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ABSTRACT: Mastitis is the most expensive inflammatory 
disease that affects milk quality in dairy cattle. Somatic cell 
score (SCS) is a good indicator of milk quality and it can 
be used to identify resistant animals. Identification of 
genetically resistant animals can reduce economic losses 
associated to mastitis. Genome-wide association study 
(GWAS) using Bayes C method was performed to identify 
regions associated to SCS in 673 Holstein cows reared in 
tropical conditions. The animals were genotyped by using 
BovineLD BeadChip and GWAS was performed using 
GS3 software. Four SNPs showed suggestive associations 
with SCS on the BTA6, 8, 14 and 15. Quantitative trait loci 
previously associated with SCS was identified on the 
BTA6 and 8, but not yet for BTA14 and 15. These results 
highlighted the importance to identify regions which are 
related to important economic traits in dairy cattle, under 
tropical conditions, enhancing the knowledge of genetic 
architecture of these traits. 
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Introduction 
 

Mastitis is defined as an inflammatory disease that 
affects mammary gland of lactating and dry cows in 
response to the colonization of bacteria or other microbial, 
such as fungi, and it is usually detected by measuring 
somatic cell counts – SCC (Schukken et al. (2003)). The 
most common microorganisms that cause mastitis are 
Escherichia coli and Staphylococcus aureus (Schukken et 
al. (2011)). Mastitis is the most expensive disease in dairy 
industry; the profitability loss of dairy producers can reach 
25% annually. It reduces quality and milk yield (Barbano 
et al. (2006)), modifies milk composition and affects cow’s 
longevity. Additionally, as response to antibiotic treatment, 
some residues can remain in milk, making it inappropriate 
for human consumption. 

The most powerful strategies to control mastitis 
are preventive management and veterinary treatments. In 
contrast to this, the conventional animal breeding gives a 
very low rate to control this disease due to low heritability 
of this trait. However, the somatic cell score (SCS), which 
is calculate by log transformation of SCC, has a high 
genetic correlation, around 0.70, with clinical mastitis 
(Rupp and Boichard (2003); Bloemhof et al. (2009)) and 
heritability close to 0.15 (Mrode and Swanson (1996)). 

Therefore the SCS is an interesting phenotype to 
consider in studies involving the investigation of the 
genetic control of the mastitis (Ashwell et al. (1998); 

Heyen et al. 1999)) such as genome-wide association 
studies (GWAS). 

 GWAS uses information from single nucleotide 
polymorphisms (SNP) uniformly spaced across the genome 
to determine associations between these regions with a trait 
of interest (Goddard and Hayes (2009)). In dairy cattle 
several studies have been performed to evaluate SCS 
(Wijga et al. (2012); Meredith et al. (2012); Lewandowska-
Sabat et al. (2012)). 

The aim of this study was to identify genomic 
regions associated with SCS in a Holstein population raised 
in tropical conditions by using Bayesian approach. 

 
Materials and Methods 

 
Animals and Phenotypes. Data from 673 

Holstein cows, from herds in São Paulo state, Brazil, were 
used to apply GWAS. Milk samples were collected 
monthly on the test day milk from May 2012 until 
December 2013. These samples were analyzed by the 
“Clínica do Leite” of the Department of Animal Science, 
College of Agriculture "Luiz de Queiroz", University of 
São Paulo (LZT - ESALQ/USP). The SCC was quantified 
using mid-infrared spectroscopy (Delta Instruments 
CombiScope™ Filter, Advanced Instruments, Inc., 
Norwood, EUA). This trait was transformed into SCS by 
using SCS = Log2 (CCS/100) + 3 (Aka and Shook (1980); 
Shook and Schutz (1994)). A pedigree file, containing the 
genotyped animal’s ancestors was created resulting in a file 
with 5,263 animals. 

Genotypes. A sample of hair roots from each 
animal was collected for DNA extraction using the 
NucleoSpin Tissue Kit (Macherey-Nagel GmbH & Co. 
KG, Düren, Germany). Genotyping was performed using 
the Illumina BovineLD BeadChip (Illumina Inc., San 
Diego, CA) providing 6,909 SNPs. SNPs with call rate 
lower  than 92%; MAF (minor allele frequency) lower  
than 5%; significant deviations (<1 x 10-5) of the Hardy-
Weinberg equilibrium, and located in non-autosomal 
chromosomes were excluded. Individuals who had call rate 
lower than 90% were not considered in the analysis, 
remaining 6,553 SNPs and 760 cows. 

Statistical Analysis. Breeding value (EBV) were 
predicted by using the ASREML software (Gilmour et al. 
(2009)), considering an animal model that included the 
contemporary group (herd, calving year and month of 
weighing) as fixed effects, and days in milk (cubic 
polynomial effect), age (as quadratic polynomial effect) 
and milk yield (linear effect) as covariates. The additive 
genetic and permanent environment effects were included 
as random components. Deregressed EBV (dEBV) was 



obtained according to Garrick et al. (2009), and animals 
with reliability lower than 0.05 were deleted. Finally 673 
cows remained to perform the association analysis. The 
analyses were performed by using GS3 software (Legarra 
et al. (2010)), considering dEBVs as phenotypes, and using 
Bayes C method. Bayes factors were used to determine the 
significance threshold, and a value greater than 3.2 was 
considered as a substantial association.  A value greater 
than 10 was considered as strong association and a value 
between 10 and 100 was a very strong association (Kass 
and Raftery (1995)). 

 
Results and Discussion 

 
The genome-wide association study showed 

association (BF > 3.2) between SNP and SCS on BTA 6, 8, 
14 and 15 (Figure 1 and Table 1). These associations agree 
with the literature.  
 

 
 

Figure 1: Bayes factor for a genome-wide association of 
single nucleotide polymorphism with score cell somatic 
for each of the Bos taurus autosomes (BTA1 – BTA29). 
The threshold line represents a Bayes factor of 3.20 

 
 
 
Table 1. Single nucleotide polymorphisms with putative 
association with score cell somatic in milk, with Bos 
taurus autosomes (BTA), position (bp) and Bayes 
Factor (BF) 

SNP BTA Position (bp) BF 
Hapmap43614-BTA-54308 8 19835789 5.48 

UA-IFASA-8493 14 44983157 3.88 
ARS-BFGL-NGS-5022 15 52440792 3.70 

ARS-BFGL-NGS-117704 6 113410905 3.60 
 

 
In  QTL mapping studies  BTA 6, 5, 8, 11, 18 and 

23 were frequently associated with SCS (Khatkar et al. 
(2004); Daetwyler et al. (2008); Lund et al. (2008) and 
Wibowo et al. (2008)), but polymorphisms in other regions 
have been associated with this trait. 

On the BTA6, SNPs associated with SCS were 
reported by Meredith et al. (2012), Wijga et al. (2012) and 
Sahava et al. (2013). This chromosome region corresponds 
to the interleukin 8 (IL8) gene, which is an important agent 
against bacterial invasion, mainly in early stages (Zlotnik et 
al. (1999)). 

On the BTA8 several polymorphisms have been 
associated with SCS (White et al. (2003); Sharma et al. 
(2006), Noori et al. (2013)). The toll-like receptor 4 (TLR4) 
gene, located in this chromosome is responsible by coding 
an innate immune protein on cell surfaces that recognize 
lipopolysaccharide (LPS) of Gram-negative bacteria (Akira 
and Takeda (2004)). 

The SNPs UA-IFASA-8493 and ARS-BFGL-
NGS-5022 located in the BTA14 and 15 are within of the 
stathmin-like 2 (STMN2) and nuclear mitotic apparatus 
protein 1 (NUMA1) genes, respectively. They are 
considered novel polymorphisms related with SCS, 
because it was not founded studies reporting regions in 
BTA14 and 15 affecting SCS. 

 
Conclusions 

 
 The associations identified in this study confirmed 
previously associations reported and also revealed new 
potential regions. The polymorphisms are located in 
chromosomes that contain key genes, such as IL8 and 
TLR4, and which are situated in genetic pathway of 
important candidate genes that encode immune factor. 
Although this study revealed only suggestive associations, 
these polymorphisms can be used as additional tools in 
animal breeding programs in tropical populations. 
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