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Study of genetic network is a field of current research
interest owing to its importance in understanding the
phenomenon of cell regulation. In this contest we focus
on Escherichia Coli. Escherichia Coli has been studied
experimentally fairly well and a lot of data pertaining to
the information of its genetic network is available. Re-
cent studies have shown interesting aspects of this net-
work. The 76% of the genes of E. Coli transcriptional
regulation network are self-repressed genes1, and the 70%
of the self-repressed genes are obtained by duplication2.
Moreover M.Cosentino-Lagomarsino et al.3 have shown
that E.Coli transcriptional regulation network is essen-
tially feedforward with no cross-links between duplicated
self-repressed genes. This aspect is peculiar since we ex-
pect to find cross-links between duplicated self-repressed
genes (see figure).

The aim of this work is study the loss of cross-links in
a network composed of duplicated self-repressed genes.
In particular we want to investigate if networks with no
cross-links have some particular functionality for which
they are positively selected by evolution.

The link between networks and functionality is the
temporal behavior of the concentration of the proteins
involved in the networks4. We model networks as a well
stirred reactor with high copy number for each kind of
reactant. In this way we can model networks by a set
of ordinary differential equations whose variables are the
concentrations of the reactants. The evolutionary pres-
sure is modeled by a cost function5 (CF). The CF is de-
fined like:

∫ T

0
(A(t) − F (t))2dt where A(t) and F (t) are,

respectively, the concentration of protein A and the value
of the superimposed functionality at the time t.

We have used two different methods. In the first
method we calculate the CF’s landscape. Minima of
the CF are the networks, composed by duplicated self-
repressed genes, that are best suited to perform the su-
perimposed functionality. In the second method we have
realized,tested and used an evolutionary algorithm based
on P.Francois and V.Hakim5 to explore the space of net-

works.
Both methods find the same minima in all the CFs that

we have used. Depending on the CF we find that the net-
works that are best suited to perform the superimposed
functionality are the networks without cross-links. In one
particular case in which the CF present a continuous va-
riety of minima the methods give different information.
While landscape give only information about the variety,
simulation with the evolutive algorithm give information
about the probability to reach each minimum.

Figura 1. Left figure: self-repressd gene network. Right
figure: duplicated self-repressed gene network.
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