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Extended Abstract

Recent advances of experimental techniques in biology have led to the production of enormous
amounts of data on the dynamics of genetic regulatory networks. We present an approach
for the identification of piecewise affine models [6] of genetic regulatory networks [2, 7] from
experimental data. These models rely on the hypothesis that regulation happens at the level
of the synthesis and the degradation of the gene expression products: kinetic parameters
are considered as being constant until a regulating protein concentration crosses a switching
threshold.

The method we present focuses on the problem of detecting switches among different modes
of operation in gene expression data [9] and on the reconstruction of switching thresholds
associated with regulatory interactions [4]. In particular, our method takes into account
geometric constraints specific to piecewise affine models of genetic regulatory networks. Such
a hybrid identification method is designed for output-error systems where the observations
are noisy time-series measurements of concentration levels inside a cell.

The points are first clustered into modes on which the dynamical behavior is assumed to be
fully described by a linear differential equation. From the resulting classification, a pattern
recognition technique is used to reconstruct all combinations of switching thresholds that
are consistent with measured data in piecewise affine models. For the different proposed
solutions, it is then possible to provide an identified regulatory network and the dynamical
parameters of each mode of operation.

We have systematically assessed our approach on synthetic data simulated from a model
of the carbon starvation response in the bacterium Escherichia coli inspired from [10] with
different Gaussian noise standard deviations and different sampling times. Our results show
that the method, coupled with sufficiently precise time-series data which can be obtained
from reporter gene experiments, enables a quantitative identification of piecewise affine mod-
els of genetic regulatory networks.
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