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Introduction
The use of high-density microarrays had a significant impact on 

studies of gene expression, attracting much interest among biologists. 
Microarray technology have been used to test the expression of thousands 
of genes in a single experiment, exploiting the ability of messenger 
RNA (mRNA) to bind specifically to the DNA template from which 
it was derived. Microarray gene expression screening can identify the 
genes involved in a given process, as well as predict interactions among 
thousands of genes by studying genome transcription. Many fields have 
benefited considerably from DNA microarray technology, such as drug 
discovery and toxicological research [1,2], as well as human disease 
diagnosis. However, studies in the field of veterinary sciences have been 
more restricted due to the lack of their genome sequences. In fish, for 
instance, most microarray and/or RNAseq studies have been carried 
out on zebrafish (Danio rerio), which is a well characterized species 
with large amount of sequenced genome for which commercial arrays 
are available. However, other economically relevant cultured fish are 
still far from having their complete genome sequenced, such as turbot 
(Scophthalmus maximus), sea bass (Dicentrarchus labrax), sea bream 
(Sparus aurata). Although some commercial microarrays have recently 
been made available for some of these species such Atlantic salmon 
(Salmo salar) and rainbow trout (Oncorynchus mykiss Walbaum); their 
genome coverage is still far from that of the zebrafish [3]. 

Several studies have highlighted the importance of presenting 
microarray data in the framework of documented biological pathways 
[4,5]. Typically, microarray gene expression experiments produce 
long lists of genes that are differentially expressed in two different 
circumstances. The information regarding these pathways is difficult 
to apply to species that are not well characterized, mainly because most 
of the actual software packages use species-specific gene identification 
data (IDs) from a few biological species that cannot handle genomic 
data for other less well known species. 

To circumvent this problem it has been proposed that “....most of 
the genetics and physiology of the less well-represented species will be 

similar or comparable with the data of human and laboratory animal 
species stored in the database” [6]. Thus, ranking pathways in terms of 
their relevance to a particular phenotype or metabolic route can help 
researchers focus on a few sets of genes and such an approach may be 
very useful to answer some biological hypotheses. 

However most biologists and veterinarians who are not familiar 
with simultaneous upload of thousands of data may have some 
difficulty because both, the need to configure on a local computer and 
the excessively long computing times required for analyzing several 
genes at once, are prohibitive. 

In this study, we present an open access web server called 
Gene2Path for analyzing microarrays results and automatic searches of 
orthologous genes to be associated in pathways.

Therefore, the main objective of the present study was to develop 
and validate a tool that extrapolates information associated with 
different pathways across different species. The programme provides a 
software tool that uses species-independent gene IDs and streamlines 
that process searching for information regarding pathways in online 
public databases. The software uses lists of genes in microarrays (IDs), 
combining pathway information with this microarray data. Other 
researchers working with less well studied species, such as the chicken, 
have also faced the same problem when analyzing the pathways 
associated with the data derived from microarrays. A tool to study a 
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Abstract
Most of the gene regulation pathways data from biochemical and molecular experiments are drawn from humans 

or from species commonly used as experimental animal models. Accordingly, the software packages to analyse these 
data on the basis of specific gene identification codes (IDs) or accession numbers (AN) are not easy to apply to other 
organisms that are less characterized at the genomic level. Here, we have developed the Gene2Path programme 
which automatically searches pathway databases to analyse microarray data in an independent, species-specific 
way. We have illustrated the method with data obtained from an immune targeted rainbow trout microarray to search 
for orthologous pathways defined for other well known biological species, such as zebrafish, although the software 
can be applied to any other case or species of interest. The scripts and programme are available and free at 
the “GENE2PATH” web site http://gene2path.no-ip.org/cgi-bin/gene2path/index.cgi. A user guide and examples are 
provided with the package. The Gene2Path software allows the automated searching of NCBI databases and the 
straightforward visualization of the data retrieved based on a graphic network environment.
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HomoloGene: (http://www.ncbi.nlm.nih.gov/homologene). 
It is a program that makes use of amino acid sequence searches 
(blastp) to find more distant relationships, although the procedure 
still refers to the DNA sequence to perform some of the statistics. 
Moreover, HomoloGene entries now include paralogues in addition to 
orthologues. Nevertheless, data for all species is still not available. For 
example, fish are only represented by zebrafish (Danio rerio).

Gene (http://www.ncbi.nlm.nih.gov/gene/): This database contains 
information on gene specificity, structure, function, homology between 
species and citations. The database supplies gene-specific connections 
in the nexus of a map, sequence, expression, structure, function, 
citation and homology data. 

UniGene (http://www.ncbi.nlm.nih.gov/unigene/): This database 
groups transcript sequences from different loci based on genomic 
sequences. The availability of a genomic sequence is helpful to identify 
sets of transcript sequences that correspond to distinct transcript loci 
or to annotated genes. 

Blast2GO (http://www.blast2go.com/b2ghome) is a programme 
to get homologous amino-acid sequences from nucleotide sequences. 
This research tool uses BLASTx to find the most similar sequence 
between several input sequences in a FASTA format. 

KEGG (http://www.genome.ad.jp/kegg/) is a collection of 
manually drawn pathway maps, representing the molecular interaction 
and reaction networks for a number of cellular processes and genetic 
events. The database contains gene names and information on biological 
species-specific pathways. While searching the KEGG database with 
known pathways, we found that genes may be represented with several 
synonyms not all of which were linked to a pathway. Therefore, when 
the species of interest corresponding ID was not available in the KEGG 
database, it was first necessary to find the gene ID of the corresponding 
orthologous gene. Our programme provides this tool. 

Microarray data 
We previously studied the transcriptional changes induced by 

an oral DNA vaccine against the IPNV by using a rainbow trout 
microarray. Pooled RNA from the fish was hybridized on an Agilent 
rainbow trout microarray (8x15K format custom microarrays 
-ID032303-) containing 6442 60-mer oligo sequences. The annotation 
file of the microarrays was designed by us and might be provided by the 
supplier in “.txt” format (Ballesteros et al., 2012 for further details of the 
microarray used, the hybridization conditions and the first analysis). 
For the corresponding raw data see NCBI (http://www.ncbi.nlm.nih.
gov/geo/), accession Number GSE31591. We used this microarray data 
as an example for the analysis and interpretation of the results from the 
Gene2Path programme. 

Results
Software package for the analysis and interpretation of DNA 
microarray data

An scheme of the steps to follow the Gene2Path programme is 
shown in Figure 1, briefly the next steps are shown in Figures 2 and 3 
(Supplementary File 2): 

Dictionary, gene symbol and download of the FASTA data file 

The dictionary section of the programme Gene2Path converts 
an input as accession numbers IDs into other code types available 
in the NCBI database (such as gene identification -GI- in GenBank). 

chicken-specific reaction to bacterial infection was developed by Pas et 
al. [6] based on a set of PERL scripts to extract data from databases via 
internet and using the names of the genes in the microarray. The gene 
short names and synonyms were extracted from the GO and KEGG 
databases, and the results were visualized using colour codes when they 
combined the pathway data with the microarray data. 

In our case example rainbow trout-specific pathways are not 
available. Therefore, we used pathway schemes from other species 
(such as zebrafish), to obtain orthologous pathways. There are some 
free programs for the analysis of data from microarrays in an specific 
pathway mammal, but they mostly work for human, mouse or other 
models species not for commercial and marine fish. Our Gene2Path 
program has the so called “Orthology step”, which offers the possibility 
to detect homology between the non annotated genes or sequences of 
the uncommon specie with other eukaryote genomes and annotated 
gene IDs. 

We are interested in teleost fish virology and immunology, 
and accordingly we validated this tool by identifying immune and 
infection-realted signalling pathways for fish species and chose for that 
the KEGG database (http://www.genome.ad.jp/kegg/).

Infectious pathogens are a serious problem in aquaculture, and 
salmonid fish viruses are responsible for important losses in rainbow 
trout and salmon farming, reflected in the intense research into these 
viruses within the field of aquaculture [7-9]. Infectious pancreatic 
necrosis virus (IPNV) for example is the aetiological agent of a well 
characterized acute disease that produces systemic infection and 
relevant mortality in farmed rainbow trout (Oncorhynchus mykiss) and 
other salmonid species. The mortality of this virus may be as high as 
70% in young fish. The virus establishes an asymptomatic carrier state 
in survivors [10], both in different species of salmonids and in other 
species of farmed fish such as turbot and Atlantic cod (Gadus morua). 
Nevertheless, the production of vaccines against this virus is an area 
that has been little investigated. 

In a previous study, we assayed oral DNA-based immunotherapy 
against IPNV [11] and the immune specific host reaction to a VP2-
IPNV vaccine). The transcriptional changes produced by infection 
were determined in a rainbow trout 15k microarray designed by 
including annotated genes selected by key-words in the GenBank. 
However, since difficulties arose when trying to analize the results 
in terms of pathways, we tried to solve those problems by designing 
a user friendly and amenable programme to study this data, which is 
described below. We have illustrated the method with data obtained 
from this rainbow trout microarray to search for orthologous pathways 
in zebrafish, although the software can be applied to any other case 
or species of interest. Finally, the present work reports the search of 
some orthologous genes or proteins involved in several pathways 
from three teleost fish species (Dicentrarchus labrax, Salmo salar and 
Oncorhynchus mykiss) from KEGG database. 

Materials and Methods
Database searches

We have used the following databases to design the programme’s 
algorithm: (See 132 Supplementary File1) Nucleotide and Expressed 
Survey Sequence (EST): http://www.ncbi.nlm.nih.gov/nuccore/ and 
http://www.ncbi.nlm.nih.gov/nucest/): The Nucleotide Genome Sur-
vey Sequence (GSS) and Expressed Sequence Tag (EST) databases 
contain nucleic acid sequences typically uncharacterized such as short 
genomic (GSS) or cDNA (EST) sequences. 
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Figure 1: Scheme of the pathway analysis program and its search into different databases such as NCBI and KEGG. The diagram of Gene2Path is represented 
in the yellow cells, showing the automated steps of the program. The cells in green represent the databases or external programs used by Gene2Path. Arrows 
indicate the databases needed to follow up each one of the program steps. Into the rose cells are mentioned the archives extensions used by Gene2Path: txt are 
the gProccesedSignal of each of the genes from the microarray “input data”; the xml archives were obtained from the external program BLAST2GO and are used 
by the Gene2Path program to process and organize the blastX information. The Dictionary section provided, if needed, the gene identification codes (ID), obtained 
from the NCBI GeneBank for each one of the genes. 
The scripts and programme are available at the “GENE2PATH” web site and they include the following features: (1) The addition of synonyms for gene identification 
by searching the NCBI database; (2) the analysis of the intensity of the gProccesedSignal reading of the synonym names microarray input files (extension txt); 
(3) Automated gene homology searches through the Homologene, Gene and Unigene NCBI databases; (4) An automatic filter was developed to find sequences 
similar by BLAST and to visualize the xml output file and to deal with several files at the same time; (5) Search for pathway information in the KEGG database 
using Gene IDs.
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Figure 2:  Illustrates the web tutorial of Gene2Path program. Successive images of the screens are shown (a) Dictionary step. (b) Normalization step. Values from 
the “g” signal process file in the “.txt” format were used. Data files correspond to control or experimental groups, and the gene expression fold with their t-test paired 
p-value. (c)  Orthology step: Searching through NCBI. 
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Figure 3: Illustrates the web tutorial of Gene2Path program. Successive images of the screens are shown (a) Orthology step: Searching through Blast2GO 
program. (b) Identifying pathways through KEGG. Gene IDs are necessary to search genes in the KEGG pathways involved. (c)  Reverse Search of pathway. The 
web page shows the boxes or components separated by horizontal broken lines, which permits the genes to be assigned to a particular box. 



Citation: Ballesteros N, Aguirre N, Coll J, Pérez-Prieto SI, Saint-Jean SR (2015) Gene2Path: A Data Analysis Tool to Study Fish Gene Pathways by 
Automatic Search of Orthologous Genes. J Aquac Res Development 6: 329. doi:10.4172/2155-9546.1000329

Page 6 of 10

Volume 6 • Issue 4 • 1000329
J Aquac Res Development
ISSN: 2155-9546 JARD, an open access journal

Moreover, it is possible to obtain the corresponding gene sequences 
in FASTA format and to visualize the gene symbol (short name) for 
each of the genes in the microarray. The IDs given by the user are run 
through the Nucleotide or EST sequence database, named “nuccore” 
or “nucest”, respectively (Figure 2a) and a final output list is provided. 

Normalization and the level of gene expression from DNA 
microarray data 

The normalization section of programme Gene2Path automates the 
analysis of the data generated by the microarray scanner. In our case 
example, values from the “g” signal process file in “.txt” format were 
used and most simple calculations were chosen (Supplementary File 
3). Among the programme’s options, the user can choose whether the 
data files correspond to control or experimental groups, and the level 
of gene expression to be visualized on the web site http://gene2path.no-
ip.org/cgi-bin/index.cgi can be established. In our example, values ≥ 2 
fold were selected. Finally, the program facilitates the process of data 
with t-test to obtain the p-value for statistics (Figure 2b). 

Orthology 
Identifying gene orthologous through NCBI 

The programme allows the search of similarity of a deduced amino 
acid sequence from translated nucleotide to be determined between two 
species selected by the user. The procedure involves first searching for 
gene IDs in the GenBank web using Unigen, Gene and HomoloGene 
to detect orthology between the annotated genes or sequences of entire 
eukaryote genomes (Figure 2c). The results are visualized on the web 
and the percentage of homology is shown. 

Identifying orthologous genes through BLAST2GO 

Gene2Path filters and organizes the results from the Blast2GO 
program (“.xml” files). Blast2GO uses the deduced amino acid 
sequence in order to find orthologous proteins in other species (blastx). 
As FASTA sequences from each of the genes are needed to run the 
Blast2GO programme, we can use data obtained in the Dictionary 
section (Figure 3a). The programme produces a table with information 
such as: The gene ID from the original or input species, gene ID in 
the orthologous selected by the user, gene symbol (short name) of 
the orthologous gene, GenBank entry of the gene sequence from the 
orthologous sequence, protein accession ID of the orthogous protein, 
percentage of homology and a short description of the gene (Figure 3a, 
right side).

Identifying KEGG pathways for the orthologous genes 
The Gene2Path programme finds routes defined by the genes 

(pathways) in the KEGG database. Gene IDs are necessary to search for 
KEGG pathways containing those genes and gene IDs can be obtained 
from the orthologous genes, as described above. Each pathway is 
identified by its own ID (KEGG alias). To automate the search and the 
retrieval of the gene data from the KEGG database, a BASH script was 
written using the KEGG API. Direct links in each pathway were added 
to the file for each of the genes. This software can be used freely http://
gene2path.no-ip.org/cgi-bin/index.cgi, with no need to register (Figure 3b). 

Reverse Search of Pathway 
The programme provides a tool to find genes involved in specific 

pathways by using the KEGG ID and recovering each of the genes 
shown in the pathway box through their gene IDs. The web page 
shows the boxes or components separated by horizontal broken lines, 

which permits the genes to be assigned to a particular box (Figure 3c). 
The user may obtain the sequences for each of the genes in FASTA 
format for the procedure. An example of a selected pathway and table, 
with the names of the boxes or KEGG components, as well as their 
corresponding Gene IDs is shown. This tool can be used to search for 
gene or protein orthologous involved in pathways because not all the 
pathways are available for a particular species in the KEGG data base. 
In this study, we selected potentially-relevant zebra fish and human 
(Homo sapiens, hsa and Danio rerio, dre respectively) pathways from the 
Kyoto Encyclopedia of Genes and Genomes (KEGG) database (http://
www.genome.ad.jp/kegg/) for Dicentrarchus labrax, Oncorhynchus 
mykiss and Salmo salar.

The human (“hsa”) and zebra fish (“dre”) pathways were selected 
because they are the most complete and phylogenetically close, 
respectively, to our species interest. The KEGG pathways selected 
for study were: “Mapk signaling–dre04010; Apoptosis– dre04210; 
TGF-BETA signaling–dre04350; Toll-like receptor-dre04620; NOD-
like receptor-dre04321;  Cytosolic  DNA-sensing-dre04623;  Jak-stat  
signaling-dre04630; Herpes simple Infection-dre05168, Chemokine 
signaling-hsa04062; B-cell receptor-hsa04662; Fc-epsilon RI signaling-
hsa04664; Bacterial invasión-hsa05100; Hepatitis C-hsa05160; Measles 
virus-hsa05162; Influenza A-hsa05164; HTLV-1-hsa05166 and NK-
cell mediated-hsa04650”. Some of these mammalian pathways have 
unknown fish equivalents. On the other hand, four of seventeen 
pathways were not found to D. labrax (see Supplementary File 4). The 
Mapk signalling pathway-dre04010 for all species is showed in Figure 4. 

In summary, given one gene ID the user of Gene2Path program 
would be able to obtain which KEGG pathway is in. And given a 
pathway the user would got how many of the genes are in it. 

Gene2Path analysis of the microarray gene expression results 
of rainbow trout genes following the administration of an 
oral fish DNA vaccine. A case study 

To demonstrate the use of the Gene2Path, we used a dataset derived 
from an experiment previously reported. Thus, an oral alginate-
microencapsulated DNA vaccine against VP2- IPNV protected in 
rainbow trout Oncorhynchus mykiss [11] against IPNV. The kidney 
and pyloric ceca from vaccinated and control fish, obtained 7 days 
post vaccination, were assayed using a microarray enriched in rainbow 
trout immune-related genes from the GeneBank and selected genes 
from a previous design. Our rainbow trout microarray (8x 15K), called 
minitrout 12.8 (Agilent ID032303), contains 6,442 unique 60-mer oligo 
sequences, each in duplicates arranged randomly in the microarray 
[11,12].

Data analysis procedure 

Step 1: Obtaining the rainbow trout gene IDs. Gene2Path was used 
to convert the rainbow trout mRNA accession number used for the 
microarray design into Gene IDs. 

Step 2: Searching for orthologous genes in zebrafish. (Orthology 
step). The gene IDs or the accession numbers were used to search 
homoloGene, Gene and Unigene sections of the NCBI database, 
and BLASTx using BLAST2GO software for zebrafish (Danio rerio) 
orthologous. This step was obligatory to subsequently search for 
pathways in the KEGG database, as they are only available for some 
species. In this example from an input of 6442 rainbow trout accession 
numbers 1,282 orthologous IDs for zebrafish genes were found in the 
NCBI database. 
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Figure 4: Results obtained after running the Reverse Search step of Gene2Path program in the MAPK signalling pathway dre04010 of three fish species. Headings 
are: the gene ID from D. rerio (first column), the gene ID of the fish species under study (second column), the percentage orthology (third column) and a short 
description of the gene or protein of the species selected (fourth column). The figure (right side) illustrates the situation of orthologes genes into the pathway.   
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Step 3: Search zebrafish pathways with orthologous genes: It 
is interesting to note that only 12 genes into 10 different pathways 
were detected in KEGGS by using the ID gene symbols provided 
by the microarray. This search was run without the orthology 
step (original data https://earray.chem.agilent.com/earray/search.
do?search1/4arrayDesign); however, after running the Gene2Path 
program (accession data 2013-01-15), the numbers increased to 1169 
genes and 179 pathways (Figure 5). The identification of 169 additional 
pathways with the Gene2Path programme demonstrates its efficacy. 
Although genes may be active in more than one pathway. The microarray 
used was designed to determine transcriptional changes in selected 
immune genes induced by a DNA vaccine and hence, identification of 
immune related pathways is to be expected. Nevertheless several other 
pathways were also detected, such as those involved in “apoptosis and 
the cell cycle” (23 different KEGG pathways), “regulation of energy 
metabolism” (42 different KEGG pathways), and several pathways 
that could be grouped without direct network associations. Figure 6 
illustrates the data of the intestinal immune network for IgA production 
(KEGG alias: dre04672). 

Only two genes were obtained manually from the KEGG database, 
without using the “orthology step” are represented in Figure 6a. The 
same pathway is shown after running the “orthology step” on the 
Gene2Path software (Figure 6b); from the 55 genes of the pathway, 18 
genes were detected, which represents a 33% increase.  IgA production 
pathway has not been yet identified in fish, but functional similarities 
with the IgT genes implicated in the Danio rerio orthologous could 
exist, and pathways showed similar trends than most of those pathways 
described. 

Moreover if a user needs to know the specific genes involved in a 
pathway, or if there is interest in focusing on a specific section of the 
pathway, it is possible to obtain these genes through the “Reverse Search 
of pathways” application of Gene2Path. The results of the pathway 
analysis of the microarray data provide insight into differential organ-
specific biological processes that may explain the differences in host 
response to the VP2-IPNV vaccine. 

Discussion 
In this article, we describe a pathway-based approach to analyze 

microarray data from uncommon biological species using newly 
designed Gene2Path software. To achieve this, we relied on the 
orthology of the genes identified in a microarray with those from 
other species included in the KEGG database. The programme 

automatically searches pathway databases to analyse microarray 
data in an independent, species-specific way. (For installation, 
instructions, examples and source code see Supplementary File 5). 
We have illustrated the method with data obtained from a rainbow 
trout microarray to search for orthologous pathways in other well 
known biological species, such as zebrafish, although the software can 
be applied to any other case or species of interest. Large scale gene 
expression studies represent an important advance in experimental 
molecular biology. Microarrays have become an important tool 
in functional genomics studies and they are often used to address a 
variety of biological situations but in some cases they are structured 
to well know biological species [3]. Such studies rapidly generate large 
quantities of gene expression data, the handling of which represents a 
major challenge for biologists. Indeed, the importance of presenting 
microarray data in the framework of documented biological pathways 
has often been noted [4,5]. In biology,  pathway is a set of interactions or 
functional relationships between the physical and genetic components 
of a cell that operate in concert to fulfil a biological requirement. The 
databases that capture information on these functional interactions of 
molecular species are numerous, and the lack of uniformity of models 
and the methods to access this data makes integrating pathway data 
extremely difficult for uncommon biological species. Thus most of 
the software packages use species-specific gene IDs and they cannot 
handle gene data from other species. Yet it is necessary to make such 
pathway information systems more flexible and efficient, since while 
data for humans and common laboratory animals such as mice are 
widely available in databases through the internet, this is not so for 
other species such as those economically important fish species. The 
zebrafish (Danio rerio) is a model organism for genomic studies and 
a variety of functional pathways from this species can be found in the 
databases. The same is true for human databases, the most studied 
species at the genomic level. These pathways can be used as models to 
integrate and visualize data from microarray experiments from other 
species (rainbow trout in our case). 

The microarray pathway analysis tool described here can be applied 
to a typical experiment in which two conditions are compared to 
identify genes whose differential expression changes significantly with 
respect to the reference condition. We used a microarray to analyse 
the differential expression of immune-related genes induced by the 
administration of an oral DNA vaccine in two rainbow trout organs, a 
species that is much less well represented than zebrafish in the pathway 
databases. The principal motivation for building pathway databases is 
to make tools available that help answer specific biological questions. 
The majority of genes in most genomes have no known function and 
examining genes in the context of a particular pathway may help 
to elucidate their role. For example in our case, a gene of unknown 
function connected to a set of genes involved in early immunity is 
likely to also act in this process. However, the power of many pathway 
analysis techniques is proportional to the amount of input data. 
Rainbow trout-specific pathways are not available and therefore, 
we have used pathway data from other species (such as humans or 
zebrafish), for comparision. Pathway analysis software tools, such as 
STARNET 2 [13], Reactome database [14] and CYTOSCAPE [15], 
are available, although again they are only applicable to humans and 
some experimental animals (mouse and rat). On the other hand, 
Babelomic (http://babelomics.bioinfo.cipf.es), GEPAS (http://www.
gepas.org), are a set of free programs for the analysis of data from 
microarrays [16]. These softwares are very comprehensive and useful; 
however, it is necessary to work with human, mouse or other species, 
because the programs lack an orthologous step beyond the most usual 

Figure 5: Number of pathways and genes found by using the gene IDs from a 
rainbow trout microarray (original data of the microarray species) and numbers 
obtained after running the Gene2Path software. The reference orthologous 
species was Danio rerio. The program provides the gene IDs in this species for 
searching pathways into KEGG database. 
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Figure 6: An example showing the results obtained in a pathway when processed or not by Gene2Path: Illustration of the “Intestinal immune network for IgA 
Production” using the data from a rainbow trout microarray. (A) Genes (red boxes) found in the Danio rerio pathway (KEGG alias: dre04672) obtained manually 
from the databases (n=2/55 genes), without the orthology step. (B) Genes found (red boxes) in the same pathway after running the orthology step of the program 
(n=20/55 genes).  IgA have not been identified in fish, but functional similarities with the IgT genes implicated in the Danio rerio orthologous could exist and 
pathways showed similar trends than most of those pathways described.
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biological species. Our program offers the possibility to perform 
orthology searches in other biological species such as fish. The software 
described here, and the application to one example, show how results 
from microarray experiments can be integrated into pathways and 
visualized by using one “gene orthology” step even with uncommon 
biological species. This enables to drawn pathways in species which 
are not supported in the KEGG database. The issue here was to derive 
knowledge of biological relevant patterns in genetic profiling data 
that were related to the teleost’s immune defences. Accordingly, the 
role of several genes revealed by the pathway comparison could be 
defined. Another advantage of the automated procedure used by the 
Gene2Path software is that no direct supervision is needed and once 
the process has been initiated, the user can leave the programme 
running and visualize the results later. In the Agronomic, soils and 
environmental sciences department have been developed some user 
friendly software that can be used in industrial companies related with 
healthy, safety, environment (HSE). Some examples of that software 
are: Environmental flow diagram (EFD) [17], Soil Heat Calculator 
Program (SHCP) [18], and Optimize the infiltration parameters in 
Furrow irrigation using Visual Basic and genetic algorithm [19]. In 
summary the Gene2Path programme performs an automated search 
of several databases over 5 steps. (1) The addition of synonyms to 
identify genes by searching the NCBI database by their IDs. (2) The 
analysis of the intensity of the gProccesedSignal reading in the one-
channel microarray output files (extension “.txt”); (3) An automated 
search of gene orthology through the homologene, Gene and Unigene 
NCBI databases, whereby the tool compares nucleotide sequences 
and comparative 3D models of proteins (constructing an atomic-
resolution model of the "target" protein from its amino acid sequence, 
and producing an experimental 3D structure of a related orthologous 
protein). (4) The identification of sequences similar to the query set in 
NCBI nr and EST databases using Xblast. Since other programmes now 
exist for this step, such as BLAST2GO, we developed an automatic filter 
to readily visualize the output file (“.xml) that enables several files to 
be analyzed at the same time; (5) A search of KEGG database pathway 
information using orthologous genes (Gene IDs). 

Conclusion 
All the software steps were applied to the microarray data we had 

obtained previously from vaccinated fish: The software proved to be 
very efficient in terms of automation and data processing. For instance, 
running a search of different NCBI databases renders 2/3 genes per 
second (depending on the internet connection speed). The analysis of 
the data from the vaccinated fish in our example rendered 179 targeted 
pathways. The Gene2Path software allows the automated searching 
of NCBI databases and the straightforward visualization of the data 
retrieved based on a graphic network environment.
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