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Variation at the intersection of genomes and environments:
Insights into breeding for maize adaptation
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Variation at the intersection of genomes and environments:
Insights into breeding for maize adaptation

o Exotic Exotic tropical
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Breeding of modern
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Tropical germplasm contains favorable alleles

for temperate maize production
Holland et al. (1995) Crop Sci. 35:767; Jines et al. (2007) TAG 114:659



- Favorable Haplotypes Reside in Maladapted
or Non-Elite Germplasm >

* Photothermally Induced “Maladaptive
Syndrome:” Complex of Traits Affected by
Genetics and Environment (Teixeira et al.
2015 Heredity 114:229) >

A Clinal Barrier to
DlverSIty & Favorable Alleles
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Genetic Dissection of Photoperiod Flowering Response

Coles et al. (2010) Genetics 184:799
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ZmPR1 (chr 1): CCT homolog
ZmPR2 (chr 8): Vigt1/Rap2.7, ZCN8 (FT)

ZmPR3 (chr 9): Conz1
ZmPR4 (chr 10): ZmCCT (GhD7/Mal homolog)

Zea mays Photoperiod Response Loci; ZmPR1-4

Hung et al. (2012) PNAS 109:E1913
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Impact of Adaptation Barrier on Diversifying Maize

How Does Breeding for Adaptation Affect the
Potential for Improvement?

(selection against ZmPR alleles)

Hypotheses:

1. Response to photoperiod skews estimates
of the genetic merit of haplotypes.

2. Favorable genetic variation is linked to
maladaptational variants.



Adaptation Through Latitudinal Artificial Selection
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Genetics and Breeding Consideration

Breeding = Mb-scale Genome Context

Injecting diversity into advanced germplasm ... from
genetics research, expect extensive standing variation
across maize chromosomes ... segmental haplotypes
restructured via crossing over ... many assortment
combinations possible ...

e.g., Under the limiting case of biparental crosses:
[2Vx (2N + 1)]/2
where N=haploid chromosome number
Maize: =0.5 M unique genotypes for a biparental cross



Genetics and Breeding Consideration: Assortment Component

“Depending primarily on the presence of
trait selection pressure, chromosome
assortment alone accounted for
40-75% of gain in response to short-term
selection.”

McClosky and Tanksley (2013) TAG 126:2299



Genetics and Breeding Consideration: Assortment Component

“Depending primarily on the presence of
trait selection pressure, chromosome
assortment alone accounted for
40-75% of gain in response to short-term
selection.”

McClosky and Tanksley (2013) TAG 126:2299

So what effects are packaged in segmental

haplotypes at loci for adaptation (ZmPR1-4)

in maize, and how do they change following
crossover events?



Near-Isogenic Line Allelic Series (NILAS)

BREEDING & TRIALING A CONNECTED GENETIC RESOURCE

1 Parallel Env-specific, Selection and
analysis across

Selection 2 gens, 8 envs latitudinal
transect

Tropical donors
with proven , t each env X 2\years

potential for yield
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Near-Isogenic Line Allelic Series (NILAS)

NILAS Inbred Line Trials
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8 locations with 2 reps per location for 2 years Puerto Rico




Near-Isogenic Line Allelic Series (NILAS)

NILAS Realization

Introgression Genetic ZmPR1 ZmPR1...2, 3, 4
target interval background

bp 9735667 [9,970,421) 51,058,715

CML258

CML277

CML341

56 gr.oups
7 DP, 2 RP, 4 Loci; Txi8
12 ILs each > T2i9
672 BC3/4F3:4 lines

Median introgression size: 7.3 Mb



NILAS: GBS Summary Todd Yoder (MS Student)

CML258 (DP) x LH123Ht (RP) ZmPR4: 1 of 56 groups (12 of 672 Introgression Lines)
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NILAS: Inbred Lines (Days to Anthesis)

Context-Specific Haplotype Effects (genome and environment)

Variety of
Phenotypic Effects:

e« CML10 QTL full
introgression has a
significant effect in
all locations delaying
flowering time in a
stiff stalk

background. Yet no
effect in the non-stiff
stalk background

CML258 full
introgression has
only one significant
effect in one
background

David Wills et al.
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NILAS: Inbred Lines (Days to Anthesis) ZMmPR4

Context-Specific Haplotype Effects (genome and environment)

Variety of
Phenotypic Effects:

e CML10 QTL full
introgression has a
significant effect in
all locations delaying
flowering time in a
stiff stalk

background. Yet no
effect in the non-stiff
stalk background

CML258 full
introgression has
only one significant
effect in one
background

David Wills et al.
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NILAS: Inbred Lines (Days to Anthesis)

Fractionation of Haplotype Unlocks Variation

Recombinant
Segments:

* Although the
introgressed QTL
segment does not
have a flowering
time effect, a
number of the
recombinant
segments do.

Opposing allele
effects underlying
“cryptic variation.”

David Wills et al.

Target Interval
(quantile positions, bp)



NILAS: Inbred Lines (Multiple Traits)

Haplotypes at ZmPR4 [ZmCCT] VErsus

Extensive local allelic variation associated with a
single ZmPR locus...

Flowering  PlantArchitecture Ear Traits

Donor Leaves Leaves # of Total
Daysto Daysto | Plant Ear Number Above  Below Leaf Kernel Kernels YLD # of Kernel Cob
Parent| pollen Silks Height  Height of Leaves Ear Ear Angle |Ear Diam Rows per Row potential Kernel Weight Length
cML10| - - - - - - - 7.7 -- - -- - - - -
cmL277; 2.8 3.0 -- -- 0.8 -- 0.9 -- 1.6 1.3 -- -- -- -- --
D w3l 35 43 |181 172 08 -~ 07 61 | 27 - - - - - -
E CML373( - - - - - - - - - -- -- -- -96 - -
Tig - 3.0 | -- - - - 05 - - 16 - - - - -
Tzi9| - -- -- -- -- -- -0.5 -- -- -- -- -- -- -- --
cvuo 1.0 1.1 [-13.1 - - - - - - - - - - - -
cmi277l 1.5 - - - -  -04 07 -43]| - - - - .67 -16.9 -1.3
P cML3a1| - - - - - - - - - - - - - - -
R CML373(  -- - - - - - - - - -- -- -- -65 -17.9 -
Trig| - ~ |-1123 -106 - 04 - - - - ~ 897 - - -
Tzi9 - - - - - - - - - - - - - - -




NILAS: Inbred Lines (Multiple Traits)

Haplotypes at ZmPR4 [ZmCCT] Versus

Supports hypothesis that photoperiod loci affect
response of other traits

Flowering
Donor Leaves Leaves # of Total
Daysto Daysto Plant Ear Number Above Below Leaf Kernel Kernels YLD # of Kernel Cob
Parent| pollen Silks Height Height of Leaves Ear Ear Angle [Ear Diam Rows per Row potential Kernel Weight Length
cMLio| - - - - - - - 7.7
D 35 43 181 172 08 - 07 6.1
1.0 1.1 e

CML10 haplotype opposite of the expectation for photoperiod sensitivity




G2F-GxE: NILAS Hybrids

Examine the genetic merit of segmental
haplotypes in a hybrid context: (i) the role of
photoperiod sensitive alleles as modulators of
yield; (ii) pleiotropic and linked variation at
ZmCCT

)

I T T

Hybrid Context




G2F-GxE: NILAS Hybrids (2017)

Segmental haplotypes at flowering | Segmental haplotypes encompassing
time loci act as modulators of yield ZmCCT have positive yield effects

ZmPR1-4 loci | ZmPR4 locus (ZmCCT)
7 donors | 7 donors
4 introgressions | 12 introgressions

(centered on ZmPR loci) §

(112 segmental haplotypes) (84 segmental haplotypes)

Design: twice replicated 3-way split plot randomization
(level 1: locus; level 2: donor source; level 3:introgression lines)
with repeating checks of the recurrent parent hybrid



NILAS Platform: Future Potential

Current effort Haplotype
Pleiotropy vs. 672 ILs Configuration
Linkage “Drag” [ ]
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