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Achieving zero food risk

Project Manager (PM): Toru Fujiwara
' by improving crop robustness |

Professor, The University of Tokyo

through Cyber-physical Systems Project Year: FY2020~FY2024

Background and Goals

Project Background and Rationale
In 2050, global food demand is projected to be 1.7 times higher than in 2010.
To meet this challenge, we must ensure stable crop production even under
harsher environmental conditions than today—making it urgent to rapidly
develop numerous resilient new crop varieties.

Technology Development Goals

By 2030, we will complete a prototype system that designs crops in cyberspace
and validates them in the physical world—cutting the development time for new
varieties from over a decade to just a few years. Building on this, we will launch
the Digital Crop Design Center and start releasing resilient crop varieties.

tion

Key Research Achievements . )

(1) We identified key genes that enable stable growth and sufficient yields even with limited fertilizer.
The yield-enhancing effect was confirmed through field trials in real paddy fields.

(2) Developed a high-precision plant phenotyping platform that can simulate drought conditions in a
controlled-growth chamber. Comprehensive phenotypic and gene expression analyses led to the
discovery of multiple candidate genes for drought tolerance in rice.

(3) We established a cross-crop data platform by matching corresponding genes across eight species—
including rice, wheat, and soybean—to create a comparative genomic dataset, and by compiling
gene expression profiles from eight cultivated and wild rice lines.

WT genome-edited 4-
. . li +
[Detailed Achievements] W Ea
Development of low-nitrogen tolerant rice &
(=) .
We identified genes that control tillering in rice. 2 2
Knocking out the genes using genome editing % 14
increased the number of tillers and the yield in paddy >
fields with low nitrogen levels (see right). 0-

WT genome-
edited

Identified candidate drought-tolerance genes line

and validated their effect in rice mutant lines

We simulated drought conditions in a controlled-
growth chamber and collected phenotypic, gene
expression, and environmental data. Through omics
analysis, we identified new multiple candidate genes
for drought tolerance. Mutant lines of these genes
were grown under drought conditions, and some of
them showed increased seed weight (see right).

Contact: Toru Fujiwara : atorufu@g.ecc.u-tokyo.ac.jp
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[Detailed Achievements]

Development of a Cross-Species Genomic
Data Platform

We identified orthologous genes across eight
species—rice, wheat, barley, maize, ; ; =
Arabidopsis, soybean, wild Vigna species, and | T e -
quinoa—and released a genomic information EEEN 2
platform that enables cross-species utilization
of valuable rice gene data in the analysis of e
other crops (see right figures).

Amino acid sequences of
the orthologous genes

Future Directions

To advance and diversify crop design technologies, we aim to enhance the accuracy of our
cyber-physical system (CPS) and apply it to address heat stress and combined low-nutrition
stress in rice, as well as drought stress in wheat. We also seek to develop technologies that
enable artificial control of gene expression. These efforts will be integrated into the launch of
the Digital Crop Design Center, with the goal of releasing robust new crop lines.

What We Aspire To

By 2050, we aim to spread highly climate-resilient crops worldwide to mitigate global food risks
and pass on a more peaceful future to the next generation. Our efforts go beyond crop
resilience—we also strive to contribute broadly to achieving the Sustainable Development Goals
(SDGs).

Research Themes and Structure

o0 Representative institution: The
Toru FU_] iwara PM g University of Tokyo

| | |
1. Developing 2. Digital 3. Dynamic genome 4. Encyclopedia of stress
robust crops Crop Design modification tolerance genes
(1,2,3,4,7,8,9,10,11,13,  (1,2,4,5,6,14,19) (1,2,10,12,15,18) )
16,17,19)

<Research Institutes>

(1) The University of Tokyo / (2) National Agriculture and Food Research Organization / (3) Japan
International Research Center for Agricultural Sciences / (4) RIKEN / (5) Japan Agency for Marine-Earth
Science and Technology / (6) National Institutes for Quantum Science and Technology / (7) Fukushima
University / (8) University of Tsukuba / (9) Nagoya University / (10) Kyoto University / (11) Kobe
University / (12) Shimane University / (13) Yamaguchi University / (14) Kyushu University / (15) Nagoya
City University / (16) The University of Shiga Prefecture / (17) Osaka Metropolitan University / (18)

Ryukoku University / (19) Kazusa DNA Research Institute




