
  
Short Abstract — Gene expression is controlled by a complex 

network of interacting macromolecules, some of which are 
present in very low copy number per cell.  Its precision and 
reliability of expression can be affected considerably by 
molecular ‘noise’ arising from diffusion-mediated interactions 
of low copy number factors, and the degree to which this 
happens depends on the topology of the network of 
interactions.  Here we present a mathematical approach to 
explore how interaction topology affects the molecular noise in 
a biochemical network.  We apply this method to explain two 
recently reported properties of ‘paused’ genes. 
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I. PURPOSE 
ECENT investigations in metazoan transcription have 
revealed a highly diverse array of regulatory strategies 

in eukaryotes.  It is largely believed that initiation of 
transcriptional machinery assembly at the promoter is the 
primary mechanism for modulating the expression of genes 
[1], as indicated by prior studies in yeast [2, 3].  However, 
whole-genome assays for polymerase binding have 
demonstrated that metazoans, from Drosophila to humans, 
have assembled transcriptional machinery loaded on the 
promoters of 5-30% of non-expressed genes (so-called 
“stalled” or “paused” polymerase), thus indicating an 
alternative mechanism in which transcript elongation is the 
controlled step [4,5,6]. 

The selective pressures, which have lead to this 
rearragement of the topology of regulation, from controlling 
initiation to controlling elongation, comprise a very active 
field of research.  Recent reports have shown that these 
‘paused’ genes are activated in a faster [7] and more 
synchronous fashion than other initiation regulated genes 
[8].   The theoretical connection between speed, synchrony 
and topology, however, has not been explored.    

II. METHODS 
We develop a mathematical toolbox to allow for the 

analysis of the stochastic properties of macromolecular 
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assembly chains.  The specific properties we examine are 
speed of assembly, variation in time to assembly (i.e. 
synchrony of independent processes), and variation in the 
number of catalyzed events (e.g. the number of mRNA 
synthesized).   We use continuous time Markov chains to 
describe the assembly processes.  We illustrate how a 
complex chain can be decomposed into different subchains 
to ensure that the computations are still analytically 
tractable.  Our approach avoids the need for computationally 
expensive simulations, like the Gillespie algorithm 
commonly used to study these processes.  It also provides 
direct, symbolic solutions for how the properties of interest 
mentioned above depend on the individual reaction rates. 
General-purpose code implementing these tools is provided. 

III. CONCLUSION 
With this method we provide a theoretical demonstration 

that the topology elongation regulation itself should be 
expected to improve initiation speed and synchrony 
compared to initiation regulation of the same promoter.  
Additional changes in the promoter strength etc are not 
required.  We make new predictions about the effect of 
pausing on the reliable control of transcript number.  We 
also identify which elements in the transcription induction 
pathway are most sensitive to molecular noise and thus may 
be most evolutionarily constrained.  
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