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ABSTRACT 
 

This research aims to determine the genetic diversity of Leptin exon 2 and intron 2 in Pesisir cattle using sequencing 

methods. The samples used in this study consist of 96 blood samples from Pesisir cattle raised at BPTU Padang 

Mengatas, Payakumbuh, West Sumatra. Blood samples were isolated using the genomic DNA Purification Kit 

(Promega) protocol. The isolated DNA was then amplified using a pair of forward primers 5’- ATC TGA AGA CCT 

GGA TGC GG -3’ and reverse primers 5’- TGG TTG CAG GTC TGA GCT TA -3’ resulting in a Leptin gene exon 2 

and intron 2 fragment with a length of 744 bp. Then the amplification products were sent for sequencing with the 

assistance of 1st Base Singapore's services. The research results indicate that there are 13 diversities in the intron 2 

region of the Pesisir cattle samples, with the discovery of 12 mutations occurring at positions +327 G˃A, +398 C˃T, 

+399 A˃G, +439 C˃T, +441 C˃A, +547 G˃C, +565 C˃G, +622 G˃A, +629 C˃T, +647 C˃T, +693 T˃C, +712 G˃T 

and 1 deletion at position +751 G˃del. In the Hardy-Weinberg equilibrium test, there are 8 mutations that are in Hardy-

Weinberg equilibrium, which are at positions +327, +399, +439, +547, +565, +622, +693, +712 while 4 mutations are 

not in Hardy-Weinberg equilibrium, which are at positions +398, +441, +629 dan +647. In this research, a check of 

restriction enzymes revealed the presence of 12 restriction enzymes that can be used in studies utilizing the PCR-RFLP 

(Polymerase Chain Reaction - Restriction Fragment Length Polymorphism) method. 
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INTRODUCTION 
 

Local cattle play a pivotal role in enhancing economic 

progress, creating employment opportunities, and meeting 

the demand for animal protein. Local cattle also contribute 

to the agricultural enterprise system and have been 

traditionally maintained by farmers. Pesisir cattle, 

including one of the local cattle breeds, are widely 

distributed in the South Coastal region of West Sumatra 

Province, Indonesia. Pesisir cattle possess remarkable 

attributes, including exceptional body resilience and 

adaptability to their environment, which confer distinct 

advantages compared to other cattle breeds (Zaituni et al. 

2022). These cattle have a small-sized body compared to 

other cattle breeds such as PO cattle, Bali cattle, Madura 

cattle, and Aceh cattle. Despite their small size, these cattle 

exhibit a relatively high carcass percentage. 

The selection occurring in Pesisir cattle is oriented 

towards negative selection, where there is a tendency for 

farmers to retain cattle with smaller body sizes. 

Meanwhile, cattle with larger bodies are sold at higher 

prices. The high demand for Pesisir cattle is primarily due 

to the upcoming Muslim festival of Eid al-Adha. Wang et 

al. (2020) stated that enhancing both the quantity and 

quality of meat production has consistently been the 

central objective of breeding in the cattle industry, and the 

animal's genotype is another critical element in assessing 

effective fattening for cattle production. Scientific 

evidence suggests that a diverse array of candidate genes 

has a profound impact on both the fattening performance 

and carcass characteristics of cattle (Ardicli et al. 2019). 

There is a need for genetic improvement programs that 

have the potential to enhance productivity and increase 

the population of Pesisir cattle. However, information 

regarding Pesisir cattle, particularly their biological and 

genetic aspects, remains limited. 

The advancing technology in the field of molecular 

genetics allows for selection at the DNA level. Molecular 

livestock selection is carried out by evaluating the 

nucleotide  sequence  profiles  of  genes  within  DNA  that 
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influence livestock productivity, one of which is the Leptin 

gene. The Leptin gene produces the Leptin hormone 

synthesized by adipose (fat) tissue. Anugratama and 

Hartatik (2020) stated that the Leptin gene markers are 

already included in genotyping panels available for 

Marker-Assisted Selection (MAS) in the beef cattle 

industry. The Leptin gene stands out as a significant genetic 

factor with economic potential, making it a viable 

candidate for use as a genetic marker in Marker Assisted 

Selection (MAS) for the direct identification and selection 

of breeding stock (Sharifzadeh and Doosti 2010).  

Based on GenBank (accession number: 

NC_037331.1), the Leptin gene is located on 

chromosome 4 and has a length of 16,824 base pairs (bp), 

consisting of 3 exons and 2 introns. Exon 1 is 104 bp long, 

intron 1 is 12,044bp long, exon 2 is 172bp long, intron 2 

is 1,760bp long, and exon 3 is 2,744bp long. Taniguchi et 

al. (2002) explained that the Leptin gene consists of 167 

amino acids and has a molecular weight of 16kDa. Leptin 

/ LEP Gene is one of the genes that affect animal weight 

(Hernandez et al. 2016). The target DNA amplified in this 

study is a fragment of the Leptin gene located in the 

region of exon 2 and intron 2. 

Several studies have been conducted to identify 

genetic diversity using the Leptin gene in the exon 2 and 

intron 2 regions. Kong et al. (2006) reported Leptin gene 

polymorphism in exon 2 associated with backfat thickness 

in Hanwoo cattle. Furthermore, Lagonigro et al. (2003) 

found Leptin gene polymorphism in exon 2 associated with 

feed intake in Hereford and Aberdeen Angus cattle. 

Kaygisiz et al. (2011) reported Leptin gene polymorphism 

in exon 2 associated with chest circumference in Brown 

Swiss cattle. Hilmia et al. (2015) also reported that genetic 

diversity in Leptin exon 2 is related to fat deposition, which 

can affect meat quality in local cattle in Ciamis. 

Meanwhile, Leptin gene polymorphism in the intron 2 

region has been reported to be associated with body weight 

in Sistani cattle (Nobari et al. 2010). Oprzadek et al. (2003) 

reported Leptin gene polymorphism in intron 2 associated 

with carcass weight in Friesian Holstein cattle. Mandefro 

et al. (2021) reported that the Single Nucleotide 

Polymorphism (SNP) associated with a missense mutation 

found in exon 2 has the potential to serve as a marker for 

enhancing the selection and overall improvement of 

livestock production and productivity. 

Molecular genetic techniques that can be employed to 

identify gene diversity (polymorphism) include DNA 

sequencing. Sequencing is a method used to determine the 

sequence of nucleotide bases such as adenine, thymine, 

guanine and cytosine in a DNA sequence or sequence. This 

sequence contains fundamental information of a gene as it 

contains the instructions required for the formation of 

living organisms. The aim of this study is to assess the 

genetic diversity of Leptin exon 2 and intron 2 in Pesisir 

cattle using sequencing methods. 

 

MATERIALS AND METHODS 

 

The materials used in this study consisted of 96 blood 

samples from Pesisir cattle, comprising 74 females and 22 

males, which were raised at Balai Pembibitan Ternak 

Unggul (BPTU) Padang Mengatas, Payakumbuh City, 

West Sumatra, Indonesia. 

DNA Isolation 

The isolation of DNA was performed from blood 

samples using the Genomic DNA Purification Kit from 

Promega. To visualize the results, the isolated DNA was 

subjected to electrophoresis (Thermo Scientific) on a 1% 

agarose gel. 

 

Leptin Gene Amplification (PCR) 

The primers used to amplify the Leptin gene in this 

study were a pair of primers, Forward 5’- ATC TGA AGA 

CCT GGA TGC GG -3’ and Reverse 5’- TGG TTG CAG 

GTC TGA GCT TA -3’, with a primer length of 744bp 

(Yurnalis 2015). These primers were designed using 

Primer3 based on the DNA sequence information of the 

Leptin gene in GenBank (accession number: 

NC_037331.1), as shown in Fig. 1. 

The DNA amplification procedure commenced with 

the addition of 2µL of DNA sample, 3µL of a mixture of 

reverse and forward primers, 12.5µL of master mix, and 

7.5µL of Nuclease-Free Water into a PCR tube. 

Subsequently, the PCR machine was programmed with the 

following steps: initial denaturation at 95°C for 5 minutes, 

denaturation at 95°C for 45s, annealing at 58°C for 45s, 

initial extension at 72°C for 1min, and final extension at 

72°C for 5min. This process aims to amplify the target 

DNA, making it suitable for further analysis. 

To analyze the results of Leptin gene amplification, 

electrophoresis was conducted using 1.5% agarose gel 

(ThermoSCIENTIFIC® TopVision Agarose #R0491) 

stained with Ethidium Bromide Solution (MP 

Blomedicals®), and the outcomes were observed using a 

UV transilluminator (SynGENE® G:BOX). The success 

of Leptin gene amplification was deemed achieved when 

bands appeared at positions or sizes corresponding to the 

target length of 744 bp on the agarose gel. This 

determination was made by comparing the positions of 

the formed bands with those of the DNA ladder. 

Subsequently, the visualization results from 

electrophoresis were documented using a camera. The 

amplified Leptin gene products were purified before 

being sent to Singapore for sequencing. 

 

Data Analytics 

The acquired data were then processed. Genotype and 

phenotype frequencies were determined using the Nei and 

Kumar (2000) formula. The Hardy-Weinberg test was 

performed using a chi-square test. 

 

RESULTS AND DISCUSSION 

 
DNA Isolation 

The isolation of DNA from 96 blood samples of Pesisir 

cattle was subjected to electrophoresis using 1% agarose 

gel and visualized using a UV Transilluminator, resulting 

in the outcomes shown in Fig. 2. 

Based on Fig. 2, it can be observed that Pesisir cattle 

blood samples exhibit DNA fragments that appear clean 

and distinct within the agarose wells. The DNA isolation 

results, showing thicker and brighter DNA, indicate better 

quality DNA obtained. If the DNA isolation results in 

thinner DNA, the quality may be somewhat compromised, 

but the DNA can still be utilized in the Polymerase Chain 

Reaction (PCR) process. 
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Fig. 1: The Nucleotide Sequence of Leptin Gene Exon 2 and Intron 2 Based on GenBank No. NC_037331.1. 

 

 
 

Fig. 2: The results of electrophoresis for the isolation of DNA from Pesisir cattle blood samples (No. 1-12 = Individual DNA isolation samples). 

 

 
 

Fig 1: The results of Leptin gene amplification in the exon 2 and intron region in Pesisir cattle (M= marker, No. 1-6= Individu sampel). 
 

In Fig. 2, there is a band that appears less intense, 

specifically in sample number 5. This may be attributed to the 

low concentration of DNA obtained. Sambrook and Russell 

(2001) stated that as the DNA concentration increases, the 

resulting DNA bands become thicker and brighter. According 

to Faatih (2009), a clear appearance of DNA bands indicates 

a high quantity of detected DNA. The success of DNA 

isolation can be determined by the absence of impurities such 

as proteins and RNA (Hidayati et al. 2016). 

 

Leptin Gene Amplification 

The results of Leptin gene amplification in Pesisir 

cattle are presented in Fig. 3. Based on Fig. 3, it can be 

observed that the amplification of the Leptin gene using 

these primers can be considered successful. This is because 

during electrophoresis, only one DNA band was found in 

each well (gel block). The amplification process can be 

deemed successful when there is one DNA band of the 

expected fragment size in each well. 

Handoyo and Rudiretna (2001) stated that in the DNA 

amplification process, primers serve as the boundaries for 

the target DNA fragments to be amplified. The length of 

the amplified fragments can be determined by matching 

the primer binding sites to the Leptin gene sequence. The 

primer binding conditions to the target DNA (genome) 

significantly influence the success of Leptin gene 

amplification. This aligns with the view of Viljoen et al. 

(2005) who stated that the success of the PCR process 

depends on precise factors such as primer annealing 

temperature, primer concentration and DNA 

concentration. 

The optimal band formation for the Leptin gene PCR 

product occurs when using a primer concentration of 10μM 

and an annealing temperature of 58°C (Setyawati and 

Zubaidah 2021). From the Fig. 3, it is evident that the 

primer pair used aligns with the designed sequence, 

resulting in a PCR product length of 744bp, located in the 

exon 2 and intron 2 regions of Pesisir cattle. 
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Fig. 4: Mutations in the Leptin gene. 

 

 
 

Fig. 2: Deletions in the Leptin gene. 

 

Leptin Gene Diversity 

Ninety-six PCR products were sequenced using the 

services of 1st Base in Singapore. All samples sent for 

sequencing were successfully sequenced and analyzed 

using the SeqManTM 4.00 DNA STAR program. The 

reference sequence used was the Leptin gene sequence 

obtained from GenBank with accession number 

NC_037331.1. Fig. 3 and 4 display the electropherograms 

from the sequencing results, revealing mutations and 

deletions in the Leptin gene. 

The data in ABI file format visualize the 

electropherogram, where each type of nucleotide is 

represented by a distinct color. For instance, adenine (A) is 

displayed in green, guanine (G) in black, thymine (T) in 

red, and cytosine (C) in blue. It's crucial to acknowledge 

that even though intron regions are not directly involved in 

protein synthesis, the translation process can be affected by 

changes in introns. This phenomenon is influenced by 

several factors that remain unidentified at this point 

(Afriani et al. 2022). 

Table 1: Mutations in the Leptin gene of Pesisir cattle 

No. Mutation SNP Position Mutations 

1. G→A +327 Transition 

2. C→T +398 Transition 

3. A→G +399 Transition 

4. C→T +439 Transition 

5. C→A +441 Transversion 

6. G→C +547 Transversion 

7. C→G +565 Transversion 

8. G→A +622 Transition 

9. C→T +629 Transition 

10. C→T +647 Transition 

11. T→C +693 Transition 

12. G→T +712 Transversion 

13. G→del +751 Deletion 

Note: SNP = Single Nucleotide Polymorphism, (+) = Intron 2 

region Del  = Deletion 
 

The differences or changes that occur in DNA 

nucleotide bases between two individuals at a specific 

location within the genome result from a substitution 

process. Vignal et al. (2002) added that with the occurrence 

of substitutions, there are typically two possibilities at the 

same position in the DNA sequence. Changes in the Leptin 

gene in exon 2 and intron 2 can be observed in Table 1. 

Based on Table 1, it can be observed that there are 13 

variations in the intron 2 region among the Pesisir cattle 

samples. From the conducted research, diversity was only 

found in the intron 2 region, while no variations were 

detected in the exon 2 region. From Table 1, it can be seen 

that at position +327, a transition mutation occurred, 

changing the sequence from GGGGA to GGAGA. At 

position +398, a C→T mutation occurred, and this type of 

mutation is the same as at position +327, which is a 

transition. Mutations at position +399 A→G and position 

+439 C→T also fall into the transition category. At position 

+441, a C→A mutation and at position +547, a G→C 

mutation occurred, which are categorized as transversion 

mutations. Transversion also occurred at position +565, 
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where there was a base change from C→G. Transition 

mutations occurred at positions +622, +629, +647, and 

+693, resulting in G→A, C→T, C→T, and T→C 

mutations, respectively. At position +712, a transversion 

occurred where the guanine (G) base changed to thymine 

(T). Furthermore, at position +751, there was a deletion of 

guanine (G). Ablondi et al. (2021) stated that the common 

method for identifying genetic diversity relies on the 

detection of mutations or alterations in nucleotide bases. 

Changes in the amino acids in the area caused by mutations 

in the exon region of the Leptin gene can impair livestock 

productivity (Ermawati et al. 2022). 

The PCR products that have been sequenced with the 

assistance of 1st base in Singapore reveal the presence of 

10 variable sites in the intron 2 region. The accumulation 

of base differences among 96 individuals yields 10 

haplotypes, as shown in Table 2, which depicts the base 

differences among Pesisir cattle individuals and the 

diversity within the population. 

From Table 2, it can be explained that the composition 

of base differences (haplotypes) in this study indicates 

variations among cattle individuals, making the Leptin 

gene region in this research a molecular marker for Pesisir 

cattle and supporting taxonomic studies. Different 

haplotype types in each cattle individual can be used as 

references in identifying Pesisir cattle individuals. 

According to Akbar et al. (2014), the greater the diversity 

of composite haplotype types within a population, the 

higher the level of genetic diversity, and vice versa. 

Haplotype (haploid genotype) is a group of alleles inherited 

together from a single parent organism. Polymorphic 

variations in multiple segments of the leptin gene exhibit 

the capacity to be harnessed for molecular-based selection 

strategies, with reported associations to traits 

encompassing body and carcass weights, milk protein 

content, backfat thickness, and rib-eye areas (Casarini and 

Crepiex 2019). 

 

Genotype and Allele Frequency 

The genotype diversity of each cattle individual can be 

determined through the DNA patterns identified. Utomo et 

al. (2021) stated that Genotypic findings are commonly 

utilized for elucidating the allelic distribution in a 

population through the examination of genetic diversity. 

According to Nei and Kumar (2000), genotype frequency 

is the ratio of the number of a specific genotype to the total 

population. Meanwhile, allele frequency is the relative 

ratio of a specific allele to the total alleles at a locus within 

a population. The values of allele frequency and genotype 

frequency determine the diversity of the Leptin gene in 

Pesisir cattle, as presented in Table 3. 

Based on the analysis in Table 3, it is found that there 

is genetic diversity in the Leptin gene of Pesisir cattle, 

evidenced by the variation in the target fragment region. 

Overall, the results of the analysis are polymorphic in 

nature. According to Falconer and Mackay (1996), an allele 

is considered polymorphic if its allele frequency is equal to 

or less than 0.99. This aligns with the view of Nei and 

Kumar (2000), who state that an allele is declared 

polymorphic or diverse if the frequency of one allele of a 

gene is equal to or less than 0.99 or more than 1%.  

Polymorphic or diverse fragments occur due to the 

influence of breed differences, inadequate selection of 

livestock, and mutations. Yonatika et al. (2021) stated 

that, genetic diversity is positively correlated with 

geographical distance or closely related to geographical 

conditions. The research conducted by Foote et al. (2015), 

demonstrated a noteworthy correlation between Leptin 

levels and parameters such as 12th-rib fat thickness, yield 

grade, and marbling score. The Leptin gene's genetic 

diversity and the carcass quality are 

significantly associated (Uemoto et al. 2012). 

 

Hardy-Weinberg Equilibrium Test 

Testing for Hardy-Weinberg equilibrium in Pesisir 

cattle was conducted using the chi-square test to determine 

whether the observed data deviate from the expected values 

for the number and types of genotypes or alleles (Table 4). 

Based on Table 4, it can be explained that from the 

observed genotype and allele frequencies, there are 8 

mutations that are not significantly different, and 4 

mutations that are significantly different from the 

expected genotype and allele frequencies. Thus, it can be 

concluded that the genotype and allele frequencies of the 

Leptin gene in the Pesisir cattle population under study 

exhibit only 8 mutations that are in Hardy-Weinberg 

equilibrium, while the other 4 mutations studied are not 

in Hardy-Weinberg equilibrium. 

A population can be considered to be in Hardy-

Weinberg equilibrium if the genotype and allele 

frequencies under investigation remain constant from one 

generation to the next. According to Vasconcellos et al. 

(2003), a population is considered to be in Hardy-Weinberg 

equilibrium when genotype and allele frequencies remain 

constant from one generation to the next due to random 

gamete combination in a large population.  

Genotypic equilibrium in a sufficiently large 

population occurs in the absence of selection, mutation, 

migration, and genetic drift (Syarifulaya et al. 2015). 

Genetic drift is the change in genotype frequencies caused 

by random fluctuations due to the likelihood of mating 

patterns, sampling errors, and sudden frequency changes 

caused by environmental factors (such as natural disasters). 

Syarifulaya et al. (2015) explain that the accumulation of 

genotypes, population subdivision, mutations, selection, 

migration, and mating within the same group (endogamy) 

can lead to genotypic imbalance. 

 

Restriction Enzymes 

Diversity information can be clearly observed using 

DNA sequence alignment, allowing the determination of 

genotype and allele frequencies from this information. This 

alignment can also be utilized to identify the potential 

restriction enzymes with the assistance of various 

bioinformatics software. Cheng et al. (2016) stated that the 

usage of restriction enzymes for genotyping is an effective 

cost method and it is a fundamental way of how PCR-RFLP 

works. In accordance with European standards for 

molecular microbiology and the detection of genetically 

modified organisms, it is crucial to confirm the PCR 

products produced (Prihandini et al. 2021). 

The software used to assess the potential restriction 

enzyme sites in DNA sequences is CLC MainWorkbench 

8. The potential restriction enzyme sites from the CLC 

MainWorkbench application can be seen in Table 5. 

Information  about  the  enzymes  with  potential for use as  
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Table 2: Polymorphism of Leptin gene intron 2 aligned with GenBank reference (accession number NC_037331.1) in the Pesisir cattle 

population 

HAPLOTYPE Sequence numbering of the Control region. 

+327   +398 +399 +439 +441 +547 +565 +622 +629 +647 +693 +712 

Ref G C A C C G C G C C T G 

A A T G . . C G . . . . T 

B A . G T . C G . . . . T 

C . . . T . . . . . . C . 

D . . . . A C . . . . . . 

E . . . T A C . . . . . . 

F . . . . . . . A . . . . 

G . . . . A C . . T T . . 

H . . . . . . . . . . C . 

I . . . T . .  . . . . . 

J . . . . . . . . . T . . 

Ref=Reference, (+)=intron 2 region 

 

Table 3: Genotype and allele frequencies in the Leptin gene 

No SNP Position N Genotype Frequency Allele Frequency 

1. +327 

G→A 

96 GG 

0.98  

GA 

0.02  

AA 

0.00  

G 

(0.99) 

A 

(0.01) 

2. +398 

C→T 

96 CC 

0.99  

CT 

0.00  

TT 

0.01  

C 

(0.99) 

T 

(0.01) 

3. +399 

A→G 

96 AA 

0.98  

AG 

0.02  

GG 

0.00  

A 

(0.99) 

G 

(0.01) 

4. +439 

C→T 

96 CC 

0.85  

CT 

0.14  

TT 

0.01  

C 

(0.92) 

T 

(0.08) 

5. +441 

C→A 

96 CC 

0.84  

CA 

0.13  

AA 

0.03  

C 

(0.90) 

A 

(0.10) 

6. +547 

G→C 

96 GG 

0.82  

GC 

0.15  

CC 

0.03  

G 

(0.90) 

C 

(0.10) 

7. +565 

C→G 

96 CC 

0.98  

CG 

0.02  

GG 

0.00  

C 

(0.99) 

G 

(0.01) 

8. +622 

G→A 

96 GG 

0.97  

GA 

0.03  

AA 

0.00  

G 

(0.99) 

A 

(0.01) 

9. +629 

C→T 

96 CC 

0.97  

CT 

0.00  

TT 

0.03  

C 

(0.97) 

T 

(0.03) 

10. +647 

C→T 

96 CC 

0.96  

CT 

0.00 

TT 

0.04  

C 

(0.96) 

T 

(0.04) 

11. +693 

T→C 

96 TT 

0.83  

TC 

0.17  

CC 

0.00  

T (0.92) C 

(0.08) 

12. +712 

G→T 

96 GG 

0.98  

GT 

0.02  

TT 

0.00  

G 

(0.99) 

T 

(0.01) 

13. +751 

G→del 

96 - - - - - 

SNP=Single Nucleotide Polymorphism, (N)=Number of sample, Del=Deletion. 

 

Table 4: Chi-square test for Hardy-Weinberg equilibrium of the Leptin gene in Pesisir cattle. 

No SNP Position Mutation X2
h X2

t 0.05 Conclusion 

1. +327 (G→A) 0.0149 5,9914 Not significantly different 

2. +398 (C→T) 104,0859  5,9914 Significantly different 

3. +399 (A→G) 0.0149 5,9914 Not significantly different 

4. +439 (C→T) 0.3393 5,9914 Not significantly different 

5. +441 (C→A) 6,0833  5,9914 Significantly different 

6. +547 (G→C) 4,9774 5,9914 Not significantly different 

7. +565 (C→G) 0.0615 5,9914 Not significantly different 

8. +622 (G→A) 0.6578 5,9914 Not significantly different 

9. +629 (C→T) 103,9194  5,9914 Significantly different 

10. +647 (C→T) 103,8336  5,9914 Significantly different 

11. +693 (T→C) 0.8809 5,9914 Not significantly different 

12. +712 (G→T) 0.0149 5,9914 Not significantly different 

SNP=Single Nucleotide Polymorphism,  (+)= Intron 2 region; X2
h  >  X2

t (0.05)=Significantly different,  X2
h  <  X2

t (0.05) =Not Significantly 

different. 
 

restriction enzymes can be applied in further research, such 

as studying the genetic diversity of Pesisir cattle using the 

PCR-RFLP method. 

DNA fragments cut using restriction enzymes will 

exhibit the genetic characteristics of an organism. These 

fragments will generate two different haplotype types, 

namely polymorphic and monomorphic types. In 

polymorphic types, the cut DNA fragments will result in 

fragments at different sequence positions. Meanwhile, in 

monomorphic   types,   the   cut   DNA  fragments  produce  
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Table 5: Potential Restriction Enzymes 

No SNP Position Potential Restriction Enzymes 

1 +327 G>A, Sth132I (cccg↓), BssIMI (gggt↓c) 

2 +398 C>T Not found 

3 +399 A>G  Not found 

4 +439 C>T MnlI (cc↓tc) 

5 +441 C>A Sth132I (cccg↓), MnlI (cc↓tc) 

6 +547 G>C Lsp1109I (gcag↓c), Bsp423I (gcag↓c) 

7 +565 C>G MnlI (cc↓tc), BfaI (ctag↓) 

8 +622 G>A SaqAI (ttaa↓), Tru9I (ttaa↓) 

9 +629 C>T Psp124BI (ga↓gctc), SacI(ga↓gctc) 

10 +647 C>T Not found 

11 +693 T>C MnlI (cc↓tc) 

12 +712 G>T Not found 

13 +751 G >del AluBI (agct↓), AluI (agct↓) 

SNP=Single Nucleotide Polymorphism, (+) =Intron 2 region, 

Del=Deletion 

 

fragments at the same sequence position, identifying a low 

level of genetic variation. Molecular markers employed to 

elucidate disparities in genotype among individuals as a 

result of discrepancies in marker sequences are denoted as 

polymorphic markers. In contrast, DNA markers that do 

not possess the capability to discriminate between or 

among genotypes are labeled as monomorphic markers 

(Amiteye 2021). 

 

Conclusion 

In the studied Leptin gene of Pesisir cattle, 13 

variations were identified in intron 2, including 8 transition 

mutations, 4 transversion mutations, and 1 deletion, all of 

which are polymorphic and have the potential to be used as 

genetic markers for further testing as marker candidates. In 

the Hardy-Weinberg equilibrium test, 8 mutations were 

found to be in Hardy-Weinberg equilibrium at positions 

+327, +399, +439, +547, +565, +622, +693, +712, while 4 

mutations were not in Hardy-Weinberg equilibrium at 

positions +398, +441, +629, and +647. The examination of 

restriction enzymes in this study identified 12 restriction 

enzymes, including Sth132I, BssIMI, Mn1I, Lsp1109I, 

Bsp423I, BfaI, SaqAI, Tru9I, Psp124BI, SacI, AluBI, and 

AluI. 
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