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Patterns of gene combination within an operon vary significantly between different species of bacteria; the same set of genes can be distributed in different ways even in genomes of closely related strains. Our algorithm provides reconstruction of ancestral operons given phylogeny and data from extant species. 

The common approaches to reconstruction of evolution of operon structure usually consider pairs of genes. In this paradigm, each pair in each genome can be described by one of the following two states: whether this genes are situated within the same operon or they are not. Such a consideration does not account for transitivity of 'to be in the same operon' relation, hence conflicts can arise. e.g. gene A and gene B are predicted to be within the same operon as well as genes A and C, but at the same time gene B and gene C are predicted to be in different operons. 

Our approach considers operon as a collection of genes and it is free of the pairwise consideration inconsistencies. As an atomic evolutionary events we consider: a split of an operon into two or a merge of two operons into one. We reconstruct the evolution of the operon structure using the Monte-Carlo minimization of the overall number of events weighted by the tree distances. For better algorithm convergence we keep an ensemble of suboptimal solutions rather than only the best solution, in each tree node. Our approach was successfully tested on simulated data and then it was used for analysis of the operon structure of several metabolic systems in gammaproteobacteria






