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~ Background

Single nucleotide polymorphism (SNP)

e Occur frequently throughout
the genome

» Genetically relatively stable

 Enable tracking of traits
through populations

* Low cost, high throughput
genotyping
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Presenter
Presentation Notes
Brief overview – SNP pipeline developed by Gary. Low percentage of total SNPs. Initailly targetted genic regions.


- Background

1. Mining the allohexaploid wheat genome for useful sequence
polymorphisms

» 5x Chinese Spring shotgun sequence

» SNP discovery

 Validation of first KASPar wheat panel

2. Development and validation of a flexible genotyping
platform for wheat (CIRC)

* 5500 KASPar SNP assays
 Targeted design of assays

3. Wheat LoLa/WISP
» Develop further genotyping platforms for wheat
* Screen more diverse lines
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“ Wheat Institute strategic program (WISP)

Landraces Synthetics

Phenotyping Genotyping
Alien Introgression RN -. > A, Elite Wheats
23 BBSRC
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~ Exome sequencing

*  With Anthony Hall et al. and Roche we
generated a 132K feature Nimblegen
capture array based on wheat cDNAs

Whiimiblegen

‘ - Capture size = 56 Mb (~ 1 coding genome)

* Hybridised multiple UK lines to the array
and Illumina sequenced for SNP discovery
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Hexaploid

Avalon

Cadenza

Rialto

Savannah

Xiig

Alchemy

Robigus

Hereward

Paragon (JIC)
Paragon (NIAB)
Pavon 76

Chinese Spring L42
Chinese Spring Ph1

~ Exome sequencing

Tetraploid

KUsz7
Ttdigo

[.andraces

Watkins 34

Watkins 141

Watkins 209
Watkins 292
Watkins 352
Watkins 468
Watkins 729
Watkins 126
Watkins 199

Diploid

Triticum urartu
Thinopyrum
bessarabicum

Rye (Secale cereale)
Aegilops mutica
Thinopyrum elongatum
Ae. caudata

Th. intermedium

Th. ponticum

Ae. varabilis

Ae. speltoides

Ae. tauschii 232

Ae. tauschii 320

Ae. tauschii JIC2220007
Ent-392

Ent-414

Ent-336

Ent-088




= SNP discovery

* Mean coverage per UK variety = 48X

* 500,000 SNPs identified in sequence data from 8
elite cultivars

* 1 SNP per 67bp / ~15 SNPs per kb

~ 95,000 = varietal SNPs

University of

BRISTOL


Presenter
Presentation Notes
Mined from EST database, supplemented by Next gen sequencing


SNP validation (KASPar)

SNP-specific tailed forward primers* N
[tail 1] -GGCTGTCTCTTAAATAGCCCCA ATAGCGATGGCTCTCTCTTAAATAGCCCAATIERS
[tail 2] -GGCTGTCTCTTAAATAGCCCCG ATAGCGATGGCTCTCTCTTAAATAGCCCGA

Reverse primer
GTTACTGCCAGTCTGCGTCA

b
L

=

Universal fluorescent primers

Dabsyl
{Quencher) E:
Dabsyl [tail 1]
A

GA |
[ GCBTCGCTEARGGTGACCAAGTTCATGC%-3‘
T CGTAGCGA-
TG |
Fluorescein
(Green fluorophore)

(Quencher)
Dabsyl [tail 2]
AT lr A \
G GCGTCCTGAAGGTCGGAGTCAACGGATT-3"'
A CGCAGGA-
GT | -]
Sulforhodamine &
(Red fluorophore)

University of

BRISTOL



Presenter
Presentation Notes
PCR based genotyping platform based on allele specific forward primers that incorporate a floursecent dye during the PCR. Arrayed in a microtitre format and scanned using a flourescent plate reader, readings converted to X and Y, clusters of genotypes.


2 SNP validation - KASPar
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2 SNP validation A b5
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«~ SNP validation KA bar scoring on

Genotype KASPar call

Paragon AA AA GG A/G
Watkins 34 AA AA AA A
Paragon X AA AA AG A/G
Watkins 34

Genotype KASPar call

Paragon T 777 T
Watkins 34 cC”” C
Paragon X TC 77 7? T/C
Watkins 34
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Targeted co-dominant SNP development

i Co-dominant
B Dominant
I Partially co-

dominant

W Failed assays

3239 out of 5392 SNP assays (60%) of those designed to date
are co-dominant in some or all varietal comparisons.
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Presentation Notes
Feature of sequence, not just by chance.


« Genotyping platforms

Number of samples
Kbioscience KASPar  Affymetrix Axiom [llumina iSelect
~5000 SNPs ~12000 SNPs ~81000 SNPs
) _ contig10414_84_BS00009680_2 BS00004837._51
i - sdtoa kD910 Gopt) - ()~ B AvM - called genotypes Lk i
— g @ 120 ‘
% 5 ] v b, D:E o:so ,
i B B 040
= Q.0 }
iy & MZ 3$o 137 1
-3 2 - 0 1 2 3 | . NU:OmTiIEIt EI.ISD II
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enetic Maps

Xgwm3iga
XwPi-1688

Xcfd79A 4

XBS00003801 XBS00013997
XBS00021981 XB500022844

XBS00025191 Xwmch05b
XBS00034334 XBS00087723

XBS00078759 {|

XBS00021699

KBS00010947 XBS00022016
XBS00022029 XBS00031903
XBS00041121 XB500045327
XBS00090405 ¥BS00093377
Xwmcd89

XB300022148 XBS00022516
XBS00022624

XBS00021976

XBS500022129

Xbarc19

XBS00003837 XBS00010204
XBS00010531 XBS00034984
XBS00078681
XBS00034263
XBS00009357 XBS00011270
XBS00039925 XBS00078212
Xc20XCNFR-3A
XBS00022159 XBS00022502
XBS00022631 XBS00022719
XBS00022881 XBS00022882
KBS00022083 XBS00022325
XBS00022629 XBS00022675
XBS00022691

XBS00022612 XBS00023026
XwP1-8215

XBS00003964 XBSO0009465
XBS00010284 XBS00010295
XBS00010854 XBS00D11158
XBS00011170 XBS00011612
XBS00011660 XBS00011798
XBS00011929 XBS00023988
¥B3S00024050 XB500031289
XBS00036257 XBS00037637
XBS00039357 XBS00040798
XBS00063163 XBS00067190
XBS000T0511 XBS0O0070870
XBS000T1948 XBS00076631
XBS00082982 XBS00088220
XBS00092735 XBS00094523
xBSOUDT&E&B
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XBS00009516

4)(5500032524 XB500021694
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XBS00022719 XBS00003971
XBS00034263 XBS00094523
XBS00070870 XBS00040798
XBSO0067189 XBS00071948
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XB500084158 XBS00084158
XBS00070014

—

—

Hi| xBS00097542
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— XBS00022273
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— XBS00076138
[~ XBS00075598

XBS00099578 XBS00022968
XBS00003956

Numbers of markers on maps:

SSR iSelect Total
AxC 331

SxR

KASPar

3120 12871

9420

337 1512 8082 9931

Total no. mapped markers = 18905




enetic Maps

Xgwm369 AVaIOIl X Cadenza map:

XwP1-1688
Xefd79A 9
XBS00003801 XBS00013997 XB500008518
XBS00021981 XBS00022844
XBS00025191 Xwmc505h |xBs0003252¢ XBS00021694

XBS00034334 XBSO0087723 XBS00001088
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«“Genetic Maps

Extended Avalon x Cadenza map:

XBS00010059 XBS00009793
XBS00011516

XBS00003774 XBS00080148
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SNP database

CerealsDB

| Wheat KASPar SNP database

Important Note

Via this web site and associated publications, we have placed all the data related to each and every SNE including available
flanking sequences {usuaily 120 base pairs or greater), into the public domain, We hope that by making this information freely
available without any restrictions, it will encourage other wheat geneticists to do likewlse so ensuring that all such markers
are made public and free of use. Ondy by following this principle can we hope to ensure that wheat breeders across the world
are in possession of the tools they require to create the new varieties that will be needed to help feed the World beyond 2050,

SNP database last updated October 1st 2012

SELECT PRIMERS

This site has been designed with breeders in mind, and we hope

OBTAIN HAPLOTYPES that iz will be easy and straightforward to use. Principally the site is
aimed at those who wish to obtain information about SMP markers; : .
o . e Varietal SHPs: 99945
= g., the sequence upon which they are based, obtain primers used
DB E R T for their identification, identify the haplotypes of commaon UK Validated SIHPs: 5388
varieties. However, there are pages that describe, in simple terms,
BLAST CONTIGS what SMPs are and how they can be a wonderful tool for the breeder. Mapped SHPs (Avalon x Cadenza): 3029
To gather such information, please follow the links on the menu bar
CONTIG INFORMATION to the left. Mapped SNPs (Savannah x Rialto): 1463
ALIGN TO BRACHY Information on genetic relationships among  individuals is of Wheat varieties studied: 169

importance to plant breeders for line and hybrid development.

University

BRISTOL http://www.cerealsdb.uk.net




2 SNP database

- Primer sequences
- Contig sequences
* Map locations

* Genotype information — 101 wheat
lines

- Haplotype information
* BLAST information

University of

BRISTOL http://www.cerealsdb.uk.net



Chromosome 1A
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B500010488
B500023112
BS00010128
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SNP database

SHNP name cM AxC cM SxR

1.7
11.4
205
211
211
211
211
27
245
248
282
282
)
)
)
Nz
328
34
334
334
382
447
447
471
471

539
539
539
539
539

C
cc
cc

Forward primer (FAM)

0 CATAGTTCACACTTAAATCACAAACGTAL

0 GAATGCCGTATGLCTCAGAGTAG
2085 CACTCCCATCACAAGGGTACAL
COGTTGLAATTTCTCAAGATCCD
CTGGATACGGAACTTTTCAGAACT
ACCATAACACCAGTGTGCLGT
GOTTGAATTCAAGCTTITACTCTGGA
CAAGACCTGCGACAAGALCAG
CCAGAAGATCTTCCAGCATITGGAT
GAGGTTTITGCATGGTCCAGET
AATGTATGACTGTCGLAGTTCTGTC
GGCTTGATGGLAGGATTCTACGA
AATCATTGTTGTGCALLATTIGGLCTG
ACACCCAGGLTGAACGCAACTT
GLGACACGATGTAGATACCATCAAT
AATGTCTCCGATGAACACGTCG
GATTCTCGTATGTTTGTGTCTCLG
GLTACCAACAACALAGGGAG
CACCTGCTCCTCCGCCGA
GAAAGTTGAGCGAATTGACAGAGAAG
GAGAAGACAAGCCAGTCACCC
47,99 GCAAAGGTAGCAAAGACGCATGATT
CETGGGECAGGAGCACGACT
CAGAAGATTGCAGCTTTGAGGAC
ACCGTTGTTGCCCCTCG
TTCACTGGAAGAATCTGCAGCCTA
CTCCCACCATCTACCTCACGA

=]

18.8

S = N N e - ]

=]

(=]

GTTGGTAACTCATCTCCCAGTCTA
CCGLCTGATGLGTAGGLG

20.81 ATCTCTCCTTCTGTACCTCTCCAT

20.81 CACATGGATCGACTGGLTATTAATACTT
GCATATCTGCAAGCCAGGAGT
COCTAATCCCTCAAACTCCAATETA
GLGACGCAACCTAALACATAGGL
GAACATTGAAGTGETGGLGAATAATC
CACATTTCCTCTCGAGGTTGCD
GATTATTTGTAATCAGTACTATGCCCC

cooooon

GTTTAAGGGATCAATGTCGTCGTG
GLCGTTCTGCTCGCTCAAATICD
GTCACGACATCAGAGGACATCC
CCATGCATTCTATACCAACCCAACA
CCTTGTGATTAACCTGGTGGGE
AACTTAGCCATITCAGGAACAAGATG
GTCATTATAGTCAGTITCGETEGCL
ACCAAGCTCAATTGGGATGGLAT
COGAGGAGGTALAAGAGAG
GETTETEAAAGCAATTGAGAAGGLA
AGAGLAAGCTATIGTGAALCCATICTA
GATCGCGAAAGAGATCATGAGLD
AGATCGCGGRAAGAAGAGGLTT
GTGCATAATCTTGGGLTGICGA

0000000000000 00000000

CATGTATACAL ATTTATTCAACCATCC

GGGATAGAACCAACAACTTGTACATITAL

Forward primer (VIC)
ACATAGTTCACACTTAAATCACAAACGTAT
ATGAATGCCGTATGCCTCAGAGTAA
CACTCCCATCACAAGGGTACAG
CCBTTGCAATTTCTCAAGATCCG
AATCTGGATACGGAACTTTTCAGAACT
CTACCATAACACCAGTGTGCCGA
GGTTGAATTCAAGCTTTACTCTGGC
CAAGACCTGCGACAAGACCAC
CCAGAAGATCTTCCAGCATTTGGAA
GAGGTTTTTGCATGGTCCAGGD
CAATGTATGACTGTCGCAGTTCTGTT
GCTTGATGGLAGGATICTACGG
AATCATTGTTGTGCAAAATTGGCCTC
ACACCCABGCTGAACGCAACTA
CGACACGATGTAGATACCATCAAC
CTAATGTCTCCGATGAACACGTCA
CGATTCTCGTATGTITGTGTCTCCT
GCTGCTACCAACAACAAAGGGAL
CACCTGCTCCTCCGCCGT
GAMAGTTGAGCGAATIGACAGAGAAA
GAGAAGACAAGCCAGTCACCE
GCAAAGGTAGCAAAGACGCATGATA
GTGGECAGGAGCACGALC
CABGALGATTGCAGCTITGAGGAG
GGLTACCGTTGTTGCCCCTCA
CACTGGAAGAATCTGCABCLTC
CTCCCACCATCTACCTCACGC
CCATGTATACACTTTTATTTATTCAACCATCA
GGTAACTCATCTCCCAGTCTG
GCCGCCTRATGLGTAGGCA
CTCTCCTTCTGTACCTCTCCAG
ACATGGATGACTGGCTATTAATACTC
GCATATCTGCAAGCCAGGAGG
CCTAATCCCTCAAACTCCAATGTG
AGCGACGCAACCTAAAACATAGGT
GAACATTGAAGTGGTGGLGAATAATA
CCACATTTCCTCTCGAGGTTGET
AGATTATTTGTAATCAGTACTATGCCCT
GGATAGAACCAACAACTTGTACATITAG
GTTTAAGBGATCAATGTCGTCGTC
GGLCGTTCTGCTCGLTCAAATTCT
GGTCACGACATCAGAGBACATCA
CATGCATTCTATACCAACCCAACG
CCTTGTRATTAACCTGGTGGET
CAACTTAGCCATTTCAGGAACAAGATA
CGTCATTATAGTCAGTTTCGGTGGCA
CCAAGCTCAATTGGGATGECAC
AGCTCGGAGGAGGTAALAGAGAA
GTTGTGAAAGCAATTGAGAAGGCD
GAGCAAGCTATTGTGAACCATICTG
GATCGCGAAAGAGATCATGAGEG
GATCGCGGGAAGAABAGGLTE
GCATAATCTTGGGCTGCCGE

http://www.cerealsdb.uk.net

Reverse pr
CGACGBACCCTALAALG
CCGCACTGAGTTGAALTC
CCGTGTACAGCATCGTCG
CTAAACTCTCTAGGGTTG
GGETACGRATACATGGL!
CAAGGGCTGTTTTCCCTAY
AATCCTGAACTTATGATG,
GACGCGGTCCTTGCACTG
TIGATAAGATGATGAACE
GTGCGTCGCAAACTGATC
GGGCTATCCATTCACTATY
GGACCATGCAAAAACCTI
CCTGCAGCGGLTTCTCCA
GGAGCTTTGCCGAGGELL
CTGGAGATTGAGGAGEG
GCCGGACAGCAAATCTAY
CTCACAGCGAGAGTAGAI
TGATGGCGTCCTGGGLGE
GGAGGGGAAAGAGGES
TTCAAGBTGTCACAGGGAL
GCTCCCAATCAGTGCCAA
GGTGTGGETGTGGELAALTT
CCCTTCTGCTTTTTTASACH
GCTGGGTCGLELAARAT]
CAGAGACAACAGGGLCA
GACCTTCGBAACCGALCC
GGLATATTGTGCGGLGGT
CGTGCTTGTTGCTETAGTE
GGLTGTEAAGGGCAALL
AGCAGCACCAGCAGCAG
CACTGATATGGAGBACAY
AACAACACTITAGBAAG]
TATGGAATGATAACTCTT!
GGTEGTCATTACAGAATE
CACATACGCATAGACGGY
TCTCCAAATGGTGGCTTC]
AACAGCTCCGACTTGCAT)
CAAAGGGTAGTAGTCTTA
TTGTCCCAAAGCATTTGC]
GCACATCCTTCATCTGAA
TAACGCCTTTCCCTCTCTT!
TTGCAAGTAABATCTTTG)
AGTAGGTACCTCTAAATC
TGGCATATGATATGCCTG
CTETCGTATGTGRAGCAG
AGGATCTATCGGCAACTT
GTGCTGGAACTCCATATG
CTGACTGLATCGGCTETG
GATAGCCCTCGCGGAATE
CTGTTATCTTGTAAAACTE
TGAGCGCBATCACGTTCG
CGGLGELEGAGATEETC
GACACATACAACCCCACY




 Future developments

* D-genome SNPs
» Alien/progenitor SNPs
 ITMI mapping population

» Identify core set of ~ 1,000 evenly
distributed SNPs

° Add current recommended list
varieties to screening panels

University of
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