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ABSTRACT 

Low reproductive efficiency limits the productivity and milk yield in swamp buffaloes. Identifying follicle-

stimulating hormone (FSH) is essential, as genetic variation in this gene can indicate reproductive potential. The 

present study aimed to characterize polymorphisms in the FSH gene, specifically exon 2, in female mud buffalo 

(Bubalus bubalis) using Polymerase Chain Reaction-Restriction Fragment Length Polymorphism (PCR-RFLP) with 

the PstI restriction enzyme. Blood samples (n = 50) were collected through purposive sampling from healthy, mature 

female buffaloes (3-4 years of age, weighing 300-400 kilograms) across 50 farms in West Sumatra, Indonesia. 

Genomic DNA was extracted from the blood samples, and exon 2 of the FSH gene was amplified by PCR-RFLP, 

followed by PstI digestion to detect sequence variations. The PCR-RFLP analysis revealed two distinct genotypes, 

including a predominant homozygous genotype (+/+) in almost all buffaloes and a heterozygous genotype (+/-) 

observed in one sample. Additionally, one exhibited no visible DNA band. The allele frequencies for the allele with 

the PstI site (+) were ~0.99, and the genotype distribution conformed to the Hardy-Weinberg equilibrium. The 

assessment of FSH gene diversity in Indonesian mud buffaloes confirmed that the exon 2 locus is polymorphic.  

These preliminary findings offered important insights for targeted breeding programs and promoting the 

conservation of local buffalo genetic resources. 
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INTRODUCTION  

  

Buffalo livestock plays a vital role in West Sumatra, especially in agriculture and food production (Nainggolan et al., 

2019). Local buffalo are used as working animals in the fields and as the primary source of milk for making curd (Roza 

et al., 2024). Subsequently, curd is a fermented milk product that holds cultural significance among the Minangkabau of 

West Sumatra, Indonesia. Curd is a vital component of local cuisine and has significant market potential domestically 

and internationally. Therefore, ensuring the sustainability of milk production from buffalo is important for maintaining 

consistent, high-quality curd production (Rehman et al., 2021). However, buffalo milk production in West Sumatra still 

faces challenges, including livestock fertility. Buffalo is known to have lower fertility rates compared to other livestock, 

resulting in fewer offspring (Reswati and Putra, 2023). Several studies have reported that buffalo generally exhibit longer 

calving intervals, lower ovulatory rates, and weaker estrus expression than cattle, which contribute to reduced 

reproductive efficiency and lower annual calf numbers. According to Fitriani et al. (2023), the gestation period for mud 

buffalo in Indonesia is 10-11 months, and the age of first calving is between 42 and 48 months. The average time 

between breeding and calving for buffalo is approximately 3.5 months. These issues are also evident in the artificial 

insemination fertility rate, which is only 30-40% (Pehan et al., 2025). This limitation directly impacts the amount of milk 

available for curd production. Therefore, improving fertility and reproductive efficiency in buffalo farming is a crucial 

strategy to ensure the long-term sustainability of the curd industry in West Sumatra, Indonesia (El Debaky et al., 2019). 

One method to improve livestock quality is by enhancing genetic traits through crossbreeding and selective breeding 

(Widi et al., 2021). Breeders commonly practice crossbreeding to enhance livestock performance, particularly milk 

production and reproductive efficiency. Crossbreeding is expected to yield livestock well-adapted to tropical climates 

and with improved milk production potential. Additionally, this genetic combination offers advantages for feed 

efficiency, animal health, and the potential to produce high-quality meat (Terry et al., 2020).  

One approach to increasing livestock fertility is to utilize the genetic diversity in genes involved in the reproductive 

process, such as the follicle-stimulating hormone (FSH) gene. This gene encodes a hormone that plays a crucial role in 
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stimulating the growth of ovarian follicles in females, thereby contributing to the ovulation process (Wang et al., 2021). 

Follicle-stimulating hormone is a central endocrine regulator of female reproduction, and variations in its gene sequence 

can alter follicular development, estrous cyclicity, and conception rates. Even minor polymorphisms in FSH-related 

regions may influence the hormonal balance required for normal reproductive physiology. Genetic variation in the FSH 

gene can affect fertility and reproductive capacity in livestock, which are directly linked to milk production (Sikdar et al., 

2021). These gene variations can be identified using the Polymerase Chain Reaction-Restriction Fragment Length 

Polymorphism (PCR-RFLP) method (Sofia et al., 2024).  The advantages of PCR-RFLP, including its high resolution 

and ability to detect diverse polymorphisms, make it a consistently relevant technique in genetic research (Utomo, 2018). 

By analyzing genetic variation in the FSH gene, farmers can select livestock with greater reproductive potential, 

enhancing breeding efficiency and boosting milk production (Wang et al., 2021). 

Additionally, studying FSH gene diversity not only boosts livestock fertility but also helps conserve local buffalo in 

West Sumatra, Indonesia. Developing breeding strategies based on genetic knowledge is crucial for enhancing buffalo 

milk production while maintaining the quality and sustainability of local buffalo breeds (Rehman et al., 2021). Typically, 

using molecular methods such as PstI to identify genetic diversity in the FSH gene has greatly enhanced the efficiency of 

buffalo breeding programs (Rehman et al., 2021). This genetically-based approach offers considerable potential for 

supporting the sustainability of local buffalo populations. Although the FSH gene is known to play a crucial role in 

reproductive regulation, no previous studies have specifically examined polymorphisms in the FSH Exon-2 region using 

the PstI restriction enzyme in female Buffalo. The present study aimed to identify and characterize the FSH gene in local 

female buffalo in West Sumatra, Indonesia. 

 

MATERIALS AND METHODS 

 

Ethical approval 

The animal procedures conducted in this study adhered to the ethical standards approved by the animal ethics 

committee of the faculty of veterinary medicine, Udayana University, Indonesia, with certificate number B-120/2024. 

 

Animals 

A total of 50 healthy female mud buffalo aged 3-4 years, with an average body weight of 350-400 kg, were used 

during the present study. Blood samples (3-5 mL) were collected via the jugular vein using EDTA vacutainer tubes 

(EDTA K2, OneMed, Indonesia). These samples were from reproductively mature animals typically kept in traditional 

farming systems, where their diet consists of 85% or more natural forage (Pennisetum purpureum) and occasionally 

agricultural waste such as straw.  

 

DNA isolation  

DNA isolation was performed using the modified method described by Afriani et al. (2022). The equipment used 

includes Eppendorf tubes, micropipettes, microtips, Eppendorf centrifuges, sterile tissues, and vortexes. The materials 

used consisted of 50 blood samples from female mud buffalo, cell lysis (CL) buffer, binding lysis (BL) buffer, wash A 

(WA) buffer, wash B (WB) buffer, column elution (CE) buffer, 1x buffer tris boric acid EDTA (TBE, 1 M Tris, 0.9 M 

Boric Acid, 0.01 M EDTA pH 8.0), spin column, RNase A, proteinase, isopropanol, DNA rehydration solution, and 

ethanol 70%. DNA extraction was performed using the G-Spin
TM

 total DNA extraction mini kit (iNtRON 

Biotechnology, Korea) according to the manufacturer's protocol for genomic DNA extraction. The purity and 

concentration of extracted DNA were evaluated using a Nanodrop spectrophotometer (Thermo Scientific, USA). 

 

Follicle-stimulating hormone gene amplification 

The isolated DNA was amplified using primers designed with the Primer3 platform, including forward primer F: 5'- 

AAT TGT TTG TTG CCC ATG GCC C-3' and reverse primer R: 5'- TGG CTA AAG GAC TCA TGG CT-3'. These 

primers produced a 301 bp fragment of exon 2 of the FSH gene. Furthermore, PCR amplification was performed using a 

thermal cycler (Bio-Rad, USA), using Eppendorf tubes, micropipettes, and microtips. The amplification process used the 

GoTaq Green Master Mix 2x protocol (Promega, USA), which consisted of 2 μL of DNA template, 8.5 μL of nuclease-

free water, 1 μL of forward primer, 1 μL of reverse primer, and 12.5 μL of Master Mix, totaling 25 μL. 

The materials were sequentially loaded into a 200 μL Eppendorf tube, which was then placed in the PCR machine 

(Bio-Rad, USA) for amplification. The PCR program conditions were initial denaturation at 95°C for five minutes, 

followed by 35 cycles of denaturation at 95°C for 30 seconds, annealing at 58°C for 30 seconds, and extension at 72°C 

for 30 seconds, then a final extension at 72°C for 10 minutes. Furthermore, PCR products were subjected to 

electrophoresis on a 1.5% agarose gel at 100 volts for 70 minutes. The gel was stained with GelRed, and a 100 bp DNA 
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ladder was used as a molecular marker. The results were observed utilizing a UV transilluminator (Bio-Rad, USA) and 

subsequently documented. Gene amplification was confirmed when bands of the target size, specifically 301 bp, were 

visible on the agarose gel. The electrophoresis results were subsequently recorded with a camera. 

 

Gene genotyping  

Genotyping of the FSH gene using the PstI restriction enzyme was performed according to established PCR-RFLP 

procedures as described by Utomo (2018). The equipment used included Eppendorf tubes, micropipettes, microchips, 

and water bath incubators. The materials consisted of nuclease-free water, PstI restriction enzyme, and purified PCR 

products. A total of 5 μL of the PCR product was placed into a 200 μL Eppendorf tube, followed by the addition of 1 μL 

of PstI enzyme (10 U), 2 μL of buffer O, and 12 μL of nuclease-free water. The tube was subsequently placed in the PCR 

machine at 37°C for two hours to allow enzymatic digestion. Following incubation, the restriction fragments were 

analyzed by electrophoresis on a 3% agarose gel stained with GelRed, using a 50 bp DNA ladder as a molecular size 

marker. The gel was run on an electrophoresis machine at 100 volts for 70 minutes, and the banding patterns produced 

by PstI digestion were visualized under a UV transilluminator. 

 

Genetic parameter calculation 

Genotype and allele frequencies were calculated based on established formulas, and Hardy-Weinberg equilibrium 

(HWE) was assessed using the chi-square test (Chen et al., 2016; Abramovs et al., 2020). Genotype frequencies (Xi) 

were computed using the following formula. 

 𝑋𝑖 =  
∑ 𝑛𝑖

𝑁
  (Formula 1) 

Where ni is the number of individuals with genotype i, and N is the total number of samples. Allele frequency (Xi) 

was calculated using Formula 2. 

 𝑋𝑖 =  
2𝑛𝑖𝑖+ ∑ 𝑗≠𝑖 𝑛𝑖𝑗

2𝑁
   (Formula 2) 

Where nii represents homozygous genotype, and nij denotes heterozygous genotypes. 

HWE was assessed using the chi-square (X²) goodness-of-fit test based on the equation described by Abramovs et 

al. (2020) using Formula 3. 

 𝑋2 =  ∑
(𝑂−𝐸)

𝐸
   (Formula 3) 

where O and E denote observed and expected genotype counts, respectively. The population was considered in 

HWE when  Xh
2 < Xt

2 at significance levels of α = 0.05 and α = 0.01. 

 

Statistical analysis 

All statistical calculations, including allele and genotype frequency determination and HWE testing, were performed 

using Microsoft Excel 2019. Additional confirmation was conducted utilizing PopGen32 (version 1.32). A significance 

threshold of α = 0.05 was applied. The HWE was assessed through the chi-square (χ²) goodness-of-fit test. The observed 

number of genotypes was compared with the expected frequencies under HWE assumptions, and the χ² value was 

calculated. The results were interpreted by comparing the computed χ² (X²h) with the tabulated χ² (X²t) at α = 0.05. The 

population was considered to be in equilibrium when X²h < X²t. 

 

RESULTS AND DISCUSSION 

 

DNA isolation 

DNA was successfully isolated from all 50 female mud buffalo blood samples, yielding concentrations ranging from 

approximately 4 to 68 ng/µL. Samples with elevated DNA concentrations generally yielded more prominent bands on 

agarose gels, whereas samples with lower concentrations yielded less intense bands. This is consistent with the notion 

that DNA quantity influences band visibility in electrophoresis (Afriani et al., 2022). Previous studies have reported that 

parameters such as incubation temperature and duration during cell lysis notably affect the quality and quantity of 

extracted DNA (Marquina et al., 2024). Furthermore, optimizing incubation conditions and buffer composition improves 

DNA yield and purity in extraction protocols (Kamilari et al., 2025). 

The DNA purity (A260/280 ratio) showed considerable variation, ranging from -3.313 to 2.95. An A260/280 ratio 

outside the expected range of 1.8-2.0 may indicate the presence of contaminants or inaccuracies in measurement 

(Davidescu et al., 2021). Several measured DNA samples had ratios either below 1.8 or above 2.0, suggesting likely 

protein/phenol carryover or RNA contamination, respectively. Deviations from the ideal A260/280 ratio suggest the 

presence of particular contaminants. Ratios below 1.8 typically indicate protein or phenol contamination, while ratios 
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exceeding 2.0 generally indicate the presence of RNA (Utomo and Safitri, 2021). Although impurities were present, the 

DNA quality was mostly suitable for PCR amplification. Minor technical issues during the isolation process, such as 

incomplete supernatant separation or suboptimal precipitation, may have reduced yields and purity in some samples 

(Knudsen et al., 2016). Similar issues have been documented by Kamilari et al. (2025), who emphasized that careful 

handling at each stage, such as appropriate phase separation and comprehensive washing, is essential for optimal DNA 

recovery. Overall, the quantity and quality of extracted DNA were adequate for subsequent genetic analyses. 

 

Follicle-stimulating hormone gene amplification  

After confirming DNA quality, FSH gene fragments were amplified by PCR. The PCR results using primers 

targeting exon 2 of the FSH gene yielded a vivid, single band of the expected length (301 bp) from all samples (Figure 

1), indicating 100% amplification success. Each sample exhibited a distinct 301 bp band without any nonspecific 

amplification or primer-dimer artifacts, indicating that the PCR conditions were ideal for targeting the FSH gene exon 2 

(Afriani et al., 2022). Having a single band of the correct size in each lane meets the criterion for successful 

amplification, as supported by Yurnalis et al. (2017). The current results are consistent with those of Afriani et al. (2022), 

who observed that obtaining a single, strong band of the expected size indicates specific amplification with minimal 

byproducts. The high-quality PCR product obtained in the present study provides a suitable template for subsequent 

restriction RFLP analysis (Yurnalis et al., 2017). 

 

 
Figure 1. The follicle-stimulating hormone gene PCR products from the female mud buffalo. M: 100 bp DNA ladder, Samples 1-18: Lanes 

1-18 show the PCR amplification product. Each sample exhibited a distinct 301 bp.  

 

Follicle-stimulating hormone gene genotyping by PstI restriction  

The RFLP banding pattern exhibited that the PstI enzyme recognized the sequence CTGCAG and cut the FSH exon 

2 fragment (Figure 2). Among 50 buffalo samples, two different genotype patterns were identified, based on whether the 

PstI site was present or absent. 

The homozygous truncated genotype (+/+) produced two fragments, including 78 bp and 223 bp, a pattern observed 

in 48 samples. The heterozygous genotype (+/-) exhibited three bands at approximately 301 bp, 78 bp, and 223 bp in one 

sample. One sample did not exhibit a distinct band following digestion, likely attributable to inadequate PCR product 

loading or a technical error during gel electrophoresis. No homozygous (−/−) non-cleaved genotypes, which would 

manifest as a single 301 bp band following digestion, were observed during the current study. Figure 3 illustrates the 

position of the PstI recognition site within the FSH gene as a reference.   

The presence of two RFLP patterns confirmed the presence of a single-nucleotide polymorphism (SNP) at the PstI 

site in the FSH exon 2 region in this buffalo. Individuals with the (+/+) genotype have the PstI recognition sequence on 

both alleles, leading to complete digestion and the formation of two smaller fragments. In contrast, (+/−) animals carry 

the sequence on only one allele. The polymorphism at this restriction site indicated genetic diversity in the FSH locus. 

This variation could be linked to differences in the DNA sequence, such as mutations at the restriction site, which may 

prevent the enzyme from cleaving the allele. These findings are consistent with those of Utomo (2018), who reported 

that the FSH gene in an Indonesian cattle population exhibited polymorphic banding patterns using a similar PCR-RFLP 

method. General principles of RPLP analysis indicated that additions, substitutions, deletions, or point mutations can 

create or eliminate restriction sites, leading to a variable banding pattern (Afriani et al., 2022). Variations in these 

patterns, whether within a population or across different populations, can also result from changes in the sequence of the 
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mtDNA D-loop base pairs (Mishra et al., 2015). Notably, the polymorphism identified in the present study was the first 

report of an FSH exon 2 SNP in local buffalo.  

 

 
Figure 2. The follicle-stimulating hormone gene PCR products after PstI digestion in female mud buffalo. M: 50 bp DNA ladder, 

lanes 32-50 display restriction fragments for the samples 32-50. All lanes except lane 36 show the truncated homozygous genotype 

(+/+), whereas lane 36 shows the heterozygous genotype (+/-). 

 

 
Figure 3. Sequence of the follicle-stimulating hormone gene exon 2 showing the PstI restriction site (cutting point), highlighted in 

magenta in the gene. 

 

Genotype and allele frequencies   

The genotype and allele frequencies for the FSH gene in the current buffalo population are presented in Table 1. 

Two genotypes, including (+/+) and (+/-), were identified, with the homozygous (+/+) genotype showing high 

dominance. Approximately 98% (48/49) of the successfully genotyped samples were +/+, while 2% (1/49) were +/-. The 

non-truncating homozygous genotype (−/−) was not found in samples. These frequencies indicated an allele frequency of 

about 0.99 for the (+) allele, which contained the PstI site, and 0.01 for the (-) allele, which lacked the PstI site. In other 

words, the female mud buffalo population almost possesses the PstI truncating allele, with just a single copy of the non-

truncating allele remaining detected. Although the (−) allele is rare, the locus meets the criteria for polymorphism, as 

defined by Chen et al. (2016), which states that a locus is considered polymorphic when the minor allele frequency is ≥ 

0.01. Based on the current results, the (+) allele frequency was slightly below 0.01 threshold, and the (-) allele was 

detectable. Therefore, the FSH exon 2 locus was classified as genetically polymorphic in the mud female buffalo 

population. The current findings are consistent with Gaina and Amalo (2022), who used the criterion of an allele 

frequency below 99% to define polymorphism. Additionally, the present results are aligned with the findings of Sofia et 

al. (2024), who reported polymorphisms in the FSH beta subunit gene in buffalo using PCR-RFLP with PstI. 

Polymorphisms in the FSH gene have been reported in different breeds, including Friesian, Brahman, Limousin, and 

Simmental cattle (Yurnalis et al., 2017; Primasari et al., 2021; Gaina and Amalo, 2022). In a similar study in coastal 

cattle, Afriani et al. (2022) observed polymorphism in the FSH gene using a different restriction enzyme (TasI), 

highlighting that several regions of the FSH gene contain genetic diversity. The widespread occurrence of FSH gene 
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polymorphism across ruminant species highlighted the evolutionary conservation of genetic variability in reproductive 

genes. A study conducted by Zhang et al. (2011) indicated that SNPs in exon 3 of the FSH beta gene in goats were 

notably associated with litter size and follicle development. Meanwhile, Ishak (2012) identified polymorphic sites in the 

FSH beta subunit of Bali cattle associated with differences in reproductive performance. Additionally, Sosa et al. (2017) 

identified genetic variation in the FSH beta gene in water buffalo and proposed that these polymorphisms could 

influence hormonal regulation and ovarian function activity. These results indicated that FSH beta polymorphisms in 

swamp buffalo have a similar functional impact, reinforcing the gene's viability as a molecular marker to boost 

reproductive efficiency. Several factors influence differences in allele and gene frequencies, such as gene mutations, 

selection, gene flow between two populations with different gene frequencies, outcrossing, inbreeding, and genetic drift. 

Weak selection pressure on this gene likely allows the minor (-) allele to persist in buffalo. Conversely, strong artificial 

selection can decrease genetic diversity. However, buffalo in West Sumatra have not been subject to specific selection on 

FSH gene variants, which probably explains the observed polymorphism (Setyorini et al., 2023; Khan et al., 2024).  

 The FSH plays a crucial role in female reproductive physiology; therefore, even silent or neutral SNPs can serve as 

genetic markers when associated with key traits (Wang et al., 2021; Sikdar et al., 2021). The presence of minor alleles, at 

approximately 1%, indicated genetic diversity that breeders could utilize or observe.  

 
Table 1. Allele and genotype frequencies of the follicle-stimulating hormone gene in female mud buffalo in Indonesia 

Types of 

genotypes 

Total individuals Genotype 

frequency 

Total alleles Allele frequency 

+ - + - 

(+/+) 48 0.92 48 0 

0.97 0.02 
(+/-) 1 0.02 1 1 

(-/-) 0 0 0 0 

Total 49 1 49 1 

 (+/+): Truncated homozygous genotype individuals, (+/-): Heterozygous genotype individuals, (-/-): Non-truncated homozygous genotype individuals 

 
Table 2. Hardy-Weinberg equilibrium of the follicle-stimulating hormone gene (PstI polymorphism) in female mud 

buffalo in Indonesia 

Types of Genotypes 
Frequency and types of genotypes 

Total X2h X2t 
(+/+) (+/-) (-/-) 

Observation (O) 48 1 0 49 

1.53 65.17 Expectation (E) 46.1 1.90 0 48 

(O-E)2/E 0.096 0.43 0 0.526 

χ²: Chi-square, X²h: Computed χ², X²t: Tabulated χ²  

 
Hardy-Weinberg equilibrium analysis 

To understand the genetic dynamics of the FSH locus in the sampled population, data from the present study were 

analyzed to assess whether genotype frequencies align with HWE expectations. Using the allele frequencies presented in 

Table 1, the expected genotype proportions were computed and compared with the observed distributions using a chi-

square test, as shown in Table 2. Chi-square analysis revealed no significant deviation from HWE, as the calculated chi-

square was lower than the critical chi-square value at α = 0.05. In practice, the observed genotype frequencies, 

approximately 98% for (+/+) and 2% for (+/−), did not differ significantly from those predicted by HWE, given the allele 

frequencies of approximately 99% (+) and 1% (−). Therefore, the genotype distribution of the FSH gene in exon 2 of the 

female mud buffalo population was consistent with HWE expectations (Chen et al., 2016; Abramovs et al., 2020). The 

current findings align with those of Fouda et al. (2021), who stated that a population is considered to be in HWE level 

when the calculated chi-square value is less than the critical value for the specified degrees of freedom. This equilibrium 

might be attributable to random mating and the lack of selection across successive generations, thereby sustaining stable 

gene frequencies. In these closed buffalo herds, the two gene versions (+) and (−) are equally common because mating is 

random and neither version currently confers a breeding advantage. Similarly, Prihandini et al. (2021) observed that 

traditional buffalo populations often maintain HWE at neutral loci, reflecting random mating and stable allele 

transmission between generations.  

Maintaining HWE and genetic diversity at the FSH gene can be advantageous. This result suggested that the in-situ 

conservation of these buffalo has preserved multiple alleles, potentially crucial for future adaptation. The persistence of 

the FSH polymorphism without selective pressure indicates that it could be a neutral variant. Studies in other species 

highlighted the significance of FSH gene variation. For instance, polymorphisms in the FSH beta-subunit gene are 
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associated with reproductive traits in male goats (Khan et al., 2024). Meanwhile, variants in the FSH receptor gene have 

been associated with infertility, including repeated breeding, in buffalo (Fouda et al., 2021). These studies indicated that 

genetic variation in the FSH signaling pathway can significantly affect reproductive performance. 

 
CONCLUSION 

 

In female mud buffalo, two genotypes were identified in exon 2 of the FSH gene. The truncated homozygous (+/+) 

genotype was predominant, with only a single individual carrying the heterozygous (+/-) genotype. The allele 

distributions confirmed that the current buffalo population was genetically polymorphic at the FSH locus and in HWE 

analysis. The present study provided new insights into the genetic diversity of Indonesian mud buffalo and highlighted 

the potential utility of molecular markers, such as polymorphisms in the FSH gene, for guiding breeding strategies. 

Future studies should investigate how this FSH gene variation influences reproductive performance and its potential 

application in genetic improvement programs, such as marker-assisted selection to enhance fertility. By incorporating 

this genetic information into reproductive management, breeders can boost fertility and productivity while keeping the 

genetic diversity for the long-term health and vitality of the species. Furthermore, it is recommended to undertake more 

extensive genetic studies of buffalo reproductive genes and to implement breeding management strategies to facilitate 

the conservation and sustainable productivity of the local mud buffalo population. 
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