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Disclaimer

The opinions expressed during this presentation are those of the speaker and
may not represent the opinions of lllumina. Any uses of lllumina products
described in this presentation may be uses that have not been cleared or
approved by the FDA, or any other applicable regulatory body.
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Agriculture Victoria Research

— Science Supporting Agriculture

Achieving step change improvements in agriculture

through innovation for enduring profitability

Enhancing response and management of plant
and animal pest and disease outbreaks

Enhancing the underpinning
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WA InterGrain Introduction

Australian wheat, barley and oat breeding company
* National breeding programs

* >300,000 plots

* 63 field sites across Australia

 Staff of 55 (including 12 Breeder/Scientists)

InterGrain objectives for chip development:
1) Deployment in InterGrain breeding program at scale (now in third year)
2) Enhance global research relationships by providing a common platform for genetic research
3) Enable rapid translation of research outputs into breeding program

Business takes a collaborative breeding approach
Open to two-way global linkages

Key contact: Hannah Robinson hrobinson@intergrain.com



mailto:hrobinson@intergrain.com

Variety improvement is applied genomics

High-quality assembled
reference genomes

Extensive genome-scale
genomic resources

Multiple genotyping
platforms

.GRAIN STORE

ROAD MAP FOR
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Exome sequencing highlights the role of
wild-relative introgression in shaping the
adaptive landscape of the wheat genome

Fel He', Raj Pasam 2%, Fan Sh, Sulynl(nnF nere’, Pippa Kay’
Hu n Ric

Tracing the ancestry of modern bread wheats

Caroline Pont, Thibault Leroy*

Francols Balfourier’, Marta Moln:
Darren Waite?, Sarah Dyee, Tnemsl.eull\er M-chle\ Alsu
for
Frod van Eeuwilk =, Manuol Spannagt, Klaus F. X, Mayer <", Robibie Waugh
gl g

— Illlumina iSelect
* 90K wheat
* 50K barley

— Axiom 35K, 820K
— Targeted GBS

Exome sequencing of geographically diverse barley
landraces and wild relatives gives insights into —_ G BS
environmental adaptation

Joanne Russell A,

GENOME
PROJECT

— Skim WGS

Hybridisation-based target enrichment of phenology

Article | Open Access | Published: 25 November 2020 genes to dissect the genetic basis of yield and adaptation - WGS
Multiple wheat genomes reveal global variation in in barley
Camila Beate Hill"' (3, Tefera Tolera Angessa™, Lee-Anne McFawn?, Debbie Wong?, Josquin Tibbits,

Xiao-Qi Zhang', Kerrie Forrest”, David Maody", Paul Telfer®, Sharon Westcott’, Dean Diepeveen’, Yanhao Xu®
Cong Tan', Matthew Hayden®’ ) and Chengdao Li**®

modern breeding

Sean Walkowiak, Liangliang Gae, [...] Curtis J. Pozniak &

Genebank genomics highlights the diversity of a
global barley collection

Nature 588, 277-283(2020) ‘ Cite this article

Article | Open Access | Published: 25 November 2020

The barley pan-genome reveals the hidden legacy of

ﬁa]K.Puam\. o
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How to choose?

How can researchers and breeders best choose a genotyping platform, considering they have different priorities?

High

oy Marker density

o 4

200
per study

20,000 Y. ’

Number of samples
per year

’.. Detailed How to relate
understanding Ke uestions research
of the biology, YQq outputs to my

causal variants material

Breeder

Pre-breeding researcher
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Aim
To use the latest advances in genomic resources to design an efficient genotyping platform that provides a

bridge between research and breeding.

In particular, a genotyping platform that enables research, breeding and rapid deployment for impact.

INTERGRAIN

© Reinhold Mdller
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Why lllumina Infinium™ XT technology?

SNP chips vs genotyping-by-sequencing
- faster sample turnaround

- higher genotype call rates, typically >90%

- more accurate HET calling

- better suited for large genomes

- easier to deploy at scale skim WGs

HiSeq  m— — === R —_—
eads

Limitations of existing SNP chips _ GBS {rargeted / non-targeted)

T —_—— e

reads

- potential ascertainment bias

- based on incomplete genome assemblies, limited diversity
- markers not always single dose

- SNP density often higher than needed

- designed for specific applications; i.e. not ideal for both research and breeding

- not designed for imputation )
INTERGRAIN AGHICULTUREVORIA
- cost %\/
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Infinium™ XT Technology

96 samples per Array

" For cost effective, efficient processing

‘iSelect up to 50k markers

95%+ conversion rate on custom content

Multi-species supported (up to 8 species/array)

Workflow options to meet demand

~ Choose from standard and high-throughput
workflow/kits depending on your needs

illumina

For Research Use Only. Not for use in diagnostic procedures.

. INTERGRAIN  AGRICULTURE RIA
Image Source: Illumina w

9

ragmentation
recipitation
esuspension

Extension and

Hybridization
Staining

Amplification
Imaging

L o x

00000




From theory to practice

INTERGRAIN AGRICUI.TUREvORIA
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Design single locus SNP targets with no nucleotide
variation underlying assay probes to maximise
genotype calling accuracy

Use maximally diverse and representative
worldwide germplasm to minimise ascertainment
bias

Design SNP assays to tag LD blocks in worldwide
germplasm to enable accurate imputation

Minimise cross-species probe hybridisation to
enable dual sample hybridisation

Include specific SNP content to drive utility in both
pre-breeding research and breeding

Infinium™ Wheat Barley 40K design objectives

To design a genotyping platform that enables research, breeding and rapid deployment for impact.

_

Requires good
___ capture of diversity
in reference set

—_

Relies on high quality
genome assemblies

_

Literature, in-house
research, etc.

AN\
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Importance of single locus SNP targets

SNP cluster compression affects genotype calling accuracy especially for heterozygous loci

Each SNP cluster position represents the sum of all loci assayed

- Dependent on ratio of nucleotides (A or T vs. C or G) and SNP locus copy number
-y axis [R = normalized X + normalized Y] vs. x axis [Theta = 2/m Tan—1(Cy5/Cy3)]

A-genome
B-genome
D-genome
Diploid
Theoretical Theta value
0.0 and 1.0

A-genome
B-genome C C
D-genome
Tetraploid
Theoretical Theta values
0.0 and 0.5
0.5and 1

A-genome
B-genome C C
D-gencme L2 e
Hexaploid
Theoretical Theta values
0.0 and 0.33
0.67 and 1.0

Assay probe
&
C
;HH:HH:HHG\
Genomic/ *
DNA i

Target SNP
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12



Importance of probe design

Segregation of nucleotide variants underlying a SNP probe affects genotype calling accuracy

BS00057444_51 (OPT. Dist. = 0.088)

220
Assay probe *
2.00 ~ C
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Wheat germplasm

1,200 accessions selected to maximally capture genetic diversity among 6,700 globally diverse wheat accessions
comprising landraces, released varieties, synthetic derivatives, and novel trait donor and historical breeding lines

Principal component analysis of world-wide
wheat collection based on 90K SNP chip

(red circles, exome-sequenced lines)
Dataset | Type Reference

,:,$_~? Exome sequencing highlights the role of
He et al. Exome 890 W|Id-rfelat|ve introgression in shaping the
= adaptive landscape of the wheat genome.
) Nat Genet. 2019 51:896-904
Q -
) AVR Exome 310 Globally diverse accessions; unpublished
N InterGrain Exome 102 Historical breeding lines; unpublished
PC1
Geographical

distribution of
wheat accessions
used in He et al.
2019 according to
Num. accessions

& 00 v " AN\
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https://www.ncbi.nlm.nih.gov/pubmed/27428750

Barley germplasm

267 exome-sequenced H. vulgare landraces and H. spontenaeum accessions selected to capture geographical diversity in
barley, as well as 120 whole genome sequenced historical breeding lines and targeted sequence capture data from 1,000

globally diverse H. vulgare accessions

Principal component analysis of ~6000
accessions from the 20K IPK genebank
collection based on GBS markers
(red circles, exome-sequenced landraces)

iShie . » Russell et al.
e .
. |. el O GLr
- : . 1 ":.: ‘54
o A s “:-”.
" .
o’ S S Milner et al.
B ifan
o
a Hill et al.
InterGrain
.
PC1

Exome

GBS

Capture

WGS

267

19,778

1000

120

Exome sequencing of geographically diverse
barley landraces and wild relatives gives
insights into environmental adaptation. Nat
Genet. 2016 48:1024-30

Genebank genomics highlights the diversity
of a global barley collection. Nat Genet. 2019
51:319-326

Hybridisation-based target enrichment of
phenology genes to dissect the genetic basis
of yield and adaptation in barley. Plant
Biotech. J. 2019 17:932-944

Historical breeding lines; unpublished

AN\
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https://www.ncbi.nlm.nih.gov/pubmed/27428750
https://www.ncbi.nlm.nih.gov/pubmed/30420647
https://www.ncbi.nlm.nih.gov/pubmed/30420647

.
SNP discovery

Wheat Barley
2,037,429 SNPs 932,099 SNPs
Against IWGSC RefSeq v1.0 Against Morex v1.0
chriH
chriA chriB chriD
5DOU_| | MAF distribution of wheat SNP SUOS:L_A_ MAF distribution of barley SNP
" chr2A chr2B chr2D el
s All SNPs (2,037,429) 5008:' i All SNPs (932,098)
chiaA chraB chraD chraH = 64
5003:‘ " 8 A d ‘?, soog:i i % ]
chr4A chraB chr4D S o 4 i
= Re] _ chr4H CZL \
g smm:-._.._.d_ R % % 5000 = n |
’ chrsA chrsB chrsD n | °  o- L—J— 5
chr5H - al
o | ”|| Ll ‘ H‘ i
5000~
_— — . J ”"l||I”"""|||||IIIII||||||||||||| o e 0 |||||”|"||I|
™ 0.0 0.2 ' 0.4

= = , 7 0.4 ) i 0.0 0.2
hr7A h7B chi7D 5002 ’

soog: I - wik B i MAF chr7H MAF

06400  4e+08  88+0Be+DD 48408  8e+0Be+00 48408  Be+08
Chromosome position (bp) 5000=
0

00400 40308 8040
Chromosome position
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.
Linkage Disequilibrium (LD)

Linkage disequilibrium refers to the non-random
association of alleles at two or more loci in a general
population. When alleles are in linkage disequilibrium,
haplotypes do not occur at the expected frequencies

_ D
vPa(1—pa)pp(1l—pB)

r2 is a common measure of linkage disequilibrium, r

Importantly, when alleles are in LD, they are not independent.

This means that information about one locus is informative about other locus.

Goode E.L. (2011) Linkage Disequilibrium. ﬁ

In: Schwab M. (eds) Encyclopedia of Cancer. Springer, Berlin, Heidelberg. INTERGRAIN AGRICUI.TUREVORIA
https://doi.org/10.1007/978-3-642-16483-5_3368
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Defining relationship between SNP using linkage disequilibrium

NV
Q- K~ K~ Q
SR o

™ 9
AN A A
=t Y

SNP3  SNP 4 SNP5  SNP G

SNP1  SNP_2
sne 1 [W0.g60541 022
SNP_2 0.2
SNP_3 013 023 02 0.2 r 2

SNP_4
SNP_5
SNP_6

SNP_1, SNP_3,SNP_4,SNP_5, SNP_6 form a tag SNP set. Selecting
one of these SNP, eg: SNP_1, the remaining 4 SNP are referred to as
tSNP

INTERGRAIN AGRICUI.TUREVORIA
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SNP selection algorithm

Tag SNP sets based on
diverse germplasm

(r?>=0.9)

Filter SNP list based on
design criteria

Select most informative

SNP (largest tag SNP set)

Remove all SNP in tag SNP
set, and all SNP in each of
their tag SNP sets from list

Until largest
remaining tag SNP
set < x SNP

Repeat process with x = 10,20,50

Considers SNP equivalent allowing further filtering
Not biased by pre-existing biological knowledge
Minimises SNP number to maximise LD capture

Repeat process builds in redundancy for large tag SNP
sets, as well as increases confidence for NULL calls

INTERGRAIN AGRICUI.TUREVORIA
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.
Tagging LD blocks in globally diverse germplasm

Result of applying selection algorithm to wheat and barley. Dotted line shows end point of first pass

Wheat Barley
600,000 !
o 750,000- a |
= = !
wn wn |
ge] ye] |
3 2 &, 400,000 1 l r
S 500,000 4 =) !
S — 05 g | — 05
¢ — 0.7 ¢ — 0.7
k= — 0.9 b= i — 0.9
2 250,000 2 200,000 - |
S S )
@) @) !
04 04 ;
0 10,000 20,000 30,000 0 10,000 20,000 30,000
Number of selected SNP Number of selected SNP ﬁ
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.
Tagging LD blocks in globally diverse germplasm

Result of applying selection algorithm to wheat and barley, per chromosome

Wheat Barley
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Importance of minor allele frequency (MAF) distribution

Need to balance between a range of application-specific needs: from bi-parental mapping populations (where any
polymorphism between parents is sufficient) to global diversity (where rare subpopulation-specific variants are important
to differentiate divergent samples, important when introgressing novel genetic variation, for example).

High MAF

* Important for background
variance and LD estimates

Low MAF

* Important to differentiate
varieties from each other

(reduce ascertainment bias) < Lower MAE variants will

regress onto high MAF SNP

* Chance SNP appears as
monomorphic SNP when
population diversity is limited

INTERGRAIN AGRICUI.TUREVORIA
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MAF distribution

density

density

Wheat
All SNPs (2,037,429) Selected tSNP (20,440) Tagged SNP (636,641)
12
9 -
64 |
. -
A ||“‘ I
- |||||||||||III||I|||||um.............‘ ] |“||||||I|||||Ii|||l||lll||||u|||||||||i """||||||||||||||IIIII|||||||||||||||nw
0.0 0.2 0.4 0.0 0.2 0.4 0.0 0.2 0.4
MAF )
Tagged SNP atr~ > 0.7
Barley
All SNPs (932,098) Selected tSNP (13,573) Tagged SNP (361,012)
6 -
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) J
. | _ [
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Using imputation to recover statistical power

With the SNP selection algorithm we have defined
a method to maximise informativeness of a small
set of SNP.

This is important because in order to reduce cost
per sample, number of SNP on chip needs to be as
low as possible.

The downside is that with fewer SNP, we have less
statistical power relative to higher density assays,
eg: exome SNP discovery.

Imputation is a statistical method to infer missing
genotypes using a set of reference haplotypes

* The selected SNP maximise number of tSNP

* Using imputation we can recover a large
proportion of the SNP we do not genotype
and increase statistical power

Reference Population

1111111001001110
1111101001000101
©9010111001111110
1110131003113110131140

2 b 110100 1

Target Population ORI 0 R

< O I —
[AFz7x=x 7.__5_.._1 a7 ?3?0]

FR RN e e O R
R R R R R
N
R e I R )
SFNFERNNRNDR
R R R )
R
B R R R Rt
MEOoOMEMREOODD
MR RN NN
MHMN RN DN
B R R R R R R )
R R R R R
MRNNRNNNDN
NN N
orMODODOOO

*Adapted from Marchini and Howie 2010 Nat Genet 11,499

NEEF RN RN
oM NN NN R
cccosoceoo
NErOMPROOO
NN RNNNRRNN R
RE RN R 8
FoORREERREbO
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Defining the imputation target set
Relaxing 72 cut-off

0.5

0.7

0.9

0.9
Barley

12,573

Wheat
on chip

20,440
on chip

187,412

394,034
361,012

636,641
471,645

758,452 Increasing number of SNP =\
AGRICULTUREVORIA

being imputed INTERGRAIN
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Imputation accuracy in wheat

Based on 100-fold in-silico cross-validation

Exome genotypes

Sporadic missing data
. Wheat filled in with Beagle, ‘
XT SNP imputed to tSNP set for: 05 phased with Eagle
r?2 > 0.5 (758,452 SNP) o leda
T'Z =>0.9 (394,034 SNP) 084 Extract random set of
) 100 samples,
selected SNP only
07
ol | XT genotypes Exome gen'ot'ypes
Metric for 1 I for remaining
Strictest measure of accuracy (r* 3, — concordanca (ax. het) or 100 lines samples
H H 'Y S = concordance (inc. het)
including heterozygous positions) g .l e e Imputation with Minimac 3 *
remains well above 90% for ' — 12 (inc. het)
majority of samples =
1.0
0.9
Imputed genotypes
0.8
0 250 500 750 ﬁ
Sample in ranked order
Minimac: Das et al. (2016) Nature Genetics doi:10.1038/ng.3656 ) INTERGRAIN AG“'CU'-TU“V"R'A
Beagle: Browning and Browning (2016). Am J Hum Genet. doi:10.1016/j.ajhg.2015.11.020 w
Eagle: Loh et al. (2016) Nature Genetics doi: 10.1038/ng.3571 26



Imputation accuracy in barley

Exome genotypes

Based on 100-fold in-silico cross-validation

Barley Sporadic missing data
XT SNP imputed to tSNP set for: filled in with Beagle, ‘

r? > 0.5 (471,645 SNP) Lo ”""“’“‘“‘W phased with Eagle
r? > 0.7 (361,012 SNP) 00 Filled-in exome genotypes

r? >0.9 (187,412 SNP)

0.8+
Extract random set of
07 10 samples, selected‘
' SNP only
0.7 Exome genotypes
1 XT genotypes
Reduced accuracy relative to L0 o | Metric ; g I'yp O
wheat, though strictest measure %0 — concordance (ex. het) or 10 lines samples
2 H 5 = concordance (inc. het)

Of accuracy (7" InCIUdlng EJ o0& — 12 (ex. het) Imputation with Minimac 3 *
heterozygous positions) remains 2 e ney
above 90% for majority of o
samples in 7% > 0.7 target. 101

0.94

Imputed genotypes

Expect improved accuracies as
reference population size is

increased. 0715 . r T ﬁ
0 100 150

0.84

50

Minimac: Das et al. (2016) Nature Genetics doi:10.1038/ng.3656 Sample in ranked order INTERGRAIN AG“'CU'-TU“V"“'A
Beagle: Browning and Browning (2016). Am J Hum Genet. doi:10.1016/j.ajhg.2015.11.020 w

Eagle: Loh et al. (2016) Nature Genetics doi: 10.1038/ng.3571 27



Imputation Summary

I—

High density
SNP

High density SNP
< recovered with
high accuracy
Imputation with
diverse reference

haplotypes

LD analysis,
selection algorithm

Low Density
Infinium™ Wheat
Barley 40K

In addition to increasing statistical power relative to raw genotypes, we
can use imputation to integrate different genotyping platforms.

INTERGRAIN AGRICUI.TUREvORIA
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Integrating across platforms — before imputation

Wheat Barley
90K iSelect tGBS Infinium™ Wheat 50K iSelect  Infinium™ Wheat
~37,000 SNPs ~80,000 SNPs Barley 40K ~44,000 SNPs Barley 40K
(anchored to ~25,000 SNPs ~15,000 SNPs
genome)

Limited overlap
between SNP content
on different platforms
— especially when the
intersection of
multiple platforms is
considered

INTERGRAIN AGRICULTUREVORIA
& 29



Infinium™ Wheat Barley 40K provides a step-change for imputing to high density

Imputation to high density allows legacy genotypic datasets generated from germplasm genotyped using
existing technologies to be integrated for downstream analyses such as genomic selection and GWAS

Population 1
(lumina 90K wheat SNP array)

Combined dataset with

Population 2

(tGBS) 122,804 SNP imputed
with high accuracy

Population 3

(Infinium™ Wheat Barley 40K)

Numbers based on current data

, INTERGRAIN Asmcuu'unVomA
Based on r“ > 0.7 imputation target
P g W 30

Note: Relies on SNP overlap with exome



Infinium™ Wheat Barley 40K provides a step-change for imputing to high density

Future-oriented design creates opportunity to achieve much higher SNP density for integration of future
genotypic datasets, as well as a process to continually update chip content

Population 1

(Infinium™ Wheat Barley 40K) Whole genome density

Three things deliver this:

Population 2 1. WGS of reference population increase
(WGS) number of SNP in LD
2. Increased SNP density for other
germplasm provides more overlap to
Population 3 give larger common imputed SNP set
(skim WGS) 3. Future iterations of array content will

improve tag SNP set size

As datasets grow, Infinium™ Wheat Barley 40K chip INTERGRAIN AG'“C""'T"“VC’”‘

performance can evolve in parallel w 31



Enhancing utility of Infinium™ Wheat Barley 40K for research and breeding

Provides a bridge between marker-assisted breeding (MAS) and Genomic Selection (GS)

Published trait linked markers 184 483
Published SNP tagging GWAS signals for key breeding traits 0 467
Markers providing direct link to GBS genotyped 20K barley

accessions from IPK genebank (Milner et al. 2019 Nat Genet. 51:319- 685 n/a
326)

Wheat traits: metal ion tolerances, fungal and nematode resistances, frost tolerance, phenology, glutenin sub-
units, LMA, PHS, grain end-use quality, plant height, herbicide tolerance

Barley traits: metal ion tolerances, fungal and nematode resistances, frost tolerance, phenology, malting quality,
grain characteristics, row number, herbicide tolerance

INTERGRAIN AGRICUI.TUREVORIA
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Enhancing utility of Infinium™ Wheat Barley 40K for research and breeding

2,615 iSelect 90K SNP chip markers tagging tetraploid (A- and B-genome) diversity

— comprises SNP private to wild and domesticated emmer, durum landraces and T. turgidum subspecies, identified
from genotyping 2,000 accessions capturing tetraploid diversity (Maccaferri et al. 2019 Nat. Genet. 51, 885-895)

PCA showing various groups of tetraploid
wheat accessions genotyped using 90K
wheat SNP chip (n=1800)

o
Wiri..
R
Py * WEW-NE
t o5 «:‘4 of - WEW-SL
dys Rt ~ DEW
v ‘M"ﬁ-f-" + DEW-ETH
“ %
‘* ‘e X W DWL
<. e 4 "4 s P PC1 * DWL-ETH
*” < o . L o = T.carthlicum
4 s " ® T.polonicum
4’ T e 4 P = T.turanicum
&£ - - ST ra = Tturgidum
v * DwWC

g# Same set of accessions

WEW-NE: Wild emmer wheat from North Eastern Fertile Crescent; WEW-SL: Wild emmer wheat from Southern Levant Fertile
Crescent; DEW: Domesticated emmer wheat; DEW-ETH: Domesticated emmer wheat from Ethiopia; DWL: Durum wheat

landraces; DWC: Durum wheat cultivars

PCA showing various groups of tetraploid
wheat accessions genotyped using
Infinium™ Wheat Barley 40K chip (n=1800)

PC2

INTERGRAIN AGRICUI.TUREVORIA
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Enhancing utility of Infinium™ Wheat Barley 40K for research and breeding

1,226 exome SNPs tagging Ae. tauschii (D-genome) diversity

— comprises tauschii-specific SNP selected for high D-genome coverage, MAF 20.10 in synthetic derivatives
(derived from crosses involving 100 tauschii accessions) and enriched density in highly recombining
chromosomal regions

PCA showing bread wheat accessions PCA showing bread wheat accessions genotyped
genotyped using 90K wheat SNP chip using Infinium™ Wheat Barley 40K chip
0.10+ . .;i':}. o 2
-'-‘j. ig‘h o .sd
D - A Y
. 0.054 L s 2
005 o . Bread wheat
' ‘ ‘- Synthetic derivatives
. ’ Durum-like bread wheat
0.004
& . 3]
& 0004 2 a
e .';’._.’“_, . Same set of accessions . INTERGRAIN
-0.054 " w
o104 AGRICUI.TUREvORIA
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Summary of content on Infinium™ Wheat Barley 40K

L

Tagging SNP for imputation 20,665 13,469 34,134
Trait associated SNP 457 178 635

SNP linking germplasm resources 4,271 614 4,885
Total number of SNP 25,393 14,261 39,654

INTERGRAIN AGRICULTUREVOI!IA

35



So, how does it actually perform?
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SNP assay specificity — Single sample hybridisation

Majority of SNP assays interrogate a single locus in barley and wheat

Wheat SNP cluster positions for

Barley SNP cluster positions for
24,100 assays revealing polymorphism

14,168 assays revealing polymorphism

Normﬁ

Density
NormB
Densit\(

Difference in Theta between clusters

INTERGRAIN AGnlcuurunVomA
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Genotype calling — Single sample hybridisation

High genotype call rate per sample; very high concordance between called and true genotype

Missing data rate (%)

Barley

Wheat

o bﬂ 0 I25 B ﬂ_lﬂl
missing

missing

Average (%) correlation and concordance between
Infinium™ Wheat Barley 40K (single sample
hybridisation) and exome-sequenced genotypes

- Including HET calls Excluding HET calls

Barley (90 samples)

Wheat (423 samples)

Correlation

97.2
95.7

Concordance Correlation Concordance
98.2 99.2 99.8
97.6 98.1 99.5

INTERGRAIN AGRICUI.TUREVORIA
w 38



Single sample vs Dual sample hybridisation

Wheat DNA — I — Wheat genotypes
Barley DNA I, I mmmmmmmmm)  Barley genotypes

Single sample
hybridisation

2 assays

Wheat DNA Wheat genotypes
Dual sample \
hybridisation XZ*;foan TDrll\leK
Barley DNA Barley genotypes
1 assay ﬁ

INTERGRAIN AGRICUI.TUREVORIA
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SNP assay specificity — Dual sample hybridisation

70% and 40% of SNP assays show good cluster separation in barley and wheat

Wheat SNP cluster positions for

Barley SNP cluster positions for
9,118 assays revealing polymorphism

9,826 assays revealing polymorphism

NormR
NormR
Density

Theta Difference in Theta between clusters

AN\

= Very strict criteria was applied to choose which SNP were used for genotype calling;
in hindsight this criteria could be significantly relaxed LI AcRicULTURE c oma
NN 40

Theta Difference in Theta between clusters



Genotype calling accuracy — Dual sample hybridisation

High genotype call rate per sample; very high concordance between genotype calls from single and dual

hybridisation assays of same samples

Missing data rate (%)

Barley Wheat

ensity

oS

= SNP attrition in dual hybridisation assays can
be accurately recovered in breeding germplasm

via imputation

Average (%) correlation and concordance between
Infinium™ Wheat Barley 40K single and dual sample
hybridisation genotypes

Concordance Correlation Concordance

99.4 99.8 99.9

Correlation

99.2
95.3 97.8

Barley (547 samples)

97.0 99.3

Wheat (63 samples)

AGRICUI.TUREVORIA
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.
GWAS with Infinium™ Wheat Barley 40K

*  Germplasm* from the IPK exome-sequenced
landraces (Russell et al.), genotyped on the
Infinium™ Wheat Barley 40K

10.0- Vrs1 H Int-c
7.5-
d -

= . .
=3 -
E,s.c :_ . - C
! E ]
25 ® H . i .-H N s :..i.
1;_"‘ ) N2vam r;H" - N4HV7m F;iq - 8; S 7;1“ S
Barley
Row type

* Germplasm provided by Nils Stein, IPK

AN\
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https://www.homebrewersassociation.org/zymurgy/zymurgy-extra-2-row-vs-6-row-barley,



https://www.homebrewersassociation.org/zymurgy/zymurgy-extra-2-row-vs-6-row-barley/

GWAS with Infinium™ Wheat Barley 40K

*  Germplasm from He et al. genotyped on the
Infinium™ Wheat Barley 40K

XT |2

mgU::

XT |2 [

(Imputed) |* W i
i = ud h'! l IH & m‘,ﬂlﬂﬁpw 342 SR fai2 aian toa]

A% iis WHRE LAFAS FIEAS L3RR

=lo g'H] pj

Exome

—_— —_———t— - —

l ii Ii ii II W Awnless
.” o 'ﬁﬁ:{" = '“j"::“
1A 1B 1D 2A 2B 2D 3A 3B 3D 4A 4B 4D 5A 5B 5D 6A6B 6D 7A 7TB7D Image SOUFCE AVR

Wheat
AN\
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Genomic Prediction with Infinium™ Wheat Barley 40K

Training
Population Trials EEE acc/sqrt(h?)
Size Accuracy

Yield 16,281 74,114
Stem Rust 8,271 17,772 74 0.35 0.42 0.54
B* colour 1,048 4,834 185 0.58 0.68 0.69
Training
BLUE
Barley Population Trials acc/sqrt(h?)
- Size “--- A >
Yield 3,952 40,345 Image Source: InterGrain
Spot Form 3,522 6,009 = 0.56 0.56 0.75
Net Blotch
Diastase 2,695 6,570 219 0.57 0.58 0.75 AN\

INTERGRAIN AGRICULTUREVOI!IA
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.
Updating the Infinium™ Wheat Barley 40K

L

Tagging SNP for imputation 20,665 13,469 34,134
Trait associated SNP 457 178 635

SNP linking germplasm resources 4,271 614 4,885
Total number of SNP 25,393 14,261 39,654

e O O

Extra tagging SNP for imputation 1,282 1,955
Filling in sparsely covered regions of genome 1,378 7 1,385
Trait associated SNP 1,878 69 1,947
Total number of SNP 4,538 749 5,289

INTERGRAIN AGRICULTUREVOI!IA
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Multispecies pulse 30K SNP chip

_ Frohe categories

Lentil 10,528 Imputation
Canadian linking
Trait linked
Chickpea 4,449 Imputation
Top 1k wild
ICRISAT
Wild spaced
Trait linked
Fieldpea 9,597 Imputation
Trait linked
Lupin 5,425 Imputation
wild
Trait linked
Total 29,999

= Multi-samples hybridisation also demonstrated with pulse
30K SNP chip, with ability to co-hybridise chickpea, lentil,

lupin and field pea

9,500
1,000
28
1,700
1,000
1,000
735
14
9,594
3
4,327
1,038
60

Number of tagged SNPs
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250408
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9,500 Imputation SNP

3,446,316 tagged SNP

Lentil

10000 20000 30000
Number of selected SNPs

pm—

9,594 Imputation SNP

8,201,627 tagged SNP

Field pea

it 30000

10500 20000
Number of selected SNPs

Number of tagged SNPs.

Number of tagged SNPs
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AN\
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1,700 Imputation SNP

765,803 tagged SNP

Chickpea

1000 000 5000

Number of selected SNPs

41327 Imputation SNP

788,196 tagged SNP

Lupin

2 7500 10600

%00 5000
Number of selected SNPs.
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A web tool to enhance utility of Infinium™ Wheat Barley 40K in research and breeding

https://plantinformatics.io

WGSC : TA
WGSC_geness_HC : TA : 331 / 5TOD
Exome_3SNP : TA : 401 / 131820
AVRIG_40k : TA : 90 /1718

N\ . . .
o L https://github.com/plantinformatics/pretzel FORC,_SEL: TA 2 412/ 040
il o yot = po” - -
S s - 7 e oI o 40,240,000 —
.:t""'w .:\:“#-'/ .::d‘&n"’ ® WGSC:3A
@ 150323 _Wes_Kauz - 3A - 558 /704 @ |WGSC_90k: 3A : 518 / 8869
e s
180,000,000 e - A/ P— 90k
200,000,000 —_— = ‘77 i 3 / 4 R '—V—BOQ,OBO.OW / S N P
220,000,000 == = 7’ ?’%" S 0000000 G enes e -
300,000,000 == = St 250,000,000 - 200,000,000 - = o
: =
D — — I Exome \
w5000 — o 400,000,000 S N P 40,420,000 — \
‘oo E 400,000,000 esea o GGaEas _ . 40k
sso:ooo:ooo T QT L aeasnee - - S N P
29572 £00,000,000
650,000,000 550,000,000 L 40,480,000 — -
3= : — - 700.00.000
Lancer chr5A CS chr5A Morex chr5H 40,420,000 |
Chromosome vs chromosome Genetic map to physical J L
alignment alignment
Base pair scale
Chromosome scale AN\
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https://github.com/plantinformatics/pretzel
https://github.com/plantinformatics/pretzel

Conclusion

We have designed and tested a new Infinium™ Wheat
Barley 40K genotyping platform that bridges research and
breeding applications:

* Delivers high quality, highly reproducible genotypes in
wheat and barley;

* Enables imputation to high density to deliver increased
statistical power and ability to integrate different
platforms;

* Can dual hybridise wheat and barley samples, halving
costs in high volume applications;

* Is being effectively deployed in InterGrain breeding
program;

* Is being made available for use by the international
community through lllumina.

Image Source: InterGrain
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