
Association Mapping 

Across Sheep Breeds

• International Sheep Genomics Consortium

• Sheep HapMap project

• Herman Raadsma 

• Peter Thomson

• Mehar Khatkar

• Lisa Jonas

www.sheephapmap.org

http://www.sheephapmap.org/


Association mapping across mouse 

strainsMARKER 1-3007431 1-3008615 1-3027623 1-3050112 1-3050199 1-3053121 1-3065296 1-3065788 1-3076683 . . .

129S1/SvImJ G G T C G N G G A

129X1/SvJ G G T C G T G G A

A/J G A N A A T A A C

AKR/J G G T C G N G G A

BALB/cByJ G N A A A T A A C

BTBR+Ttftf G G T C G T G G A

BUB/BnJ G N T C G N G G A

C3H/HeJ G N N A A T A G C

C57BL/6J G A A A A T A A C

C57BLKS/J G G T C G T G G A

C57BR/cdJ G N T C G T G G A

C57L/J G G T C G T G G A

C58/J G A A A A T A A C

CAST/EiJ A G T A A N G G A

CBA/J G N N A A T A G C

CE/J G G T C G T G G A

. . .
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Can we do something similar in sheep?

http://dagris.ilri.cgiar.org/image_zoom.asp?ID=191
http://en.wikipedia.org/wiki/File:Romney_Clark_County_Fair.JPG
http://en.wikipedia.org/wiki/File:Texelschafe.jpg
http://en.wikipedia.org/wiki/File:Merino_sheep.png


http://www.sheephapmap.org/

http://www.sheephapmap.org/


Resources
• 73 breeds – wide range 

• 2819 individuals

• 50K genotype array-

• 49,034 genotypes post QC

• Many phenotype characteristics



*Phenotype Database
• Unlike the mouse strain phenotypes, quantitative 

breed means not readily available

• Phenotypes took form of presence / absence or 

ordinal scale:

– Horned: Y or N

– Coat: Hair vs wool

– Colour: Y or N

– Fat tail: Y or N

– Long tail: Y or N

– Dairy : Y/N, meat : Y/N, 

– Adaptability: harsh or wet environments



*Breed Similarity

• Necessary to adjust for breed similarity in 

association mapping

– Genetically similar breeds are not independent 

replicates

– Not adjusting can result in spurious associations

• GERMLINE used to determine number of shared 

IBD segments across genome for each pair of 

breeds

• Resultant 70  70 matrix re-scaled:

0 = no similarity, 1 = complete similarity



*Breed Similarity  based on SNP data

ADP AFS ALT APD APM ASU AWD BBB BCS BGA BGE BHM BMN BOR . . .

ADP 1.000 0.067 0.069 0.250 0.086 0.207 0.343 0.062 0.065 0.044 0.055 0.047 0.046 0.024

AFS 0.067 1.000 0.102 0.042 0.099 0.064 0.051 0.073 0.087 0.091 0.103 0.047 0.065 0.036

ALT 0.069 0.102 1.000 0.070 0.161 0.103 0.050 0.080 0.127 0.076 0.087 0.081 0.074 0.053

APD 0.250 0.042 0.070 1.000 0.086 0.635 0.202 0.040 0.086 0.031 0.035 0.085 0.033 0.034

APM 0.086 0.099 0.161 0.086 1.000 0.132 0.058 0.083 0.161 0.070 0.080 0.091 0.078 0.051

ASU 0.207 0.064 0.103 0.635 0.132 1.000 0.172 0.062 0.131 0.047 0.052 0.182 0.054 0.049

AWD 0.343 0.051 0.050 0.202 0.058 0.172 1.000 0.044 0.051 0.033 0.041 0.040 0.037 0.017

BBB 0.062 0.073 0.080 0.040 0.083 0.062 0.044 1.000 0.076 0.056 0.059 0.046 0.099 0.028

BCS 0.065 0.087 0.127 0.086 0.161 0.131 0.051 0.076 1.000 0.063 0.074 0.113 0.066 0.048

BGA 0.044 0.091 0.076 0.031 0.070 0.047 0.033 0.056 0.063 1.000 0.347 0.037 0.054 0.024

BGE 0.055 0.103 0.087 0.035 0.080 0.052 0.041 0.059 0.074 0.347 1.000 0.041 0.057 0.028

BHM 0.047 0.047 0.081 0.085 0.091 0.182 0.040 0.046 0.113 0.037 0.041 1.000 0.041 0.037

BMN 0.046 0.065 0.074 0.033 0.078 0.054 0.037 0.099 0.066 0.054 0.057 0.041 1.000 0.023

BOR 0.024 0.036 0.053 0.034 0.051 0.049 0.017 0.028 0.048 0.024 0.028 0.037 0.023 1.000

. . .
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Cluster Dendrogram of Sheep Breeds



Breed similarity

According to dendrogram…



*Computational Aspects of Model 

Fitting

• A separate model is fitted at each SNP

 best done using R

• Continuous / LMM: lme() or asreml()

• Binary / GLMM: asreml()

• Efficient method for incorporating strain similarity 

matrix (G) (using Cholesky decomposition)



****Statistical Model for Association

• Binary trait:

• Generalised Linear mixed models used

• logit() = X + Zu (logistic regression)

where logit() = loge[/(1–)]

 = P(Y = 1)

e.g. P(Horned = “Y”) = 

P(Horned = “N”) = 1 – 



***Statistical Model for Association

• Strain Relatedness  correlated phenotypes

• y = X + Zu + 

• Random effect u incorporates similarity

var(u) = 2G G =

• Many non independent tests

• Used FDR q value (Bio-conductor) 



Horned vs polled 



Horned (Y vs N) – OAR10
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Hair vs wool



mapping hair/carpet wool  vs fine wool QTL 



Hair vs Wool (OAR25)



Fat vs non fat tail



Colour markings



Dairy breeds

vs non dairy

Compare genome wide QTL meta scores for dairy 
http://crcidp.vetsci.usyd.edu.au/cgi-bin/gbrowse/oaries_genome/#search

http://crcidp.vetsci.usyd.edu.au/cgi-bin/gbrowse/oaries_genome/
http://crcidp.vetsci.usyd.edu.au/cgi-bin/gbrowse/oaries_genome/
http://crcidp.vetsci.usyd.edu.au/cgi-bin/gbrowse/oaries_genome/


Meat type  

vs non meat 

Confounding with other traits????????



adaptation..wet & harsh 

environment

http://dagris.ilri.cgiar.org/image_zoom.asp?ID=191
http://en.wikipedia.org/wiki/File:Texelschafe.jpg


Conclusions

• Strong associations with known major genes horned 

(OAR10) 

• Strong associations and wool trait (OAR25) are 

consistent with QTL reports, but map to finer regions

• Potential to fine-map genes of major effect  which have 

lead to breed formation

• Beware confounding

• Beware phenotype classification

• Enhancements: Use of trait means (continuous) 

- but may need to consider environment

• Further precision: inclusion of individual animal 

genotypes / phenotypes
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And finally……..

http://backingaus.innovation.gov.au/
http://www.genesis-faraday.org/home.asp
http://www.meatnz.co.nz/main.cfm
http://www.usu.edu/


International Sheep Genomics Consortium

Better, faster cheaper than Cattle Chicken and Pigs

Learn from others

Do what is best

www.sheephapmap.org

www.livestockgenomics.csiro.au/sheep/oar1.0.php

isgcdata.agresearch.co.nz

http://www.sheephapmap.org/
http://www.livestockgenomics.csiro.au/sheep/oar1.0.php
http://www.isgcdata.agresearch.co.nz/


*Statistical Model for Association

• X = SNP predictor variable(s)

• For a SNP with genotypes AA AG GG

pAA = proportion of animals with genotype AA

pAG = proportion of animals with genotype AG

pGG = proportion of animals with genotype GG

• Then x1 = pAA, x2 = pAG

• Cannot include x3 = pGG: pAA + pAG + pGG = 1


