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Demand for innovation in agriculture
because---

* Global food price crisis of 2008

» Changing climate and a growing population
e Increase CO2 AND temperature

* Food insecurity

A 70-100% increase in food production next 35 year
» Biofuel — food- feed dilemma

* Change in lifestyle

« Water supply

e Limiting resources P
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CGIAR: Consultative Group for International
Agricultural Research
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http://www.cipotato.org/
http://www.cipotato.org/
http://www.icrisat.org/
http://www.icrisat.org/
http://www.icarda.org/
http://www.icarda.org/
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Milestones in selective animal and plant

breeding

Game changer

Statistical methods

DNA sequencing

PCR

Site-directed mutagenesis

Diomastication -12,000 years ago

1860 T

18868 Concept of regression to describe
relaticnship betwesn offspring and

parents [Gakon)

1808 Law of population genetics

(Hardy & Weinbang)

1910 =+

1918 Population genstics introduced as
an extension of the laws of inheritance
{Fisher, Wright & Haldane)

1935 Improved breading methods (Lush)

1850 Estimation of breeding valuss as

random effacts (Handerson)

Madel for DMA structure

[Watson & Crick)

1860 Quantitative genstics (Falconar)

1872 Genetic engingeering, first

recombinant DMNA moleculss (Berg)

Bast linear unbiased pradiction

(BLUP) (Hemdar=on)

18805 Biotachnology, from the early 1980s

1980 Molacular markers used for improved
salection (Lands & Thompson)

1953

1960 ¥

1975

2001 Introduction and application of
genomic sekection (Mauwissan

o 2010

2013 CRISPR-Casd-basad genome aditing

Domestication - 12,000 years ago

18608 Discovery of the niles of inhertanca (Mandel)

1803
1608
1008
1610

Pure-line breading theory (Johannssn)
Hardy—Weinbearg law

Exploitation of heterosia [Shull)

Modem pedigres selection [Milsson—Ehle)

1820 Mutation breeding (Stadler)

1839 Concept of single-ssed-descent breading
method (Goulden)

1845 Recurrent selection method of breeding (Hull)
1852

1653

Mathods for double-haploid lines (Chasa)
Modal for DINA structure (Watson & Cnck)

Rht wheat rice

1870 Mobel Prize for the Green Rewolution (Bordaug)
1880s Biotechnology, from the early 1980s

1883 Mobal Prize for discovery of mobile genetic
alements (McClintock)

Molecular markers used for improved selection
[Lands &Thompson)

First approval of commercial GM variety

Best linear unbiased prediction basad on trait
and marker data (TM-BLUP), a form of genomic
sebaction, intreduced (Bernardo)

Introduction of theorstical approaches to genomic
sebaction (Meuwissan af ail.)

201 Os Application of genomic prediction in plant breeding
2013 CRISPR—-Cas8-based genome aditing

1000

1664
1608

2001

Bmr in maize
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Breeding approaches

Animal breeding Plant breeding
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Population improvement & product

development

Population improvement

Product development

Advance seed from
selected plants to product

Grow F,, Grow F,,
GS, 62 G5, 62
Ccrosses Crosses

Use phenotype

data to guide GS

Year

10

Generation

AYT, F

' AT

EYT. F

' 48
EYT, F

*7 40

4:40

¥ v ¥
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Number of plants

124 half-sib families
1.000 plants per family
1.000 plants per family
1,000 plants per tamily
6,200 headrows

1,000 lines

100 lines

10 lines

10 lines

1 line

Action

Increase in greenhouse
Bulk 50 plants per family
Bulk 50 plants per family

Derive new lines from
50 plants per family

Advance 1,000 lines

Yield trial, genotype
Yield trial
Yield trial
Yield trial

Release variety

PYT, primary yield trials;

AYT, advanced yield trials

EYT, elite yield trials.
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Wild germplasm Elite germplasm

Prebreedlng

Breeding

Genebanks Genomic selection,
gene editing, etc.

Research experiments A J

- Global phenotypic and
Field trials, genome genomic data for breeding | Multienvironment

annotation, expression and genomic discovery field trials

studies, digital genebank
GEBY | v
I Centrallzed Product

Adapted for
target environment

Resources Expertise Infrastructure Services

Databases, Molecular biclogy Databases, Germplasm distribution, Multienvironment
tools, platforms, statistics, breeding tools, platforms, evaluation, bulk field trials

germplasm plans, etc. etc. purchasing, training, etc.

genomic estimated breeding value (GEBV)
genetic diversity
coordinated phenotyping across environments
cost-effective sequencing
genomic prediction and genome editing
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PERSPECTIVE

nature
genetlcs

Genomic prediction unifies animal and plant breeding
programs to form platforms for biological discovery

John M Hickey!, Tinashe Chiurugwi?, lan Mackay?, Wayne Powell* & Implementing Genomic Selection in
CGIAR Breeding Programs Workshop Participants*
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