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Abstract - Gene Expression Comparative Analysis allows bio-
informatics researchers to discover the conserved or specific
functional regulation of genes. This is achieved through
comparisons  between  quantitative gene  expression
measurements obtained in different species on different
platforms to address a particular biological system.
Comparisons are made more difficult due to the need to map
orthologous genes between species, pre-processing of data
(normalization) and post-analysis (statistical and correlation
analysis). In this paper we introduce a web-based software
package called EXP-PAC which provides on line interfaces
for database construction and query of data, and makes use of
a high performance computing platform of computer clusters
to run gene segquence mapping and normalization methods in
parallel. Thus, EXP-PAC facilitates the integration of gene
expression data for comparative analysis and the online
sharing, retrieval and visualization of complex multi-specific
and multi-platform gene expression results.
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1 Introduction

Comparative analysis is a fundamental tool in biology due
to the influence of evolutionary and selective forcesin shaping
biological systems. Conservation among species greatly assists
the detection and characterization of functional elements
because important functional elements tend to be most
conserved during evolution, whereas inter-species differences
are likely indicators of hiological adaptation. Comparative
gene expression Analysis allows researchers to investigate the
conserved or specific functional regulation of genes. Its basic
principle is to group datasets based on gene evolutionary
relatedness and isolate the components that behave in similar
or different ways. Thus, comparing the regulation of genesin
related organisms can assist the investigation of gene function.
The microarray approach [1] is the most common method of
collecting gene expression data currently being used in
bioinformatics. More recently high throughput sequencing
methodology is alowing an alternative approach for the
estimation of gene expression. Data from microarray or
sequencing experiments must be stored digitally using one of
the many gene expression file formats before being analyzed

using statistical algorithms and analysis. Normalization is a
key part of gene expresson microarray anaysis since
unnatural variations can be introduced during the data
collection and digitization process. Thus, this data must
typically be corrected, standardized and cross-referenced
before being compared and analyzed.

Here, we present a web based package caled EXP-PAC
using the PHP/MySQL paradigm for the collaborative,
integrative and comparative analysis of related gene sequences
and gene expression experiments. The implementation also
makes use of high performance computing to assist the
integration, and analysis, of multiple gene expression datasets
with common normalization methods and the inter-specific
mapping of reference sequence datasets. Although the
mapping of gene sequences between species has been
performed and made available for a number of model
organisms, for example in the Homologene database
(http://www.nchi.nim.nih.gov/homologene), our  package
enables the rapid integration of sequence data collected from
uncommon animal species, for which orthologous genome
maps may not yet be referenced in public databases, and
addresses the need of researchers working on a more diverse
set of organisms or specific biological systems. For example
we have developed an implementation of EXP-PAC dedicated
to the integration and comparative analysis of gene expression
during lactation in the mammalian lineage, which is accessible
through the International Milk Genomics Consortium Web
Portal (www.imgconsortium.org).

2 Gene
analysis

Gene expression comparative analysis is usually performed
in the following three steps as illustrated in Fig. 1.

1. Datais collected in a wet-lab using a gene expression
platform (cDNA, high throughput sequencing,
Microarrays, €tc.).

2. Collected data is converted to a digital format and any
un-natural variation is removed.

3. Data analysis is used to group together similar datasets
to locate components putatively responsible for
biological functions.
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Fig. 1. The three stages of gene expression comparative
analysis

2.1  Comparativetranscriptome mapping

Before comparative gene expression analysis can proceed, the
genes of one organism need to be cross-referenced to the
related genes of another species. This is usually done through
the identification of similarity by sequence similarity search
algorithms such as BLAST [2]. Bi-directional reciprocal best
hits often need to be identified and investigated for validation
and identification of problematic gene family member
assignment. Online access to sequences and maps greatly
facilitates analysis of such gene family relationships and
correct attribution of orthologous relationships for the
congtruction of inter-genome maps. Although precompiled
reference gene mapping data may be already available for a
growing list of model organisms (Homologene), researchers
working on non-model organism need to address the issue of
cross-referencing genes. Our software package is built as an
extension of an EST-PAC, a previously described package for
the annotation of biological sequences [3]. Among other
annotation tools, this package automates the management of

sequence similarity search agorithms and the analysis of
results through a web interface using a database and job
management system. More recently we have implemented a
new version allowing the use of high performance computing
platform to optimize the performance of sequence similarity
searches which is an important addition for the execution of
multiple full genome searches required for the construction of
inter-specific gene mapping as the execution time for bi-
directional reciprocal mapping growth quadratically with the
number of species. Once systematic sequence comparisons
have been done, additional scripts can be deployed to compile
cross-reference tables. The Unigene
(http://www.nchi.nim.nih.gov/unigene) database maintains
representative sequences for the genes of model organisms
and, since many commercia gene expression platforms
reference Unigene identifiers, we typical use these sequence
references when available and build cross-references for other
species or gene expression platforms using available cDNA
libraries or transcript sequences predicted from related
genome sequences.

3 EXP-PAC

EXP-PAC is a web-based system developed for the
comparative analysis of gene expression. The EXP-PAC
system combines the features of EST-PAC [3] with an on-line
tool extension for the storage, analysis and visualization of
gene expression data providing interfaces to facilitate SQL
query based post-analysis of results (see Fig. 2.). EST-PAC is
a sequence analysis framework, which provides online
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Fig. 2. The structure of the EXP-PAC system
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Fig. 3. EXP-PAC gene expression analysis workflow

interfaces for the storage of sequence data, the secure
management of sequence annotation programs through
embedded tools and, interfaces for the retrieval of sequence
annotations. A new embedded high performance computing
verson of EST-PAC (EST-PAC™™) alows the cross
referencing of transcriptome sequence catalogs through
sequence similarity searches with the BAST program
(companion paper in BIOCOMP11).

3.1 Annotation, data export and file sharing

The system adlows the uploading of extendible gene
annotation file formats associated with different gene
expression platforms. This is necessary because gene
annotation formats vary between gene expression platforms
and data depositories. In addition, all data files uploaded in
the system are archived and can be retrieved and downloaded
from the interface, allowing data sharing and traceability.

3.2 Geneexpression data upload and analysis

EXP-PAC provides users with the ability to upload a number
of gene expression file formats (raw microarray data, SOFT
[4], MAGE-tab [5], etc.) that may be available from
download in gene expression databases [4, 6] or generated in
the lab. Affymetrix microarray data files (also called CEL
files) can be uploaded and automatically normalized with the
R satistical scripting language using different established
normalization methods for the Bioconductor package;

including RMA [7], MAS5 [8], GCRMA [9] and PLIER [10]
(Fig. 3.). EXP-PAC supports normalization through a
distributed platform which uses the Sun Grid Engine [11] in
order to speed up microarray data management and analysis
for this common platform. By specifying the location of a
bash script supported scheduler, normalization methods can
be distributed over multiple nodes reducing the time taken for
the normalization process. Other types of datasets can be
normalized independently. Raw and normalized data can be
uploaded and compared. Results from dtatistical analysis,
obtained for example in the specialized Bioconductor
package for R, can also be uploaded from tab-delimited files.
Meta-data can be edited to group samples and adjust graphic
display and color. Gene expression, associated gene
annotation and statistical data can then be queried using an
interface dynamically generated from the uploaded data. In
addition, through creation of a sequenceto probe ID map, itis
possible for a user to perform comparisons on multiple
species or experiments, retrieving the expression of likely
orthologous genes (identified in the EST-PAC sequence
similarity database) throughout a set of experimentsin related
Species.

3.3 Queryinterface

EXP-PAC provides users with a web interface through which
gene expression data can be queried (Fig 4.). A number of
gene expression filtering methods are provided including; fold
change, intensity levels, group average, probe ID and
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Fig. 4. EXP-PAC query interface

annotation. Returned probes can be ordered by selected probe
intensity; displayed in descending order. Graphs are also
produced to visualize the gene expression levels of each
probe. A query builder tool allows users to create more
complicated queries through generic interfaces that map to the
SQL language. Using this tool, users create a database view by
specifying tables and columns from list boxes. Created
database views can be filtered using alphabetical and numeric
values and operators. The results from created SQL queries
can be saved or exported as a comma delimited text file.
Visualization tools for investigating the distribution of gene
expression data are provided to validate the normalization
process. Users may also retrieve gene expression data across
different species and experiments using pre-compiled
reference maps of related probes and genes.

4 Conclusions

In this paper, we have presented an on-line framework for
gene expression research. Compared to available gene
expression software packages, EXP-PAC is unique in that it
provides a method for the integration of cross-species gene
expression experiments allowing comparative analysis and a
method to perform high performance computing for reference
sequence mapping and some common normalization methods.
Most importantly, the EXP-PAC software package provides
researchers with a simple way to manage and analyse gene
expression and sequence data. SQL based analysis allow users
to perform broad searches of stored datasets. In addition it is
easy to integrate R scriptsinto the EXP-PAC system, allowing
support for new and specialized methods and algorithms for
gene expression or sequence analysis. Thus, EXP-PAC
enables the development of analysis strategies integrating
multiple experimental platforms in different species and
provides an online workbench for comparative gene
expression analysis.
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