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ABSTRACT

We investigate approaches to modelling genetic regulatory networks in the context of cellular functions. We propose a framework in which the system is viewed in terms of states and transitions. A state may comprise, for example, the species as index to the state vector, the number of molecules and their physical locations. At any given state, there is a set of propensities pertaining to a set of state transitions. This represents the likelihood that transcriptions, translations, reactions, or bonding, to name a few examples, would occur. The expression of the change of the probability that at time t, the system is at state x, is what we call the Stochastic Master Equation (SME). The stochastic and discrete state nature of the SME accounts for its appropriateness for a system where concentrations of species are low, and molecular processes are not deterministic. We examine how approximations of this equation lead to other frameworks. For example, considering only the binary variables (e.g. gene

on/off) leads to Boolean networks, and taking the average of the distributions leads to continuous kinetic rate equations, placing the Master Equation in the centre of the framework.

