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Introduction 

In human nutrition, bovine milk fat is an important source of fatty acids (FA) which can be 

classified based on their number of carbons, the saturation of their carbon chain, and the 

conformation of double bonds. Milk fat consists of around 70% of saturated FA (SFA), 25% 

monosaturated FA (MUFA), and 5% polyunsaturated FA (PUFA) (Maurice-Van Eijndhoven et 

al., 2013). Milk FA composition is one of the most important aspects of milk nutritional quality 

and has gained the interest of manufacturers and consumers as it influences nutritional, physical 

and flavor properties of dairy products (Bobe et al., 2007). The increasing consumer interest on 

the nutritional quality of dairy product pushes toward the inclusion of fine milk composition 

traits among breeding goals of dairy cattle. In particular, milk PUFA like isomers of conjugated 

linoleic acid, arachidonic acid, eicosapentaenoic acid and docosahexaenoic acid have known 

positive associations with a range of human health conditions like cardiovascular diseases, 

anticancer effects, antiadipogenic, antiatherogenic, antidiabetogenic and anti-inflammatory 

properties (Yang et al., 2013; Burgos et al., 2019). For these reasons, dairy producers are 

looking for ways to optimize milk beneficial components. 

Identification of genomic regions, and preferably individual genes, responsible for genetic 

variation in milk fat composition will enhance the understanding of biological pathways 

involved in fatty acid synthesis. The genome wide association study (GWAS) is a technique for 

the identification of genomic regions and causal genes for traits by correlating large amounts 

of high-density SNP genotypes and phenotypic data using BayesA, BayesB, BayesC and 

Bayesian Lasso models which were developed based on the different prior distributions and 

assumptions for model parameters. The aim of this study was to perform a genome-wide 

association analysis based on the models of BayesA, BayesB, BayesC and Bayesian Lasso 

using genotyping-by-sequencing (GBS) SNP markers to identify QTL for total MUFA, PUFA 

and SFA in bovine milk. 

 

Materials & Methods 

SNP marker genotypes and phenotypes for individual fatty acid traits were obtained from 695 

Canadian Holstein cows registered in the dairy production center of expertise for Quebec and 

the Atlantic Provinces, Valacta (Ibeagha-Awemu et al., 2016). Holstein cows sampled from 15 

herds were in mid-lactation and their lactation numbers were between one and five. A total of 

33 individual FA in the milk sample taken from each cow during the morning milking were 

identified by gas chromatography method and then total MUFA, PUFA and SFA values were 

calculated by summing FA values within MUFA, PUFA and SFA groups, respectively. 

DNA was isolated from milk somatic cells and utilized to generate SNP markers by using the 

method of GBS on an Illumina HiSeq 2000 system (Illumina, San Diego, CA) (Ibeagha-Awemu 

et al., 2016). After quality control of GBS SNP marker data based on call rates >85%, accuracy 
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of imputation score >50%, and minor allele frequency ≥1.5%, 76,299 SNP markers from each 

cow were used for the genome-wide association of total MUFA, PUFA, and SFA in this study. 
 

Genome-Wide Association Study. Total MUFA, PUFA, and SFA for GWAS were defined as 

a function of SNP marker effects based on the linear mixed effects model in Eq. 1 which was 

run by using BayesA, BayesB, BayesC and Bayesian Lasso approach: 

𝒚 = 𝑿𝒃 + 𝑴𝒂 + 𝒆         (1) 

where 𝒚 was the vector of total MUFA, PUFA or SFA; 𝑿 was the design matrix for the fixed 

effects of overall mean, parity, and herd; 𝑴 was the matrix of SNP markers, including 0, 1 or 

2; 𝒃 was the vector of fixed (overall mean, parity and herd) effects; and 𝒂 was the vector of 

random 76,299 SNP marker effects. The prior distribution of each random SNP marker effect 

𝑎𝑖 was defined as in Eq. 2: 

𝑎𝑖|𝜋, 𝜎𝑎𝑖
2 {

= 0 𝑤𝑖𝑡ℎ 𝑝𝑟𝑜𝑏𝑎𝑏𝑖𝑙𝑖𝑡𝑦 (1 − 𝜋)

~𝑁(0, 𝜎𝑎𝑖
2 ) 𝑤𝑖𝑡ℎ 𝑝𝑟𝑜𝑏𝑎𝑏𝑖𝑙𝑖𝑡𝑦 𝜋.

     (2) 

with the SNP marker variance 𝜎𝑎𝑖
2  and the parameter of π between 0 and 1 which was the prior 

probability that SNP marker 𝑖 had zero effect (Habier et al., 2011). The application of BayesA 

(𝜋 = 0), BayesB (𝜋 = 0.05), BayesC (𝜋 = 0.05), and Bayesian Lasso (𝜋 = 0.05) models was 

depended on the value and distributional specifications for 𝜋 and the SNP marker variance 𝜎𝑎𝑖
2  

(Habier et al., 2011; Pérez and de los Campos, 2014). 

The BGLR package (Pérez and de los Campos, 2014) in the R program (R Core Team, 2022) 

was utilized to get the estimates of 𝒃 and random SNP marker effects of 𝒂 for total MUFA, 

PUFA and SFA. Top 10 ranked SNP markers were determined by using the absolute effects of 

SNP markers, and defined based on the Bos taurus genome assembly (UMD 3.1) with rs 

numbers for total MUFA, PUFA or SFA. 
 

Results & Discussion 

Association analyses for total MUFA, PUFA and SFA were carried out by using BayesA, 

BayesB, BayesC and Bayesian Lasso models. Manhattan plots from the association analyses 

for total MUFA, PUFA and SFA were created by using the absolute effects of SNP markers 

and SNP markers with highest marker effects were clearly separated from other markers in 

BayesB, BayesC and Bayesian Lasso methods than BayesA method for total MUFA, PUFA 

and SFA. Top 10 ranked SNP markers from BayesA, BayesB, BayesC and Bayesian Lasso 

models were given with reference SNP cluster ID (rs) numbers and chromosome positions for 

total MUFA, PUFA and SFA in Tables 1, 2 and 3, respectively. As seen in Table 1, 2 and 3, 

50% or more of top 10 SNP markers from BayesA, BayesB, BayesC and Bayesian Lasso 

models were found to be similar within total MUFA, PUFA and SFA. 

 

Table 1. Top 10 ranked SNP markers based on the marker effects from BayesA, BayesB, 

BayesC and Bayesian Lasso models by genome locations for monosaturated fatty acids in 

Canadian Holstein cows. 
BayesA  BayesB  BayesC  Bayesian Lasso 

rs number BTA bp  rs number BTA bp  rs number BTA bp  rs number BTA bp 

rs42111623 26 48735383  rs41880734 18 42758345  rs110638778 14 1092614  rs41880734 18 42758345 

rs41880734 18 42758345  rs42111623 26 48735383  rs41880734 18 42758345  rs110638778 14 1092614 

rs110638778 14 1092614  rs110638778 14 1092614  rs42111623 26 48735383  rs448130412 14 2812509 

rs448130412 14 2812509  rs133629644 14 215462  rs377797332 7 48192667  rs42111623 26 48735383 

rs133629644 14 215462  rs137789897 22 57071678  rs209492748 30 45868104  rs42111624 26 48735390 

rs137789897 22 57071678  rs134105273 22 42708758  rs448130412 14 2812509  rs209492748 30 45868104 

rs42588640 9 28264373  rs448130412 14 2812509  rs133629644 14 215462  rs110133537 25 11936462 

rs378477191 9 28264372  rs42111624 26 48735390  rs42588640 9 28264373  rs137789897 22 57071678 

rs110987266 22 42708786  rs451263238 30 71111242  rs135489303 2 12552526  rs209631650 12 16961690 

rs134105273 22 42708758  rs377797332 7 48192667  rs209531630 22 42708765  rs132852068 14 10268887 
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Table 2. Top 10 ranked SNP markers based on the marker effects from BayesA, BayesB, 

BayesC and Bayesian Lasso models by genome locations for polysaturated fatty acids in 

Canadian Holstein cows. 
BayesA  BayesB  BayesC  Bayesian Lasso 

rs number      BTA bp  rs number BTA bp  rs number BTA bp  rs number BTA bp 

rs109371621 18 44904859  rs109371621 18 44904859  rs109371621 18 44904859  rs134082827 12 8657337 

rs134082827 12 8657337  rs134082827 12 8657337  rs134082827 12 8657337  rs109371621 18 44904859 

rs109994977 22 42708883  rs134882452 13 80136034  rs109994977 22 42708883  rs42111624 26 48735390 

rs134882452 13 80136034  rs109994977 22 42708883  rs42111624 26 48735390  rs134882452 13 80136034 

rs42111623 26 48735383  rs42111624 26 48735390  rs134882452 13 80136034  rs109994977 22 42708883 

rs42111624 26 48735390  rs110915938 22 42708875  rs110915938 22 42708875  rs110915938 22 42708875 

rs42870023 1 149105951  rs42111623 26 48735383  rs110638778 14 1092614  rs42111623 26 48735383 

rs110915938 22 42708875  rs42870023 1 149105951  rs41648615 25 21853411  rs41648615 25 21853411 

rs208938054 3 68017963  rs133629644 14 215462  rs42111623 26 48735383  rs42870023 1 149105951 

rs133629644 14 215462   rs209328075 14   392338  rs208938054         3 68017963  rs209328075   14    392338 

 

Table 3. Top 10 ranked SNP markers based on the marker effects from BayesA, BayesB, 

BayesC and Bayesian Lasso models by genome locations for saturated fatty acids in Canadian 

Holstein cows. 
BayesA  BayesB  BayesC  Bayesian Lasso 

rs Number BTA bp  rs Number BTA bp  rs Number BTA bp  rs Number BTA bp 

rs42111624 26 48735390  rs110638778 14 1092614  rs42111623 26 48735383  rs110638778 14 1092614 

rs42111623 26 48735383  rs42111623 26 48735383  rs110638778 14 1092614  rs42111623 26 48735383 

rs41880734 18 42758345  rs42111624 26 48735390  rs41880734 18 42758345  rs133629644 14 215462 

rs110638778 14 1092614  rs41880734 18 42758345  rs42111624 26 48735390  rs41880734 18 42758345 

rs133629644 14 215462  rs133629644 14 215462  rs133629644 14 215462  rs134105273 22 42708758 

rs137789897 22 57071678  rs448130412 14 2812509  rs137789897 22 57071678  rs209531630 22 42708765 

rs134105273 22 42708758  rs110987266 22 42708786  rs448130412 14 2812509  rs42111624 26 48735390 

rs109994977 22 42708883  rs109994977 22 42708883  rs132852068 14 10268887  rs379326279 5 111400358 

rs448130412 14 2812509  rs132852068 14 10268887  rs210280328 22 16306089  rs210280328 22 16306089 

rs384784549 22 26536827  rs137789897 22 57071678  rs110987266 22 42708786  rs110987266 22 42708786 

 

SNP markers of rs133629644, rs110638778 and rs448130412 on BTA 14, rs41880734 on BTA 

18 and rs42111623 on BTA 26 for total MUFA, rs42870023 on BTA 1, rs134082827 on BTA 

12, rs134882452 on BTA 13, rs109371621 on BTA 18, rs109994977, rs110915938 on BTA 

22, rs42111623, rs42111624 on BTA 26 for total PUFA and rs133629644, rs110638778, 

rs448130412 on BTA 14, rs41880734 on BTA 18, rs42111623, rs42111624 on BTA 26 for 

total SFA were determined by BayesA, BayesB, BayesC and Bayesian Lasso models. Although 

BayesA, BayesB, BayesC and Bayesian Lasso models were developed based on the value and 

distributional specifications for 𝜋 and the SNP marker variance 𝜎𝑎𝑖
2 , models in the association 

study were determined very similar SNP markers. SNP markers of rs133629644, rs110638778, 

rs448130412 on BTA 14, rs42111623, rs42111624 on BTA 26 were found to be common for 

total MUFA, PUFA and SFA indicating that the regions of 215462 – 392338 on BTA 14 and 

48735383 – 48735390 on BTA 26 have significant effect on total MUFA, PUFA and SFA. 

Peters et al. (2021) studied the GWAS analysis of milk, protein and fat yields in the Canadian 

Holstein cows and determined the several SNP markers of rs132685115, rs209328075, 

rs135576599, rs436930795 and rs110892754 within the region of 271,158 – 749,654 bp on 

BTA 14 which include SNP markers on BTA 14 from the GWAS for total MUFA, PUFA and 

SFA. These markers were also found to be located on the region of the genes of TONSL, 

CPSF1, ADCK5 and LOC786966 associated with Fat yield. The GWAS study of Ibeagha-

Awemul et al. (2016) indicated that the SNP markers of rs133629644 and rs110638778 on BTA 

14 were located on the genes of PP1R16A and GRINA, (Them6), respectively.  SNP markers 

on BTA 14 were in the centromeric region of BTA 14 and associated with both fatty acids 
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(MUFA, PUFA and SFA) and novel potential candidate genes (TONSL, CPSF1, ADCK5, 

PP1R16A and GRINA) for milk traits and mammary gland functions. 

 

Conclusions 

GWAS analyses for total MUFA, PUFA and SFA in the Canadian Holstein cows were 

performed by using GBS-SNP markers in the models of BayesA, BayesB, BayesC and 

Bayesian Lasso. Simultaneous estimations of SNP marker effects from the models of BayesA, 

BayesB, BayesC and Bayesian Lasso indicated that the models used for GWAS determined 

very similar SNP markers for total MUFA, PUFA and SFA. GWAS results also revealed that 

the regions of 215,462 – 1,092,614 bp on BTA 14; 42,708,758 - 42,708,875 bp on BTA 22 and 

48,735,383 – 48,735,390 bp on BTA 26 had significant association with total MUFA, PUFA 

and SFA in the Canadian Holstein cows. 
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