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Analysis of noise effects in Markov and semi-Markov reaction systems

CAO Wenjie, TENG Jiaqi, CHEN Haowen, ZHOU Tianshou
School of Mathematics, Sun Yat-sen University, Guangzhou 510275, China

Abstract: Biomoleuclar networks such as gene regulatory networks, signal transduction networks,
metabolic control networks, and protein-protein interaction networks, are main research subjects of
computational systems biology. From the viewpoint of stochastic process, these networks can be
categorized into Markov and non-Markov reaction networks, depending on experimental
measurements of molecular mechanisms. On the other hand, biochemical reaction events happen
stochastically, so this necessarily leads to fluctuations in reactive species levels (i.e., biochemical
reaction is inherently noisy). This molecular noise would play an important role in natural selection,
cell fate determination, etc. An unsolved issue is what the biological function of molecular noise is.
This article analytically derives calculation formulae for the influences of molecular noise on reactive
species levels in general Markov and non-Markov reaction networks, and establishes two practical
theorems for the influences of small noise on equilibrium states and characteristic values in a generic
Langevin equation. In addition, it analytically shows that the effect of molecular memory is equivalent
to the introduction of feedback by taking a generalized birth-death process as an example. The

analytical results of this paper not only broad applications but also lay a foundation for statistical
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inferences based on experimental data.
Key words: Markov reaction network; semi-Markov reaction; molecular noise; chemical master
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