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ABSTRACT：The objective of the study was to analyze 
the effect of SNPs in STAT5A and STAT5B gene on some 
serum cytokines and mastitis traits. Total 5 SNPs were iden-
tified, including 2 in STAT5A and 3 in STAT5B gene. Fixed 
model was used to analyze the effects of SNPs, herd, parity, 
years and season of calving on the serum cytokines and 
mastitis indicator traits. SNP1 in STAT5A gene showed sig-
nificant association with IL-6. In STAT5B gene SNP3 was 
significantly associated with TNF-β, SCC and SCS, whereas, 
the SNP4 was significantly associated with IL-17 and IFN-γ. 
The dominant effect of SNP1 and the additive effects of 
SNP3 and SNP4 were significant on the corresponding traits 
on which the SNPs effect was significant. These results im-
ply that, the SNPs significantly associated with serum cyto-
kines and mastitis traits could be effective markers of masti-
tis resistance. 
Keywords: Chinese Holstein; association study; mastitis 
resistance 
 

Introduction 
 

Mastitis is the most commonly occurring inflam-
matory disease of dairy cattle and causes huge losses both to 
the farmers and the animals worldwide. It was reported that 
mastitis causes about 2$ billion losses to the US dairy indus-
try (Donovan et al. (2005). Somatic cell count (SCC) is a 
useful indicator of udder health, and therefore, is widely 
used as an indirect index in mastitis control (Pant et al. 
(2007)).  Because of highly positive genetic correlation (0.7-
0.8) between SCC and clinical mastitis (Rupp & Boichard, 
1999), a widely proposed strategy has been to select cattle 
with genetic resistance to mastitis (Stear et al. (2001)). 

The application of gene or marker-assisted selec-
tion (MAS) has considerably augmented economic traits 
selection in livestock. The use of functional mutations di-
rectly responsible for variation in phenotypes is the most 
efficient and worthy choice of marker assisted selection in 
dairy cattle breeding programs (Dekkers and Hospital 
(2002)). The candidate gene approach is very powerful and 
can discover a SNP even with a small effect. STAT5A and 
STAT5B are important candidate genes associated with a 
number of inflammatory conditions in various species. The-
se two genes can be activated by prolactin, growth hormone, 
IL-2, IL-3, IL-5, IL-7, IL-9, IL-15, IL-21, and many other 
chemical signals (Leonard and O'Shea (1998); Rochman 
et al. (2009)). Due to the potential role of these 2 genes in a 
variety of inflammatory diseases, we hypothesized to evalu-

ate the effect of SNPs in STAT5A and STAT5B on serum 
cytokines and mastitis traits in Chinese Holstein cattle. 
 

Materials and Methods 
 

A total of 125 samples of Chinese Holstein includ-
ing 69 mastitis and 76 healthy cows were collected from 3 
dairy farms in the north west of China. Blood samples were 
collected from the caudal vein and at the same time milk 
samples were collected from all of the four teats of the same 
cow. The milk samples were sent to Beijing Dairy Cattle 
Centre for Dairy Herd Improvement (DHI) test. The DHI 
data for somatic cell count showed the health status of the 
cows. Somatic cell score (SCS) was calculated from SCC 
(SCS = log2 [SCC/100] + 3, the unit of SCC is 1,000 
cells/ml) (Rupp et al. (1999)). Genomic DNA from whole 
blood was extracted using TianGen Blood DNA Kit 
(Tiangen Biotech Co., China) following the manufacturer’s 
instructions. Primer pairs were designed based on reference 
sequence in NCBI and UCSC using the software of Primer 3 
web Program (v.0.4.0). A DNA pool was constructed from 
30 (50ng/µL per sample) randomly selected cattle. PCR 
amplifications for pooled DNA were performed and the 
PCR product was sequenced. The identified SNPs were then 
employed for sequencing by SNaPShot Assay in a popula-
tion of 125 samples. Association analysis between all the 
SNPs and the phenotypic traits (IL-6, IL17, IFN-γ, TNF-β, 
SCC and SCS) data was carried out using General Linear 
Model procedure in SAS.  

 
𝑌!"#$%& = 𝜇 + 𝛼! + 𝛽! + 𝛾! + 𝛿! + 𝜆! + 𝑒 

 
Where, 𝑌!"#$%& denote the phenotype of IL-6, IL-10, 

IL-17, IFN-γ, TNF-β, SCC and SCS, 𝜇 is overall mean; 𝛼! is 
fixed effect of genotype; 𝛽! is fixed effects of herd, 𝛾! is 
fixed effects of parity; 𝛿! is fixed effect of season of calving; 
𝜆! is fixed effect of year of calving and 𝑒 is the random 
residual error. The estimated genotype effect was further 
divided into additive effect and dominant effect.  
 

Results and Discussion 
 

Totally, 5 SNPs were revealed in the STAT5A and 
STAT5B genes, including 2 in STAT5A (SNP1 A43046497C 
and SNP2 G43047829A) and 3 in STAT5B (SNP3 
A43673888G; SNP4 T43660093C and SNP5 T43655351C) 
gene. Of these 5 SNPs, 3 were located in intron and 2 in 



exon. The SNPs in intron were already enlisted in NCBI 
database, whereas, those in exon were novel SNPs and were 
synonyms. Chi square test (χ2) revealed that genotypic fre-
quencies of all SNPs in the population were in Hardy–
Weinberg equilibrium. SNP1 in STAT5A gene was signifi-
cantly associated with IL-6 (P<0.05) (Table 2). In STAT5B, 
SNP3 was significantly associated with TNF-β, SCC and 
SCS, whereas, SNP4 was revealed to be associated with IL-
17 and IFN-γ (P<0.05). The wild type homozygous AA 
genotype of SNP1 was associated with significantly higher 
level of IL-6 than the heterozygous AC genotype. The asso-
ciation of homozygous wild type genotype AA of the SNP3 
with TNF-β, SCC and SCS was significantly different than 
the homozygous mutation type GG genotype and the heter-
ozygous AG genotype. The homozygous TT genotype of 
SNP4 was associated with significantly lower level of IL-17 
and significantly higher level of TNF-β than the homozy-
gous mutation type CC genotype. The dominant effect of 
SNP1 and the additive effect of SNP3 and SNP4 were sig-
nificantly associated with the corresponding traits (Table 3). 

 
Table 1. Effect of SNPs in STAT5A and STAT5B gene on 
serum cytokines and mastitis traits in Chinese Holstein 

Marker Genotype  LSMeans ±SE 
STAT5A (SNP1) 

 IL-6 
AA (n=29)  138.71±7.98a 
AG (n=51)  117.23±7.58b 
GG (n=41)  135.08±7.02ab 

P Value < 0.05 
STAT5B (SNP3)  TNF-β 

AA (n=33) 1.28±0.10a 
AG (n=64) 1.10±0.08b 
GG (n=24) 1.11±0.11b 

P Value < 0.05 

 
SCC 

AA (n=33) 207922±706.31b 
AG (n=64) 3202.17±570.65a 
GG (n=24) 3279.09±755.81a 

P Value <0.05 

 
SCS 

AA (n=33) 4.96±0.71b 
AG (n=64) 6.42±0.61a 
GG (n=24) 6.23±0.81a 

P Value <0.05 
STAT5B (SNP4) 

 IFN-γ 
TT (n=41) 41.96±2.56a 
CT (n=55) 38.77±2.56ab 
CC (n=25) 35.26±3.01b 

P Value <0.05 

 IL-17 
TT (n=41) 19.12±1.61b 
CT (n=55) 21.99±1.61ab 
CC (n=25) 22.17±1.89a 

P Value <0.05 
*NS: Not significant. Means within a column with no common superscript 
differ (P < 0.05). 

Table 2. Additive and dominant effect of SNPs of 
STAT5A and STAT5B gene on serum cytokines and mas-
titis traits in Chinese Holstein. 

Marker Effect Phenotype 
STAT5A (SNP1) 

 IL-6 
Additive  0.08±3.63 
P value NS 

Dominant  0.14.72±5.69 
P value < 0.05 

STAT5B (SNP3) 
 SCC 

Additive  -599.93±358.56 
P value <0.05 

Dominant  -523.01±489.88 
P value NS 

STAT5B (SNP4) 
 

IL-17 
Additive  -1.52±0.87 
P value <0.05 

Dominant  1.35±1.33 
P value NS 

 IFN-γ 
Additive  3.35±1.40 
P value <0.05 

Dominant  0.16±2.09 
P value NS 

*Note: The Bonferroni t test was used for pair comparison in the study. NS: 
Not significant. Means within a column with no common superscript letters 
differ at P < 0.05. 
 

STAT5A and STAT5B are the members of STAT 
family and share great similarity in structure. Both of these 
genes are playing important role in JAK-STAT signaling 
pathway and are known to be involved in a variety of in-
flammatory conditions in different species. STAT5 tran-
scription factor mediates the prolactin effects and induces 
the milk protein genes expression in mammary gland (Wa-
kao et al. (1994)). Polymorphism 6853C>T in STAT5A gene 
was associated significantly with SCC (Selvaggi et al. 
(2009)). Deletion of STAT5A indicated reduction of mam-
mary alveolar development and milk secretion (Liu et al. 
1997). STAT gene region was associated with familial 
breast cancer in Germen population (Vaclavicek et al. 
(2007)). Tang et al. (2009)) reported that STAT5B differen-
tially regulate the behavior of human breast cancer cells. 
Recent study by colleague reported a significant association 
of SNPs in STAT5B gene with milk production traits and 
SCS in Chinese Holstein (He et al. (2011)). The present 
study was therefore designed in continuation with our pre-
vious study. Results of the present study indicates that the 
SNPs associated significantly with serum cytokines and 
mastitis indicator traits could be potential markers of genetic 
resistance against mastitis. 
 

Conclusions 
 

The results of the present study imply that STAT5A 
and STAT5B could be important candidate genes in mastitis 
resistance studies, and the SNPs significantly associated 



with serum cytokines and mastitis traits might be important 
markers which could potentially contribute to mastitis re-
sistance in dairy cattle.  
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