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Background 
Single nucleotide polymorphism (SNP) 

•  Occur frequently throughout 
the genome 
 

•  Genetically relatively stable 
 
•  Enable tracking of traits 
through populations 
 

•  Low cost, high throughput 
genotyping 



Background 
- SNPs in hexaploid wheat 

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 

•  5 x 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 



Wheat Institute strategic program (WISP) 

http://www.wheatisp.org/ 



Exome sequencing 

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

• Capture size = 56 Mb (~ 1 coding genome) 
 
• Hybridised multiple UK lines to the array 

and Illumina sequenced for SNP discovery 
 

 
 

 



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 

Diploid 

KU37 
Ttd140 

Tetraploid 

Watkins 34 
Watkins 141 
Watkins 209 
Watkins 292 
Watkins 352 
Watkins 468 
Watkins 729 
Watkins 126 
Watkins 199 

Landraces 

Avalon 
Cadenza 
Rialto 
Savannah 
Xi19 
Alchemy 
Robigus 
Hereward 
Paragon (JIC) 
Paragon (NIAB) 
Pavon 76 
Chinese Spring L42 
Chinese Spring Ph1 

Hexaploid 

Exome sequencing 



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 
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Mined from EST database, supplemented by Next gen sequencing



SNP-specific tailed forward primers* 
[tail 1] -GGCTGTCTCTTAAATAGCCCCA 
[tail 2] -GGCTGTCTCTTAAATAGCCCCG 
 
Reverse primer 
GTTACTGCCAGTCTGCGTCA 

Universal fluorescent primers 

+ 

ATAGCGATGGCTCTCTCTTAAATAGCCCAATGTATGACGCAGACTGGCAGTAAC 
ATAGCGATGGCTCTCTCTTAAATAGCCCGATGTATGACGCAGACTGGCAGTAAC 
 

SNP validation (KASPar) 

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.



SNP validation - KASPar 



SNP validation 



SNP validation 

Co-dominant example 

Genotype KASPar call 

Paragon TT ?? ?? T 

Watkins 34 CC ?? ?? C 

Paragon x 
Watkins 34 

TC ?? ?? T/C 

KASPar scoring on 
an F4 population 

Dominant example 

Genotype KASPar call 

Paragon AA AA GG A/G 

Watkins 34 AA AA AA A 

Paragon x 
Watkins 34 

AA AA AG A/G 



Targeted co-dominant SNP development 

3239 out of 5392 SNP assays (60%) of those designed to date 
are co-dominant in some or all varietal comparisons. 

Co-dominant

Dominant

Partially co-
dominant
Failed assays
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Feature of sequence, not just by chance.



 Genotyping platforms 

Number of SNPs 

Number of samples 

Kbioscience KASPar 
~5000 SNPs 

Affymetrix Axiom 
~12000 SNPs 

Illumina iSelect 
~81000 SNPs 



Genetic Maps 

SSR KASPar iSelect Total 

AxC 331 3120 9420 12871 

SxR 337 1512 8082 9931 

Numbers of markers on maps: 

Total no. mapped markers = 18905 



Genetic Maps 
Avalon x Cadenza map: 

A B D Total 
1 682 1367 479 2528 
2 758 929 282 1969 
3 695 994 51 1740 
4 473 495 105 1073 
5 657 1342 242 2241 
6 1035 829 118 1982 
7 758 441 139 1338 

Total 5058 6397 1416 12871 



Genetic Maps 

Bin (cM) Standard Extended 
0 64 55 
0.1-1.0 18 32 
1.1-2.0 7 4 
2.1-5.0 5 2 
5.1-10.0 3 3 
10.1-20.0 1 1 
20.1-40.0 1 1 

Extended Avalon x Cadenza map: 



SNP database 

http://www.cerealsdb.uk.net 



SNP database 

http://www.cerealsdb.uk.net 

 
• Primer sequences 
• Contig sequences 
• Map locations 
• Genotype information – 101 wheat 

lines 
• Haplotype information 
• BLAST information 
 
 
 

 
 



SNP database 

http://www.cerealsdb.uk.net 



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 
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