
 

 

  
Short Abstract — It is observed that the number of 

transcription factors in prokaryotic genomes scales 
approximately quadratically with the genome size. Here we 
propose a simple model to explain this observation. The model 
views a prokaryotic genome as a toolbox composed of 
functional pathways and interconnected by a network, and 
considers the adaptation of an organism to a new environment 
by gaining new pathways and shedding away the useless ones. 
It suggests that as the genome size gets bigger, the number of 
genes in newly acquired pathways gets smaller, as the organism 
can reuse its existing genes. This explains the faster than linear 
scaling observation between the number of transcription 
factors and genome size, and we provide a simple toolbox 
interpretation to simplify our conclusion.. 
 

Keywords — Functional genome analysis, horizontal gene 
transfer, transcriptional regulatory networks 

I. INTRODUCTION 
HE biological functions of a cell are carried out by the 
metabolic network and controlled by the regulatory 

network. The coordination of metabolism in the cell by the 
regulatory network is very extensive, given the fact that 
about half of the transcription factors in Escherichia coli 
have a binding site for a small molecule [1], and these 
transcription factors could be potential regulators of 
metabolic pathways [2]. This indicates that coordination of 
metabolic pathways is the major function of the regulatory 
network. There are empirical evidences that shed light on the 
evolutionary process between the two networks: a) the 
number of transcription factors scales faster than linear [3-6] 
(approximately quadratically [4]) with the total number of 
proteins in the prokaryotic genomes and b) the distribution 
of regulons, that is, the out degree distribution of 
transcription factors in the regulatory pathways has a long 
tail [7]. This implies that, excluding a few “hub” like 
transcription factors, all work locally. Here we propose a 
simple model to explain the above observations based on the 
co-evolution of bacterial metabolic network. 

II. TOOLBOX VIEW OF THE METABOLIC NETWORK 
We propose to view the collection of enzymes in a 

organism as tools in a toolbox, where every enzyme is a tool 
that carries out a task either breaking down large metabolites 
into smaller ones or assembling simple metabolites into 
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complicated ones. Our model shows that it is the reuse of 
enzymes that gives rise to the nonlinear scaling. Adapting to 
a new environmental condition, e.g. presence of a new food 
source, would require new metabolic pathways to process 
the new metabolites. The new metabolic pathways can be 
made up of the newly acquired enzymes / tools and also 
existing enzymes / tools in the genome / toolbox. In this 
analogy it is clear to see that the larger the size of the 
toolbox the higher the probability of reusing the existing 
tools. In terms of the metabolic network language, we have 
the larger the number of enzymes, the higher the probability 
of reusing those enzymes that are already present on a new 
metabolic pathway. The spirit of the toolbox analogy can be 
further extended on the whole prokaryotic genome since the 
metabolic genes constitute a large portion of it. In the sense  
the larger the size of a genome, the higher probability to 
have a gene in the genome being reused in a new functional 
pathway to adapt to changes in the environment, and 
therefore the lower the number of new genes for that new 
functional pathway. If we assign a transcription factor to 
every functional pathway, then we will get a nonlinear 
scaling between the number of transcription factors and the 
genome size. 
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