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Figure 3 – Simulated trajectory for a two genes regulatory 
network.
Red vertical lines are the true data mode switches, 
magenta horizontal lines are the crossed thresholds during 
the trajectory that lead to a mode switch (thus they are the 
identifiable thresholds)

Figure 4 – Phase state representation of the 
trajectory in Figure 3 (red), with the vector 

field (             ).
Blue lines are the system thresholds. They 

divide the space into regulatory domains 
inside which the kinetic parameters are 

constant.

Figure 5 – Segmented trajectory: for each molecule, the 
modes and their dynamical parameters are inferred. Data 
generated by different modes have different symbols. The 
vertical lines are the true switches.

Figure 6 – Classification of the points into 
modes for which the kinetic parameters are 

constant for all the molecules.
The lines are the true switches.

Figure 7 – The classified data sets are optimally separated 
by two horizontal lines, one on each molecule, that correctly 
identifies the thresholds (magenta lines in Figure 1) and 
their action (the protein A inhibits the gene expressed into 
B, and the protein B activates the gene expressed into A).
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► Data-driven 
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Figure 1 – PWA representation of GRNs: (a) the variation rate of the 
concentration xi of a protein expressed from gene i involved in the 

network depends on a term of synthesis and on a term of degradation 
proportional to its own concentration. (b) The synthesis rate κi

j and the 
degradation rate γi

j are constant inside regulatory domains Xj  that are 
defined by thresholds and that partition the concentration space into 

hyperrectangles (see example of Fig. 4). (c) The observed data y(k) are 
the concentrations at times kT (T being the sampling time step) with 

some additive noise ξi.
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Figure 2 – Data points are first classified into modes in which 
the dynamical behavior is assumed to be governed by an 
affine 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. For each combination of thresholds, it is then 
possible to provide an identified regulatory network and the 
dynamical parameters of each mode of operation.
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► E.coli carbon 
starvation 
response

►  The performance of our approach has been analyzed using synthetic data produced by a simplified model of 
the carbon starvation response in the bacterium Escherichia coli [10]. In particular, we evaluated the impact of 
the noise level and sampling time on the identified systems. Our results show that the method, coupled with 
sufficiently precise time-series data, which can be obtained from gene reporter systems, enables a quantitative 
identification of piecewise affine models of genetic regulatory networks.
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Figure 8 – Transitions from exponential 
phase (bacteria multiply thanks to the 

presence of nutrients) to stationary phase 
(bacteria stop duplicating because of 

starvation) involve observable changes in 
morphology, metabolism, gene expression…

Figure 9 – (a) Simplified PWA model of the carbon starvation 
network in E. coli.The variables denote the concentrations of  
proteins CRP, Fis, GyrAB, and stable RNAs  (b) Graphical 
representation of the PWA model, indicating genes and their 
regulatory interactions.
Summarizing the results of the switching threshold 
reconstruction process, from the data the approach described 
on Figure 2 has inferred five out of six thresholds in the model: 
only the threshold above which CRP activates the transcription 
of its own gene and inhibits the expression of fis is missed. 
This is expected since the concentration of CRP never 
reaches the threshold level.
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►  Genetic Regulatory Networks (GRNs) underlie functioning and development of living organisms. 
Components: genes, proteins, metabolites, and their mutual regulatory interactions.

Genes code for proteins. Gene expression is controlled by concentration of regulatory proteins in cell. 

► Experimental techniques in biology have led to the production of enormous amounts of data on the 
dynamics of gene expression: DNA microarrays, gene reporter systems.

► System identification problem: derive a model of the regulatory interactions from measurements and model 
structure.

► Among classes of systems that were used for modeling biological networks [2], we focus on Piecewise 
Affine (PWA) systems of GRNs introduced by [6]:
- the concentration space is divided into hyperrectangular regulation domains separated by thresholds on the 
concentration variables;
- each domain corresponds to an affine mode of operation.

► We are using the data model described on Figure 1. The identification problem is then to reconstruct from 
the noisy dataset: (a) the number of modes (b) all rate parameters (c) all switching thresholds.

► Algorithms for PWA systems identification have been proposed [5], but existing identification methods are 
generic in nature and do not exploit features and constraints of PWA models of GRNs.

► 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]. Such an identification method is designed for output-error systems where the observations are 
noisy time-series measurements of concentration levels inside a cell: it is described on Figure 2.


