest scoring pairs (HSPs)—with an E-value <10�5 are
kept for further consideration (the complete BLAST output
is also available). Finally, Iccare compiles the BLAST results
and the mapping information for the reference organism and
formats these results for the web site application.

Website dynamic script

Programming was done in Perl using the CGI library, the GD
library and the EMBOSS package (40).

ICCARE WEBSITE

The taxonomic tree on the Iccare homepage presents the dif-
ferent query organisms that can be selected for analysis. These
organisms are compared to an appropriate reference organism
(currently limited to H.sapiens for animal species and
A.thaliana for plant species). The results are presented on dy-
namic web pages. A tutorial and help pages are also available.

After having selected the query organism and a model chro-
mosome, the first result page (Figure 1) presents a graphical
representation of the chromosome of the reference organism
together with a visualization of the gene distribution with
particular emphasis on genes showing sequence similarities
to the sequences of the query organism. Moreover, a BLAST
link allows a blatsn or tblastx search for each query organism
sequence against the gene catalog of the reference organism.
This gives an idea of the gene family potentially associated
with the putative ortholog. The ‘alignment’ link provides a
graphical representation of the gene structure of the reference
organism (translated region, exon splicing positions and intron
size) and the query sequence similarity with this gene
(Figure 2A). The alignment—global or local—between the ref-
erence and the query sequences is also available (Figure 2B).As
the gene structure is known to be very well conserved (41), this
information makes it possible to predict the structure (exon
borders) of the query sequence.Various links have been devised
for the sake of practicality: Primer3 for primer design (42) and
Overgo Maker 40 (http://www.genome.wustl.edu).

RESULTS AND DISCUSSION

The Iccare tool has proven to be practical and efficient for
various animal and plant studies. In animals, Iccare has been
used in the context of comparative mapping studies between
human and pig (43–45), chicken (46) and bovine (47). More
recently, in plants, the use of Iccare has been of great help for
the construction of sunflower genetic maps or physical maps.
The possibility of inferring the putative exon splicing sites
increases the success rate for designing polymorphic markers
from 15–20% by random primer design to 65% (Delphine
Samson, GenoPlante, personal communication). In addition,
the identification of conserved EST regions facilitates the
design of overgos for physical mapping.

Indeed, with the availability of state-of-the-art comparative
maps for bovine and human species, it is straightforward to
identify all the bovine transcribed sequences available in the
public databases that have sequence similarities to the human
genes in the region of interest. Moreover, the graphical display

Table 1. Available organisms on Iccare

Animals Plants

Bos Taurus Brassica napus
Canis familliaris Brassica rapa
Capra hircus Chlamydomonas reinhardtii
Equus caballus Helianthus annuus
Gallus gallus Medicago truncatula
Oryctolagus cuniculus Physcomitrella patens
Ovis aries Oryza sativa

Zea mays
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of sequence similarities allows the addition of pertinent infor-
mation to the sole information of the E-value associated with
the score as given by alignment software. A local similarity
restricted to the coding region of the human transcript is in
good agreement with the scheme of sequence evolution.
Furthermore, additional features of the alignment such as
phase conservation and mismatches occurring essentially on
the third codon position correspond to qualitative character-
ization of the alignment that are not taken into account by the
statistical model of sequence similarities. Finally, additional
sequence comparisons can be carried out by the user in order to
clarify the relationship between the transcripts of the species of
interest and the reference organism transcripts. This might
pinpoint for instance an alternative nature of a particular EST.

It has to be pointed out that the distinction between ortho-
logous and paralogous genes on the basis of sequence simila-
rities is a difficult issue. Other programs are specifically
dedicated to this purpose (48–50). This problem should there-
fore be kept in mind when using the simple sequence simila-
rities results provided by Iccare. The question is even more
problematic in plants where the genome seems to have evolved

by several rounds of polyploidy and/or chromosomal duplica-
tion (51). Nevertheless, the simple procedure proposed by our
software makes it possible to assume membership of the query
sequence to a gene family, which enables further consideration
using specific software.

CONCLUSION

With the accumulation of massive amounts of sequence data
for many organisms, the problem arises of proposing efficient
computer tools to facilitate access to data. A trade-off has to be
made between general-purpose databases where all the infor-
mation is available but difficult to exploit and completely
automated systems proposing annotated EST sequences clus-
tered and associated with consensus sequences which are ten-
tatively the reconstructed mRNA. Although both systems are
necessary for different purposes, semi-automated systems,
such as Iccare, can be of great help for the exploitation of
sequence data.

Figure 1. Global chromosome synteny. Example of human chromosome 22 gene map for the query species Bos taurus at the chromosome scale on the left and at a
higher resolution on the right. From left to right, the human chromosome image displays map locations in Mb and a cytogenetic map with alternating dark and light
bands, with a dark-and-white check pattern for the centromeric region. The dark-yellow arrowed rectangles display the conserved syntenic segments shared with the
mouse genome. To the right, the corresponding conserved syntenic segments of themouse genome are displayed in colors corresponding to themouse chromosome.
The buttons on the left enable the user to move to different regions at different levels of resolution. The genes colored in green correspond to human genes for which
sequence similarities have been observed to bovine sequences. Human genes without significant similarities to bovine sequences are shown in blue. The mouseover
on a gene provides a link that gives access to detailed information about the alignments (see Figure 2).
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Figure 2.Gene structure representation and local alignment. (A) The Arabidopsis gene structure of At4g03280 andHelianthus annuus sequences with homologous
regions with this gene are shown. The top graphical box contains gene structure information related to the A.thaliana gene—intron/exon structure of genomic DNA.
The green boxes represent the exons, which are concatenated on the second line, mimicking the transcription process. The numbers on top of the first line correspond
to intron size. The third line recalls the transcript sequencewith a particular emphasis on the translated region, shown in dark blue. The bottom graphical box contains
H.annuus sequences and representation of local similarities to theArabidopsis gene At4g03280; information for each query sequence is located to the left (GenBank
ID, sequence size andBLASTNE-value) and the sequence representation is on the right: the black line symbolizes the sequence.Green boxes correspond to sequence
similarities with the Arabidopsis gene on the same strand, while yellow boxes correspond to similarities in a reverse-complement manner. Sequence similarities to
additional query species are also available (‘plus’ buttons). (B) The display associated with the result of a local alignment betweenArabidopsis gene At4g03280 and
the H.annuus EST sequence CD847222. BLASTN information (score, E-value, identities, gaps and strand) is placed on the top. The query nucleic sequence is
represented in black and the Arabidopsis nucleic sequence is represented in alternate blue and mauve letters corresponding to the different exons.
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