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Abstract: In this study, it was aimed to investigate the relationship between three SNP on the BRCA1 gene and subclinical 
mastitis, as well as milk yields during four lactation periods in Holstein breed cattle. The animal material of the study 
consisted of 151 Holstein cows reared under the same care and feeding conditions. Complete DNA was isolated from blood 
samples by using phenol: chloroform: isoamyl alcohol method. Genotyping of G22231T, T25025A and C28300A SNPs on the 
BRCA1 was done by the PCR-RFLP method. Subclinical mastitis of animals was determined in milk samples by California 
Mastitis Test (CMT). In the study, CMT data, four lactation periods’ milk yields, and proportional distributions of SNP 
genotypes were calculated. Statistical significance of the data was determined by the Pearson chi-square test. The 
relationship between C28300A SNP, which was monomorphic, and subclinical mastitis has not been analyzed. In the 
samples examined, the difference between the proportional distribution of SNP genotypes of G22231T and T25025A in 
subclinical mastitis and healthy groups was not found statistically significant (P>0.05). As a result of the Chi-square (χ2) 
analysis conducted, it was observed that the Holstein cattle were in the Hardy-Weinberg equilibrium in terms of G22231T 
and T25025A SNPs. Considering the physiological processes in which the BRCA1 gene is involved, it was thought that these 
genes and SNPs should be evaluated with more samples in studies on resistance to mastitis. 
Keywords: BRCA1 gene, Holstein, Mastitis, PCR-RFLP. 
 
BRCA1 (G22231T, T25025A, C28300A) polimorfizmlerinin Holştayn Sığırlarında subklinik mastitis ve 

süt verimi ile ilişkisi 
 
Özet: Bu çalışmanın amacı Holstein ırkı sığırlarda BRCA1 geninde meydana gelen üç farklı tek nokta mutasyonun, subklinik 
mastitis ve süt verimi arasındaki ilişkinin araştırılmasıdır. Bu amaçla hayvan materyali olarak aynı bakım ve beslenme 
koşullarına sahip 151 dişi Holstein ırkı sığır seçildi ve bu sığırların dört laktasyon dönemi boyunca verim kayıtları kullanıldı. 
Total DNA, kan örneklerinden fenol:kloroform:izoamil alkol yöntemiyle izole edildi. Elde edilen DNA örneklerinden BRCA1 
genindeki G22231T, T25025A ve C28300A tek nokta mutasyonları için PCR-RFLP yöntemi ile genotipleme yapıldı. 
Hayvanlarda subklinik mastitisinin bulunup bulunmadığı, süt örneklerine yapılan California Mastitis Testi (CMT) ile 
belirlendi. Çalışmada CMT verileri, dört laktasyon dönemi süt verim bilgileri ve tek nokta mutasyonları sonucu ortaya çıkan 
genotiplerinin orantılı olarak dağılımları hesaplanmıştır. Verilerin istatistiksel anlamlılığı Pearson ki-kare testi ile yapılmıştır. 
İncelenen örneklerde monomorfik olan C28300A tek nokta mutasyonunun subklinik mastitis ile bir ilişkisi analiz 
edilmemiştir. G22231T, T25025A tek nokta mutasyonlarından sonra oluşan genotiplerin ise orantılı dağılımı arasındaki fark 
istatistiksel olarak anlamlı bulunmamıştır (P>0.05). Yapılan Ki-kare (χ2) analizi sonucunda Holstein ırkı sığırların G22231T ve 
T25025A tek nokta mutasyonları açısından Hardy-Weinberg dengesinde olduğu görülmüştür. BRCA1 geninin görev aldığı 
fizyolojik süreçler göz önüne alındığında mastitise direnç ile ilgili çalışmalarda bu gen ve SNP’lerin daha çok örnekle 
değerlendirilmesi gerektiği düşünülmüştür. 
Anahtar Kelimeler: BRCA1 Geni, Holstein, Mastitis, PCR-RFLP. 
 
Introduction 

 
Several reasons including personal taste and 

level of income greatly influence food consumption 
habits. Milk and dairy products play an important 
role in the adequate and balanced nutrition of 
people. Among the milk and dairy products 
consumed throughout the world, approximately 
96% is obtained from large ruminates such as cattle 
and buffalo (Yalçın and Argun, 2017). Among the 

existing cattle breeds, the Holstein breed has been 
the most popular dairy cattle breed in the world 
regardless of geography and climatic belt because 
of high milk yield capacity, the suitability of the 
udder structure and the teat structure to modern 
milking systems (Yaylak et al., 2015). In addition to 
milk yielding capacity, Holstein males have been 
shown to be good quality meat producers. In the 

DOI:10.31196/huvfd.806050 



Harran Üniv Vet Fak Derg, 2021; 10 (1): 12-19                                                                                       Research Article 

Harran Üniversitesi Veteriner Fakültesi Dergisi, 2021; Cilt 10, Sayı 1                                                                      13 
 

last few decades, the primary objective of Holstein 
breeding was to improve production traits such as 
milk yield, whereas others such as reproductive and 
disease-related traits were overlooked. Therefore, 
despite the high milk yield of Holstein cattle, their 
reproductive performance is poor and they are 
susceptible to many diseases including mastitis 
(Blöttner et al., 2011). Selection studies to increase 
milk yield in dairy cattle reduced resistance to 
mastitis due to the negative correlation between 
them. For example, due to the genetic correlation 
between milk fat or protein yield and mastitis 
ranging from 0.25 to 0.50, long-term selections to 
improve these properties have led to a decrease in 
resistance to mastitis (Weigel and Shook, 2018). 
Therefore, breeding strategies for improving 
resistance to diseases stands out as an important 
feature (Egger-Danner et al., 2014). In the case of 
dairy cattle, several diseases including tuberculosis, 
brucellosis, and mastitis cause significant economic 
losses. It is important to note that vaccination and 
restrictions on the movement of animals and animal 
products could decrease the prevalence of diseases 
like tuberculosis and brucellosis, especially in 
developed countries (Claridge et al., 2012). 
However, mastitis, which is defined as the 
inflammatory response of the mammary gland to 
microbial, traumatic, or toxic agents, is common all 
over the world. Mastitis is a disease that causes 
serious economic losses in dairy cows by 
significantly reducing the quality and quantity of 
milk (Halasa et al., 2007; Kumar et al., 2010; Weigel 
and Shook, 2018). In addition, mastitis significantly 
increases the risk of the culling of animals by 2-4 
folds due to problems related to conception as well 
as the continuation of the pregnancy (Weigel and 
Shook, 2018). At the same time, the use of 
antibiotics to treat mastitis accounts for half of all 
antibiotics used in a dairy farming, causing 
significant economic losses and environmental 
pollution (Francoz et al., 2017; Saini et al., 2012; 
Weigel and Shook, 2018). 

Although a combination of early diagnosis and 
effective antimicrobial drugs have been at the 
forefront in the prevention of economic losses 
(caused by mastitis due to atrophy of the under, 
loss of breeding value of the animal, and the long 
and expensive treatment process), there has been 
an increasing interest in the development of 
genetically mastitis-resistant flocks in recent years. 
Studies have shown that there is a strong 
relationship between some genes and resistance to 
mastitis. Therefore, there is increasing interest in 
developing mastitis-resistant herds. ( Asaf et al., 
2014a; Asaf et al., 2014b; Jacob et al., 2018; Rupp et 
al., 2007; Tolone et al., 2016; Youngerman et al., 
2004). Breast cancer 1 (BRCA1) gene is one of those 

genes that has been reported to be associated with 
hereditary breast cancer risk in humans (Friedman 
et al., 1994) as well as mastitis in cattle (Yuan et al., 
2012b). 

The BRCA1 gene, a member of the RING-type 
chain fingers (RNF) family, belongs to a class of 
genes known as tumor suppressor genes that 
encode proteins that help to prevent rapid growth 
and division of cells (Wang et al., 2000). Other 
tumor suppressors, together with DNA damage 
sensors and signal transducers, form a large, multi-
part protein complex known as the BRCA1-related 
genome surveillance complex (BASC) (Wang et al., 
2000).  

The BRCA1 gene, involved in the regulation of 
the cell cycle, is directly involved in the repair of 
DNA damage and other pathways involved in 
maintaining the stability of the genome (Wang et 
al., 2000). There are four transcript variants of the 
BRCA1 gene (Krum et al., 2003), 6059 bp, 5550 bp, 
5526 bp, and 2115 bp defined in the Ensemble 
database, and consist of 22 exons and 21 introns 
(Ensembl, 2020). BRCA1 gene was found to be 
associated with the somatic cell score (SCS) 
(Bennewitz et al., 2004; Daetwyler et al., 2008). 
Studies have reported a positive correlation 
between SCS and mastitis in cattle, ranging from 
0.30 to 0.98, with an average of 0.70 (Chu et al., 
2012; Heringstad et al., 2006; Yuan et al., 2012). 
Therefore, a selection study to improve SCS may 
also contribute to the development of a mastitis-
resistant dairy herd. In previous studies, it has been 
reported that there is a positive correlation 
between BRCA1 gene ,and SCC which is positively 
correlated with mastitis. However, the relationship 
between different SNPs on the BRCA1 gene and 
subclinical mastitis in Holstein cattle is not well 
understood. Therefore, the aim of this study was to 
investigate the relationship between lactation milk 
yields and subclinical mastitis with three different 
SNPs on the BRCA1 gene in Holstein cows. 

 
Material and Method 
 
A total of 151 female Holstein cattle reared 

around Kayseri were used in this study. Ethics 
Committee Approval to use animal materials was 
obtained from Erciyes University Animal 
Experiments Local Ethics Committee on the date 
11.12.2013, with an identification number of 
13/157. 

Subclinical Mastitis Test: California Mastitis 
Test (CMT) was employed to determine the 
subclinical mastitis conditions using milk samples. 
Briefly according to Fthenakis, 1995: in the 2 ml milk 
sample taken separately from the udder lobe of the 
animal was placed separately in the CMT test disc. 
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The CMT solution was added into the milk in the 
CMT disc and the CMT disc was shaken orbitally. If 
coagulation was observed, the presence of mastitis 
in the udduer was concluded. In addition, the milk 
yield records for the first four lactations were 
examined.  

DNA Isolation and PCR-RFLP: All lab 
procedures were performed according to the 
guidelines of the Local Ethics Committee for Animal 
Experiments at Erciyes University (14.06.2017 and 
17/056). 9ml blood samples were collected from 
the vena jugularis of experimented animals into 
tubes containing EDTA . DNA was isolated from 
whole blood using the phenol: chloroform: isoamyl-
alcohol method (Sambrook et al., 1989). The purity 
and concentration of isolated DNA were measured 
using a Nanodrop Spectrophotometer (BioTek, 
Synergy H1 Hybrid Multi-Mode Microplate Reader). 
A PCR-RFLP was performed (Qiagen, Sensoquest) to 
investigate three SNPs, namely BRCA1-1 (G22231T), 

BRCA1-2 (T25025A), and BRCA1-3 (C28300A), on 
the bovine BRCA1 gene. The PCR reaction contained 
2.5 mM MgCl2, 50 µM dNTP mix, 0.2 µM forward 
and reverse primer, 1.25 U Taq DNA polymerase 
and 50 ng / µl DNA and nuclease free water to 
obtain a final volume of 20 µl for each sample. The 
thermal cycles of PCR reaction were set up as 
follows: a pre-denaturation temperature of 5 
minutes at 94 °C, 30 seconds at 94 °C, 30 seconds at 
72 °C, at the appropriate annealing temperature 
specified in Table 1 for each SNP region. After the 
number of cycles specified in Table 1 was 
completed, it was completed by standing at 72 ° C 
for 7 min.  

 The amplicons obtained from PCR were 
visualized in a 2% agarose gel and the amplicons for 
each SNP were treated with the appropriate 
restriction enzymes (Table 1) at the appropriate 
temperatures. Genotypes of each individual were 
examined by 2% agarose gel electrophoresis. 

 
Table 1. Primer and amplicon sizes of BRCA1 gene SNP regions 
 

SNP Primary Sequence (3’-5’) AT  C Amplicon RE Genotype Bands(bp) RET (oC) 

G22231T 
F 

R 

CTTCAGAACCTGTACTTGTAACC 

CAAGGAATATTTACTGAGCACC 
55 32 321 bp HhaI 

AA 272, 49  

37 AB 321, 272, 49  

BB 321 

T25025A 
F 

R 

TGCAGTGGAAATTCCAAATAAACT 

GAATTAGATCTTCAGCTATGTGGC 
60 32 209 bp MaeI 

CC 185, 24  

37 CD 209, 185, 24 

DD 209 

C28300A 
F 

R 

AGAGGAAATCATCTGGGTGTCC 

CCTTGTGCTTTTTACCTGAGTGC 
58.3 38 217 bp BspTI 

EE 190, 27 

37 EF 217, 190, 27 

FF 217 
 

F: Forward, R: Reverse, bp: Baz pair AT: Anneling Temperature, C: PCR Cyle RE: Restriction endonuclease, RET: Restriction 
endonuclease enzyme cutting heat 
 
Statistical analysis: Based on the subclinical 

mastitis status of the animal, the mean and 
standard deviation values of lactation milk yields 
were calculated with the NCSS 9.0 package 
program. Proportional distributions of the 
genotypes determined according to three SNPs and 
regions on the BRCA1 gene were calculated in 
accordance with the subclinical mastitis status and 
statistical significance controlled by the Pearson 
Chi-square test. 

 
Results  
 
Three different SNP regions in the BRCA1 gene 

were genotyped by PCR-RFLP method.  
The results of PCR-RFLP analysis for the BRCA1 

gene showed a 321 bp PCR band for G22231T, 209 
bp for T25025A, and 217 bp for C28300A (Figure 1).  

In G2223T region, two bands of 272 and 49 bp 
in individuals with AA genotypes, three bands of 
321, 272, and 49 bp individuals with AB genotype, 
and one band of 321 bp individuals with BB 
genotype has been observed. In T2505AT region, 
two bands of 185 and 24 bp in individuals with CC 
genotypes, three bands of 209, 185, and 24 bp 
individuals with CD genotype, and one band of 209 
bp individuals with DD genotype has been observed 
.For C28300A regions, the EF and FF genotypes 
were not found in animals examined. Enzyme 
cutting images of three SNPs in BRCA1 gene are 
show in Figure 2. Bands used in genotype analysis of 
SNP regions are presented in Table 1.  

Genotype frequencies of AA, AB and BB for the 
G22231T SNP region were 0.12, 0.54, and 0.31, 
respectively while allele frequencies of A and B 
allels were 0.40 and 0.60, respectively (P>0.05). 
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Frequencies of CC, CD and DD genotypes for the 
T25025A SNP region were 0.68, 0.28, and 0.02, 

respectively, while frequencies of C and D alleles 
were 0.83 and 0.17, respectively (P>0.05) (Table 2). 

 

 
 

Figure 1. BRCA1 gene SNP regions PCR result (1-7: 321 bp (G22231T SNP), 8-14:209 bp (T25025A SNP) and 15-21: 217 bp (C28300A 
SNP), M: 100 bp Ladder; bp: base pair) 

 

 
 

Figure 2: Enzyme PCR-RFLP images of three SNPs in the BRCA1 gene (M: 100 bp ladder, 1: BB genotype, 2: 
AB genotype, 3: AA genotype, 4: CC genotype, 5:DD genotype, 6: CD genotype, 7-9: EE genotype) 
 
Table 2. BRCA1 gene allele and genotype frequencies in Holstein cattle 
 

SNP n  Genotype Frequency Allel Frequency  χ2 P-value 

G22231T 

151 

AA AB BB A B   

0.12 (n=19) 0.54 (n=83) 0.31 (n=48) 0.40 0.60 3.63NS 0.056 

T25025A 
CC CD DD C D 

  
0.68 (n=104) 0.28 (n=43) 0.02 (n=4) 0.83 0.17 0.031 NS 0.85 

C28300 
EE EF FF E F 

  1 (n=151) 0 0 1 0 - - 

n: Number of animals, χ2: Chi-square NS: Not significant 
 

Since the examined samples were 
monomorphic in terms of C28300A polymorphism, 
the relationship between these SNPs and subclinical 

mastitis could not be analyzed. No significant 
differences (P>0.05) were found between the 
subclinical mastitis and the proportional 
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distribution of genotypes in G22231T and T25025A 
SNPs. However, 57.8% (48/83) of subclinical 
mastitis positive (M +) animals carried AB genotype 
in terms of G22231T polymorphism, while for 
T25025A polymorphism, genotype CC showed the 

highest frequency with 54.8% (57/104) (Table 4). In 
addition, 35.37% (29/82) of the cattle with 
subclinical mastitis (M +) were found to have both 
the G22231T gene AB and the T25025A gene CC 
genotype. 

 
Table 3. Lactation milk yields according to subclinical mastitis status 

Subclinical 
Mastitis  

Lactation Milk Yields 
N Minimum Maximum Mean ± 

Std.Deviation 

M(-) 

Daily Milk Yield 69 13.6 31.2 24.8 ± 4.2 

Number of Days 69 278 418 346.0 ± 31.1 

Total Efficiency 69 4404.4 11180.8 8506.7 ± 1447.1 

M(+) 

Daily Milk Yield 82 12.8 31.1 24.3 ± 3.5 

Number of Days 82 285 440 356.9 ± 35.5 

Total Efficiency 82 4672.4 11290.6 8621.4 ± 1306.1 

n: Number of animal samples 

 
Table 4. Proportional distribution and statistical significance controls of genotypes according to 
subclinical mastitis status 

SNP  Genotype 
Genotype Frequency Pearson ki-

square test (P 
value) 

M(-) M(+) Total (n) 

G22231T 
AA 11 (57.9%)  8 (42.1%) 19 

0.452 AB 35 (42.2%)   48 (57.8%) 83 
BB  23 (46.9%)   26 (53.1%) 49 

T25025A 
CC  47 (45.2%) 57 (54.8%)  104 

 0.437 CD  21 (50.0%) 21 (50.0%)  42 
DD  1 (20.0%) 4 (80.0%) 5 

C28300A 
EE 69 (45.7%) 82 (54.3%) 151 

- EF - - 
 

FF - -   
M: Mastitis 

 
Discussion and Conclusion 
 
There are two types of mastitis known as 

clinical and subclinical mastitis, which are the most 
common in the dairy industry and cause serious 
economic loss (Gabrielli et al., 2015). In the case of 
clinical mastitis, there are visible changes in milk 
and udder structure. However, changes in milk and 
udder in subclinical mastitis cannot be determined 
visually (Zorba and Tepeli, 2017). As a result of 
decreased milk yield in affected animals and the 
decreased quality of milk products due to the 
mixing of the milk obtained from sick animals with 
healthy milk, significant losses arise in both the 
enterprise and the national economy (Aytekin and 

Boztepe, 2014; Guerrero et al., 2015). In fact, it has 
been reported that about 70% of the economic 
losses due to mastitis are caused by subclinical 
mastitis (Janzen, 1970). On the other hand, 45-60 
subclinical cases have been reported for each 
clinical mastitis case in a dairy cattle herd (Çoban, 
2007). Therefore, for the prevention of economic 
losses caused by subclinical mastitis, early diagnosis 
as well as the development of disease-resistant 
individuals are important and highly desirable by 
the producers.  

The diagnosis of clinical mastitis in the field is 
very important and can be done using udder 
examination, physical properties of milk, somatic 
cell count, and ultrasonography. However, the 
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diagnosis of subclinical mastitis is comparatively 
difficult because the majority of the tests are 
dependant on indirect tests such as tissue damage-
related enzyme (i.e. HDL and NAGase) examination, 
electronic conductivity, and California Mastitis Test 
(CMT). The majority of these tests are less sensitive 
and could give false-positive test results. Therefore, 
molecular techniques such as PCR-RFLP can be used 
to select animals that are genetically resistant or 
susceptible to subclinical mastitis. 

In the current study, we investigated the 
relationship between subclinical mastitis and three 
SNPs in the BRCA1 gene, which has been reported 
as a potential candidate gene to detect mastitis in 
Chinese commercial cattle (Yuan et al., 2012) and 
subclinical mastitis in buffaloes (Biendima and 
Ramos, 2017). Chi-square (χ2) analysis showed that 
Holstein breed cattle were in Hardy-Weinberg 
equilibrium in terms of G22231T and T25025A 
coded SNPs. It is interesting to note that the 
G22231T coded SNP was found in all three 
genotypes, where the AB genotype was the most 
frequent (0.54). In agreement with our results, Yuan 
et al. (2012) reported that there are three 
genotypes in Holstein grown in China where the AB 
genotype (0.57) is the most common. In addition, 
the authors also investigated Scene and Simental 
breeds and reported that the AB genotype was the 
most common genotype in both breeds (Yuan et al., 
2012). Comparatively a higher frequency of AB 
genotype (0.78) was reported in the crossbreed of 
Holstein × Sahiwal grown in India. Surprisingly, in 
contrast to our results, the authors reported an 
absence of BB genotype in the same population 
(Deb et al., 2014). The higher frequency of AB 
genotype and the absence of BB genotype in the 
crossbred population could be due to the presence 
of the Sahiwal breed (Bos indicus). However, further 
studies are required to confirm this hypothesis. 

In the case of T25025A SNP, our results 
showed that in the cattle of Holstein breed, the CC 
genotype has the highest frequency (0.68), while 
the DD genotype has the lowest frequency (0.02). 
These results are consistent with the findings of 
Yuan et al. (2012b). In contrast to others and our 
results, Deb et al. (2014) did not observe any 
individuals with CC genotypes in Frieswal crossbred. 
This deviation could be due to the same reason as 
stated before- the presence of Bos indicus gene in 
that population. On the other hand, in the case of 
C28300A SNP, surprisingly, we found that all the 
animals carried EE genotype. In contrast to our 
results, Yuan et al. (2012b) showed the presence of 
all three genotypes (EE, EF, and FF) in the Holstein 
breeds reared in China, although the EE genotype 
showed the highest frequency. 

In a study investigating the relationship 
between the three SNPs and somatic cell score in 
the milk (SCS) of the Holstein, Simental, and Sahne 
breeds, EE genotype of C28300A locus was reported 
to be associated with lower SCS (Yuan et al., 2012b). 
Similarly, Deb et al. (2014) reported that there is a 
relationship between AA genotype of G22231T 
locus as well as CD genotype of T25025A locus and 
SCS in the Frieswal race, a Holstein × Sahiwal (Bos 
indicus) hybrid. Similar results were not obtained in 
two studies of the same feature. This difference 
may be due to the fact that while the study 
conducted by Yuan et al., 2012 examined cattle 
originating from Bos taurus, in the study conducted 
by Deb et al., 2014, Bos indicus crossbred cattle 
were examined. In this study where only Holstein 
cows were examined, unlike the other two studies, 
the relationship between these SNPs and subclinical 
mastitis was investigated and, no correlation was 
found between G22231T and 2 and subclinical 
mastitis. Similar to the results of this study, Asaf et 
al. (2015) reported that they did not find a 
relationship between G22231T and mastitis 
incidence in Vrindavani, a hybrid breed grown in 
India. On the other hand, in contrast to the results 
of this study in terms of the presence of the EE 
genotype in the C28300A, regions examined was 
different from the study by Yuan et al., (2012b). In 
this study, no relationship was found between 
G22231T and SNPs subclinical mastitis. However, it 
was observed that the AB genotype for the 
G22231T polymorphism and CC genotype for 
T25025A polymorphism was more common than 
the other genotypes among the group of subclinical 
mastitis containing 82 Holstein cows.  

At the end of the study, it was concluded that 
increasing the number of samples may contribute 
to a more accurate explanation of the relationship 
between the BRCA1 gene and mastitis. In addition, 
to investigate the relationship between C28300A 
coded SNP and subclinical mastitis, it was concluded 
that studies examining more samples should be 
planned to observe different genotypes. 
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