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We present an approach to modelling the evolution of small gene regulation networks. When there is a need
to convert an input gene expression pattern to an output gene expression pattern, populations can evolve
many qualitatively different ways (different network architectures) to solve the same underlying problem.
The relative frequencies with which these different network architectures are used constitute testable
evolutionary predictions. This principle is illustrated through examination of Feed Forward Loops (FFLs)
which are simple three-gene regulatory network motifs. They exist in different types, defined by the signs of
the effects of genes in the motif on one another. We examine 36 feed forward loops in Escherichia coli,
using evolutionary simulations to predict the forms of FFL expected to evolve to generate the pattern of
expression of the output gene. These predictions are tested using likelihood ratios, comparing likelihoods of
the observed FFL structures with their likelihoods under null models. The very high likelihood ratios
generated, of over 10", suggest that evolutionary simulation is a valuable component in the explanation of
FFL structure.



