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Introduction 

Milk, fat and protein constitute 34 to 80% of the relative emphasis of international breeding 
goals in Holstein dairy cattle (Miglior et al. (2005)). Up to a further 6% of the emphasis in 
international Holstein breeding objectives is placed on udder health. Genomic selection is 
being heralded as the new method of choice in dairy cattle genetic evaluations. Most 
genomic selection models assign equal variances to each single nucleotide polymorphism 
(SNP). However, incorporating some prior knowledge on QTLs within the statistical model 
may have biological merits; similarly knowledge on QTL regions may be useful in the 
development of smaller, custom-made panels of SNPs. Furthermore, the identification of 
QTLs may aid in the detection of genes or gene pathways associated with lactogenesis and 
immunocompetence thereby unraveling the genetic architecture underpinning these 
phenotypes. The objective of this study was to identify QTLs associated with milk 
production traits and somatic cell count (SCC) in Irish Holstein-Friesian cattle. The novelty 
of this study is that, unlike previous genome-wide association studies, the phenotypes used in 
this study originate from pasture-based dairy production systems.  

Material and methods 

Genotypic data. A total of 54,001 SNPs from the Illumina Bovine50 Beadchip on 1,957 
Holstein-Friesian AI sires with daughters in Ireland were available. The 2,419 SNPs that 
were on the X chromosome or whose position on the genome was unknown were eliminated. 
A further 230 SNPs were discarded that did not conform to Mendelian inheritance patterns 
between sire and son. The remaining 51,352 SNPs were subjected to additional SNP editing 
in the following order; if SNPs were monomorphic (n=4,772), SNPs had a minor allele 
frequency ≤5% (n=5,087), if greater than 5% of SNP calls were missing (n=770), if there 
was poor SNP clustering (n=14) and the ratio of heterozygotes >90% (n=41). Overall 40,668 
SNPs met the above criteria and were included in the genome-wide association analysis. 

Phenotypic data. Daughter yield deviations (DYD) with their respective reliabilities were 
available from the national genetic evaluation. DYDs for milk production and average 
somatic cell score (SCS) (i.e., loge SCC) are estimated in Ireland using a repeatability animal 
model across the first 5 lactations. The parental contribution to the reliability of each trait 
was removed. Only sires with an adjusted reliability for milk of ≥80% or SCS of ≥70% were 
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retained. In total 914 sires met these criteria for inclusion in the analysis of milk, fat and 
protein yield as well as fat and protein concentration; 776 sires were included for SCS. 

Statistical analyses. Three linear models and two Bayesian methods were used. In all 
approaches the dependent variable was DYD weighted by the adjusted reliability. SNPs were 
included in all models as a continuous variable. The linear models used were; 1) regression 
on each SNP individually in a fixed effects model; 2) regression on each SNP individually in 
a mixed animal model accounting for relationships among animals, and 3) regression on a 
window of 3 adjacent SNPs to the immediate left and right of the SNP of interest. 
Significance was based on the F statistic. The first Bayesian method was BayesA as 
described by Meuwissen et al. (2001). The second Bayesian approach was BayesA modified 
to include a polygenic effect. For both Bayesian approaches the Markov Chain Monte Carlo 
chains were run for 100,000 cycles with the first 30,000 cycles discarded as burn in. The 
average and standard deviation of every 50th observation after burn-in was estimated. These 
were used to calculate the t test-statistic for testing the mean SNP effect against zero. 
Threshold P-values for a false discovery rates (FDR) of <0.05 and <0.001 were determined.    

Results and discussion 

The following results were from the regression on each individual SNP in a mixed animal 
model accounting for relationships among animals. For milk yield, 364 SNPs exceeded the 
0.05 FDR threshold and this decreased to 20 SNPs for the 0.001 FDR threshold (Figure 1); 
these 20 SNPs were located on BTA14 (n=18) and BTA20 (n=2). For fat yield 368 SNPs 
exceeded the 0.05 FDR threshold with 61 above the 0.001 FDR threshold; these 61 SNPs 
were located primarily on BTA14 (n=49) and BTA20 (n=8) with SNPs also on BTA6 (n=3) 
and BTA22 (n=1). For protein yield 386 SNPs were above the 0.05 FDR threshold, however 
only 2 of these SNPs exceeded the 0.001 FDR; these SNPs were on BTA1 and BTA7. For fat 
concentration 214 SNPs exceeded the 0.05 FDR threshold with 114 above the 0.01 FDR 
threshold; these were positioned mainly on BTA14 (n=95) and BTA20 (n=8) with a single 
SNP at position 1010904418 on BTA5. For protein concentration 230 SNPs were above the 
0.05 FDR threshold with 67 exceeding the 0.001 FDR threshold; the 67 SNPs were located 
mostly on BTA14 (n=) and BTA20 (n=) with SNPs present on BTA6 (n=5) and BTA8 (n=1) 
also. 

This study shows a clear association with production and SNPs on both BTA14 and BTA20. 
Associations between milk production traits and genomic regions on BTA 14 and BTA 20 
have been previously reported (Ashwell et al., (2004), Khatkar et al., 2005)). Grisart et al. 
(2002) discovered a polymorphism in the diacylglycerol acyltransferase (DGAT1) gene 
which is strongly associated with milk production. Associations between DGAT1 and milk 
production have been reported on a sample of the sires involved in the present study using 
their DYDs for yield in Ireland (Berry et al. (2010)). The growth hormone receptor gene 
(GHR) has been mapped to BTA 20 and is also known to be related to milk production as 
documented by Waters et al. (2010) also using sires involved in this present study and their 
respective DYDs in Ireland. Three SNPs within GHR are on the Illumina Bovine50 beadchip 
and two of these SNPs had significant associations; one of these SNPs was the 16th and 36th 
most significant SNP for protein concentration and fat yield respectively in this study. GHR 



and DGAT1 are likely causes for the associations observed for milk production traits on 
BTA14 and 20. The results indicate that genes associated with milk production (e.g. DGAT1 
and GHR) in confinement production systems are the same as those identified in this study 
for a pasture-based system.  

 

Figure 1: - log10 of P values from the single marker mixed model analysis. Chromosomes 
are arranged from left to right from chromosome 1 to 29. The FDR thresholds are 
represented as a red continuous (FDR <0.05) and blue broken (FDR <0.001). Positions of the 
most significant SNPs from the Bayesian analysis accounting for polygenic effects are 
represented at the top of the graph (∆). 

The genomic regions associated with SCS were less obvious than the production traits. 
However 9 SNPs exceeded the 0.05 FDR threshold and were located on BTA6 (n=3), 
BTA10 (n=1), BTA15 (n=1) and BTA20 (n=4). One of the SNPs observed on BTA20 is 
positioned ~220kb upstream of the IL6ST gene. This gene is involved in signal transduction 
of interleukin-6, a cytokine which is involved in immune response. These results are similar 
to those of Ashwell et al. (2004) who also found QTL on BTA15 and BTA20 affecting SCS.  



Two of the linear models, the single SNP regression accounting for relationships among 
animals and the sliding window approach as well as both Bayesian methods all estimated the 
same SNP at position 443936 on BTA14 as the most strongly associated with milk and fat 
yield and fat and protein concentration. This SNP was the second most significant SNP for 
fat yield and concentration using the fixed effect model. For SNP effects, there was a 
correlation of 0.82 between both mixed models while ranking of SNPs had a correlation of 
0.90. The correlation between SNP effects estimated from the fixed effects model and both 
mixed models varied from 0.51 to 0.64; the rank correlations varied from 0.25 to 0.29. These 
weak correlations are due to differences in how the polygenic effects were handled in the 
model. The two Bayesian methods produced similar results for SNP estimates and ranking of 
SNPs with average correlations of 0.91 and 0.80, respectively. Despite the same SNP being 
the most significant across the two linear mixed models and both Bayesian methods, the 
overall correlations for SNP estimates and ranking of SNPs between the two different 
approaches were weak, ranging from 0.23 to 0.29 and 0.30 to 0.45, respectively. The 
difference may be explained by the Bayesian approaches accounting for linkage 
disequilibrium among SNPs.     

Conclusion 

This study detected many QTL regions on BTA6 (fat yield, fat and protein concentration), 
BTA14 (milk and fat yield, fat and protein concentration), BTA20 (milk, fat and protein 
yield, fat and protein concentration) associated with milk production traits in Irish Holstein-
Friesian cattle. QTL regions associated with SCS were also observed on BTA15 and BTA20.  
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