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Study of the origin and evolutionary principle of the symbiotic nitrogen
fixation system by comprehensive genomic comparative analysis
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Nodule symbiosis is an interaction between plants and bacteria that involves
nitrogen fixation. In order to elucidate the conditions and principles of this symbiotic system, we
carried out molecular evolutionary analyses of the origin of nodulation. We developed a method to
investigate the origin of the function of symbiotic genes from the phylogenetic tree of nodulation

genes. As a result of this analysis, we revealed the possibility that the gene cluster of common
nodulation genes was horizontally transferred from Frankia to ( -Proteobacteria, and that some of
the B -Proteobacteria evolved into B -rhizobia. It was also shown that the gene cluster of 3
-rhizobia may have been transferred to a -rhizobia. Parallel evolution of some nodulation genes was
found, suggesting strong natural selection for this symbiosis. We also analyzed the genome of new
strains of understudied rhizobial taxa and revealed the accelerated molecular evolution of some
nodulation genes.
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