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DNA microarray technology allows us to measure gene expression patterns on a genomic scale, but to
exploit this technology we must find ways to extract useful information from the massive amount of data.
Among the possible solutions for extracting information, many researchers have taken an interest in the
inference of genetic networks. The inference of genetic networks is a problem in which mutual interactions
among genes are estimated using time-series data of gene expression patterns. The inferred model of the
genetic network is conceived as an ideal tool to help biologists generate hypotheses and facilitate the design
of their experiments. On another level, it may also shed light on the biological functions of genes.

In this study, we use an S-system model to describe the genetic network, as this model is rich enough in
structure to capture various dynamics. Several network inference algorithms based on the S-system model
have been proposed. These algorithms estimate the S-system parameters from observed time-series data of
gene expression patterns. The number of S-system parameters is proportional to the square of the number
of network components. Thus, the algorithms must estimate a large number of S-system parameters
simultaneously if they are to be used to infer large-scale network systems containing many network
components. This is why the inference algorithms based on the S-system model have been applied only to
small networks that include only a few (less than five) genes.

To resolve the high-dimensionality of the genetic network inference problem in the S-system model, a
problem decomposition strategy, that divides the original problem into several subproblems, has been
proposed. This approach enables us to infer S-system models of larger-scale genetic networks. However,
when the given time-series data contain the measurement noise, the inferred model cannot be used to
computationally simulate a genetic network. This is one of disadvantages of the problem decomposition
approach, since the computational simulation is needed to analyze and understand the genetic network.

In this study, we propose a new method that eliminates the disadvantage of the problem decomposition
approach. The proposed method simultaneously solves the decomposed subproblems using a cooperative
coevolutionary algorithm. In the proposed coevolutionary algorithm, all of the subproblems interact with
each other through the gene expression curves which are updated when more reasonable curves are
obtained. Because of this interaction, the proposed method has the ability to infer an S-system model that is
ready for the computational simulation. We are now applying our method to DNA microarray data of T.
thermophilus HB8 strains.
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