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Summary 

 

 The increasing number of genome sequences of archaea and bacteria 

leads to show their adaptation to different environmental conditions at the 

genomic level. Aeropyrum spp. are aerobic and hyperthermophilic 

archaea. A. camini was isolated from a deep-sea hydrothermal vent, and A. 

pernix was isolated from a coastal solfataric vent. In chapter 2, I compared 

the genomes of the two species to investigate the adaptation strategy in each 

habitat. Their shared genome features were a small genome size, a high GC 

content, and a large portion of orthologous genes (86 to 88%). The genomes 

also showed high synteny. These shared features may have been derived 

from the small number of mobile genetic elements and the lack of a RecBCD 

system, a recombinational enzyme complex. In addition, the specialized 

physiology (aerobic and hyperthermophilic) of Aeropyrum spp. may also 

contribute to the entire-genome similarity. Despite having stable genomes, 

interference of synteny occurred with two proviruses, A. 

pernix spindle-shaped virus 1 (APSV1) and A. pernix ovoid virus 1 (APOV1), 

and clustered regularly interspaced short palindromic repeat (CRISPR) 

elements. CRISPR spacer sequences observed in the A. camini showed 

significant matches with protospacers of the two proviruses found in the 

genome of A. pernix, indicating that A. camini interacted with viruses closely 

related to APSV1 and APOV1. Furthermore, a significant fraction of the 

nonorthologous genes (41 to 45%) were proviral genes or ORFans probably 

originating from viruses. Although the genomes of A. camini and A. 



 

 

pernix were conserved, I observed nonsynteny regions that were attributed 

primarily to virus-related elements. These findings indicated that the 

genomic diversification of Aeropyrum spp. is substantially caused by viruses. 

 The archaeal phylum crenarchaeota is composed of thermophilic or 

hyperthermophilic organisms. I hypothesized that although crenarchaea as 

well as Aeropyrum spp. interact with distinct community of viruses and their 

genomic diversification is caused by viruses, although they are highly 

specialized in narrow range of habitat and possess streamlined genomes. In 

chapter 3, to test this hypothesis, I performed a comprehensive comparative 

genomic analysis of crenarchaea (240 pairs of crenarchaea). Genomic 

sysnteny depended on phylogenetic distance. Crenarchaea including marine 

hyperthermophilic Aeropyrum spp. showed high genomic synteny regardless 

of phylogenetic distance. The degree of genomic conservation correlated with 

genome size. The crenarchaea with less synteny disruptions and small 

genomes (1.4 - 2.3 Mbp) are likely to be isolated by geographic distance, 

implying that the ancestors of the crenarchaea are highly specialized in their 

own habitat. On the other hand, the other crenarchaea with plastic and large 

genomes are likely to be cosmopolitan as generalists. Although the 

specialists shared a higher ratio of ortholgous, some of their nonorthologous 

genes were probably derived from viruses. These findings suggested that 

genomic diversification of the specialists was partly promoted by viruses in 

spite of their small and conservative genomes. 




