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Talk outline

1. Introduction: risk of diversity erosion in a breeding program
and impact on selection response

2. Comparing open and closed breeding programs, merits of
« bridging » pre-breeding populations to introduce external
sources

3. Detection of promising diversity sources: inbred lines
cooperative panels and genomic prediction



Why Is diversity essential?
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Breeding can lead to lose diversity along cycles
Genomic selection can speed up this loss

Need to: - evaluate its evolution
- limit loss while maintaining gain
- search for new diversity sources



Example: evolution of variance and diversity in
RAGT early maize program (Allier et al., 2019)
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-> |ower genetic gain and decrease in variance in the dent group



At the molecular level
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Managing diversity is important to sustain selection efficiency



Which genetic resources to sustain variation (traits
previously selected) or enrich it (new target traits)

Age of genetic resources Adapted / nhon adapted
- Old varieties (e.g. Landraces) v" To environment and uses
- Inbred lines extracted from these v To organization of the
(or from old breeding generations) program in heterotic
- More recent cultivated varieties / groups (difficulty for
parents (hybrid parental lines) using commercial
hybrids)

-> How to identify relevant resources for given breeding objectives?
-> Which breeding methods to use them?
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SI mu I at I on mo d el (RAGT SI mu I ato r) Antoine Allier"”'®, Simon Teyssédre’, Christina Lehermeier’, Laurence Moreau' and Alain Charcosset’”

» Breeding founders / Genetic resources: true Genotypic data (338, Amaizing Dent Panel)
« Architecture: 1,000 additive QTLs with g ~ N(0,0.05 I)

 + 2,000 neutral SNPs

» Heritability: 0.73 in founders (1 year, 4 locations, no GXE)

Closed commercial breeding program EXE
» 20 years of burn-in:
Phenotypic selection (PS) from 10 founders (/ 57 lodent) Breeding _
* 60 years post burn-in: Optimized Variety
Genomic selection (GS), management of diversity decrease diversity
Estimated marker effects 8 updated every year E

External (pre-)breeding program (-> improved diversity sources)

« Same process from 40 founders (all panel)

» Can be viewed as pre-breeding pool or competitors programs

-> Time constraint in accessing the outcomes of this program :
v' 5 years (mimics UPOV convention, for autogamous species)
v' 20 years (mimics US PVP for hybrids)




Direct introductions without bridging
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Indirect introductions after bridging
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Genomic prediction aided
evaluation of genetic resources for
guantitative traits of interest
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Genomic prediction contributing to a promising
global strategy to turbocharge gene banks

Xiaoging Yu', Xianran Li', Tingting Gue', Chengsong Zhu', Yuye Wu?, Sharon E. Mitchell®,
Kraig L. Roozeboom?, Donghai Wang?, Ming Li Wang?®, Gary A. Pederson’, Tesfaye T. Tesso?,
Patrick S. Schnable’, Rex Bernardo® and Jianming Yu'™

Can be
applied to
genetic
resource
collections



Genomic prediction in a cooperative
maize panel (Rio et al., 2019, TAG)
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— Population structure contributes to prediction efficiency, but clear
efficiency is also observed within groups




Evaluation of model predictive ability in RAGT
material (Allier et al., 2020)

Predictive ability in RAGT Dent material (anti Flint): BLUEs of 594 lines released
from 2004 to 2016
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v' Amaizing Dent Panel has a non null predictive value on elite material for all
traits including yield, partly by predicting genetic gain, but not only (rk. Lower
intra year values observed in KWS and Euralis germplasm)

v' Supports some stability in estimated effects



Identification of genetic resources

Principle: use of marker effects estimated in a cooperative panel to identify a
donor to complement an elite, using a haplotypic criterion (HEBV)

(X o 1yB") Matrix of individual loci estimated values [n x m]
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Identification of genetic resources

Principle: use of marker effects estimated in a cooperative panel to identify a
donor to complement an elite, using a haplotypic criterion (HEBV)

(X o 1yB") Matrix of individual loci estimated values [n x m]
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Supports here the introgression of 2"d region from line A into line B background



Stepwise selection of donors

Assume we have: _ H
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The ideal haplotypic profile H is the sum of HEBV
within elites over the genome

HEBV

nD =0




Stepwise selection of donors
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Stepwise selection of donors
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Stepwise selection of donors
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Application case

Application material:

Elites = 10 lodent elites (E1 — E10), Candidate donors = 57 lodent from the
diversity panel

T . Identify and prioritize the
% . If‘> Genetic Resources to use
T s for Elite population

8 enrichment

vvvvvvvvv
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Increase of the overall progeny
expected performance (donors ranked
by introduction order)

Perspectives:
« Multi-trait approach: agronomic flaws in genetic resources
» Haplotype definition accounting for recombination frequencies
» Further simulations to validate the approach at short- and long-term in a
breeding program




Conclusions

v Assessment of diversity and variance evolution in breeding
IS Important to detect situations where they are at risk

v" Introduction of diversity is important to sustain genetic gain. Use
of diversity donors needs to be adjusted given their gap in
performance with elite materials.

v" Interest of phenotyping and genotyping Genetic Resources
collections AND more recent materials (ex. Cooperative panels)
-> to detect favorable sources of diversity by training genomic
prediction models

-> to conduct association genetics and identify alleles of interest for
traits already selected AND new traits (e.g. climate adaptation)

v' Advances in genotyping technologies offer opportunities to detect
under-used Genetic resources (e.g. Maize landraces)



v Great promises of DH technology to develop new inbred lines
for exploiting landraces diversity (Hoelker et al., 2019)

Perspectives

v Application of previous approaches to adaptive traits and target
environmental scenarios (e.g. combination with Millet et al.,
2019, Nat Genet.)

v Practical implementation to address climate change and new
objectives in agriculture,

-> need for pilot experimental programs and scale up, with an
Important potential role of multi-actor programs

https://www.ecpgr.cgiar.org/european-
evaluation-network-eva
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