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Background 

Customizable Illumina Bovine-LD SNP-chip 
 
Add QTL markers from sequence data 
 
LD-chip used for large scale genotyping of cows 
 
Markers can be accurately imputed to bulls 
 
Higher accuracy of genomic prediction from adding 
QTL markers? 
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QTL marker selection 

• Breedwise GWAS in Nordic Holstein, Jersey and Red 

• Index traits categorized, Top QTLs selected 

• 3-5 markers per QTL/ trait 

• Selected on e.g. P-value, functional annotation 

• Breedwise LD pruning: (pairwise R2 > 0.95) 

• Duplicates removed 

• Checked for assay performance (Illumina assay tool) 

• ~1,500 markers in total 
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Category-I (15 QTL) Category-II (10 QTL) Category-III (5 QTL) 

Mastitis Longevity Nordic Total Merit 

Fertility Other-diseases Growth 

Leg Birth Udder 

Milk Calving Body-conformation 

Fat   Milking-speed 

Protein   Yield 

    Temperament 
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50K genotype data (MAF > 0.01) 

 

1,443 QTL markers extracted from imputed sequence data (1000 
bull genomes run4 reference data) 

 

De-regressed proofs 
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Validation data 

Breed Cut-off Reference (#) Validation (#) 50k markers 

Holstein 2005/01/01 3,953 1,046 ~42k 

Nordic Red 2005/01/01 3,605 874 ~43k 

French Holstein 2005/01/01 3,804 1369 ~42k 



Methods 

Prediction done using either: 

1. 50k data 

2. 50k data pooled with QTL markers 

3. Separate variance components for 50k and QTL data 

 

Milk Yield, Fat Yield, Protein Yield, Fertility and Mastitis  

 

 Reliability of prediction:
𝐶𝑜𝑟2(𝐷𝐺𝑉,𝐷𝑅𝑃)

𝑅𝐷𝑅𝑃
2  
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Model used for 50k and pooled data: 
y = 𝟏µ + Za + e 

 

Model used for separate 50k and QTL data 
y = 𝟏µ + Z50ka50k + ZQTLaQTL + e 

 

   a𝑖~𝑁(𝟎, G𝑖σ𝑔𝑖
2) 

𝐞~𝑁 0, 𝐖−1σ𝑒
2  
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GBLUP 
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Model used for 50k and pooled data 

 y = 𝟏µ + X𝐠 + e 
 

Model used for separate 50k and QTL data 
y = 𝟏µ + 𝐗50k𝐠50k + 𝐗QTL𝐠QTL + e 

Priors 
• 𝐠𝑖𝑗~𝜋𝑖𝑁 0,0.0001 + 1 − 𝜋𝑖 𝑁(0, σ𝑖𝑗

2) 

• 𝜋𝑗~𝛽(10,1) 

• 𝐞~𝑁 0, 𝐖−𝟏σ𝑒
2  

• σ𝑒
2

,
σ𝑖𝑗

2~ 𝑈𝑛𝑖 
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Bayesian 
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Increase in accuracy from QTL markers 

Easy to implement in practice – Impute from cow 
data 

 

 

Future work 

More trait-specific markers 

Bayesian methods for mapping 
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Conclusion 


