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Executive Summary

Objectives:

Fish and Chip is a bioinformatic tool which enables meta-analysis of fish microarray
data in order to highlight conserved gene signatures between multiple independent
studies performed in fish.

Rationale: To improve performance of Fish and Chip tool created in the previous
AQUAEXCEL project, we have developed several additional modules.

Main Results:

The following tasks have been developed within Fish and Chip tool:
- Extension of Fish and Chip to RNAseq data: The capability of Fish and Chip
developed in the previous AQUAEXCEL project was limited to microarray. The
development of numerous studies in fish using RNAseq lead us to extend the
Fish and Chip database to RNAseq data, to allow comparisons with microarray
data.
- Extension of Fish and Chip to meta-analysis of gene regulation through
information on regulatory motifs of gene promoters: to carry out this analysis,
information on regulatory motifs of gene promoters (extracted from available
fish genome sequences) was incorporated in the Fish and Chip tool.
- The updated Fish and chips tool is publicly available at the following address:
http://fishandchips.toulouse.inra.fr
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1. Introduction and rationale

During the last 10 years, a large number of studies in fish have developed
transcriptomic approaches using microarray technologies and more recently RNAseq
analysis. These methodologies have been used to answer a large diversity of
biological questions in fish, including development, toxicology, physiology, behavior,
pathology. These transcriptomic data have been accumulated in public generic
databases and they are all associated with specific experimental protocols developed
in various fish species (Qian et al., 2014). Collecting the different transcriptomic data
sets for meta-analysis adds a new dimension to gene expression analysis by
combining a large set of experimental conditions. Despite this abundance of
transcriptomic data, no such meta-analysis has been pursued using fish data
whereas such approach is used, for example, in humans to better understand
diseases (ex. Kuhn et al., 2007; Calura et al., 2008). In this context, a tool that makes
fish transcriptome data and their meta-analysis easily accessible to any user has
been developed in the previous AQUAEXCEL project (2011-2014). The objective of
this tool was to enable meta-analysis of fish microarray data in order to highlight
conserved gene signatures between multiple independent studies performed in fish.

The general strategy to develop this meta-analysis tool was as a system tool
dedicated to a muscle transcriptome database and presented in the MADMuscle
database (Baron et al., 2011). In the previous AQUAEXCELproject (2009-2014) a
similar tool was developed for fish transcriptome data using the same approach and
the following tasks have been carried out:

o Pooling of fish data sets: This included development of a database
containing all available information EST from several fish species
(seabream, salmon, trout, seabass....) and also genome information of
4 model species (fugu, zebrafish, stickleback, medaka). These data
were extracted from public repositories (UniGene, NCBI).

o Gene annotation for each fish species: This was carried out on the 4
species, seabream, seabass, salmon and trout. For each identified
cluster, functional annotation was performed using Gene Ontology
(GO). This step on the quality of gene annotation appeared to have a
strong impact on the quality of the results of the meta-analysis.

o Implementation of microarray data: Collection and implementation of
fish microarray data coming from about 400 data sets: These data sets
were extracted from public repositories (GEO and ArrayExpress) using
the keyword “fish”.

o Development of program for data re-normalization and clustering: This
step aimed at normalizing the pre-normalized microarray data to
remove artefacts and ensure that each entry of the database follows the
same procedure. Then, hierarchical classification was used to allow
investigation of relationships between samples and genes.

o Development of a program which enables setting up orthology
relationships between distant fish species.
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Completion of these different tasks lead to the implementation of a functional tool
dedicated to meta-analysis of fish microarray data. This tool is implemented on the
Genotoul bioinformatics platform at the following address:

http://fishandchips.toulouse.inra.fr

To login to Fish and Chip tool, users can request a password to the webmaster at the
following address: Jerome.montfort@inra.fr. These information are indicated on the
home page.of the web interface.

2. Update of the genomic Fish and Chip tool

The capability of Fish and Chip developed in the previous AQUAEXCEL project was
limited to microarray. The development of numerous studies in fish with RNAseq data
lead us to extend the Fish and Chip database to RNAseq data, to allow comparisons
with microarray data. Finally, as a way to enable the extension of Fish and Chip to
meta-analysis of gene regulation, information on regulatory motifs of gene promoters
(extracted from available fish genome sequences available) was developed in Fish
and Chip tool.

2.1. Extension of Fish and Chip to RNAseq data.

Completion of this task required to retrieve RNAseq experiments from the NCBI
Sequence Read Archive (SRA) and to use their raw reads files. This information was
further processed using the Trinity pipeline which allowed evaluation the quality of the
reads, to align them, to perform a de novo assembly which was further evaluated
(Grabherr et al., 2011). Then, an estimation of the abundance of transcripts was
obtained for each sample which gave us a gene normalized expression matrix.
Finally, from this information, we extracted the 20,000 most variant genes for further
processing in the Fish and Chip tool, i.e. annotation and integration of these data in
Fish and Chip databases where they could be used in addition to microarray data.
The overall procedure is summarized in fig. 1 (below).
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2.2. Extension of Fish and Chip to meta-analysis of gene regulation through
information on regulatory motifs of gene promotors.

In order to extend Fish and Chip to meta-analysis of gene regulation, we have
developed a tool for comparison of regulatory motifs of the genes contained in the
clusters of interest. Gene promoters included in a cluster of interest were extracted
from Ensembl. Then we used the MEME suite to analyse motifs conservation among
genes. The MEME algorithm allows us to discover motifs and the AME algorithm
identifies known motifs for a transcription factor in promoters. After identification,
enrichment for each motif is calculated. If this score is relevant we can hypothesise
that genes that shared this motif in their promoters could be regulated by the same
transcription factor.

2.3. Implementation of public access

Both above mentioned extensions have been implemented in the Fish and Chips tool
which is available at http://fishandchips.toulouse.inra.fr with the same procedure as
explained before.

3- Conclusion

The work performed on Fish and Chip tool during AQUAEXCEL?%? allowed us to
extend this tool to the analysis of RNAseq data, to develop meta-analysis of gene
regulation. This tool is now available on the web and accessible to users. However,
to be fully competitive, the Fish and Chip data base containing gene expression data
and gene annotation should be updated regularly and such process needs to be
done automatically. This issue is discussed in the report of deliverable D3.7.
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