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Abstract

Modeling and identification are integral in understanding any natural system and in design-
ing new ones. In case of biomolecular systems, challenges arise due to their nonlinear, complex,
and stochastic nature. Given these challenges, the general problems of estimating parameters
from noisy measurements and obtaining approximate models in biomolecular systems are rela-
tively unclear. Particularly, we answer three questions in this thesis relating to modeling and
identification of biomolecular systems. Firstly, we address the problem of predicting bacterial
growth response to dynamic environmental conditions that is important in designing robust
synthetic circuits. Secondly, we address the challenge of parameter estimation in biomolecular
systems from noisy data investigating the dependence of noise on system states and parame-
ters. Thirdly, we address the problem of approximating nonlinear and complex biomolecular
systems to useful linear models. To address these problems, we combine theoretical, compu-
tational, and experimental approaches. More specifically, to predict bacterial growth when
temperature is varying dynamically, we estimate parameters in phenomenological nonlinear
growth models at different fixed temperatures from experimental data and use these estimates
for prediction. Next, we use the information of process noise dependence on states and param-
eters in the Langevin framework to adapt the standard Extended Kalman filtering algorithm
by updating the process noise covariance at each time step. We find that the updated filter can
achieve a balance between mean square estimation error and parameter convergence time and
we discuss its optimality. Finally, we use the describing function-based technique to approxi-
mate nonlinear input-output maps in biomolecular systems using finite amplitude inputs. We
find that the approximation error using describing function technique is lesser than standard
linearisation and propose an analytical bound for this approximation error. The describing
function-based approximation provides useful insight for the biomolecular systems investigated
such as an account of the pure delay involved in a positive transcriptional feedback circuit, a
bound of oscillation amplitude for biomolecular oscillators. Overall, the modeling and identi-
fication problems addressed in this thesis will aid in the analysis and design of biomolecular

networks.
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