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Breeding programs to mitigate
climate change and environment
pressures on crops

Dave Bubeck, Research Director — Seed Product Development, Corteva Agriscience

UPQV - Seminar on the role of plant breeding and plant variety protection in enabling agriculture to mitigate
and adapt to climate change

October 11, 12, 26; 2022
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ur. HolAo Yellace

Varch 10, 1994,

Dear Mr.Wallace:

¥r. Faymond Bacer,
Gudy Station A,
Asen, lowe.

Dear Mr., Baker:

to reach the tassela,

3 thizk 1 oaz send Jou tome iohred satmine
of corm all right, dut bafore mendiag thes I would like %o
know Just what kind of a plot you Bave. D0 you lave a balf

thare would not Ye mach clasce for pol

12 on 17 If s, 1 would sugpeet gt you me

method, T would send jou one sort 5 uss a8 a male parent and

uirty or forly other sorts % weo as fecale parests. I would

want you %o plast adout tweaty nille

fesnln parents, Yo would then take four pounds of each of these
0

'
i
f
3
i
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different cosbinatioas and eater
Contest in the spring of 1927, We can
i3 the nasw of Baker and Tallace 1f you 30 desire.

§
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i
3
g

If you take oo this project, you will of course
have 1o arsmuge %0 plant e corm with s0me eare =0 you know In
which row each of the Aifferezt sirmins is planted, and Lwea:ln

the Aifforent sorts asd label thas, It &s gquite a 11ttle Job.
Frite me fartber on the sattef as 30 sl bew Jou

d

Dae Voloes at any tlme | 1ot me ¥now in advance and 4rop

arowd o the office.
“A%]lace Sincerely yours,
»

DesMoines,

ed out about half

Beaconafield, Iown

July 15,1926

Oup corn 1a doing fine,and I oam having a
lot of fun pulling out the tassles., I have already pulle
the tassels, Some of the mother

parents are 8o tall{over 8 ft) that I need & step-ladder

RAYMOND BAKER



Acreage impact of corn breeding and improved management
practices

Acreage Needed to Produce the 2021 US Corn Crop Without Continuous Improvement

Acreage: . Actually Harvested D Extra Required

510.6
MM (6x)

340.4
MM (4x)

170.2
MM (2x)

85.1
MM (1x)

Acreage Needed to Produce the 2021 Crop in Year of Interest (in MM acre units)

1921 1931 1941 1951 1961 1971 1981 1991 2001 2011 2021
(27.8) (24.5) (31.2) (36.9) (62.4) (88.1) (1089)  (1088)  (1380) (1472)  (177.0)
(91.9) (91.1) (77.4) (71.2) (57.6) (64.1) (74.5) (68.8) (68.8) (84.0) (85.1)

Year of Production (Avg Bu/Acre) (MM Acres)
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The Breeding Pipeline - Conduct pre-commercial product testing in target environments for multiple years

[ Create* ] [ Evaluate ] [ Select ] [ Germplasm Pool ]

Cycle 1
01.NSVAZ 11.NSKC2
02.NSBCO 12 NSAEZ
03.NSYBZ  13.N:
04. NSUVI 14. NSZVI
05.NSHBX 15. NSE66
06.NSCXS 16.NSCCK
07.NSFRO  17.NS61Y
08.NSBXC 18.NSZT3
09.NSNO5  19. NSKKZ
10. NSWDZ 20. NSST4

Cycle 0
01.NSY6Z  11.NSV8
02. NSNO5

NSNOSINSYEZ
" K
\I/wn '

i

I

20. NSGGJ

+ Initial germplasm base = Chooseinitial crosses « Define Evaluation Strategy * Define Selection Strategy * Monitor genetic gain
Choose number of DHs (Phenotype /Genotype)
per cross + Chooselocations

= Choose est. set targets

Year ¥ .
Genetic Gain Scorecard
1 Elite Germplasm
Pool | Genetic Diversity
Evaluate "
2 Create New genetic
combinations Genotype g
[ ]/ Genetic Gain g
3 Untested = gz’
Tested =g
4 m
g I L
5 Em Breeding Cycle
E FavlUnfavorabl allele fixation
Cycle = 5
6 m
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Genetic variation — trends over time

* Genetic variation is essential to achieve breeding goals
* Co-ancestry based — pedigree and/or genotype

* Allelic diversity — driven by population sizes in breeding programs
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Maize Breeding — highly complex trait selection needs
Genetic gain for any of these traits requires favorable variation and response to
long-term selection, adding patience and adjusting breeding goals as the
environmental pressures change over time

Agronomics Pest Resistance End-Use Traits
Yield Gray leaf spot Mycotoxin Production in Grain
i Northern leaf blight Starch, Protein, & Oil
Test weight :
; : Southern leaf blight Extractable starch
Grain moisture ¥
! Stewart’s wilt Total fermentables
Grain dry-down o 3
usts
Stalk lodging h Gross energy
muts i i
Root lodging I Digestible energy
t f .
Plant height D_” | rj-cnose Food-grade Traits
odia i ¢ !
Ear height '.p ! Silage quality traits
) Giberella
Brittle snap _
Fusarium
Drought tolerance ! x
Diplodia

Emergence . .

: Bacterial wilt
Stand establishment
Early growth

Cold tolerance
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Native Genetics and CRISPR approach to Disease Control

LN No unlntend_ed =y
donor genetics

100% A 100% B
Lower quality plant Higher quality plant B8 [s]0]74 high qua|ity
Disease resistant Disease sensitive pI ant

+
Improved resistance
to Disease
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Accelerating Native Genetics for Disease Control

Our Patent-Pending Approach

Plant Disease is a Major

Challenge for Growers B T —
In 2021, North American corn growers H — e il
lost more than 318 MM bu' due to: - L — [[ﬂ 0
o J_[ — o | i\
X

Many Genes, Many 3 Many Genes, Single

Northern Leaf Blight Locations, Imprecise - Location, Precise Gene

Gene Information Information

©® Builds off germplasm ©® Multiple native genes for each
advantages and improves disease target improves
genetic gain resistance and adds durability

® New breeding techniques ® Simplified genetics assembled

Gray Leaf Spot Anthracnose Stalk Rot unlock additional power of through gene editing accelerates
native genetics plant breeding _
. < LATE
® Multiple disease targets DECADE
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Genome editing and future potential — what if we
could...go beyond plant breeding techniques and
exceed current range of variation

 Chromosomal rearrangements (CR’s) and potential to change phenotypes
and “unlock” genetic variation (https://www.nature.com/articles/s41477-
020-00817-6)

» Effective control of genomic recombination elements

* Enable co-location of native traits, unleashing major portions of the
genome for improved maintenance of genetic diversity and additional
favorable trait selection

* Multiple and simultaneous edits across numerous traits



https://www.nature.com/articles/s41477-020-00817-6

Will Genome Editing reside on this chart in 20707?
'M,fze,%z” ‘(

PREDICTION

TRAIT
FIRST WINTER INTESIR O MANAGED ENOME
NURSERY ENVIRONMENTS EDITING

MARKER
ASSISTED POWER
SELECTION PLANTERS

HBFRG. Drought ! _w:” -] oX
e LIMITED PBRIANCE o | : DOUBLED
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; = PIONEER®
COPPER PIONEER® . PIONEER® PIONEER® BRAND:

CROSS HYBRIDS: HYBRID BRAND: P1366

P1151
HYBRID 3377 P1197
321 P2088 P0157

PIONEER® PIONEER® PIONEER® )
HYBRID HYBRID g Optimum® AcreMax® [ ]
307 3780 Optimum® AQUAmax® .

Ultra Early COI.
EXTENSIVE SUPERIOR ADE ="

GERMPLASM NATIVE
LS | RS | RS
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Key Points

e Conduct plant breeding and pre-commercial product testing in the target environments
for multiple years

e Genetic variation is essential to achieve breeding goals and mitigate climate change

*  Account for inevitable diversity decline over time

* Leverage science and technology to create new favorable variation

* Plant breeding requires long-term selection, patience and adjusting breeding goals as the
environmental pressures change over time

* Genome editing methods have potential for creating additional and needed variation to
accomplish future environmental needs to feed a growing population

* Increased progress to minimize or eliminate biotic and abiotic stresses enables increased
heritability and selection efficiency for grain yield improvement
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