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System Theoretic Techniques in Systems 
and Synthetic Biology 

Abstract: Biology is the science of the century.  Life is an information-driven chemical process in which DNA 
encodes basic programs and creates systems to execute those. Here, the resulting molecular systems and 
actuators make decisions using molecular sensors. The problem of controlling such complex dynamical 
systems using limited amount of information has emerged as one of the most important challenges for 
science and technology. A control theoretic approach is useful in approaching a good enough solution to 
this problem. Indeed, as George Zames pointed out in 1966, the input-output stability theory aims and 
works towards facilitating qualitative assessments using only a coarse level system information that may be 
entirely devoid of any details on the internal structure of the given system. Here, the art is in extracting as 
much information as possible from the available data so that the conservatism in the characterization and 
control is minimized.  
 This talk is broadly divided into two parts: (1) modeling of nonlinear systems using sparse 
datasets, and (2) a synthesis of nonlinear dynamical systems using biomolecular components. The first 
presents results on how compressive sensing ideas can be used to obtain nonlinear dynamical models using 
sparse omics datasets and highlights the efficiency of this approach using the benchmark synthetic data of 
Cantone et. al. (Cell 2009). The second part presents techniques and a software to synthesize nonlinear 
dynamical systems using chemical reactions and, in particular, using DNA and enzymes.  
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