Seeds of Discovery (SeeD)

Peter Wenzl, Sarah Hearne, Coordinated by:
Sukhwinder Singh, Martha

Willcox, Carolina Saint-Pierre, #@ C I M M YT,:R

G|Ibert0 Sallnas Terry Molnar International Maize and Wheat Improvement Center
V4 )

Carolina Sansaloni, Juan

Burguefio, Charles Chen, John Funded by:

NiDO0s 4 e,
N\

SAGARPA |

Hickey, Andrzej Kilian, David

Marshall, Ed Buckler, Kevin Pixley _ %
SECRETA_RIA DE AGRICULTURA, $‘A.

+ many more! A PESCAY ALIMENTACION

RESEARCH (L
PROGRAM ON s RESEARCH

Wheat ¢—= | ProGrRAm
Maize




Global average yield (tons

per hectare

OFRLNWPAULIOONO

1960 1970 1980 1990 2000 2010 2020 2030 2040 2050

Climate
change

F — Wheat Anticipated _ .
S demand by 2050 < Soil degradation,
a1ze " falling water tables

and energy

Genetic
erosion

ICosts of fertilizer

[Source: USDA PDS database]

Genetic

resources
for food security

Year



Potentially valuable genetic variation,
the raw material for crop
improvement, remains untapped on
genebank shelves, at a time when
challenges to crop production are
unprecedented

Genebanks should NOT be museums.
They should enable breeders worldwide
to use high-value genetic diversity to
meet tomorrow’s challenges




Genetic Crop Agronomy & Improved

resources  om improvement seed systems livelihoods

Systematically identify & mobilize novel, beneficial genetic
variation into breeding programs to accelerate genetic gains
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Genotyping-by-sequencing (GbS)

NG sequencing platforms: 10,000 — 100,000-fold drop in costs

RE-based GbS for big-data-driven, systematic harvesting of
novel, beneficial genetic variation from genebanks
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GbS = configurable platform

Adjust No. of markers vs. No. of DNA samples = two GbS ‘flavors’

* Cornell University (ApeKl): Lots of markers (~¥600K markers; SNP only),
higher error rates, more missing data, imputation needed = maize AM

* DArTseq (Diversity Arrays Technology;
Pstl): Fewer markers (~60K; both SNP
& ‘PAV’), lower error rates, less
missing data, no imputation = maize
& wheat diversity surveys
* Maize: DNA pools of 30 plants per

accession = allele frequencies
within accessions from SNPs
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Prioritization of traits

Breeding-oriented Upstream

Main emphasis:

Geneticall N
Y Mobilize novel alleles

complex traits

for complex traits into
[heat/drought tolerance] breeding programs
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Genetically
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[some diseases]

‘Low-hanging fruits’ for
breeding




WHEAT genetic diversity survey
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One individual per
accession

40,000 accessions
sequenced to this date

Positions of sequence tags
from new DArTseq
consensus map (64K)

Comprehensive diversity
analysis underway
(stratification into ploidy
levels = allele re-calling
within ploidy levels =2
gene pools = core sets)



WHEAT phenotypic diversity

* Per-se phenotyping easier than in maize

* Screened ~70,000 accessions for at least two of the following
characters (1,400,000 data points from 30 trials across 9

locations):
* Heat tolerance
* Drought tolerance
* Low-P tolerance
* Resistance to spot blotch, tan spot or Karnal bunt
* G@Grains: hardness, color, protein, test weight, yellow berry, Fe, Zn
* Adaptation to different agro-ecological zones in Mexico




WHEAT heat-tolerance screen (70,000)
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WHEAT ‘bridging germplasm’

Linked topcross panel
(LTP)

* TC chains with partly
overlapping parents for

m @ joint linkage/AM in elite
, / genetic backgrounds
m m * 200 accessions (synthetics,

landraces; FIGS sets from
ICARDA and Australia)

15 elite lines selected by
breeders
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Network of inter-operable tools

Database & interfaces for

primary data to manage
experiments Web portal & data warehouse (Germinate):
Validated genotypic & phenotypic data

Data access layer

Visualization
Database ‘ tools (Flapjack,
JOEHIES CurlyWhirly, ...)

Genebank
management '
(GrinGlobal) Web services GENEsYS I
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High-level data repository (Genesys):
Passport & summarized data
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Capacity building

e Training workshops
(120 researchers):
— Informatics tools
— GbS data generation
& interpretation

* Genetic analysis service
in partnership with DArT:
Mainstream genomics
platforms for breeding in
Mexico
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