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Goal: Create the global model to

decrease cycle time
4 months

Genotype
Area 5years [N

Hybr|d
Doubled
Haploid

Trials

A 2
qv]
D
>
Data F
Sell or Other Efforts <
Re-_lease
I\j\cgrr:g; Large Area
. Hybrid
Standard Genomic Trials

Breeding Selection (GS) J
With perfect knowledge it could run 15X faster, Release

current reality ~3X Hybrids



GS versus GWAS

A Same data: genome wide marker and
phenotypes, different statistics

AGWAS i Genome Wide Association
Studies are aimed identifying causative
genes and variants

A GS i Genomic Selection aims to predict
phenotype using the complete genotype



Challenges

AGenotype to unite
resources

A Resolve complex traits so perfect LD
remains for more than 15 meioses.

A Collect and mathematically model
relevant trait and environmental
Interaction

A Deploy

WO T



The Maize Diversity Project
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Maize has more molecular diversity
than humans and apes combined

Maize likely has functional variatio
at every gene. In total, there coul

be 100,000s offunctional SNPs
(SingleNucleotide Polymorphisms)

. 1.42%
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Silent Diversity (Zhao PNAS 2000; Tenallion et al, PNAS 2001)



Only 50% of the maize genome Is
shared between two varieties

Malze Humans

Fu & Dooner 2002, Morgante et al. 2005, Brunner et al 2005
Numerous PAVs and CNVs - Springer, Lai, Schnable in 2010



Maize genetic variation has been
evolving for 5 million years

Modern Variation Divergence from
Begins Evolving Chimps

Ardipithecus

Sister Genus
- Diverges

Australopithecus

Homo erectus

Modern Variation Begins

Maize domesticated



The Maize HapMapVZ Project

| Jer—Mlng Chia at CSHL in
Ware group lead analysis
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Maize HapMap?2

A Increase the breadth of samples (teosinte, landraces, improved lines)
I Allinbred lines

A Whole Genome Shotgun, lllumina Paired-End, 76-100bp
A 103 lines, 13 Billion reads, 1Tbp of sequence

A Median 5X coverage

Tripsacum@ 1 sample
dactyloides

ssp. Mexicana) lines
Teosintgzea Mays 17 Inbred
ssp.Parviglumig lines
Maize SR Eldf=le

Landraceg lines

Maize Improved
—— Lines (including 60 Inbred lines

NAI\/I)
200 400 60

Sequence Reads (Gbp)

TeosinteZea MaySI 2 Inbred

0 800



The Warning & It Applies To

Many Other Studies

A CSHL & BGI alignment pipelines only
agree 50% of time with same data

A ~160M SNPs identified i most probably
really exist somewhere
I MOST DO NOT EXIST WHERE ALIGNED
I GENETIC AND EVOLUTIONARY CONTROLS
A>50% errors if accept standard pipelines

A 55M pass various population & genetic
filters



HapMapV2 Results
A55M SNPs identified

ADomestication & improvement
loci found

ACopy number and PAV
Identified
1 80-90% of the genome In flux
I Explain many QTL



Genotyping By Sequencing
GBS

Reduced representation sequencing
for rapidly genotyping highly diverse
species
RJ Elshire, JC Glaubitz, Q Sun, JA Poland, K

Kawamoto, ES Buckler, and SE Mitchell

PlosONE 2011
http://www.maizegenetics.net/
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What 1s GBS?

A Use next generation sequencing to
genotype a reduced representation
portion of agenome

ARAD, RRL, CROPS, GBS
A Molecularly the most effective

approaches use restriction enzymes

I The first maize HapMap was RRL (Gore
et al 2009 Science)

I Recent efforts are drive price down



Expectation of marker
distribution

Non-
polymorp
hic; 1%

Biparental population Across the species




GBS 96-plex Protocol
http://www.maizegenetics.net/

1. Plate DNA
accl&a ter Barcode Common
paFi)r Adapter Adapter

ASti cky Ends

L

primer 1 Barcode primer 2
2. Digest DNA with methylation- (4-8 bp)

sensitive Restriction Enzyme

3. Ligate adapters
(Steps 2 & 3 may be done simultaneously)

ApeKl (5 base-cutter) or Pstl (6 base-cutter)



GBS 96-plex Protocol

Plate DNA &
adapter pair

Pool

DNAs Clean-up

H i

Evaluate
Digest DNA with RE fragment sizes
Ligate adapters

(may be done simultaneously)

CTGCAATCTTGGACAATGTATGTAGGGACTAGGGACAGTGATGTAATTAC
CAGCACTAATTCACACAATTTTGTCGGTTGATGTTACTGCAGTGGATCTT
CAGCACTAATTCACACAATTTTGTCGGTTGATGTTACTGCAGTGGATCTT
CAGCACTAATTCATACAATTTTGTTGGTTGATGTTACTGCAGTGGATCTT
CTGCGATCGCCGCGCCGATGAACGGGCCTACCCAGAAGATCCACTGCAGT
CTGCGATCGCCGCGCCGATGAACGGGCCTACCCAGAAGATCCACTGCAGT
CTGCCGTTGCTGGCAGTGCTACAACTCTTCACCTGACTGAAAGCTACTAA
CAGCTAGCGCAAGTGTTTGTGTTGCGCGCGCGCTGTGGAAAAGTGTGCC
CAGCTAATTTTTTGGTATTTATTTGAAATAAGTTCCCACTACTCGCGGTT
CAGCTAATTTTTTGGTATTTGTTTGAAATAAGTTCCCACTACTCGCGGTT
CAGCCACTTCCCTCATTTGAAACTTTTTGGATCTTTGAAGACCAATAGAT
CAGCTAAGAAGATAGAGCCAAACAAGGTGGGCCTGCCAACGTCTCCTTCC
CAGCTAAGAAGATAGAGCCAAACAAGGTGGGCCTGCCAACGTCTCCTTCC
CTGCGACTCGTGCTTCGCCGCGGCCTGAAGAACCCGGTCTTTCACCGCCG
CTGCTCGGTAGTAAACGGGTACAGAATTTAATCCCGCATCATTTGGAAGC

1.3 million reads per sample Sequence (8 x 96 samples
110Mbp (today) per flowcell)




Cost in US
Dollars
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- $33.00

Costs per DNA sample
at various multiplex levels

T Sequencing

 $19.00

H|abor

~ $9.00
B Reagents &

48-plex 96-plex  384-plex
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Molecular Biology Basically Solved
Over 30,000 samples run in the last months

SNitchgrass, Cacao. 190
950 o

— Grape, 570

Reed Canary
Grass, 1045




The main GBS challenges
currently are
bioinformatics



Bioinformatics Problems

A Massive amounts of data

A Complex genomes with many
unstable parts of a genome

A No reference genome
A Missing data
A Phasing and imputation



GB3ioinformatic Pipelines

Discovery

Tag Counts byaxa

Reference
Genome

Reference
Genetic Map

Map Tags b
Homology

Genetic Logi

Alleles and

Map Tags
Genetically

Production

Tag Counts byaxa

Assign Tags
to Alleles

Alleles to SNPs
and locations

Genotypes
(HapMapformat)




Only 50% of the maize genome Is
shared between two varieties

9
Plant Perso erson 3

Malze Humans

Fu & Dooner 2002, Morgante et al. 2005, Brunner et al 2005
Numerous PAVs and CNVs - Springer, Lai, Schnable in 2010



