Future
Genetlcs a |o{ ology
Calif @ alf &%e Symposium :

rran Ph.D.
Iey Colorado




Plant

f@

e@and

nts

nce of
ment of




Knowledge Rich Library

rietary

Time Germplasm Context - Pedigree c c

My s o F L etics library
1931 P q. e il

“J:‘“ﬂ (L] L] i: |ﬂ#:!u- 75 y Of

1930, j ’
|‘.-N'|'|‘J .'f / ;‘b# ‘_\_,-

d ted

" Ill1I.IIH.HIH1p‘|IH1M'd

19 k= m an Ce
l'ﬂul,: a
e enomic

||.;:.'q
T |

descriptions of
best lines

fugs.|

1990 1' i .
lm,x, ¢ Unique
By advantage —
i i'é’“ can't be

duplicated




Increasingly Erect Leaves
Left 1930s Right 1990s
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Smaller Tassels
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Historical Progress

@Jght Stress
ul

Improvements in Corn Producti
Pioneer Hi-Bred Int'l.
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Traditional Corn Breeding

D%
7years -
™
8
ding & Selection Tolo 2 Ko

Germplasm Po T ollection s and genes available for making new products

Breeding Population'— A cr two or more inbreds to create variability

Inbreeding & Selection ss of selecting the best individual in a breeding cross

Recycle elite germplasm — Once a new inbred is created it is added to our germplasm pool
and serves a base of improved performance
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Inbreeding and Selection
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Inbred Selection

Hybrid Evaluation

¢ Advance the inbred based on its hybrids performance in
multi-location, multi-year field trials
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Doubled Haploids — Instant
Inbreds

Traditional
Inbreeding
7 generations

FS F6 F7
Doubled
Haploids
2 generation Haploids .
>
Fl Feo
Advantages:

®* Increases precisio olecular markers

Reduces hybrid development cycle time 1-2 years
Increases options for per se selection (parent traits, disease, maturity)
Breeding impact — more complex pedigree selection away from home nursery




Doubled Haploid Lines

¢ 4200% fixed, genetically
orm lines

Improyes breeding by...

° sing genetic
nces between

es
Increasing uniformity

— easier to measure
traits

— increases
repeatability

* Testing final product
immediately

* Reduces product
development time
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Molecular Breed
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Molecular Breeding

¢ ldentify parents
@‘?

* Load breeding pipeline wit
* More predictive of per @
¢ Select superior éy o
* |dentify progeny aits n@ssed in testing
. Select f% where disease does

environme
not occu
¢ Test fi r

* Prédict erformaQ
* Predict f@ w combinations of inbred parents

non-stress environments

based o mentary molecular profiles




Molecular Breeding

¢ Enhance diversity o plasm pool

* Move small segm U& otic osome
into elite backgr K hout,’

— EX) move ge te03| ndrace into
elite corn without having xtenswe
backcr a d rep henotyping to
elimi adaptatlon drag

° Sca no sequences of
|dent| other species

* Move ge other species into corn
(transg
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Inbred Selection Using Molecular
Markers
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¢ mglr?(%l:g « Aggressively profiling eight
valuable decades of germplasm to
chromosome create a master genetic map
segments

Drives agronomic performance gains (e.g., anthracnose, SCN)




Molecular Marker Based
Selection

¢

ype = Genotype +
(Geno*Env)

otypes are
n all environments!

allow for

tion of genomic
tions with known
enotypic effects in
environments not
conducive to phenotypic
expression.

¢ Starting point of finding
the underlying genes
GooEwwmmE responsible for phenotype




Current Uses

¢ Understanding of Ger@

Relationships \
¢ Conversion Qu @ Q
¢ Corn Productélop{e?

* Targetin " Trait

* Importént taol in @/brid development
¢ Ger ﬁy&cton




Other biotechnology applications

& Transgenes 0
* European corn borer resistance \

* Corn rootworm resistance
* Herbicide tolerance 0
¢ Future potential &
* Yield \
* Drought tolerance v o
* N-use efficien ‘
* Nutritional a trial traits
¢ Intellectualgpro *

* DNA i

* Pr estment to.i & plant breeding future research
¢ Gened ery 6

* (Genome seq

* (Gene exp

* Understanding gene function




Gene Shuffling

0 Single Genes
\ Qﬁene Families
o ene Pﬁthways

Whole Genomes

Parental
genes . .

Derived gene
variants

Trait assays In vitro
In vivo
Selected ﬂ
progeny
genes In silico
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Ultimate Goal of Breeding is:
*Selecting for measurable improvements in traits

t for measured

| erovement
o Stay focused
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Growing Value From Agronomic
Traits

Drought Tolerance

¢ Drought tolerance
* Proprietary testing environments

* Numerous early stage leads validated i w
model crops
* Average annual drought loss $8 biI&a y
¢ Nitrogen responsiveness

* Maintain yields using less nitroge

Increase yields at curren en levels ‘
Industry-leading testi ments
Average nitrogen cot = $40/acre $

Pioneer
Experimental Hybrid

O

¢ Yield enhance
* Farmers’ No. io

Yield Advantage
(% of Control)

* Six soybean biot event ced testing : ;
Event1l Event Event
[ ]
Numero.us corn leads un g Inbred Average Soybean Yield Advantage Over
evaluation arieties During Past Two Years

aln 0
Trait Discovery: Phasel Phase2 Phase3 Phase4
Drought Tolerance. ———

Nitrogen ReSponSIVENESS, =)
Soybean Yield Enhancement. =————
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2008 Crop Genetics Pipeline.

Discovery Phase 1 Phase 2 Phase 3 Phase 4

Advanced
Development

Gene/Trait Proof of

Identification Concept Pre-Launch

Early Development

Anthracnose Stalk Rot Resistance
Fungal Disease Resistance
Optimum® GAT®*

Optimum® AcreMax™ 1
Optimum® AcreMax™ 2
Optimum® AcreMax™ 3
Triple-Mode Herbicide Tolerance
Drought Tolerance |
Drought Tolerance Il
Nitrogen Use Efficiency
Increased Yield |
Increased Yield Il
Increased Ethanol Production Il
Increased Ethanol Production Il
Improved Feed Il

Improved Feed Il

Seed Production Technology

Asian Soybean Rust Resistance
Optimum® GAT®*

Triple-Mode Herbicide Tolerance
Lepidopteran Resistance

Hemiptera R
Aphid Resistance
Cyst Nematode Resistance
Increased Yield Il
Increased Yield IIl
Improved Feed |
Improved Feed Il
High Oleic + High Stearic Acid Oil
High Oleic Acid Oil
Omega-3 Oil
Improved Flavor
Improved Functionality

Tl
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Rice - Insect Resistance
Canola - Glyphosate Tolerance
Alfalfa - Glyphosate Tolerance

* Proprietary Pioneer Glyphosate + ALS Tolerance trait









