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oReport summary (English)

Principal investigator: Keiichi Mochida, RIKEN Center for Sustainable Resource
Science Team Leader

R & D title: Multidimensional improvement of plant biomass productivity

based on artificially induced heterosis technology

1. Purpose of R & D

Interspecific hybridization and subsequent genome duplication (allopolyploidization) generates hybrid
species which can often show morphological and physiological vigor. Factors associated with such
growth vigor observed in hybrid plants may enable us to improve plant productivity, and develop
plants with multiple traits effective for carbon storage and utilization. Through systems biology-based
approach in allopolyploid species to identify genetic factors associated with their vigorous traits, the
research project aims to develop a technology to artificially generate plants with vigor traits. By
improving plant productivity with genes from allopolyploid species, the research aims to contribute to
reducing the cost of bio-resources such as bio-based materials and bio fuels, and resource and energy
development by bio-based low carbon technologies.

2. Outline of R & D

(1) Contents: This research aims to develop technologies that improve plant biomass productivity such
as plant size and environmental adaptation ability, which are often enhanced in allopolyploid plant
species. Through our combinatorial approach of plant sciences and information science including
mathematics, we try to identify useful genes associated with vigor of useful traits, and develop
technologies to improve plant productivity through analyzing the function of the genes to identify the
potential for artificial induction or regulation of vigor traits.

(2) Achievements: We deciphered a whole-genome sequence of an allopolyploid grass species,
Brachypodium hybridum and one of its ancestors, B. stacei in Brachypodium, a genus of temperate
grasses. With the genomic information of the Brachypodium plants, we provided information
resources that enable us to examine homoeolog specific expression patters in B. hybridum, and
revealed its ancestral genome specific gene expression in response to heat stress conditions, which
may presumably be associated with heat stress tolerance in B. hybridum (Takahagi et al. GigaScience
2018). Moreover, we performed comparative analyses of time-series transcriptome of a diploid
ancestor, B. distachyon and the allopolyploid, B, hybridum, and developed a method to infer gene
regulatory networks based on sparse modeling (GroupSCAD) through our collaboration with the
Kyusyu Univ. group (Koda et al. Front. Plant. Sci. 2017). With the GroupSCAD method, we inferred
GRNs in the diploid ancestor and the allopolyploid, and estimated hub genes which form particular
networks in the allopolyploid compared with the diploid. Moreover, we analyzed the diurnal
transcriptomes of the natural allopolyploid B. hybridum and its diploid progenitor species, B.
distachyon and B. stacei, as well as an artificially induced B. distachyon autotetraploid, and suggested
gene expression regulation by a trans-regulated feedback mechanism between homoeo-genomes in
allopolyploids (Inoue and Takahagi et al. NAR Genomics and Bioinfromatics 2020)

(3) Future developments: The methods developed in this study will be applied to explore useful genes
from other hybrid plants and crops. Particularly, further identifying genes associated with better yield
and stress tolerance in hybrid species, gene discovery from hybrids and allopolyploids will contribute
to improve plant productivity toward low-carbon societies.



