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Abstract
The aim of this study was to determine genetic diversity of Madura cattle using Polymerase Chain 

Reaction – Restriction Fragment Length Polymorphisms (PCR-RFLP) analysis of the cytochrome b (cytb) gene. 
Samples used for the experiments were blood of 43 cattle that consist of 15 cattle obtained from Madura Island, 
23 cattle from Sapudi Island, and 5 Limousin-Madura (Limura) cattle. A fragment of 464 base pair of cytb gene 
was amplifi ed by forward primer L14735 and reverse primer H15149. The PCR product was digested with TaqI 
and HinfI restriction enzymes to identify genetic patterns. Data of PCR-RFLP showed two haplotypes, that were 
A and B, in cattle obtained from both Madura Island and Sapudi Island. The frequencies of haplotype A and 
B of cattle from Sapudi Island were 69.57% and 30.47%, respectively. More diverse frequencies were observed 
in cattle obtained from Madura Island, where haplotype A and B were 86.67% and 13.33%, respectively. In 
this experiment, Limura cattle had only haplotype A. As a conclusion, PCR-RFLP of the cytb gene had been 
able to determine a genetic diversity of Madura cattle. 
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Introduction
Madura cattle are local cattle used to be 

work animals, bull race (Karapan), art contest 
(Sonok) and beef cattle. Madura cattle have 
uniform in shape and are stable inbred hybrid 
between Zebu (Bos indicus) and Banteng (Bos 
javanicus). The uniformity of the breed was 
developed through selection for many years 
by local people in Madura. Physically, the 
color of the cattle is reddish brown with non-
specifi c white pattern on the back and rump.  In 
2002, the population was estimated of around 
900,000 cattle. Efforts are now being made to 
conserve cattle breed on Sapudi Island, as this 
is a conservation place for Madura cattle, where 
only the original Madura cattle are allowed 

to live in that area. Non-Madura cattle from 
outside Sapudi Island are not permitted to 
entry and live in this area (Umar et al, 2011;  
Widi et al, 2010)

Cattle variety is configurated from 
native cattle with that of genetically-imported 
resources. Madura cattle are a combination 
of Bali-Ongole-Java native composite breed, 
developed from Bali (Bibos banteng), Java-
native (Bos javanicus) and Ongole (Bos indicus). 
Nijman et al. (2003) reported that DNA of 
Madura cattle are mixture of DNA from 
both Zebu cattle and Banteng. Meanwhile, 
crossbreeding between Limousin bull and 
Madura cows by artifi cial insemination (AI) 
has produced Limura cattle. The exterior 
characteristic of Limura cattle show diversity 
on phenotypes as this was produced by a 
combination of both parental breed. 

Mitochondrial DNA (mtDNA) is an 
extra-nuclear DNA that has been proven to 
be a useful molecular marker for evolutionary 
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studies in animal populations due to its 
predominantly maternal inheritance, 
relatively rapid base substitution rate, 
and lack of recombination (Avise et al. 
1987). Mitochondrial DNA contains more 
sequence diversity compared to that of 
nuclear DNA (Brown et al., 1996). Analysis 
of Polymerase Chain Reaction-Restriction 
Fragment Length Polymorphism (PCR-
RFLP) has been successfully applied to 
amplify the target sequence. Nijman et al. 
(2003) employed PCR-RFLP technology to 
analyze hybridization between banteng (Bos 
javanicus) and Zebu (Bos indicus) in Southeast 
Asia using mitochondrial DNA and to 
identify the nucleotide polymorphisms in 
the 359 base pair of mitochondrial gene 
cytochrome b (Cytb) Iberian cattle (Bos taurus) 
(Prado et al., 2005). Cytochrome b gene of 
several vertebrates, including mammals, had 
been used to investigate evolutionary and 
genetic diversity and molecular phylogenetic 
studies (Wolf et al., 1999).  In this study, 
Cytb gene was employed to evaluate genetic 
diversity of Madura cattle in Sapudi Island.

Materials and Methods
Blood samples and DNA extraction

Blood samples was collected from 
43 cattle, consist of 15 Madura cattle from 
Madura Island, 23 Madura cattle from 
Sapudi Island, and 5 Limura cattle. Samples 
were prepared for DNA isolation by using 
a KIT high pure PCR template preparation 
(ROCHE) according to the protocol. Ear 
tissues were prepared by using standard 
SDS/ProteinaseK method according to 
Sambrook et al. (1989). 

Polymerase Chain Reaction (PCR) 
A fragment of  464 base pair  of 

cytochrome b gene was amplifi ed using both 
forward primer of L14735 (5’-AAA AAC CAC 
CGT TGT TAT TCA ACT A-3’) and reverse 
primer of H15149 (5’-GCC CCT CAG AAT 
GAT ATT TGT CCT CA-3’) (Wolf et al., 1999). 
PCR was carried out in a fi nal volume of 20 
μl reaction mixture containing 1 μl sample 

DNA (10-100 ng), 1 μl each primer, 10 μl PCR 
KIT (Fastart, Roche), and 7 μl aquabidest. 
The amplifi cation process was performed 
using Thermocycler (Infi nigen, TC-25/H). 
Amplifi cations were performed under the 
following conditions: initial denaturation at 
94°C for 2 min, followed by 35 thermal cycles 
of denaturation at 95°C for 36 sec, annealing 
at 51°C for 73 sec, and extension at 72°C for 
84 sec. The fi nal extension was performed 
at 72°C for 3 min (Prado et al., 2005). PCR 
products were visualized on 1% agarose 
gels buffered with 1X Tris-Boric-EDTA (1X 
TBE), stained with ethidium bromide, and 
visualized under UV light. To get the DNA 
sequence of PCR product, we performed 
DNA sequencing by Macrogen.

Restriction Fragment Length Polymorphism 
(RFLP)

PCR products  was digested by 
restriction enzymes as described previously 
(Verkaar et al., 2002). The 464 bp amplicon 
was digested with TaqI and HinfI restriction 
enzymes to identify genetic patterns. A 
volume of 3 μl PCR product was digested 
with 1U HinfI enzyme in Tango buffer at 
37ºC  for 3 h (Fermentas) and followed by 
digestion with 1U Taq I enzyme at 65ºC for 
2 h. The digestion product was separated on 
12% polyacrylamide gels at 50 V for 3 h. The 
gel was stained gently by ethidium bromide 
and visualized under UV light. The size 
of DNA fragments were compared to the 
DNA marker ΦX174 DNA/BsuRI (HaeIII), 
(Fermentas).

Results and Discussion 
To obtain genetic patterns, the amplifi ed 

464 base pair of DNA fragment of the Cytb 
gene from all of samples collected from 43 
cattle was subjected to RFLP analysis. The 
data showed that there were two haplotypes 
observed in cattle obtained either from 
Madura Island and Sapudi Island, while the 
Limura cattle had only haplotype A (Figure 1 
and 2). The amplifi cation of both haplotypes 
with mitochondrial-specifi c primers L14735 
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and H15149 revealed the presence or absence 
of restriction sites for HinfI and TaqI enzymes. 
Using HinfI as restriction enzyme, haplotype 
A was observed as shown by two bands of 
305 and 159 base pairs and haplotype B was 
observed as shown by three bands of 198, 149 
and 117 base pairs (Figure 1). Meanwhile, 
using Taq1 as restriction enzyme, haplotype 
A was observed as shown by two bands, 
namely 225 and 191 base pairs, and haplotype 
B was observed by one band of 416 base pair 
(Figure 2). 

The specific haplotype of Madura 
cattle was shown in Table 1.The frequencies 
of haplotype A and haplotype B of cattle 
obtained from Sapudi Island were 69.57% 
and 30.47%, respectively. Those frequencies 
were less diverse then that obtained from 
cattle of Madura Island where haplotype A 
and B were 86.67% and 13.33%, respectively. 
This data suggests that cattle from Sapudi 
Island were genetically closer compared with 

that in Madura Island. We also observed that 
100% of Limura cattle had only haplotype A 
(Table 1).  The RFLP data reported here were 
similar with that of previous experiment 
(Wolf et al., 1999), suggesting the accuracy of 
PCR-RFLP in determining genetic patterns. 

Wolf et al (1999) suggested that to 
distinguish between species, amplifi ed bands 
of specifi c PCR products were digested with 
different restriction endonucleases enzymes, 
and his could resulting in a species-specifi c 
RFLP. They proved that even closely related 
animal species was able to be distinguished 
by application of one or two restriction 
endonucleases enzymes. The differences 
on haplotype frequencies indicated a 
genetic diversity. In this study, cattle in 
Sapudi Island had only a single species that 
were divided into two haplotype patterns. 
Interestingly, PCR-RFLP of Cytb gene of 
mtDNA using Hinf I and TaqI enzymes 
could potentially be used as molekuler 

Figure 2. restriction pattern of enzyme TaqI. M: marker 
(ΦX174 DNA/BsuRI (HaeIII), line 1: PCR product (464 
bp) as a negative control, line 2,3,5: Haplotype A and 4: 
Haplotype B

Figure 1. Restriction pattern of enzyme HinfI. M: marker 
(ΦX174 DNA/BsuRI (HaeIII), lane 1: PCR product (464 
bp) as a negative control, lane 2,3,5: Haplotype A and lane 
4: Haplotype B

Table 1. Haplotype frequencies of Madura and Limura cattle based on location

Breed Location n
Haplotypes Haplotypes (%)
A B A B

Madura Madura island 15 13 2 86.67 13.33
Madura Sapudi island 23 16 7 69.57 30.47
Limura Madura island 5 5 - 100 -
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marker for identifi cation of genetic diversity 
cattle in Sapudi Island. 

Further analysis showed that Madura 
cattle in Sapudi Island had 32 single nucleotide 
polymorphisms (SNPs) and 4 different 
amino acid in 395 base pairs sequence of 
cytb gene (Figure 3 and 4). Of the nucleotide 
polymorphisms observed, included were 
differences from T to C (12 sites), from C to T 
(12 sites), from A to G (5 sites), from C to A (2 
sites), and from G to A (1 site) (Figure 3). 

Meanwhile, Figure 4 showed amino acid 
differences as a consequence of differences 
on nucleotide sequences. As can be seen in 
Figure 4, amino acid sequence number 18 
had changed from Serine (TCA) to Proline 
(CCA), meanwhile amino acid number 22 
had also changed from stop codon (TGA) 
to Tryptophan (TCC). Another amino acid 
differences were also observed in sequence 
number 31 from Isoleucine (ATC) to Valine 
(GTA), and sequence number 50 from Serine 
(TCC) to Proline (CCC) (Figure 4).  Differences 
on both nucleotides and amino acid sequence 
strongly suggesting any genetic diversity in 
cattle from Sapudi Island. As this island is 

restricted area for any other cattle breeds, the 
less genetic diversity of cattle observed is of 
understandable. In this case, Sapudi Island 
is one of best practice in conserving genetic 
of Madura cattle in Indonesia.
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