
	  

Proceedings, 10th World Congress of Genetics Applied to Livestock Production 
 

No association between β-Defensin 103B (DEFB103B) single nucleotide polymorphisms (SNPs)  
or haplotypes and Staphylococcus aureus mastitis in Holstein cattle 

 
A. Mirabzadeh-Ardakani*, P. J. Griebel†, and S. M. Schmutz*. 

*Department of Animal and Poultry Science, University of Saskatchewan, Saskatoon, Canada, 
†Vaccine and Infectious Disease Organization, University of Saskatchewan, Saskatoon, Canada 

 

 
ABSTRACT: Staphylococcus aureus infection was previ-
ously monitored in two populations of Holstein cattle from 
Saskatchewan (Canada) and Pennsylvania (USA). All cows 
were genotyped for seven SNPs present in the 5’UTR of 
cattle DEFB103B. Cows with the diploid haplotype 1/4 (P = 
0.053) tended toward an increased risk of mastitis in the 
Saskatchewan population. Cows with the diploid haplotype 
4/4 (P = 0.06) tended toward a decreased risk of mastitis in 
the Pennsylvania population. Relative risk and odds ratio 
results indicated that haploid haplotypes 2 and 3 in the Sas-
katchewan population, and haploid haplotypes 1 and 4 in 
the Pennsylvania population were less susceptible to masti-
tis. However, because the results of the Fisher Exact test, 
the Relative risk and the Odds ratio were not consistent 
between the two populations, these DEFB103B haplotypes 
cannot be used as markers to select for mastitis resistance. 
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Introduction 
 

The β-Defensin gene family includes a gene cluster 
on chromosome 27 in cattle (Gallagher et al. (1995)). These 
genes encode small cationic peptides with antimicrobial 
activity (Ganz (2003)). These proteins play an important 
role in the innate immune system that is the first barrier of 
defense against pathogen attack. Combined defensin band 
patterns have been determined by using a PCR-RFLP of 
different β-Defensin genes (Ryniewicz et al. (2003)). These 
Combined defensin band patterns had a significant associa-
tion with a low somatic cell count (Ryniewicz et al. (2003)). 

  
The DEFB103B is expressed at high levels in the 

epithelial cells of human (Pazgier et al. (2006)), dog (Leon-
ard et al. (2012)), and cattle (Elsik et al. (2009)). Five SNPs 
(c.-34A>G, c.-42A>G, c.-69A>G, c.-264C>T, and c.-
319A>G) were previously reported in the 5’ UTR of cattle 
DEFB103B (Dreger and Schmutz (2009)). The purpose of 
this study was to evaluate the association of these 
DEFB103B SNPs, plus two additional SNPs discovered in 
this study, and their haplotypes, with mastitis in two popu-
lations of Holstein cattle. 
 

Materials and Methods 
 

Animals and mastitis diagnosis. The Saskatche-
wan population (n=113) was composed of Holstein cattle 
from three herds. The Pennsylvania population, consisting 
of four herds (n=92), was used as the validation population. 

In previous related studies, these herds were chosen for 
their high incidence of mastitis, and their management prac-
tices that exposed all cows to the risk of infection. Milk 
samples (3-5 ml) were collected from each quarter of each 
cow, twice, with one month interval. Cows which were 
infected with S. aureus on both samplings were classified as 
having mastitis.  

 
Genotyping. The DEFB103B gene occurs in mul-

tiple copies in cattle (Elsik et al. (2009)), so a semi-nested 
PCR was used to amplify a specific fragment of the 
DEFB103B, in an attempt to exclude multiple products or 
pseudogenes. In the primary PCR reaction a 1925 base pair 
fragment of DEFB103B was amplified by forward (5'-
GCGTATCCATGCAGGTTCAG-3') and reverse (5'-
AGGCCTGAGGTCAGTCAGAACA-3') primers, with an 
annealing temperature of 63ºC. The primary PCR product 
was used as a template for the semi-nested PCR. In the 
semi-nested amplification reaction the same forward primer 
and another reverse primer (5'-GATTAGTCTCTTAAG 
AGTGAATCAGAA-3') were used with an annealing tem-
perature of 60ºC to amplify a 787 base pair fragment. Se-
quencing was used to determine the genotype of each cow 
for the seven SNPs in the 5’ UTR of cattle DEFB103B. 

 
Statistical Analysis. GraphPad Prism 6, version 

6.02 was used to analyze the data. A two-tailed Fisher Ex-
act test was used to determine if there was a significant dif-
ference in the presence or absence of S. aureus among the 
cattle of each diploid haplotype. To determine if a particular 
haplotype might be acting as a dominant allele to impart 
resistance or susceptibility to S. aureus, a Fisher Exact test 
was performed to compare the number of individuals with 
each haplotype versus those individuals who did not have 
that haplotype, with or without mastitis. Relative risk (RR) 
and odds ratios (OR) (95% confidence interval) were calcu-
lated. Relative risk and/or odds ratios are often reported for 
a particular genotype or haplotype that may impart some 
level of resistance to a disease (Lang and Secic (2006)). 
P<0.05 was considered statistically significant.	  	  
	  

Results and Discussion 
 

Two new SNPs (c.-241G>A, and c.-383A>G) 
were identified in this study (Genbank KF545952.1). Four 
haplotypes were determined based on the five SNPs that 
had been reported by Dreger and Schmutz (2009) and these 
two new SNPs, and are presented in Table 1.  

 



	  

Table 1. The four haplotypes were determined based on 
the seven SNPs at the 5’UTR of  DEFB103B in the Hol-
stein cattle. 

Haplotype SNPs 
-383 -319 -264 -241 -69 -42 -34 

1 A G T G G G A 
2 A G T A G G A 
3 A A C A A A G 
4 G A C A A A G 

 
 
There was a trend toward increased risk of mastitis 

in cows with the 1/4 diploid haplotype (P = 0.053), in the 
Saskatchewan population, when compared to individuals 
with other haplotypes (Table 2). In the Pennsylvania popu-
lation, there was a trend toward decreased risk of mastitis in 
cows with the 4/4 diploid haplotype (P = 0.06), when com-
pared to other haplotypes (Table 2). These trends were not 
validated by both populations. 

 
In the Saskatchewan population, the number of in-

dividuals that had at least one copy of haplotype 2 (P = 

0.09) showed a trend toward decreased risk of mastitis. On 
the other hand, the number of individuals that had at least 
one copy of haplotype 4 (P = 0.09), showed a trend toward 
increased risk of mastitis (Table 3). The relative risk and 
the odds ratios results (Table 3) indicate that, individuals 
with S. aureus infection in the Saskatchewan population, 
with haploid haplotypes 2 and 3, and in the Pennsylvania 
population with haploid haplotypes 1 and 4 were less sus-
ceptible to mastitis. There was no consistent diploid or hap-
loid haplotype that imparted resistance or susceptibility to 
S. aureus between the two populations. 

 
DEFB103B has multiple copies in human (Hollox 

et al. (2003)), dog (Leonard et al. (2012)), and cattle (Elsik 
et al. (2009)). Fode et al. (2011) reported that S. aureus 
carrier status in humans is not affected by the DEFB103B 
copy number variation (CNV).	   All of these results may 
suggest that the contribution of the DEFB103B haplotypes 
to disease resistance or susceptibility varies with the impact 
of other environmental factors which contribute greatly to 
the risk of S. aureus infection (Keefe (2012)).  

 

 
Table 2. The DEFB103B diploid haplotypes in cattle with S. aureus mastitis. Two-tailed P-values are reported based on a 
Fisher Exact test. 
 

Haplotype Saskatchewan Population    Pennsylvania Population  
Mastitis No Mastitis P  Mastitis No Mastitis P 

1/1 1 1 0.49  0 0 - 
1/2 3 8 0.99  1 1 0.37 
1/3 1 4 0.99  0 2 0.99 
1/4 4 2 0.05  0 3 0.99 
2/2 2 12 0.34  4 7 0.23 
2/3 0 7 0.19  3 8 0.69 
2/4 7 19 0.99  6 24 0.99 
3/3 1 3 0.99  0 3 0.99 
3/4 7 14 0.60  5 12 0.33 
4/4 6 11 0.56  0 13 0.06 

Total 32 81   19 73  
 
 
Table 3. The DEFB103B haploid haplotypes of cattle with and without S. aureus mastitis. Two-tailed P-values are re-
ported based on a Fisher Exact test. Yes means the presence of haplotype and No means the absence of haplotype. 

Haplotype P Mastitis  No Mastitis Relative Risk Odds Ratio 
Yes No  Yes No (95% CI) (95% CI) 

Saskatchewan  
Population           

1 0.31 9 23  15 66 1.52 (0.74-3.11) 1.72 (0.66-4.47) 
2 0.09 12 20  46 35 0.66 (0.41-1.07) 0.46 (0.20-1.06) 
3 0.66 9 23  28 53 0.81 (0.43-1.53) 0.74 (0.30-1.82) 
4 0.09 24 8  46 35 1.32 (1.00-1.74) 2.28 (0.92-5.69) 

Pennsylvania  
Population          

1 0.99 1 18  6 67 0.64 (0.08-5.00) 0.62 (0.07-5.49) 
2 0.19 14 5  40 33 1.34 (0.96-1.89) 2.31 (0.75-7.08) 
3 0.59 8 11  25 48 1.30 (0.66-2.28) 1.40 (0.50-3.92) 
4 0.28 11 8  52 21 0.63 (0.54-1.22) 0.56 (0.20-1.57) 
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