
  
We present an analytical theory of stochastic gene 
expression, which is able to predict mean expression and 
noise patterns for promoters of arbitrarily complex 
regulatory mechanism [1]. Our theory makes it possible to 
quantitatively connect regulatory mechanisms with single 
cell gene expression data. The theory has been applied to the 
GAL1* promoter in yeast, showing excellent agreement 
with experimental data and simulations [1,2]. The theory 
offers insights into potential mechanisms to independently 
control the mean gene expression and the cell to cell 
variability.  Such independent control of noise and mean 
expression is predicted to occur in the GAL1* promoter in 
yeast. 

I. PURPOSE 

UNLIKE traditional gene expression experiments, single 

cell gene expression experiments provide not only the mean, 
but also the whole distribution of gene expression in a 
population of cells (i.e. the cell to cell variability or “noise” 
in gene expression). These kind of experiments call for the 
development of analytical tools that help to connect 
proposed regulatory mechanisms with experimental data, 
test hypothesis, and guide the formulation of new 
experiments. So far, evaluation of these regulatory 
mechanisms and its comparison with the single cell data, has 
been achieved mostly through stochastic computer 
simulations, except for those cases in which the regulatory 
mechanism was simple enough to be reduced to a two-state 
(active/inactive) mechanism, in which transcripts are 
assumed to be made at different but constant rates at the 
active and inactive states. An analytical derivation of the 
moments of the steady state probability distribution of 
mRNA produced by this mechanism exists [3,4] 
 

We have recently developed a stochastic analytical theory 
that generalizes this to promoters with any number of 
regulatory states (depending both on which transcription 
factors are bound where, and the general state of the 
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promoter with respect to the conformation of DNA), 
calculating all the moments of the steady state probability 
distribution. The theory was shown to agree very well with 
in vivo gene expression data and stochastic simulations, 
when we applied it to a specific example, the GAL1* 
promoter in yeast [2]. Furthermore, the theory suggests a 
potential mechanism to independently tune the mean 
expression and the cell to cell variability in complex 
promoters regulated by more than one transcription factor. 
The independent control of noise and mean is predicted to 
occur in the GAL1* promoter.  

 
Using our theory, we investigate the noise characteristics 

of a few typical cis-regulatory motifs, whose mean response 
to transcription factor concentration is well characterized [5]. 
We explore the role of cooperative binding of transcription 
factors, number and strength of transcription factor binding 
sequences on the DNA, and regulation by DNA looping in 
the generation of noise in gene expression. 
 

II. CONCLUSIONS 

Our theory incorporates stochastic effects and is capable 
to connect mechanistic models of transcriptional regulation 
with single-cell gene expression data. The theory makes a 
number of experimentally testable predictions on the 
behavior of the cell to cell variability as a function of 
transcription factor or inducer molecule concentrations for 
specific promoter systems. We expect this theory will be 
used to test proposed mechanisms of gene regulation and 
guide new experiments. 
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