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Summary of thesis contents

Rodents are the mammalian order generally characterized by continuously growing
pair of incisors. They have the highest number of species and an unrivalled
ecological success among mammals. Rodents are found in many habitats and have
huge phenotypic diversity across body size, longevity, physiology, morphology,
litter size and so on. Despite the phenotypic diversity among rodent species, limited
number of genome sequences constrains extensive investigation of genomic changes
associated with rodent phenotypic diversity.

Extensive comparative genomics requires the availability of genome sequences.
Therefore, | set to sequence the whole genomes of two strategically located species
in rodent phylogeny. The first species sequenced is capybara, the largest living
rodent species. The second species is Japanese giant flying squirrel. These two
species, in addition to mouse, are representatives of the three major rodent lineages.
The main aim of this study is to investigate the genomic changes that have
accompanied rodent evolution. Based on the long standing hypothesis that
regulatory evolution might have contributed to morphological evolution, | decided
to investigate the role of conserved noncoding sequence (CNS) evolution in rodent
phenotypic diversity. In this study, | found that CNSs often have regulatory signals
and that CNSs are probably involved in more conserved expression of the flanking
protein-coding genes. In addition, | found that the physical distance between CNS
and the closest protein-coding gene tend to be evolutionarily conserved.
Furthermore, | found that CNS-associated genes tend to be enriched in transcription,
development and nervous system, but underrepresented in genes associated with
defense and immunity. As expected from gene ontology enrichment,
CNS-associated genes are highly expressed in embryonic brain and poorly
expressed in testis. These observations suggest the importance of CNS evolution in
phenotypic diversity as the major players of morphological evolution should be
active during developmental stage.

The evolutionary dynamics of CNS across four mammalian orders and evolutionary
ages revealed interesting features of rodents. | found that CNS loss is highest in
rodents but lowest in primates. On the contrary, CNS gain is highest in primates but
lowest in rodents. Carnivores and cetartiodactyls have intermediate values. These
observations highlight the high turnover rate of rodent CNSs, and by extension,
regulatory elements. Focusing on primate CNSs due to limited rodent data; | found
that more ancestral CNSs tend to have stronger constraints than the recently
evolved ones. These results suggest that rodent phenotypic diversity might be
connected to the high regulatory turnover in rodents. Even among rodents, CNS
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evolution was found to be heterogeneous with the highest loss in mouse-related
lineage and the lowest in squirrel-related lineage.

To further investigate these observations, | asked how quickly regulatory turnover
happen in rodents. For this analysis, | focus on Muridae, the largest rodent and
mammalian family in terms of the number of species. The transcriptome data of
mouse and rat are already available. In addition, | sequenced the transcriptome of 3-,
5- and 7-day postnatal wild large Japanese wood mouse species for the retrieval of
large number of transcripts. Liver transcriptome analyses reveal that expression
dynamics highlight phylogenetic relationships, and that CNSs seem to be less active
in liver.

Mutation-driven hypothesis of evolution suggests that species with relatively high
mutation rate would have higher ecological success rate because they would have
abundant “raw materials” upon which evolutionary forces can act. Interestingly,
previous studies and my own analyses show that rodents have higher evolutionary
rates. | then asked if the high evolutionary rates in rodents have contributed to their
phenotypic diversity and ecological success. If this is true, | hypothesized that
rodent clades with higher number of species would have higher evolutionary rate.
Using the published rodent genome data, | first show that though primates’
evolutionary rates are lower than rodents’, there is heterogeneity among rodents. Of
particular interest is the observation that murids with the highest number of species
indeed have the highest evolutionary rates. Unlike the previous reports however, |
found limited evidence supporting the correlation between body size and
evolutionary rate.

In conclusion, my study suggests that higher regulatory evolution in rodents might
have contributed to rodent phenotypic diversity. This higher regulatory evolution is
brought about by the high evolutionary rates among rodents. These results support
mutation-driven hypothesis of evolution. The whole genome sequences of Japanese
giant flying squirrel and capybara, with the transcriptome data of large Japanese
wood mouse will be invaluable resources for future rodent evolutionary studies. The
next line of analyses would be trait- and region- targeted to establish the genomic
regions responsible for some interesting rodent phenotypes.
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