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Abstract 

Our comparisons of complete genome sequences revealed that the genome structures have been extensively 
shuffled among eubacteria, particularly when the orders of orthologous genes were examined. Moreover, 
archaebacterial and eukaryotic genome structures were found to be unstable, too, as were the cases of 
eubacteria. We then turned our attention to operon structures, which were expected to be well conserved 
during evolution because of their regulatory importance. Surprisingly enough, however, we found that even 
within operons, gene orders have not been conserved, with exception to only a few cases such as ribosomal 
operons. When we reconstructed the ancestral genome structure of eubacteria and archaebacteria, and 
examined the relative instability of the genome structures among eubacteria, we found that there were 
differences in the degree of the genome instability among the examined species. The genome instability 
appears to be correlated with the number of insertion sequences. Interestingly enough, the intensity of the 
intrastrand bias of nucleotide composition (G-C skew) was found to be affected by the genome instability, 
implying that accumulation of strand-specific mutations depends heavily upon the stability of a genome. 
These findings imply that the gene orders have not been essential for survival of microbes in long-term 
evolution, and that the evolutionary instability of the genome structures is an intrinsic nature common 
to eubacteria, archaebacteria and eukaryotes. For eukaryotic genomes, we found that a lot of gene fusion 
events might have happened in the early evolution of eukaryotes so as to compensate for the loss of bacterial 
operon structures. The evolutionary instability of the genome structures can be one of the most important 
factors in understanding the evolutionary processes of the genome evolution. 
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