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A new OMICS: Enviromics

P = G + E + GE

® Phenotype ® Genotype ® Envirotype
® Phenotyping ® Genotyping ® Envirotyping
® Phenome ® Genome ® Envirome

® Phenomics ® Genomics ® Enviromics
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Environments have been treated as a black box

Even if we do not know what is inside the box, we can use it to fill up with
® Dreams and questions 248 5 &2k

® Justifications and imaginations I X 5% %
® Facts and doubts &3 51 £¢
® Current status and future prospects IR 5 EEE

Trash can

G X E interaction has been used to explain
® Anything we cannot explain
® Genotypes showing different phenotypes under different environments
® Different results even due to experimental errors and even mistakes

H B iR carry the can for someone/something
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In the era of phenomics: phenotyping is king

Envirotyping is queen EFRITEL LA

... determining how a phenotype we see reflects its genotype

Environments determine
Where phenotyping is done
Under what specific environments
How much they are different from natural conditions
How much we can trust on the phenomic data and results
Fully, partially, not at all
What we can do with phenomic data
fun, publication or production

=> Precision phenotyping needs to be coupled with
precision envirotyping

X,
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Envirotyping: Concept Development

Xu, Y. 2010. Molecular Plant Breeding, CABI. Environmental Information

Xu, Y. 2011. From line to space: a 3-D profile of molecular plant breeding. The First Congress
of Cereal Biotechnology and Breeding, May 23-27, 2011, Szeged, Hungary (E-typing or
environmental assay)

Xu, Y. 2012. Environmental assaying or etyping as a key component for integrated plant
breeding platform. Workshop 16: Marker-Assisted Selection, 6t International Crop Science
Congress, August 6-10, 2012, Bento Goncalves, RS, Brazil

Xu, Y., Y. Lu, C. Xie, S. Gao, J. Wan, B. M. Prasanna. 2012. Whole-genome strategies for marker-
assisted plant breeding. Molecular Breeding 29:833-854 (E-typing or environmental assay)

Xu, Y. 2015. Envirotyping and Its Applications in Crop Science. Scientia Agricultura Sinica 48:
3354-3371 (Selected by 2015 F5000)

Xu, Y. 2016. Envirotyping for deciphering environmental impacts on crop plants. Theor Appl
Genet 129:653—673
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Chinese Media on Envirotyping Concept
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Theor Appl Genet (2016) 129:2323-2332
DOI 10.1007/s00122-016-2772-5

OPINION PAPER

Bandwagons I, too, have known Citation of the envirotyping paper

Google citation #
=237 (Oct. 13, 2023)

Rex Bernardo!

Abstract

This article reviews and speculates about post-1990
bandwagons in plant improvement, including
transgenic cultivars, quantitative trait locus (QTL)
mapping, association mapping, genomewide (or
genomic) selection, phenomics, envirotyping, and
genome editing.
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External environmental factors

Xu 2016 Theor Appl
Genet 129: 653-673
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Netherlands Plant Eco-phenotyping Centre, NPEC

Housed by Wageningen and Utrecht and co-funded by The Netherlands Organisation for Scientific
Research (NWO) for 10 years with 11m euros and total costs up to 22m euros

6. Open-Field
phenotyping (OF)
module

1. Precision mesocosm -level
ECOtron (ECO) plant-plant
and plant-microbe

5. GreenHouse
phenotyping (GH)
module

2. Plant-Microbe
Interactions
phenotyping module
4. The High- (PMI)
Throughput
Phenotyping climate
chamber module

(HTP)

3. Multi-Environment
climate chamber module
(ME)

= Six complementary, April 12,2018

. https://www.wur.nl
experimental modules |
https://www.uu.nl

Prepared by Yunbi Xu
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Breeding revolution driven by increased data collection

Point Line Plane Space Time
Considering E makes your e
life one more dimension
p
Genotype /
g g g | / E “
N = S \ S/ | \Valzl ' e/
ST =) RS /A= &1|[))/A ] /A = G = PI &
& g | & B - L
b.c ® f ic / / : ) A
o E
Considering E makes your B/
paper 5 more IF points -
Single Multiple Multi-phenotypes Multi-phenotypes Multi-phenotypes
phenotype phenotypes assisted by across environments across environments
genotypes assisted by genotypes and time series
. . assisted b
4-D profile of plant breeding SOnOtyPes

Revised from Xu 2016 Theor Appl Genet 129: 653-673
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RGB cameras (1 £k =) FZEREE Sensors and their application

(A Basics of a HTP platform v —
A\ 7CR S \ .
NIR IT£I4p (HEL S
(J Water content estimation Zhiguo Han (2017)

J Low resolution (300 000 pixels)
IR (infrared radiation) £L 4

d Plant temperature

W Transpiration

 Drought

(d Only low resolution (300 000 pixels) version can be integrated
Multispectral cameras ZF5EFEH/1
Hyperspectral cameras =718,

M Chlorophyll related parameters

d Carotenoids related parameters

[ Anthocyanins related parameters

Computer Tomography (CT) 1+ EHHTEIIE
J Root/tuber and tiller measurement
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AEHH
SEMER Yunbi Xu (2018) unpublished

Big data = Foundation for Al development
Al = Four factors: data, computation capacity, algorithm, knowledge
Robot = Way to realized Al EHEE185 A

/ ofet \
Big data - artificial «<— Field test - New

Intelligence

Data, computation capacity, varieties
algorithmI knowledge

Modeling — Prediction - Selection
Machine Learning
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mee————)  Phenotype

Genomic prediction (selection)
GP or GS

ERBERON (1£3%)

Q Phenotype

Integrated genomic-enviromic prediction (selection)
IGEP or 1GES
BERA-MRAERTUN (EFF)

RiceNavi (ZEZ¥E 2023) + IfiE Yunbi Xu (2022, unpublished)
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https://www.sciencedirect.com/science/article/pii/S1674205222002957

Xu'Y. etal 2022. Mol. Plant. 15: 1664-1695.

@ CelPress Molecular Plant
Partner Journal Perspective
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Smart breeding driven by big data, artificial
- - - - - =
intelligence, and integrated genomic-enviromic
prediction
Yunbi Xu'-2:3*, Xingping Zhang?®, Huihui Li'-6, Hongjian Zheng?, Jianan Zhang?®,
Michael S. Olsen’, Rajeev K. Varshney®, Boddupalli M. Prasanna’ and Qian Qian’
"Institute of Crop Sciences, CIMMYT-China, Chinese Academy of Agricultural Sciences, Beijing 100081, China
2CIMMYT-China Tropical Maize Research Center, School of Food Science and Engineering, Foshan University, Foshan, Guangdong 528231, China
3peking University Institute of Advanced Agricultural Sciences, Weifang, Shandong 261325, China
4CIMMYT-China Specialty Maize Research Center, Shanghai Academy of Agricultural Sciences, Shanghai 201400, China
SMolBreeding Biotechnology Co., Ltd., Shijiazhuang, Hebei 050035, China
SNational Nanfan Research Institute (Sanya), Chinese Academy of Agricultural Sciences, Sanya, Hainan 572024, China
“CIMMYT (International Maize and Wheat Improvement Center), ICRAF Campus, United Nations Avenue, Nairobi, Kenya
8State Agricultural Biotechnology Centre, Centre for Crop and Food Innovation, Food Futures Institute, Murdoch University, Murdoch, Australia

*Correspondence: Yunbi Xu (v.xu@cgiar.org)
https://doi.org/10.1016/j.molp.2022.09.001

Top at the most read (last 30 days) until Dec 15, 2022
Top at the most downloaded articles in the last 90 days (April 3, 2023)

@ The most downloaded articles in the last 90 days

Review article ® Open access Research article ® Open archive Review article ® Open access Research article ® Full text access
Smart breeding driven by big ~ TBtools: An Integrative Structure, biochemical The origin and evolution of
data, artificial intelligence, Toolkit Developed for function, and signaling salicylic acid signaling and
and integrated genomic- Interactive Analyses of Big mechanism of plant NLRs biosynthesis in plants
enviromic prediction Biological Data Jizong Wang, ... Jijie Chai Xianqing Jia, ... Keke Yi

Yunbi Xu, ... Qian Qian Chengjie Chen, ... Rui Xia 2 January 2023 2 January 2023

7 November 2022 3 August 2020 ) View PDF T View PDF

T View PDF T View PDF
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Accepted 2 September 2022
Available online 7 September 2022
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https://www.sciencedirect.com/science/article/pii/S1674205222002957

What we can predict from AlphaGo and AlphaZero?
From molecular breeding to Al-assisted breeding

AlphaGO/Zero vs GS . &
ey %2
[>

;.;‘si

| nome
poard position population ge

= sses
Asctnon adding oné stone frghastic
Transition deterministic sto | 2

Reward
Duration  70-300 moves 1-30 years

» Consequences of a move may be long-lasting

» The best move may look bad (short-term sacrifice for
long-term gain)

> Similar moves may have very different long-term effects

From Lizhi Wang, lowa State Univ.
Y IR EMTS FER I X

DeepMindFF&HJAIphaFold
fa IO B R = 42514

¥
ATERE + BERF

BSOS ARARRYE e G

2018: EAKRIrERIzS: BIhFuN25/43 ERRAY
25k (EEMTE 3 193/43)

2020: AlphaFold 2 significantly outperformed other
teams with a median score of 92.4 GDT across all targets

Yunbi Xu (2021) unpublished
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Founder varieties + germplasm resources
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® Genotypingby
sequencing

® Genotypingby
target sequencing

® KASPs

® SNPs

® Structural variation

&

® Salttolerance

® Acid tolerance

® Droughttolerance

® Heat tolerance

® Coldtolerance

® Waterlogging

® Nutrient use efficiency

&

Salinity

Soil pH

Extreme temperatures
Moisture and water
content

Soil minerals

N-P-K contents

Genotyping-Phenotyping-Envirotyping across time and space

>

Marker-trait association, gene identification and marker development

GS

DH

+ GS+

EP + GE T+GE

v v

5B + DH

. 2

New breeding
lines with
improved abiotic

Next breeding cycle

breeding cycle time and input

v

stresstolerance

v

Integrated genetics,
genomics and breeding
approaches for abiotic
stress tolerance.

Several integrative breeding
strategies are compared for their
breeding cycle time and resource
iInputs (time, land and lab, etc.).

CB, conventional breeding; DH,
doubled haploid; GE, genome
editing; GEP, genomic-enviromic
prediction; GS, genomic selection;
GT, gene transfer; SB, speed
breeding.

Xu et al 2023. Crop J 11: 969-974
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Examples of Intelligent Agriculture

Automated with robots Automated with Al technologies

= Automated irrigation systems
= Potato sorting system
= Prospero or the swarming = Crop health monitoring
farmbot = Face recognition system for domestic cattle
= Autonomous early warning system for oriental fruit fly
= The Enorasis wireless sensors network

" Crop-spraying drone

= Strawberry harvesting

robot » Veepro: information center for dairy cattle
= Lettuce-thinning robot = Decision support system for greenhou_se tomato production
, = Early season plant-by-plant phenotypic measurement
= Driverless tractor system
= Hortibot or weeding * Greenhouse climate controller with Al-based techniques
robot = Computational intelligence and geo-informatics in
viticulture

_ . = Gas fermentation system
Source: AL.Business = Glaucus: CBR system for fishing industry



http://ai.business/

Facility agriculture

The Netherlands and Israel . how do the tiny countries feed the world.
Greenhouse facllities create the miracle:

d High yielding

d Improved resource use efficiency for all inputs

J Reduced pollution and environmental effects

d Improved quality (consistency, clean, large-scale, timing, off season)

Requirements: quality water and air, sewage disposal, automation,
monitoring, and Al.

Breeding: breeding to meet the demands and specific conditions

HRINBFIER, PETNFELER 227

Yunbi Xu (2018) unpublished
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Crop production: from field to fully controlled facilities

= Subject to = Variable sunlight, = Consistent yield &
environmental temperature, and quality
conditions & seasonal conditions = No pest, no pesticides
fluctuations * Year-round operation . Existing’structures

" |[nconsistent growing » Subject to pests = Easily stacked

" Requires pesticides " Specialized structure = Water use: reduced 3X

= Seasonal operation » Water use: reduced 8X '

beyond greenhouse
Yunbi Xu (2018) unpublished
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Al Greenhouse Control System

Automatic Control

Control

Environmental device

Image device

Temp./humidity |/~ |-
sensor =

Entrance

/— Wireless
sensing

Light sensor

Soil water sensor

Co, sensor

RFID reader/writer

QY LRAFARRAFSS
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Optimal management of a single factor

Value of production minus production cost = MAX

rexXpansas

Y=yield
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Agricultural production: seeding, planting, tilling, pickup, harvest, weeding,
sorting, packing, etc.
Production management: materials, planting and forest, soil, and pasture

Mechapic

Robotic
farming

things in‘the:

Prepared by Yunbi Xu from http://www.sohu.co/a215470854_656712 |
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Smart plant
breeding

protettion

BEKE
Smart
agronomy

B

forestry_

R

Smart plant

RN B IRE
Plant models
for agriculture

BEME
Smart
planting

Smart

SERFRmTEEIE
Smart market and
management for agricultural

products

EEEnm%

—'ﬁﬂﬁ
Smart food safety
and tracing

T BN TLER
%%ﬁﬁlﬂk AW Smart management
\‘h\usbandry Smart fishery of rural industry

HERNTI t iizqf‘nu&f@mb
Smart rural Digital flow for

agricultural

industry products

o *”**cb%tﬂl

Smart anlmal

breedmg

RN IREY
Animal models
for agriculture

%@mh/
pil
Microbe models

=

\

BEMIRERDE
Smart control of
animal diseases

wRVE ﬁﬁi
Management models
for agriculture

R 7= LS 0 T AR ///)
Preservation and processing
models for agricultdre

f
|
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Biological models for agriculture

Internet of things in agriculture
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D%Z‘Zﬂlﬁ%ﬂfﬂ The |r1ternet of things for
intelligent agriculture
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