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“Genebanks are not museums’

 Most of the requests to
banks with maize and
wheat germplasm holdings
are for described elite lines
or landraces / wild relatives
with some publication
history

« The maqjority of breeders would
not “touch” an un-described
landrace and would have to
be “desperate” to use one
even with very good
characterisation




The genie in the genebank bottle

Farmers and breeders have
spent a long time removing
unwanted genefic variation

This bottlenecking was in
many cases a good thing, the
frequency of favourable traitfs
WQs increased compared
with deleterious traits.

However, it carried the
penalty of “throwing the
baby out with the
bathwater”- valuable genetic
variation has been lost also
during the selection process
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http://bio1151.nicerweb.com/Locked/media/ch23/bottleneck.html




Bridging the divide- getting the needles I
from the haystack

Information
Knowledge




Research emphasis

Breeding-oriented Upstream

Genetically Main emphasis:
complex traits Mobilize novel gllgles
for complex traits into
[heat/drought breeding programs
tolerance]

Genetically

simple traits ‘Low-hanging fruits’
for breeding
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Novel alleles
and allele donors

Molecular atlas
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» Underutilized sources of genetic variation * Novel, beneficial alleles, haplotypes
» Selection imprints * Markers linked to loci and alleles

* Heterotic patterns (maize) that control priority traits

+ Hidden translocations (wheat) + Genetically distinct ‘donor

* Rare recombinants accessions’
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New breeding N : " .
approaches and ‘Bridging Elite germplasm
Tegﬁnologies new | y g selected by
tools such as GS, germplasm - 4 s breeders
DH

+ Breeder-ready lines and populations with new, beneficial alleles for priority
characters in elite genetic backgrounds

* Molecular markers linked to beneficial alleles and statistical models for estimating
breeding values to accelerate genetic progress in breeding programs




Molecular atlas



Molecular atlas

e Maize: ~27,500 accessions in CIMMYT's genebank further 15-
20,000 unigue accessions in Mexican genebanks

e Developed new GbS method for composite DNA samples
(30 plants per accession); the method simultaneously
» Quantifies allele frequencies within accessions (SNP), and
» Estimates genetic distances among accessions (PAV)
» 45,000 SNP per sample, 260k polymorphisms

SEEDDIV695: Divergence: 0.043566, ssize: 24

e Completed the sequencing of
20,000 accessions > diversity
analysis in progress
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Propotion of Ref. Allele, Individuals.







Analysis 2014 I

e Environmental selection footprints
» 18,500 accessions with good quality geo-location data
» Extracted long term abiotic environment data

» Shifts in haplotype distribution and allele frequency with
environmental cline across global collection

e Breeding selection foofprints
» Cycles of recurrent selection populations genotyped
» Evaluate response to selection
» Evaluate selected genomic regions in derived lines

e Use selection fooftprints
» Race footprints and use footprints
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Accession 1 Accession 4,000
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Accurate, fleld-based phenotyping is
the main bofttleneck

Traits Maize e Maize: 700,000 data
heat points from 34 trials across
Abiotic 14 locations
drought
stresses
low N
Biotic tar spot, ear rot, stalk rof,
stresses Turcicum, Cercospora

hardness, starch, all,
amino acids, phenolics

Grain quality




GWAS in SeeD: Association analysis shows
overlap In previously reported locCi I

iati i GWAS significance for d ilki SeeD
Association at known loci can significance for days to silking on See

provide insight into statisfical
power
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500k SNP, imputation with FILLIN

GWAS were performed per trial
using BLUPs for days to silking using
naive GLM and GLM+Q. Non
parametric meta-analysis
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Errichment across models
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Tar Spot Disease Complex

Caused by Phyllachora maydis and
Monographella maydis in association

Yield loss for up to 30% in Mexico in farmers
fields (Hock et al. 1995); 46% in unsprayed on-§
station test plots (Bajet et al. 1994)

1,600 m)

« st generation Tar Spot GWAS panel

« 842 gene bank accessions testcrosses
evaluated Chiapasin 2011 and 2012

. Average visual mean and averaged row |, |
mean =

source: www.cabi.org

- Filtered GBS2.7 SNP (365,000 SNPs)



Tar Spot
Disease
Response
BLUP GWAS
without
covariate

Tar Spot
Disease
Response
BLUP GWAS
with FFT
covariate

Tar Spot
Disease
Response
BLUP GWAS
with MFT
covariate
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— significant associations

Chromosome 9

A maize genes with
NRR-LRR sub-domain

Resistance
level
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Quality traits

Starch content, oil content, protein content, carotenoid
content and profile (14 traits)

Effect plot of 17 traits
Chr Ch2 Ch Chrd Chrs chr Chi7 chre chre chrio
60926 48438 45417 35980 46199 31067 32071 33465 30008 27314

Total number of markers: 391875




3 Pre-breeding -
\ _ / 'bridging germplasm’



Maize ‘bridging germplasm’

Useful novel
alleles &
haplotypes

Early
generation
lines & pools
enriched for
favorable
alleles

...using multiple strategies
defined by trait complexity
and breeder needs
(desired input germplasm,
demand for new sources)

Breeder
demand

Urgent

Medium-
term

Long-term

Trait complexity

Monogenic
(1-3)

DH from
landrace &
landrace /

line crosses,

selfing
MABC

MABC &
GS

Oligogenic
(4-10)

DH from
landrace &
landrace /

line crosses,

selfing

MARS &
prediction
index

MARS,
prediction
index & GS

Polygenic
(>10)

GS with
MABC for
BC1S1
develop-
ment

GS with
MABC for
BC1S2
develop-
ment

GS with
MABC for
BC1S2
develop-
ment




Pre-breeding- GWAS/GS

G-matrix

Phenotypic ranking of the 4000
testcrosses

Description of adaptation, colour,
grain type “heterofic pattern” not A/B

Selection of best 20 accessions per
adaptation per heterotic group

What to use for GS test populatione

« Testcrosses
« DH from accessions
e Accessions

Simulations

« Germplasm input, Ne, marker
density and coverage, re-training
and test pop stratergy




Conclusions simulations

Approach

» Lower accuracy in initial selection
using test-cross materials but higher
genetic merit in C4 (beware of
reconstructing the testerlll)

» More gain up to C4 using landrace
DH than segregating materials but
add two more seasons for making g RN cosdiedienesein
DH (lower rate of gain) '

Genotyping platform e

» larger chip better with high Ne
(GBS10x,10K not enough with large
Ne=10K)

Retraining

» Improves accuracy and gain (40
individuals likely enough)

Test more seeds per landrace

» 3 plants per landrace better for GS
applications than looking across
more backgrounds

mé[u o1jeuUss)



GS populations

Develop synthetic population

Six populations

2 rounds chain mating
to increase
recombination among
genomes

Between 7 and 14

mp %ﬁr =
Chain mate x 2 generations

{0 Random 200 sssds o genokype

GENOTYPE

PREDICT GEBY

founders per population = w _— UsingGEBYS
100k marker density 3 S B
eXp| OI’ e d ) “g%& . %}f;ﬂwmu q&; . pia?ts angjorm t:estcrosses
e e ¥4 lé
v

GENOTYPE

Random 200 seeds to
Select the best 20 seeds ranked by GEBV | PREDICT GEBV I

Save seed TC
Phenotype
Use phenotype
—> and genotype
to re-estimate
L model

Use new model to select best 5 and
backcross to same elite line. Genotype
BC1 and hand best materials to breeders

Repeat 4 times
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