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1. Abstract

Established in May 2018 and succeed in October 2020, the plant genome evolution research team studies the effect of heavy-
ion induced mutations on plant and microbial phenotypes. Chromosome rearrangements including translocations, inversions, and
deletions are thought to play an important role in evolution and have a greater potential to achieve large phenotypic changes. However,
this potential has not been fully investigated due to the lack of an effective method to induce and analyze complexed mutations.
We employ the population genomics approach with robust molecular biology and bioinformatics techniques to characterize genomic
mutations in model and non-model plant and microbial species, and create the future of mutation breeding.

2. Major Research Subjects
(1) Genomics-based approach to revolutionize the mutagenesis in model and non-model plants and microbes
(2) De novo genome sequencing and assembly of cultivars and isolates, and its application to evolution and breeding studies

3. Summary of Research Activity
(1) Genomics-based approach to revolutionize the mutagenesis in model and non-model plants and microbes

Recent advances in genome sequencing and bioinformatics technology enabled us to obtain a genome-wide view of the induced
mutations in unselected populations. We chose baker’s yeast and a legume Lotus japonicus as model systems, irradiated different
doses of carbon-ion beams to these organisms, and determined the dose-survival correlation. We isolated a semi-dwarf L. japonicus
mutant, identified the responsible mutation by whole-genome sequencing, and started to characterize the phenotypic traits of this
mutant. Phenotyping analysis indicated that the isolated semi-dwarf mutant shows significantly shortened internode length while still
maintaining good seed production equivalent to the wild-type plants. The semi-dwarf L. japonicus mutant is suitable for high-density
cultivation in the laboratory environment and may serve as an efficient model platform for legume-Rhizobium symbiosis.

(2) De novo genome sequencing and assembly of new cultivars and isolates, and its application to evolution and breeding

studies

We apply the latest de novo genome sequencing technology to elucidate genome sequences in different cultivars and isolates and
successfully created some high-quality draft genome sequences. The determined and assembled draft genome sequences are subjected
to gene predictions and functional annotations, then shared in a searchable data visualization and analysis system accessible through
the internet. With these fundamental genome information resources, we and our collaborators work together to achieve new findings
that will achieve major advances in both science and practical applications. These resources as well as the overall experimental
techniques and the analysis pipeline are essential to further expand our genome-wide mutation and evolution approach to previously
uncharacterized non-model species.
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