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ABSTRACT

Motivation: Time series expression experiments are an increasingly
popular method for studying a wide range of biological systems. Here
we developed an algorithm that can infer the local network of gene-
gene interactions surrounding a gene of interest. This is achieved by
a perturbation of the gene of interest and subsequently measuring
the gene expression profiles at multiple time points. We applied this
algorithm to computer simulated data and to experimental data on a
9 gene network in Escherichia coli

Results: In this paper we show that it is possible to recover the gene
regulatory network from a time series data of gene expression follo-
wing a perturbation to the cell. We show this both on simulated data
and on a nine genes subnetwork part of the DNA-damage response
pathway (SOS pathway) in the bacteria Escherichia coli
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1 INTRODUCTION

inferring small microbial gene networks, it requires prior know-
ledge of which genes are involved in the network of interest, and the
perturbation of all the genes in the network via the construction of
appropriate episomal plasmids. In addition, it requires the measure-
ment of gene expressions at steady state (i.e., constant physiological
conditions) after the perturbation. This experimental setup is chal-
lenging for large networks, it is not easily applicable to higher
organisms, and, most importantly, it is not applicable if there is no
prior knowledge of the genes belonging to the network.

In this paper we are presenting an algoritm®NI (Time Series
Network Ildentification) that can infer the local network of gene-
gene interactions surrounding a gene of interest by perturbing only
one of the genes in the network. To this end, we need to mea-
sure gene expression profiles at multiple time points following
perturbation of the gene, or genes, of interest.

We investigated the effect of noise and a limited number of
data points on the performance of the algorithm, and we devised

Recent developments in large-scale genomic technologies, such fehniques to overcome these problems.

DNA microarrays and mass spectroscopy have made the analysis OUr algorithmiis illustrated and testeusilico on computer simu-
of gene networks more feasible. However, it is not obvious how@ted gene expression data and applied to an experimental gene
the data acquired through such methods can be assembled inf§Pression data set obtained by perturbing the SOS system in the
unambiguous and predictive models of these networks. DifferenP@cteriaescherichia coli o ) )
experimental and computational methods have been proposed to tac-1 "€ novelty of our approach is in the idea of a gene-centric
kle the network identification problem (Tomgal. (2002); Leeet al. |nfe_rence method tha_t can be applied to |nfer_the regulatory_lnte-
(2002): Idekeret al. (2001); Davidsoret al. (2002); Arkin et al. ractions of a gene of mterest. State-of-the-art.|nference algorithms
(1997); Yeunget al.(2002)). Although implemented with some suc- s_tart from the assumption that a gene network is unknown and expe-
cess, they are data intensive and they may require a certain degrigents are performed to perturb it. Gene expression data are then
of a priori information. used to reconstruct the network. In a real life situation, large scale
A variety of mathematical models can be used to describe gendd€n€ expression data from a given cell type involve thousands of
tic networks (de Jong (2002); Savageau (2001); ALevchenko an§ESPONsive genes and t_here are many dlffer_ent regula_tory networks
Iglesias (2002)), including Boolean logic (Shmulevital. (2002); activated at the same time by the pertrubations. In this case, infe-
Liang et al. (1998)), Bayesian networks (Hartemiekal. (2002)), rence meth_o_ds can be successful but only on a subset of the genes
graph theory (Wagner (2001)) and ordinary differential equations(i-€- & specific network) (Bassa al. (2005)). This subset of genes
(Tegneret al. (2003)). We concentrated our efforts on the last (N€twork), however, cannot be defined a priori but depends on the
method as it offers a description of the network as a continuous timgata set. Networks involving genes that never change in the data set,
dynamical system that can be used to infer the genes with the majéP" €x@mple, cannot be inferred. We aim at developing an integrated
regulatory functions in the network. expe.rllmental anq computational approach to infer the network of a
In a recent study (Gardnet al. (2003)), we developed an algori- SPecific gene of interest.
thm (Network Identification by multiple regressierNIR) that used
a series of steady state RNA expression measurements, following
transcriptional perturbations, to construct a model of a 9 gene net-
work that is a part of the larger SOS network Bn coli(Gardner
et al. (2003)). Though the NIR method proved highly effective in
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