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All the present genomes are a snapshot of an ongoing genome evolution process, and bear the “signatures” left by historical evolutionary events. To decipher the “signatures” and determine the general structure and organization of cellular information as well as elucidating the underlying evolutionary dynamics, we explore various statistical characteristics of the genomic and proteomic data in large scale (using Valis). We analyze mer-frequency and domain family size distributions across various genomes, and the distribution of the potential “hot-spots” for segmental duplications in the human genome. Results from our analyses, as well as related previous studies, suggest a scale-independent pattern, which persists in various organisms. We hypothesize and test, by computational analysis, that such a pattern is the result of a generic dominating evolution mechanism, “evolution by duplication”, originally suggested by S. Ohno. Furthermore, such an evolutionary dynamic at the genome level leads to the interesting topological properties discovered in higher-level cellular networks (e.g. protein interaction network, regulatory network, metabolic network, etc). Based on this hypothesis, we develop a mathematical model for genome evolution by duplication. Our model is an extension of Polya’s urn model, and considers genome evolution as a stochastic process with three main events: substitution, deletion and duplication. We study a simpler version of the model using numerical simulation, and a more realistic (thus, complicated) version of the model using large-scale in silico simulation (using Genome Grammar). The simple model fits convincingly well with the mer-frequency distribution data from real genomes. The resulting sequences from the in silico simulation resemble the real genomic sequences in various statistical features. These results suggest that despite the highly diversified evolutionary environment for different organisms, the essential composition of the evolutionary dynamics is commonly shared. The simple stochastic process (substitution, deletion and duplication) can lead to the highly complex structures observed in different biological processes, and may represent one of the basic rules in biology. A better understanding of such a fundamental rule should be incorporated into bioinformatics algorithm designs for improved interpretations of biological data. 
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