
our software as a part of a prognosis model based on the discovery
of clinically relevant transcriptional association networks to dis-
cover potential biomarker in cardiovascular disease [4]. Further-
more, we have used the initial implementation of RegNet to detect
associations between genes in Alzheimer’s disease. However, there
are several aspects to be improved in the initial implementation:
no graphical interface or visualization of results and no integration
with other network tools. Here we present an improved and
extended version of the RegNet algorithm as a Cytoscape plugin to
incorporate the visualization tool in Cytoscape software [5] that
can interoperate with other Cytoscape plugins [6].

2 REGNETC

2.1 Algorithm

The original RegNet approach was described in [3]. The method is
divided into three steps. In the first step, each gene is analysed as a
target by taking into account the remaining genes as inputs to a
model tree algorithm that estimates the expression value of that
gene by means of linear regression functions in the leaves of the
tree. We used the implementation of the M5’ model tree algorithm
provided by the Weka library. The M5’ algorithm builds several
regression functions spread over separate areas of the search space,
i.e., optimal partitions of gene expression samples. Each regression
function represents localized similarities between specific groups
of genes. Moreover, the algorithm builds regression models under
all samples (global similarity) if the optimal subspace is defined by
the complete set of gene expression samples. From the forest of
trees built in the first step, the method extracts a set of hypothetical
gene-gene associations in the second step. Only the model trees
from the forest which have a relative error " higher than a thresh-
old value is taken into account. Finally, the third step involves
building a graph model of transcriptional association network by
assessing the significance of the set of hypothetical evidences using
the Benjamini-Yekutieli (BY) procedure [7] to control the false dis-
covery rate.

2.2 The Input/Output Data and Visual Capabilities

RegNetC infers gene association networks from gene expression
profiles. Fig. 1 shows a screenshot of the user interface. The soft-
ware supports input files in either csv or arff format for the expres-
sion data set. An ARFF (Attribute-Relation File Format) file is an
ASCII text file that describes a list of instances sharing a set of
attributes [8]. Both formats are described in the web page.

To run the tool the user should provide several parameters:
the threshold value for the prunning phase, i.e., the " allowed in
the model trees; the a value for the BY statistical procedure.
Finally, the minimum number of instances in each localized sub-
space is the default value set in the software provided by [9].
The transcriptional network inferred by the method is displayed
in .sif file format. This format is used to visualize the network in
the plugin using the powerful visualization functionality within
the Cytoscape framework. The resulted network in this format
allows the user to interoperate with other Cytoscape plugins.
For instance, one can use the NOA plugin [10] to analyze the
network-based enrichment using Gene Ontology annotations
[11] to network links. In addition to the network, the RegNetC
plugin also reports the quantitative relationships between genes
expression values of those genes involved in the inferred net-
work, i.e., those defined by the regression models built using
the model tree technique.

3 AN EXAMPLE

To briefly illustrate the potential of our approach, we applied
RegNetC to the microarray data sets of [12]. It consists of 33
Alzheimer’s disease (AD) brain samples. We run our method on
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1 INTRODUCTION

STANDARD approaches to biomarker discovery from gene expres-
sion data are based on the identification of differentially expressed 
genes. However, these approaches are based on the assumption 
that genes work in isolation when it is known that genes don’t act 
independently from a System Biology point of view. For this rea-
son, inferring gene-gene associations involved in a biological func-
tion is a relevant task in the area of microarray data analysis. To 
infer these gene-transcriptional association networks from gene 
expression profiles, there are several models from the straightfor-
ward correlation methods to more sophisticated methods such as 
Bayesian networks [1], [2]. All of them are based on a statistical 
measure of dependency between pairs of genes. The idea behind 
these methods, named the guilt-by-association heuristics, indicates 
that co-expression means co-regulation, i.e., if two genes show sim-
ilar expression behavior then they are supposed to follow the same 
regulatory regime.

Our previous work introduthe Regression Network (RegNet) 
algorithm [3]. While other methods analyze each pair of genes, our 
approach infers transcriptional association networks taken into 
account each gene as a target and the remaining genes as inputs to 
estimate the behaviour of that gene. Our approach is a model tree-
based method that strongly favours localized similarities over 
more global similarity, which is one of the major drawbacks of cor-
relation-based methods. In the work mentioned earlier we used an 
initial implementation to successfully model transcriptional associ-
ations networks from several microarray experiments, including 
synthetic data sets, the Saccharomyces cerevisiae cell cycle data set 
and Escherichia coli gene expression database. We have also used
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a subset of the data set which corresponds to 1,663 genes
obtained from that data set using a pre-processing step
described in [13]. From the network reported by RegNetC and
using DAVID tool [14], we observed that genes from the net-
work are related with various diseases: cardiovascular disease,
Alzheimer’s disease and type 2 diabetes. In an enrichment anal-
ysis using GO we detected several genes involved in immune,
inflammatory or defense response. We can assert that we found
more overlapping set of genes between our results and Miller’s
study (about AD and ageing) and the Kong’s study (severe AD)
than expected by chance (using the Hypergeometric test in two
experiments: taking into account all and the 50 percent of the
model tree.) We also found in the resulted network the inflam-
mation-related gene named IFITM2 which is believed to be a
culprit in AD pathogenesis [15]. Finally, it is known that the
level of metal ion metabolism is closely associated with AD and
we found metal protein-related genes named CHGB, MTF1 and
MT1M in the network. In short, the approach is able to discover
hidden associations due to the capability of analyzing local simi-
larities by means of regression trees, and these can be checked
by integrating RegNetC as a Cytoscape plugin.

4 CONCLUSIONS

The RegNetC is an integrated software suite implemented in
Java for the inference of regression networks from gene expres-
sion profiles presented under Cytoscape as a plugin. This soft-
ware tool improves some aspects of the original version:
graphical interface or visualization of results and integration
with other network tools. An advantage of being a Cytoscape
plugin is that it allows the user to interoperate with other Cyto-
scape plugins to analyze the resulted network. As a future
work we are planning to integrate our software in the commu-
nity NetworkInference.org. Further tutorials, information
and examples are available at http://www.lsi.us.es/~isanepo/
toolRegNet/.
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