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Editorial
Special Issue on “System Identification for Biological Systems”

A remarkable feature of molecular biology over the last two decades has been the massive
scaling up of its experimental techniques. The sequencing of the entire genome of organisms,
the determination of the expression level of genes by means of DNA microarrays or reporter
genes and the identification of proteins and their interactions by high-throughput proteomic
methods have produced enormous amounts of data on different aspects of the functioning of
cells.

Nowadays, there is a general consensus among biologists on the need to complement time-
course data characterizing genomic, proteomic and metabolic systems with formal methods
for identifying dynamical models of networks of interactions. Indeed, reverse-engineering of
regulatory networks enables computer-based simulation and in silico experiments that can be
used for massive and rapid verification or falsification of biological hypotheses, replacing in
certain cases costly and time-consuming in vitro or in vivo experiments. Moreover, in silico
analysis of biological systems, beside promoting the understanding of cell functioning, underlies
the design of interventions of biotechnological or biomedical relevance.

For these reasons, the use of system identification techniques for the reconstruction of
parameter and structure of biological systems is expected to play an increasingly important role
in the field of systems biology. However, standard system identification methods are unlikely
to work out of the box since they must cope with several challenges specific to biological
systems. First, the structure of many interaction networks is unknown or highly uncertain and
it has to be inferred on the basis of available data. Parsing all possible model structures is
often computationally prohibitive and this calls for data-based model selection methods that
are based on structural properties of the underlying systems. Second, full-blown models of
biological systems often contain several parameters that cannot be reconstructed from available
biological data. This raises the issue of simplifying existing models and resort to suitable
parameterizations that are amenable to identification tasks. Third, the stochastic nature of
chemical interactions might hamper the use of standard identification techniques and requires
the development of novel and ad hoc methods. The aim of this special issue has been to collect
very recent developments in system identification tailored to the reconstruction of biological
processes.

In the first paper, entitled “A Distribution Matching Method for Parameter Estimation
and Model Selection in Computational Biology”, G. Lillacci and M. Khammash exploit the
probability distribution of noise affecting the data for validating parameters inferred through
an observer-based identification algorithm and for discriminating among alternative models of
the same biological process.

The second paper by M. Rodriguez-Fernandez, J. R. Banga and F.J. Doyle III, entitled
“Novel global sensitivity analysis methodology accounting for the crucial role of the distribution
of input parameters: application to systems biology models,” introduces a novel global
sensitivity analysis methodology, Bayesian DGSM, that exploits a priori available information
on the distribution of the parameters to improve the sensitivity analysis.
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The third paper entitled “Accounting for Extrinsic Variability in the Estimation of
Stochastic Rate Constants” by C. Zechner, A. Ganguly, S. Pelet, M. Peter and H. Koeppl
addresses the issue of separating the effects of stochastic kinetics from those due to extrinsic
noise sources in single cell data. The authors present a Bayesian inference scheme capable
of deconvoluting these two sources of variability, and thus allowing for extracting statistical
information about cell-to-cell variability.

A new method for the reconstruction of dynamic fluxes and enzyme kinetics in metabolic
networks is proposed in the fourth paper by A. Abate, R.C. Hillen and S.A. Wahl entitled
“Piecewise affine approximations of fluxes and enzyme kinetics from in vivo 13C labeling
experiments” . Usually, kinetic network models involve hundreds of parameters and the authors
propose an approach based on piecewise affine approximations for splitting the identification
problem into subproblems involving just a few parameters.

The fifth paper entitled “Invalidation of the structure of genetic network dynamics: A
geometric approach” by R. Porreca, E. Cinquemani, J. Lygeros and G. Ferrari-Trecate
addresses the issue of identifying the structure of a genetic network model from measurements
of gene product concentrations and synthesis rates. The authors show that a practically
relevant subclass of genetic network models exhibit convexity-like properties that can be used
for efficiently invalidating different model hypotheses against experimental data.

The sixth paper entitled “Combining Qualitative Information and Semi-quantitative Data
for Guaranteed Invalidation of Biochemical Network Models” by R. Rumschinski, S. Streif
and R. Findeisen, addresses the problem of accepting or rejecting biochemical network models
when absolute quantitative data on the biological process cannot be collected. In particular,
the authors assume that just semi-quantitative or qualitative temporal pieces of information
are available and use mixed-integer linear programming for assessing if they are consistent
with at least one model in a given class.

We would like to conclude this guest editorial by thanking the Editor-in-Chief and the
Editorial Board of the International Journal of Robust and Nonlinear Control for giving us the
opportunity to organize this special issue. We also would like to thank all the authors for their
high-quality contributions and the reviewers who kindly have provided several constructive
comments and suggestions to improve the manuscripts.
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