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Abstract

Systematic and scalable parameter estimation is a key to construct complex gene
regulatory models and to ultimately facilitate an integrative systems biology
approach to quantitatively understand the molecular mechanisms underpinning
gene regulation. We propose a novel framework for efficient and scalable
parameter estimation that focuses specifically on modeling of gene circuits.
Exploiting the structure commonly found in gene circuit models, this framework
decomposes a system of coupled rate equations into individual ones and
efficiently integrates them separately to reconstruct the mean time evolution of
the gene products. The accuracy of the parameters is refined by iteratively
increasing the accuracy of numerical integration using the model structure. Since
it avoids a computationally expensive search in a global parameter space, this
framework can make the parameter estimation of large-scale gene circuit models
feasible. As a case study, we applied our framework to four gene circuit models
with complex dynamics and found that the quality and the efficiency of estimates
were substantially improved with the use of the new framework. We compared
our framework to three of the state-of-the-art parameter estimation methods and
found that it generated more accurate and consistent estimates. While many
general-purpose parameter estimation methods have been applied for modeling
of gene circuits, our results suggest that the use of more tailored approaches to
employ domain specific information may be a key to reverse-engineering of
complex biological systems.
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