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ABSTRACT

Babelomics is a response to the growing necessity
of integrating and analyzing different types of
genomic data in an environment that allows an
easy functional interpretation of the results.
Babelomics includes a complete suite of methods
for the analysis of gene expression data that
include normalization (covering most commercial
platforms), pre-processing, differential gene expres-
sion (case-controls, multiclass, survival or continu-
ous values), predictors, clustering; large-scale
genotyping assays (case controls and TDTs, and
allows population stratification analysis and correc-
tion). All these genomic data analysis facilities are
integrated and connected to multiple options for the
functional interpretation of the experiments.
Different methods of functional enrichment or
gene set enrichment can be used to understand
the functional basis of the experiment analyzed.
Many sources of biological information, which
include functional (GO, KEGG, Biocarta, Reactome,
etc.), regulatory (Transfac, Jaspar, ORegAnno,
miRNAs, etc.), text-mining or protein—protein inter-
action modules can be used for this purpose. Finally
a tool for the de novo functional annotation of se-
quences has been included in the system. This
provides support for the functional analysis of
non-model species. Mirrors of Babelomics or
command line execution of their individual

components are now possible. Babelomics is avail-
able at http://www.babelomics.org.

INTRODUCTION
High-throughput technologies such as transcriptomics
(microarrays)  proteomics, large-scale  genotyping

[genome wide association studies (GWAS)], next gener-
ation sequencing, etc., produce huge amounts of data of
unfeasible interpretation without the application of auto-
matic procedures for functional profiling (1). The idea
behind this new version of Babelomics is to integrate
primary (normalization, calls, etc.) and secondary [signa-
tures, predictors, associations, Transmission/disequilib-
rium tests (TDTs), clustering, etc.] analysis tools within
an multiple-purpose platform that allows relating some
of these genomic data and/or interpreting them by
means of different functional enrichment or gene set
methods. Such interpretation is made not only using func-
tional definitions [GO (2), KEGG (3), Biocarta, Interpro
(4), reactome (5)] but also regulatory information
[Transfac (6), Jaspar (7), ORegAnno (8)] protein—protein
interactions (9), text-mining module definitions (10) and
the possibility of producing de novo annotations through
the Blast2GO system (11).

Babelomics (12,13) as well as Gene Expression Pattern
Analysis Suite (GEPAS) (14,15) have been uninterruptedly
running for more than 8 years. Currently, Babelomics have
an average of more than 200 experiments analyzed per day,
respectively, (http://bioinfo.cipf.es/webstats/babelomics/
awstats.babelomics.bioinfo.cipf.es.html), distributed
among many different countries (http://bioinfo.cipf.es/
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toolsusage). Since their last release, a total of 65280 an-
onymous users and 4521 registered users have used these
tools.

In terms of technology, Babelomics has been
reengineered, speeded up and transformed to web
services. Babelomics has a new interface that allows the
definition of persistent sessions and asynchronous use
(a program can be left running and come back later to
see the results) through a queue system. Moreover, the
complete program can be installed locally and their
modules can now be independently invoked as command
line programs and can be integrated into analysis pipelines.

STRUCTURE OF THE PROGRAM

The program is organized into different sections that are
described below. Two of them are related to data input
and data management. The rest of them are different
analysis options for data analysis. Novelties with respect
to previous versions are indicated at the corresponding
sections.

Upload data

This section is new. Upload process has been separated
from the tools. Different parsers check the integrity and
format of the data. The data accepted are: expression
microarrays (one-channel Affymetrix and Agilent, and
two-channel Agilent, Genepic and generic), Array-CGH
(Agilent), generic data matrices of expression,
ArrayCGH and SNPs, lists of identifiers (gene, transcript,
protein, SNP, functional terms, ranks), lists of annota-
tions (gene annotation, extended annotations) and some
other data such as dendrogram descriptions (in Newick
format; (http://evolution.genetics.washington.edu/phylip/
newicktree.html), Blast results, protein—protein inter-
action data and genotype data (in standard PED and
MAP formats; http://pngu.mgh.harvard.edu/~purcell/
plink/data.shtml). The program documentation contains
details on the formats used.

To ease the process, the data format can be uploaded
according to the format, as described above, or according
the tool to be used.

Preprocessing

This section allows preprocessing the data loaded in the
previous section. Almost all the options (except normal-
ization of Affymetrix and two-color Agilent and genepix
arrays) are new. All the array types loaded in the previous
section can be normalized by different methods. Limma
(16) and affy packages from Bioconductor (17) are
implemented.

This section also includes an editor which allows easy
addition and/or modification of labels and tags that will
be further used as class or category labels for gene selec-
tion, prediction, etc.

Other preprocessing facilities for normalized data are
available, such as log-transformations, replicate merging,
missing value imputation, etc.

A converter of identifiers is available with more than 80
cross-referenced identifiers for genes, proteins, transcripts,
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microarray probesets, pathways, functional annotations
and regulatory regions.

Finally, a facility for obtaining the existing annotations
for lists of gene identifiers is available. All the possible
annotations used in Babelomics (functional, regulatory,
etc.) can be used for this purpose.

Expression

This section corresponds to the GEPAS (14,15) function-
ality. It includes tests for differential expression [two- or
multi-class comparison, survival analysis, correlation to
continuous parameters or time/dosage series analysis
(18)], methods for class prediction (19) such as SVM
(support vector machines), KNN (k-nearest neighbors),
Random Forest and Naive Bayes, with different feature
selection methods [differential expression, genetic algo-
rithms, principal component analysis (PCA)] and cluster-
ing methods for both samples and genes implementing the
algorithms UPGMA (unweighted pair group method with
arithmetic mean), SOTA (self organizing tree algorithm)
(20), K-means and SOM (self organizing maps). We have
also included biclustering methods (21).

The users of GEPAS will appreciate the novelties here,
which are ‘limma’ methods for one-, two- and multi-class
comparison, new multiple testing correction methods
(Benjamini—-Hochberg (22), Benjamini—Yekutieli (23),
Bonferroni, Holm (24) and Hochberg (25)) for differential
gene expression. The predictor module has novelties such
as the addition of random forest (26) and Naive Bayes
methods, the use of different algorithms for feature selec-
tion (see above), new parameter tuning options and new
representations of the results with receiver operating char-
acteristic curves with new metrics [area under the curve,
root mean squared error, Matthews correlation coefficient
and accuracy]. We have also added biclustering (21) as a
new clustering method.

Genomics

This section is completely new. It implements SNP-based
genotyping (27). This module can deal with GWAS case-
control studies and carries out chi-square, Fisher and
linear or logistic model tests. For trios, the program can
carry out TDT. Functionality is taken from the PLINK
program (28). Again, the results of the test can be
analyzed by the functional analysis module (see below)
and the novel pathway-based analysis (PBA) strategies
can be applied (29). Population stratification can be
analyzed by identity-by-state (IBS) (28) and PLINK docu-
mentation (http://pngu.mgh.harvard.edu/~purcell/plink/
strat.shtml). This is a simple but potentially powerful
approach to population stratification, which can use the
whole genome SNP data.

Functional analysis

This module inherits the functionality of the previous
version of Babelomics (12,13) although many novelties
have been included. Apart from the functional enrichment
methods such as the popular FatiGO (30), and gene set
analysis methods such as the segmentation test (31) or the
logistic regression model (32) (a new addition), other
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testing strategies have been added. Thus, the Genecodis
method (33) that finds concurrent annotations in ranked
lists of genes is one of the new methods included. It is also
possible to carry our PBA in GWAS experiments by
means of the novel module Gesbap (29). Gene modules
defined using text-mining derived functional annotations
related to medical terms and chemical compounds
can also be used for gene-set analysis (GSA) (10).
Also another module uses gene expression data already
available in databases to define tissue-specific or
phenotype-specific gene expression profiles. These can be
used to check the similarity of a particular experiment to
the standard profiles of healthy or diseased tissues (34).
Finally, the possibility of finding significant subnetworks
of protein—protein interactions associated to the genomic
experiment analyzed is included in an additional module
(9) as another novelty.

Regarding the gene modules that can be used in order to
produce a functional interpretation of the results, many
possibilities are available, including functional definitions
[GO (2), GOSlim, KEGG (3), Biocarta (http://www
.biocarta.com/), Interpro (4), reactome (5)], regulatory
information [Transfac (6), Jaspar (7), ORegAnno (8),
miRNA target genes from miRBase (35)], protein—protein
interactions (9) and text-mining module definitions (10).
Additionally, the user can define their own gene modules
by uploading them (see upload section) or by using the
annotation tools available in this version of Babelomics
(see Blast2GO below). Jaspar, ORegAnno, reactome and
protein—protein interactions are new modules in this
release.

Different filters can be used to test sub-selection of gene
modules, excluding in this way superfluous tests that only
will result in a reduction of the statistical power of the
method used.

Finally, the popular Blast2GO (11) module can be used
to produce annotations of genes of non-model organisms.
Such annotations can be stored and further used to
analyze genomic experiments.

Utilities

Several utilities are available related to facilitate the anno-
tation of the genes or to produce different visualizations of
the data. Thus, the new modules for annotation and iden-
tification conversion already described in the preprocess-
ing section can also be found here. Several new utilities to
produce graphical representation of the results (histo-
grams and boxplots, cluster representations, PCA

viewers and the GO hierarchy viewer) are also available.
Supplementary Figure 1 shows some of such graphics.

Technical details

Babelomics is designed as a web application so it can work
on any operating system: Windows, GNU/Linux and
MacOS. Babelomics has been tested in many browsers
including: Firefox 3.x, Safari 4.x, Chrome 2.x, Opera
9.x, IE 7.x. and IE 8.x. The code has almost entirely
rewritten in Java (except some routines for normalization
of microarrays that are in R), which constituted a speed
up of almost 30x with respect to previous versions. All the

modules are web services and can be used in command
line. A convenient queue system has been implemented.
Babelomics is running in a high-end cluster with 10
dedicated Intel XEON Quad-Core CPUs at 2.0 GHz
(summing up a total of 40 cores) with a large amount of
RAM (total 60 GB).

CONCLUSIONS

Today’s Babelomics is a long-term project that started in
2001 with the publication of the clustering method SOTA
(20) for microarray data analysis, followed by the popular
FatiGO (30) for functional enrichment analysis, which are
now a constituent part of Babelomics. Later, different
methods (both functional enrichment and gene set enrich-
ment) along with a number of gene module definitions
were assembled as the prototype of the previous
Babelomics (12,13) while different methods for gene ex-
pression data analysis (differential expression, predictors,
clustering) give rise in parallel to the GEPAS (14,15)
project. Both packages have become popular in their re-
spective areas, being Babelomics the third most cited
web-based tool for functional analysis (Supplementary
Table 1) and GEPAS the most cited web tool for micro-
array data analysis (Supplementary Table 2).

This new version of Babelomics embeds the gene expres-
sion data analysis functionality of GEPAS within the
functional profiling framework of the previous
Babelomics and includes new modules for the analysis of
genomic data (genotyping and genomic copy number
alterations). Many new methods and new module defin-
itions of different nature (functional, regulatory, pheno-
typic, etc.) have been included in this version.

The Babelomics project aims to provide the scientific
community with an advanced set of methods for the
integrated analysis of genomic data within the context of
functional profiling analysis without renouncing to a user-
friendly and intuitive use. As the Functional Genomics
node of the Spanish Institute of Bioinformatics (INB;
http://www.inab.org) and being part of the Spanish
Network of Cancer (RTICC; http://www.rticcc.org) and
the Network of Centres for Research in Rare Diseases
(CIBERER, http://www.ciberer.ecs), we have a direct
contact with researchers which provided us much of the
feedback necessary to make of Babelomics a useful tool.

Although there are many tools for the func-
tional profiling of high-throughput experiments
(Supplementary Tables 1 and 2), Babelomics is a widely
used tool which offers a combination of features and a
degree of integration that makes it unique among other
resources available.

SUPPLEMENTARY DATA
Supplementary Data are available at NAR Online.
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