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Global warming is becoming a greater threat for the agricultural sector, while molecular genetics 

studies still hold new opportunities, to not only detect heat-tolerant animals, but also to allow 
for increasing the frequencies of desired genotypes in a certain population. In this study, 

HSP90AB1 gene associated with heat tolerance was investigated in four cattle breeds known as 

Zavot (ZAV), Sout Anatolian Yellow (SAY), South Anatolian Red (SAR), and Brown Swiss 
(BS) reared in Türkiye via Allele-Specific Polymerase Chain Reaction (AS-PCR). 4338T>C 

mutation of the HSP90AB1 gene yielded a total of three genotypes (CC, CT, and TT) across all 

cattle breeds in which C allele frequency ranged from 0.34 (SAY) to 0.73 (BS), while T allele 
frequency varied between 0.27 (BS) and 0.66 (SAY). In BS, CC was the genotype with the 

highest frequency (0.50), whereas the frequency of CC was lower than CT and TT in the 

Anatolian breed (ZAV, SAR, and SAY). Similarly, the frequency of TT was higher in native 
Anatolian breeds than BS (0.05). All the populations studied were in Hardy-Weinberg 

Equilibrium (HWE) in terms of the HSP90AB1 gene. This study confirmed that the HSP90AB1 

gene was polymorphic in four cattle breeds reared in Türkiye. This polymorphism has the 
potential to allow for improving heat tolerance to maintain animal production in the future via 

suitable selection studies. Therefore, this polymorphism should be conserved in Anatolian cattle 
breeds, while other genes related to different environmental stressors may be monitored by 

further studies. 
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1. Introduction 
 

During the last century, numerous developments, such as an 

enormous increase in the production level of agricultural and 

industrial sectors, improvement in global transportation networks 

as well as a rapid increase in the human population, have 

negatively affected the environment which can not be easily 

recovered (Bayram et al. 2023). Global warming-based problems 

are the main concern among these negative effects. It is estimated 

that temperature has increased by approximately 1ºC from the 

beginning of the 20th century, while it is reported that this 

increase has reached up to nearly 2ºC per decade after 1975. The 

Intergovernmental Panel on Climate Change (IPCC) has 

documented that the increase in temperature is expected to be     

2-3ºC higher at the end of the 21st century (Lu et al. 2020; Malhi 

et al. 2021; UNEP 2022). As highlighted by Demir et al. (2022a), 

climate change is considered to be a major threat to the 

sustainability of animal breeding systems across the globe since 

increased temperature not only negatively affects animal welfare 

but also leads to reproduction problems and a decrease in 

economically important yields (Demir et al. 2021a).  

In this context, native animal breeds, which are believed to 

have developed adaptation against numerous climatic conditions, 

have gained more importance in maintaining animal production 

under environmental factors which are likely to change in the 

near future. Official data indicates that approximately 17 million 

cattle are reared in Türkiye of which 49.2% and 7.3% are 

represented by cosmopolitan and native breeds, respectively 

(TUIK 2022). Holstein Friesian, BS, Simmental, and Jersey are 

the most preferred among the cosmopolitan breeds, while ZAV, 

SAR, SAY, Anatolian Black, East Anatolian Red (EAR), and 

Turkish Grey Steppe (TGS) are the native Anatolian cattle breeds 

(Demir et al. 2021b; Demir et al. 2022b). Of these native breeds, 

SAR is reared in the southern part of Anatolian including Mersin, 

Adana, Gaziantep, and Şanlıurfa provinces for milk and beef 

production. SAY is also reared in the southern part of Anatolia 

for dual purpose, whereas it is distinct from other native cattle 

breeds in terms of its coat colour and climbing ability to 

mountainous areas. ZAV is raised by smallholder farmers in the 

eastern part of Anatolia including Kars and Ardahan provinces, 

particularly for milk production. Native Turkish cattle breeds are 

of lower yields in terms of milk and beef compared to 

cosmopolitan breeds, while they have developed excellent 

adaptation against local diseases and climatic conditions of 

Anatolia (GDARP 2009; Demir et al. 2021b). 

Possessed by native breeds, adaptive traits, which have been 

shaped by numerous factors from domestication till the present, 

and their underlying reasons have always been considered 

interesting study areas for scientists working on molecular 

genetics. Indeed, many previous molecular studies have revealed 

numerous genes such as KRT77, MYO1A, BoLA-DRB3 which are 

directly associated with environmental stressors (Duangjinda et 

al. 2013; Jia et al. 2019; Zhang et al. 2023) When it comes to heat 

stress and tolerance to higher temperatures in livestock species, 
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Heat Shock Proteins (HSPs) and variations in their related 

genomic regions have been mostly investigated (El-Zarei et al. 

2019; Irivboje et al. 2020; Rawash et al. 2022; Guzmán et al. 

2023). HSPs showing differences in terms of their molecular 

weight and biological functions are molecular chaperons 

activated during heat and related stress conditions. During 

cellular damage, HSPs are released into the blood in order to 

protect living cells from toxic effects and heat-related stress 

factors. Based on their molecular weights, HSPs are categorized 

into five groups such as HSP100, HSP90, HSP70, HSP60, and 

small HSPs whose molecular weights are estimated at 17-30 kDA 

(Yer 2017; Çıldır and Özmen 2019; Şenel et al. 2019). 

HSP90AB1 gene has been mapped to bovine chromosome 23 

(with 724 amino acids) and consist of 12 exons (Prastowo et al. 

2021; Hariyono and Prihandini 2022). 

Several studies have confirmed that variations in HSP gene 

regions were directly associated with thermal tolerance in 

different cattle (Kumar et al. 2022), sheep (Sheraz et al. 2023), 

goat (Mohanarao et al. 2014), and chicken (Sheraiba et al. 2019) 

breeds. To illustrate, Sajjanar et al. (2015) investigated the effects 

of genetic variations in the HSP90AB1 (SNP g.4338T>C) gene 

on heat tolerance and milk production in Sahiwal and Frieswal 

cattle breeds via Allele-Specific Polymerase Chain Reaction 

(AS-PCR). A total of three genotypes called CC, CT, and TT 

were declared and animals with TT genotype were reported to be 

more advantageous in terms of heat tolerance and respiration rate 

based on association analysis (Sajjanar et al. 2015). Moreover, 

the authors highlighted that HSP90AB1 (SNP g.4338T>C) 

polymorphism could be utilized as a molecular marker to 

improve heat tolerance in cattle breeds. On the other hand, few 

studies are available in the literature attempting to investigate 

HSP polymorphisms in native Turkish livestock species (Öner et 

al. 2017; Atalay and Kök 2023; Yurdagül et al. 2023). Hence, this 

study aims to screen four cattle breeds (SAY, SAR, ZAV, and 

BS) reared in Türkiye in terms of HSP90AB1 (SNP g.4338T>C) 

polymorphism which was previously reported to be associated 

with heat tolerance in cattle. In the case of observing the TT 

genotype, it is also aimed to evaluate the usefulness of this 

polymorphism in Marker Associated Selection (MAS) which 

may be taken into consideration for  further management 

practices. 

 

 

2. Material and Methods 

 

2.1. Ethic statement 
 

This research was approved by the Local Ethics Committee 

of Animal Experiments of the Eskişehir Osmangazi University 

(Protocol No: HAYDEK-970/2023). 

 

2.2. Sample collection and DNA extraction 
 

A total of 117 animals (from both sexes) belonging to ZAV 

(n= 30), SAY (n= 34), SAR (n= 31), and BS (n= 22) were 

sampled from different representative herds (at least three herds 

per breed) to prevent possible kinship. Blood samples of ZAV, 

SAR, and SAY were collected from herds located in Kars, 

Şanlıurfa, and Adana provinces, respectively, while blood 

samples of the BS breed were obtained from different herds 

reared in Antalya province (Figure 1). The salting-out protocol 

described by Miller et al. (1988) was used to total DNA extraction 

from blood. 
 

2.3. Determination of HSP90AB1 (SNP-4338T>C) gene 

polymorphism 
 

In this study, the AS-PCR protocol described by Sajjanar et 

al. (2015) was used to amplify a 562 base pair length of the 

HSP90AB1 region to screen 4338T>C SNP in four cattle breeds. 

As recommended two specific primers were used to amplify the 

forward strand for C (CTGGAGTCACACTGAGGAAC) and G 

(CTGGAGTCACACTGAGGAAT) alleles, while a common 

primer (TGTTGGAGATCGTCACCTG) was used to amplify the 

reverse strand for both alleles. PCR reaction of 30 µl (4 µl 10X 

PCR buffer, 10 mM MgCl2, 2.5 mM dNTPs, 10 pmol each 

primer, 50 ngP µl template DNA, 2.5 U Taq DNA polymerase, 

and 12.9 µl ddH2O) was subjected to thermal cycler as follows: 

initial denaturation at 95ºC for 5 min, followed by 30 cycles of 

denaturation at 95ºC for 45 m, annealing at 63ºC for 45 s, and 

extension at 72ºC for 45 s, while final extension was optimized 

at 72ºC for 5 min. Amplified PCR fragments were separated on 

1.5% agarose gel electrophoresis in which individuals with two 

amplifications were genotyped as CT, while others were 

genotyped as TT or CC based on the presence of the amplified 

allele. 
 

 
Figure 1. Geographical representation of sampling strategy. 
 



Argun Karsli/Mediterr Agric Sci (2024) 37(1): 51-55 

© Akdeniz University Faculty of Agriculture 

53 

2.4. Statistical analysis 
 

Popgene v.1.32 (Yeh et al. 1997) was used both to calculate 

allele and genotype frequencies and to test Hardy-Weinberg 

Equilibrium (HWE) across four cattle breeds in terms of 

HSP90AB1 (SNP g.4338T>C) polymorphism. Minitab software 

was also utilized to compare genotype frequencies within (two 

dependent proportions) and between (two independent 

proportions) populations via z test. 

 

3. Results and Discussion 
 

In this study, the HSP90AB1 gene region turned out to be 

polymorphic in terms of 4338T>C mutation in four cattle breeds. 

The allele and genotype frequencies across the cattle breeds 

studied are summarized in Table 1, while a representative agarose 

gel electrophoresis including three genotypes (CC, CT, and TT) 

for nine animals belonging to SAR is given in Figure 2. 

C allele frequency ranged from 0.34 (SAY) to 0.73 (BS), 

while T allele frequency varied between 0.27 (BS) and 0.66 

(SAY) across the cattle breeds studied (Table 1). The lowest 

(0.13) and highest (0.50) CC genotype frequencies were observed 

in ZAV and BS breeds, respectively. CT genotype frequency 

ranged from 0.35 in SAR to 0.60 in ZAV, while TT allele 

frequency varied between 0.05 (BS) and 0.47 (SAR) (Table 1). 

Chi-square approach revealed that all cattle breeds were in HWE 

in terms of the HSP90AB1 (4338T>C) gene region.  

Sajjanar et al. (2015) investigated the associations between 

the HSP90AB1 (4338T>C) gene variations and heat tolerance 

parameters (heat tolerance coefficient, average respiration rate, 

and average rectal temperature) and milk production in a total of 

200 animals belonging to Sahiwal (n= 80) and Frieswal (n= 120). 

HSP90AB1 (4338T>C) gene was shown to be polymorphic in 

both native Indian cattle breeds (Sahiwal and Frieswal). CC, CT, 

and TT genotype frequencies were reported as 0.20, 0.70, and 

0.10, respectively for the Sahiwal breed, while these values were 

0.05, 0.78, and 0.17, respectively for the Frieswal (Sajjanar et al. 

2015). Compared to animals with CT and CC genotypes, a higher 

heat tolerance coefficient and lower average respiration rate and 

rectal temperature were reported in animals with TT genotypes 

in both cattle breeds (P<0.01). The authors have suggested that 

the TT genotype could be utilized to improve heat tolerance in 

cattle breeds, while other controlling mechanisms and related 

genes should not be neglected (Sajjanar et al. 2015). Another 

study conducted by Prastowo et al. (2021) revealed that CC, CT, 

and TT frequencies were 0.10, 0.50, and 0.40 in twenty animals 

belonging to Holstein Friesian reared in Indonesia in terms of the 

HSP90AB1 (4338T>C) gene polymorphism. 

TT genotype frequencies in ZAV (0.27), SAY (0.47), and 

SAR (0.35) breeds were higher than the values reported by 

Sajjanar et al. (2015) for Sahiwal (0.17) and Frieswal (0.10) 

breeds. On the other hand, a lower TT genotype frequency was 

detected for the BS breed (0.05) compared to both Anatolian and 

Indian native cattle breeds. The differences in the distribution of 

genotype frequencies among different cattle breeds may be 

explained by their genetic origins. Cattle breeds raised in Türkiye 

such as ZAV, SAY, SAR, and BS as well as Holstein Friesian 

investigated by Prastowo et al. (2021) are descendants of Bos 

taurus. On the other hand, Sahiwal originates from Bos indicus, 

while Frieswal has been developed via crossbreeding practices 

between Bos taurus and Bos indicus. 

Normally, indicine cattle breeds are expected to be more 

heat-tolerant animals compared to taurine cattle breeds (Gaughan 

et al. 2010). Therefore, the frequency of the TT allele, which 

showed superior values in terms of heat tolerance as reported by 

Sajjanar et al. (2015), is expected to be higher than the values 

reported in taurine cattle breeds. However, both the results of the 

current study and the values reported by Prastowo et al. (2021) 

showed higher TT genotype frequency in different taurine cattle 

breeds. On the other hand, it is noteworthy that the number of 

animals used in the current study and Prastowo et al. (2021) was 

lower compared to the study conducted by Sajjanar et al. (2015). 

 

 

Table 1. Allele and genotype frequencies and chi square values for the HSP90AB1 (SNP-4338T>C) across four cattle breeds 

  Allele frequency Genotype frequency χ 2 

Breed n C T CC CT TT  

ZAV 30 0.43 0.57 0.13 (4)Bc 0.60 (18)Aa 0.27 (8)Bb 1.475d 

SAY 34 0.34 0.66 0.15 (5)Bc 0.38 (13)Ab 0.47 (16)Aa 0.724d 

SAR 31 0.47 0.53 0.30 (9)Ab 0.35 (11)Ab 0.35 (11)Aab 2.560d 

BS 22 0.73 0.27  0.50 (11)Aa 0.45 (10)Ab 0.05 (1)Bc 0.468d 

Comparison of genotype rates within and between populations are given as lower- and upper-case letters, respectively (P<0.05). χ2
0.05;1: 3.84; d: Deviation from HWE is non-

significant. 

 

Figure 2. Image of 1.5% agarose gel electrophoresis for nine samples of SAR breed. M: Marker (100 bç- Thermo 100 bp; Cat.No: SM0241); 1, 3, and 

8: animals with CC genotype; 4 and 7: animals with CT genotype; 2, 5, 6, and 9: animals with GG genotype. 
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Numerous studies are available in the literature indicating 

that native Anatolian cattle breeds are significantly tolerant to 

local diseases and environmental conditions compared to 

cosmopolitan cattle breeds (Bilgen et al. 2016; Karayel and 

Karslı, 2022; Çobanoğlu and Ardıçlı 2022). The results of this 

study are relevant to the literature because TT genotype 

frequency in three Anatolian cattle breeds (ZAV, SAY, and SAR) 

was significantly (p<0.05) higher than the value detected in the 

BS breed (0.005). Among the Anatolian cattle breeds the highest 

TT genotype frequencies were observed in SAY (0.47) and SAR 

(0.35), respectively and differences between these breeds were 

statistically non-significant. However, differences in TT 

genotype between these breeds (SAR and SAY) and ZAV were 

statistically significant (P<0.05). This finding is compatible with 

their geographic distributions. Indeed, SAR and SAY are mainly 

reared in the eastern Mediterranean and south-eastern Anatolia. 

These locations are of the highest temperature in Anatolia. 

Therefore, these breeds are thought to have developed an 

adaptation against higher temperatures over a long period of time.  

 

4. Conclusion 
 

Due to the fact that the trends in increasing temperature will 

continue globally in the future and threaten sustainable livestock 

breeding, not only thermo-tolerant animals should be detected 

but also their frequency should be increased via suitable 

management practices. In this study, the TT genotype of 

HSP90AB1 (4338T>C) gene polymorphism, which was reported 

to be the tolerant genotype for heat stress, was detected at enough 

frequency in three Anatolian cattle breeds. The animals with TT 

genotype may be utilized in MAS programs to face increasing 

global warming in the future. On the other hand, other native 

Turkish cattle breeds need to be screened for heat-related 

genomic regions. Moreover, further studies may be conducted via 

higher-resolution molecular genotyping methods such as SNP 

arrays and next-generation sequencing platforms together with 

thermo-physiological parameters.  
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