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Tester and Langridge 
(2010) Science 327: 818

Crop genetic improvement 
(breeding) must be accelerated!

Need to increase production of major grains 
by 1.7 times by 2050



Two big breakthroughs to accelerate breeding

High-throughput and low-
cost DNA analysis

Rapid technical advancement 
in data sciences



Conventional Plant Breeding

×

Breeder

• Determine crossing 
combinations based 
on experience and 
intuition

Selection
Crossing

Breeder

• Selection of good 
progeny based on 
time-consuming 
cultivation trials and 
evaluations



Plant Breeding with genomic selection (GS)

Yabe et al. (2018) Front. Plant Sci. 9: 276
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Genomic selection experiment in buckwheat (蕎⻨)

Create a model that 
predicts characteristics 
using DNA polymorphisms 
as proxies.

Selection by predicting 
characteristics from DNA 
polymorphisms

• GS eliminates time-consuming cultivation tests and evaluations
• GS can speed up the genetic improvement

Prediction



Challenges in increasing the efficiency of genomic 
selection (GS)

Collect a large number of data 
that can be used for model 
building (automatic and semi-
automatic measurements)

Make the model capable of 
proxying not only genomic but 
also environmental data

＋

Making breeders' decisions 
data-driven, e.g., through data 
science optimization methods

Breeder

We are currently working primarily on these topics.

Prediction



Challenges in increasing the efficiency of genomic 
selection (GS)

Collect a large number of 
data that can be used for 
model building (automatic 
and semi-automatic 
measurements)

Make the model capable of 
proxying not only genomic but 
also environmental data

Making breeders' decisions 
data-driven, e.g., through data 
science optimization methods

Breeder

＋
Prediction



High-throughput data collection in the field

RGB (color)

DSM (3D structure)

Input 
images
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Feature
map

Vector of 36,864 
dimensions

Vector of 30 
dimensions

特徴量抽出

Biomass
related
traits

Prediction of biomass-related traits using deep learning

Prediction accuracy of DL
Less accurate than 
manual measurement, 
but superior in that it is 
non-destructive and 
allows measurement of 
large numbers of 
samples over time

Okada et al. (in prep)

JST/CREST "Development of an evolved genomic selection system based on modeling of plant environmental responses"



Challenges in increasing the efficiency of genomic 
selection (GS)

Collect a large number of data 
that can be used for model 
building (automatic and semi-
automatic measurements)

Make the model capable 
of proxying not only 
genomic but also 
environmental data

Making breeders' decisions 
data-driven, e.g., through data 
science optimization methods

Breeder

＋
Prediction
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Genome

Response
Modeling

Toda et al. (Theor Appl Genet, under review)

Genomic and environmental modeling -
Predicting daily growth

Model the environmental response of the growth with additive splines
(assumed to be smooth with respect to genome and time of observation)

Response curves of all varieties to an 
environmental factor (soil moisture)

Environment Daily growthDaily growth
th th th

JST/CREST "Development of an evolved genomic selection system based on modeling of plant environmental responses"
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Genome

4,776,813 SNPs 

Integrate growth models, genomic prediction models, and 
Bayesian methods for data assimilation

Improved accuracy in 
predicting future growth

Irrigated
N

on-irrigated

2017 2018 2019

Growth 
para-
meter 
values

Candidate growth 
curves②①

Predict growth

③
Step 1: Genomic prediction 
of candidate parameters 
for a growth model

Step 2. Generate candidate 
growth curves based on 
growth models

Step 3. Predicts future growth by selecting candidates that are 
close to measurements taken in the early growth stage with the 
ABC algorithm

Growth model

Toda et al. (2022) Frontiers in Plant Sci 13: 828864

Genomic and Environmental Modeling: 
Predicting future growth

JST/CREST "Development of an evolved genomic selection system based on modeling of plant environmental responses"

Approximate 
Bayesian 

Computation 
(ABC)



Challenges in increasing the efficiency of genomic 
selection (GS)

Collect a large number of data 
that can be used for model 
building (automatic and semi-
automatic measurements)

Make the model capable of 
proxying not only genomic but 
also environmental data

Making breeders' decisions 
data-driven, e.g., through 
data science optimization 
methods

Breeder

＋
Prediction



Plant Breed Game

GS breeding Game

Four generations of selection and crossbreeding 
for simultaneous improvement of "yield" and 
"sepmetin" content

The goal of the breeding is the 
improvement of of yield of “sepmetin” 
in Apimeta simulans (Statisticeae)

In our laboratory (Lab. Biometry and 
Bioinformatics), every year we have a 
student experiment program using the 
game.

学⽣実験における育種のスキーム
F0集団

F1集団

F2集団

F3集団

F4集団

選抜・交配
（シミュレーション）

F1の自殖
（シミュレーション）

選抜・交配（シ

ミュレーション）

選抜・交配（シ

ミュレーション）

純系A 純系B 純系C

純系A ×純系B

AB

純系A ×純系C …

AC

実習のポイント
・育種のプロセスをシミュレーションで体験する
・育種戦略による効果の違いを確認する

理想的な新品種が
得られるか確かめよう！

選抜
（シミュレーション）

……

…
Simulation game developed in 
France  for genomic selection 
breeding

Breeding Scheme in a Student Experiment
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The same predictive model was used in the game.

But the results are very different!

Group #3
Mather 
Crop

Group #2
Kempthorn
Hybrid

Good!

Trait2 did not change…



Bayesian optimization for breeding schemes

The search for the best use of 
optimization algorithm

The search without using
optimization algrithm

Use of optimization algorithms 
for greater effectiveness

Diot and Iwata (2023) Frontiers in Plant Sci 13:1050198

• Parameters to be optimized
• Selection Strength
• budgetary allocation
• Frequency of phenotypic measurements

• Restrictions on Breeding
• total budget
• Number of selected generations
• Initial population size
• genetic effect

Model-based 
parameter 

setting

Breeding 
simulation

Modeling the 
relationship 

between 
parameters and 

genetic gain
BO cycles



Startups providing breeders with powerful tools 
to ensure stable food production

Enhanced data storage and 
linkage functions

Enhanced decision support capabilities

Decision 
Support

Data storage 
and linkage

Data 
Analysis

Data 
Collection

サイバー空間

Implement data collection functions

Enhanced data analysis capabilities

Genetic improvement of Inbred4
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Our startup from UTokyo

Cooperative startups



Workshop on Plant biology
using remote sensing, modelling, genetics and genomics 

to apply our knowledge for the better future.

Wed. 18th October, 09:00-15:00 (CEST)
UZH Irchel Campus, Y10-G-03/04 or online*
*Registration is required to obtain the Zoom link for online participation

https://forms.gle/x2FQ7Mrms9rYs1wJA

UZH: University of Zurich
UoT: University of Tokyo
ETH: ETH Zürich


