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ABSTRACT

Investigating gene regulatory networks is important to understand mechanisms of cellular functions.
Recently, the synthesis of gene regulatory networks having desired functions has become of interest to
many researchers because it is a complementary approach to understanding gene regulatory networks,
and it could be the first step in controlling living cells. In this chapter, we discuss a synthesis problem
in gene regulatory networks by network learning. The problem is to determine parameters of a gene
regulatory network such that it possesses given gene expression pattern sequences as desired properties.
We also discuss a controller synthesis method of gene regulatory networks. Some experiments illustrate
the performance of this method.

INTRODUCTION

Investigating gene regulatory networks is important to understand mechanisms and functions of organ-
isms and many researchers have been studied them from various view points. Recently there have been
increasing research interests in synthesizing gene regulatory networks and several studies have been
done. Those studies are motivated by two ways. One is that the synthesis of gene regulatory networks
could be the first step in controlling and monitoring biochemical processes in living cells. The other is
that it is a complementary approach to investigating and understanding mechanisms of real gene regu-
latory networks, that is to say, by synthesizing simple artificial networks and analyzing their behavior
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and functions, one can get some insights into functions of real gene regulatory networks. For example,
Elowitz and Leibler (2000); Fung et al. (2005); Tuttle, Salis, Tomshine and Kaznessis (2005) synthesize
artificial gene networks having oscillatory behaviors. Analyzing the synthesized networks could give
some insights into investigating and understanding oscillatory behavior of organisms, e. g. circadian
rhythm. Another example is the study on synthesizing artificial networks having a toggle switch like
function (Atkinson, Savageau, Myers and Ninfa (2003); Deans, Cantor and Collins (2007); Gardner,
Cantor and Collins (2000)).

Recently, Ichinose and Aihara (2002); Nakayama, Tanaka and Ushio (2006) discuss a synthesis
problem in gene regulatory networks having desired properties. In those studies the desired proper-
ties are given by expression pattern sequences which describe changes of expression levels of genes.
Furthermore, Nakayama et al. (2006) discuss a controller synthesis problem, in which controller gene
regulatory networks are synthesized so that an objective gene regulatory network has desired expression
pattern sequences.

In this chapter, we discuss the same synthesis problem and the controller synthesis problem of gene
regulatory networks, in which the desired properties are given by expression pattern sequences. We
present a novel synthesis method by network learning (Mori, Kuroe and Mori 2006). Gene regulatory
network models are generally described by nonlinear differential equations and it is difficult to derive
a synthesis method directly from nonlinear differential equation models. In order to overcome this
difficulty we derive discrete-time networks possessing the equivalent time evolutions of expression
pattern sequences to those of the differential equation models. We formulate the synthesis problem as a
learning problem of the discrete-time networks and an efficient algorithm to solve the learning problem
is derived. If the differential equation models are given by the piecewise linear network model (Glass
1975) with some class of interaction functions, the derived discrete-time networks are equivalent to a
class of recurrent high-order neural network(RHONN)s and the synthesis problem is reduced to a learn-
ing problem of RHONN .

The presented synthesis method can be applied to more general models of gene regulatory networks
than the model used in Ichinose and Aihara (2002); Nakayama, at el, (2006) and it can be also applied
to various synthesis problems. For example, the synthesis method can be extended and applied to the
synthesis of gene regulatory networks possessing multiple desired expression pattern sequences, cyclic
expression pattern sequences and stable cyclic expression pattern sequences.

BACKGROUND

There are several other studies on analysis and synthesis of gene regulatory networks. For examples,
Hasty and Isaacs (2001) consider the gene regulatory network models described by nonlinear differential
equations based on chemical reactions and investigate parameter regions such that they possess oscilla-
tory behavior. Rodrigo et al. (2007) propose a synthesis method of gene regulatory network models such
that they possess desired behavior, e. g. logical functions. Guido et al., 2006, Weiss et al., 2003 discuss
a method for synthesizing rather complex gene regulatory networks by using simple gene regulatory
networks as parts of them.

It is expected that the presented synthesis method makes some contributions toward understanding
and synthesizing gene regulatory networks. In gene regulatory networks, several models, from simpler
ones to detailed ones, have been proposed (Jong 2002). A simplest model is the Boolean network model
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