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Quantifying and clarifying gene regulatory structure from single-cell level data
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In this study, we mathematically formulated the stochastic dynamics of
fluctuations and cell-to-cell variations in gene expression observed at the single-cell level. Using
snapshot single-cell data, we developed a method to quantitatively estimate transcriptional control
parameters that are difficult to observe directly in experiments. This includes estimating the
amounts of mRNA and protein.

During this process, we derived an equation that models the stochastic production and degradation of
gene products, and we discovered a method to rigorously derive its steady-state solution
(probabilistic model). By applying this theory to single-cell data from the Escherichia coli lactose
metabolic system and the Saccharomyces cerevisiae galactose metabolic system, we quantitatively
estimated the kinetic parameters in gene regulation and uncovered a transcriptional control
mechanism common to both systems.
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