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ABSTRACT  

STATs are a family of latent transcription factors that reside in the cytoplasm of resting cells. The STAT1 
transcription factor gene located on the chromosome 2 at interval 60 to 63 cM. This factor upon 
stimulation with INF gamma, dimerizes and translocate to the nucleus where mediates transcriptional 
regulation. In this study, we estimated the allele and genotype frequencies of STAT1/Pag1 gene 
polymorphism and examined the association whit milk yield (305-day milk yield) and milk component 
(fat and protein percentage) traits. DNA was isolated from 317 Holstein cows of five different herds. A 
314 bp fragment in STAT1 gene was amplified and the animals were genotyped using RFLP-PCR 
technique. Seven genotypes including DD (89 animals), BB (25 animals), CC (11 animals), AC (15 
animals), BC (9 animals), CD (164 animals) and BD (4 animals) were identified. Frequencies of A, B, C, 
and D alleles were estimated to be 0.021, 0.101, 0.332 and 0.546, respectively. Association of 
STAT1/Pag1 genotypes with percentage of fat in the milk was relatively high (P < 0.05); the DD 
genotype was superior to other groups. But corrected milk production for 305 days and protein percentage 
of the milk did not differ among all groups (P > 0.01). We concluded that this marker should be 
considered for milk component (fat percentage) selection in Holstein dairy cows. 
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INTRODUCTION 

Gene mapping research has led to the discovery of many polymorphic sites throughout the cattle genome 
that can serve as genetic markers and that are related to important economic traits. STATs are a family of 
latent transcription factors that reside in the cytoplasm of resting cells (Levy and Gilliland 2000). Based 
on reports, bovine transcription factors family have seven members: STAT1, STAT2, STAT3, STAT4, 
STAT5a, STAT5b and STAT6 (Catlett-Falcone et al. 1999, Levy and Gilliland 2000, Cobanoglu et al. 
2006). These factors based on their activation profiles in vitro classified into two groups. Four members 
of these proteins including STAT1, 3, 5a and 5b are activated by a large number of both extracellular and 
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intracellular stimuli signals, while STAT2, 4 and 6 are primarily activated by only a single extra cellular 
factor (Catlett-Falcone et al. 1999). The STAT proteins have important biological roles in mammary 
gland, fertility and early embryonic development (Khatib et al. 2009, Klover et al. 2010).The STAT1 
transcription factor gene located on the chromosome 2 at interval 60 to 63 cM (Band et al. 2000). This 
factor is central to mediating the effects of INF gamma and activated in response to many cytokines, 
growth factors and other signaling molecules. STAT1 upon stimulation with INF gamma, dimerizes and 
translocate to the nucleus where mediates transcriptional regulation (Gavrilescu et al. 2004). Recently 
Cobanoglu et al. (2006) reported a significant association between polymorphism of STAT1 gene and 
milk production traits in Holstein dairy cattle. They showed that allele C of this gene increases fat and 
protein percentage of milk, and claimed that genotypes CC and CT were associated with higher milk, fat 
and protein yield. In this experiment we estimated allele and genotype frequencies of STAT1gene 
polymorphism in Holstein cows and examined association between this polymorphism and milk 
production, as well as with milk components. 

 
MATERIAL AND METHODS 

 
Animals 

For this experiment, blood was collected from 317 multiparous (N<5) Holstein cows, randomly selected 
among about 6000 cows from five dairy herds in Isfahan province. All animals were kept in identical 
environmental conditions and milked twice a day with the use of a pipeline milking machine. Accurate 
recorded data for three to four years for each cow was used for analysis of the production parameters. 

 
Marker genotype determination 

DNA was extracted from blood samples using standard salting out protocol (Miler et al. 1988) and 
STAT1 genotypes were identified with polymerase chain reaction restriction fragment length 
polymorphism (PCR-RFLP) technique. The PCR mixture contained 50 ng genomic DNA, 2 µL 10X PCR 
buffer, 10 pmoL of each primer, 0.7 mM Mgcl2, 200 µM dNTP, 1 unit Taq polymerase and sterilized 
water to make a final volume of 20 µL. The sequences of primers were as follows: 

 

Forward: 5’ – GCCTCAAGTTTGCCAGTGGC-3’ 
 

Reverse: 5’ – GGCTCCCTTGATAGAACTGT-3’ 
 

Conditions for PCR were 95°C for 5 min, followed by 35 cycles of 95°C for 30 s, 63°C for 30 s, and 
72°C for 30 s. The final step was at 72°C for 10 min. The PCR products (5µL) were digested using 2 
units of the Page1(Fermentas Co.) restriction enzyme for 12 hrs at 37°C and separated on a 2% agarose 
gel. The digested products plus 2 µL loading dye were run and the genotype bands were visualized under 
UV light. 
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Statistical analysis 

The effect of STAT1 genotypes on interest traits were tested using the general linear model (GLM) 
procedure of SAS program (Statistical Analysis System, 1997), implementing the following statistical 
model: 

 
Yijkl = µ + Gi + HYSj + Sk + b1 (Zijkl - Z) + b2 (Nijkl - N) + еijkl 

 
Where, Yijkl = value for each milk-related trait, µ= overall mean, Gi = fixed effect of the ith genotype, 
HYSj = herd – year- season effect, Sk= random effect of sire (1,…,155), b1 = the linear regression 
coefficient of 305-day milk yield, Zijkl = 305-day milk yield, Z = mean 305-day milk yield, b2 = the linear 
regression coefficient of open days, Nijkl = open days, N = mean open days and еijkl = random residual 
effect.Tukey test was used for pair wise comparisons of the means. The Hardy-Weinberg test, Allelic and 
genotypic frequencies for all animals were estimated using the Pop Gene software version 3.1d (Nei 
1977). 

 
RESULT AND DISCUSSION 

 
Genetic research in farm animals focuses mainly on the identification of genes influencing economically 
important traits that could be useful in breeding programs (Asadollahpour Nanaei et al. 2013). Among 
very different candidates, the STAT1 gene was chosen because of its involvement in the development and 
differentiation of the mammary gland (Watson et al. 2008). Also results from some genomic studies on 
dairy cattle showed that quantitative trait loci (QTL) with major effect on milk composition traits located 
in the region of STAT1, interval 60 to 63 CM (Mosig et al. 2001, Ashwell et al. 2004, Ron et al. 2004). 
The current study focused on a single SNP of STAT1 gene and assessed it is associations with milk 
performance traits. The A, B, C and D alleles of the STAT1 gene were identified based on amplification 
of a 314 bp fragment, followed by digestion with the restriction enzyme Pag1 (table1). The fragments 
were 314 bp (no digestion) for the BB genotype, 201 and 113 bp for the AA, 260 and 54 bp for the CC, 
201, 59 and 54 bp for the DD genotype. In the present study the frequency of A allele in two herds of 2 
and 5 were 0.099 and 0.008 respectively. While this frequency in the other groups (1, 3 and 4) was zero. 
Seven genetic variants DD, BB, CC, AC, BC, DC and BD of the STAT1 polymorphism were observed. 
Genotypic frequencies of all animals are show in table 2. The CD and BD genotypes were the most and 
least frequent in all herds, respectively. The values of chi-square and likelihood ratio test are shown in 
table 3. Result of Chi-square test indicated that the population under study was not found in a Hardy-
Weinberg equilibrium, as for years it has been under for milk production selection. The observed and 
expected heterozygosity, homozygosity and average heterozygosity of STAT1 gene are given in table 4. 
All seven genotypes were considered to be in the association analysis between STAT1 polymorphism 
genotypes and milk production traits. There was an association between genotypes and fat percentage of 
milk (P < 0.05), but corrected milk production for 305 days and protein percentage of the milk did not 
differ among all groups (P > 0.01). The least square means (LSM) results showed that the animals in DD 
genotype groups had higher milk fat percentage than the other animals (table 5). The significant 
association between polymorphism of this gene and milk fat percentage was not surprising because recent 
studies showed that the STAT genes might be important for the regulation of fat metabolism, and 
probably through the prolactin signal transduction pathway operating in the mammary gland (Mao et al. 
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2002). An association between the bovine STAT1 gene polymorphism and milk production traits has 
been investigated by Cobanoglu et al. (2006). Who claimed that animals with genotypes CC and CT have 
statistically significant increase in milk, fat, and protein yields compared with TT genotype. In 
conclusion, we showed that dairy cattle STAT1 gene polymorphism is distinguishable by examining 
STAT/Pag1, and that this polymorphism is correlated with milk fat percentage. This polymorphism could 
have a significant effect on gene expression pattern through the modification of DNA-protein interaction 
sites. The DD genotype of STAT1 polymorphism can be selected for genetic gains in milk fat percentage 
of the Holstein cattle. 
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Table 1. Frequencies of STAT1 alleles in the analysed population. 

Herd Allele frequencies 
 A B C D 
1 0.000 0.108 0.334 0.558 
2 0.099 0.056 0.328 0.521 
3 0.000 0.194 0.306 0.500 
4 0.000 0.045 0.366 0.589 
5 0.008 0.104 0.328 0.560 
Average 
frequencies 0.021 0.101 0.332 0.546 

 

 

Table 2. Genotype frequencies of STAT1 gene in Holstein dairy cows. 

 

 

 

 

 

  

 

 

 

 

 

               Table 3. Chi-square values and Likelihood ratio test.    

Test Degree of 
freedom Value P-value 

Chi-square 6 255.82 0.000001 
Likelihood 
ratio 6 186.11 0.000003 

 

Herd N Genotypes 

DD BB CC CD AC BC BD 
1 51 0.29

4 
0.059 0.040 0.509 0 0.079 0.019 

2 71 0.32
4 

0.056 0.028 0.394 0.198 0 0 

3 61 0.26
0 

0.147 0.049 0.449 0 0.065 0.030 

4 67 0.26
8 

0.045 0.045 0.642 0 0 0 

5 67 0.25
4 

0.089 0.015 0.597 0.015 0.015 0.015 

Total/Averag
e 

317 0.28
0 

0.079 0.035 0.518 0.043 0.032 0.013 
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Table 4. Summary of homozygosity and heterozygosity. 

Gene Sample 
size 

Observed 
homozygosity 

Observed 
heterozygosity 

Expected 
homozygosity 

Expected 
heterozygosity 

Average 
heterozygosity 

STAT1 634 0.4 0.6 0.42 0.58 0.56 
 

 

 

Table 5. Least square means and standard errors (LSMean± SE) of the milk fat obtained from different genotypes of STAT1/Page1 
polymorphism gene in Holstein dairy cows. 

polymorphism Genotype N Fat (%) 

STAT1/Page1 

DD 89 3.22 ± 0.08a 
BB 25 2.80 ± 0.11b 
CC 11 2.85 ± 0.05b 
AC 15 3.14 ± 0.12ab 
BC 9 2.91 ± 0.08b 
DC 164 2.83 ± 0.10b 

 BD 4 2.89 ± 0.07b 
  317 P < 0.05 

   Regarding the P value, numbers with the same superscript letters in each column are not significantly different. 


