Genome/epigenome dynamics in bacterial evolution
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Here I review genome/epigenome dynamics in the short- and long-term evolution of H. pylori as revealed by comparison of complete genome/methylomes. H. pylori genomes rapidly evolve through high mutation as well as high mutual homologous recombination. They show wide phylogeographic divergence. The evolutionary pathway suggested for cagA oncogene is Western type - Amerind type - East Asian type. Chromosome painting
in silico, which detects transfer of sequence chunks through homologous recombination, revealed fine population structure and admixture. H. pylori have a large number of sequence-specific DNA methyltransferase genes, with different strains carrying unique repertoires. Using single-molecule real-time (SMRT) sequencing technology in a Pac Bio machine, we studied methylated DNA bases throughout H. pylori genomes. The results demonstrated that these methyltransferases often change DNA sequence specificity through allelic recombination as well as domain movement: the movement of coding sequences of target recognition domains between genes and within a gene. Knocking out these specificity determinant genes led to unique changes in transcriptome and phenotype. These results are consistent with the concept of adaptive evolution driven by changes in the methylome. Most of these DNA methyltransferases are paired with a restriction enzymes to form a restriction-modification system. One family of restriction enzymes present in Helicobacter and Campylobacter excises an unmethylated base from their recognition sequence by DNA glycosylase activity and then occasionally cleaves the strand by AP lyase activity. This surprising finding reminds us of the demethylation by base excision in plant and animal epigenetics and suggests generalization of the concept of restriction-modification systems.
