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Sequence variation of mitochondrial cytochrome b gene 

for species identification of chital meat and its 

differentiation from meat of domestic herbivores by 

PCR-RFLP 

 
Joycee Jogi and Kajal Kumar Jadav 

 
Abstract 
This paper describes the method to identify domestic herbivore species as well as Chital using sequence 

polymorphism of cytochrome b gene fragment of mitochondrial genome. Chital is prone to poaching for 

its meat, skin and antlers. In absence of authentic techniques for species identification, it becomes 

impossible to prosecute the wildlife crimes in the court of law. The present work was planned to study 

the species specific PCR-RFLP patterns for meat identification of chital and its differentiation from the 

meat of domestic herbivores of Central India. Meat samples of chital and cattle were collected from the 

carcasses during necropsy and meat of other domestic herbivores was collected from the local slaughter 

houses. Extracted DNA from each sample was used in the amplification of fragment of Cytochrome b 

gene using universal primers and then sequencing was done to select a specific restriction enzyme to 

distinguish between herbivore species. All the species produced characteristic PCR-RFLP profile with 

TaqI. The present study could efficiently differentiate chital and closely related domestic herbivore 

species and can be considered simple, more accurate, easy-to-use specific protocol for identification of 

species from biological samples. 
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Introduction 

India is one of the twelve mega-biodiversity countries in the world. Poaching is a major threat 

to birds, mammals, plants and reptiles and it has led Indian government to enact Wildlife 

(Protection) Act, 1972 and also to sign Convention on International Trade in Endangered 

Species of Wild Fauna and Flora (CITES) in 1976. Among wild herbivores, Chital is found 

abundant and is the major victim in cases of wildlife poaching. When the poachers are caught 

with the suspected meat, they claim it to be that of domestic herbivores. In such cases, 

authentic evidences are required to prosecute the poachers in the court of law. 

There is lack of simple protocols to identify the origin of the seized meat samples. Among the 

various molecular biology based test used in the recent past, PCR-RFLP has been proposed to 

be one of the most efficient methods in terms of cost, detection power and applicability to 

large scale screening (Pereira et al., 2008) [6]. PCR-RFLP can reveal genetic variation between 

species (Partis et. al., 2000) [4]. However, very few literatures are available for PCR-RFLP 

assay targeting identification of wild and domestic herbivores. In this study, we report a PCR-

RFLP assay for species identification of chital meat and its differentiation from the meat of 

four domestic herbivores (Goat, Sheep, Cattle and Buffalo) based on Cytochrome b gene 

fragment. 

 

Materials and Methods 

Sample collection and DNA extraction 

Meat samples were collected from domestic herbivores including Buffalo (Bos bubalis), Goat 

(Capra hircus) and Sheep (Ovisaries) from local slaughter houses and from Cattle and Chital 

(Axis axis) during post mortem examination (Five meat samples each species). DNA was 

extracted using DNA easy Blood and Tissue Extraction kit (Qiagen, Germany) as per the 

manufacturer’s instruction.  
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PCR Amplification and Sequencing 

DNA samples were amplified by using cytochrome b gene 

universal primers Cytb1 

CCAATGATATGAAAAACCATCGTT & Cytb2 

GCCCCTCAGAATGATATTTGTCCTC (Janczewski et al., 

1995) [2] in a Gradient thermal Cycler (Eppendorf, India) in a 

final volume of 50µl containing 40-50ng of extracted DNA, 

10mM Tris-HCl (pH 8.3), 50mM KCl, 1.5 mM Mgcl2,0.2 

mM of each dNTP, 1 unit of Taq polymerase (Applied 

Biosystems), 0.5 µg/µl Bovine Serum Albumin (BSA) and 20 

pmol of each primer. The amplification parameters were 95ºC 

for 20 minutes followed by 35 cycles of 95 º C for 1 min, 55º 

C for 1 min and 72 º C for 1 min with final extension at 72º C 

for 10 minutes prior to a 4 ºC hold. The PCR products were 

resolved on 1.5% agarose gel and visualized under UV light 

in the presence of Ethidium bromide dye. 

Unused primers and dNTPs in the PCR products were cleaned 

by treating the PCR products with Exonuclease I (ExoI) and 

Srimp Alkaline Phosphatase (SAP) as per the manufacturer’s 

instructions (ExoSAP-IT, USB, Cleveland, Ohio). The 

cleaned PCR products were sequenced (Applied Biosystems 

Genetic Analyzer) using 3.1 sequencing kit (Applied 

Biosystems) from both ends. 

 

Restriction Fragment Length Polymorphism 

The Cyt b sequences obtained from the domestic and wild 

herbivore samples were aligned using Clustal W (Thompson 

et al. 1994) [8] in MEGA 6 (Tamura et al. 2013) [7] to identify 

sequence variations and restriction profiling (Figure 1). Based 

on the restriction variations, restriction enzyme, TaqI 

(Fermentas Life Science, India) were selected for RFLP 

analysis of the PCR products. The PCR products were 

subjected to restriction digestion at 37 °C for 2 hours in a total 

volume 30 µl containing 17µl of PCR product, 20U of 

restriction enzyme, 3µl digestion buffer and 8µl of water. The 

digested products were visualized on 3% Agarose gel 

electrophoresis and stained with Ethidium bromide. 

 

 
 

Fig 1: DNA sequence alignment of fragment of the Cytochrome b gene of Chital and domestic herbivore species. The regions used for 

restriction analysis is shown highlighted with blue colour (TaqI-TCGA) 

 

Results 

All samples were successfully amplified to expected size of 

474 bp. For TaqI, herbivore species were divided into three 

sub groups as- Non-cut, Single cut and double cut depending 

on the number of recognition sites of the enzyme.  

For Taq1, Chital had two restriction sites (260bp, 187bp and 

27bp), while the four domestic herbivores could be 

differentiated by using Taq1 into three groups; Sheep as non-

cut, Goat and buffalo with single cut (1 restriction site 

producing two fragments of ~250bp and 224bp&~280bp and 

194bp respectively) and Cattle with double cut (2 restriction 

sites producing three fragments of ~370bp, 60bp and 44bp). 

The number of restriction sites and fragment length patterns 

are given in Table 1and Plate 1. 

 
Table 1: PCR-RFLP pattern for Chital and domestic herbivore 

species 
 

Species TaqI 

Cattle 2 (370/60/44) 

Buffalo 1 (280/194) 

Sheep NC 

Goat 1 (250/224) 

Chital 2 (260/187/27) 

 

 
M - 100 bp DNA ladder, Ca-Cattle, Bf-Buffalo, Sh-

Sheep, G-Goat & Cht-Chital 

 

Plate 1: RFLP patterns of PCR amplified products of wild and 

domestic herbivore species after digestion with TaqI restriction 

enzyme 
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Discussion 

Protein-based methods for species identification are less 

sensitive and often show cross reactivity in closely related 

species. Pascoal et al. (2004) [5] proved that PCR-RFLP 

method is rapid and easy-to-perform two step analytical 

approach to achieve qualitative meat species identification in 

raw and even in cooked food products containing one or more 

different species. Development of simple and authentic 

method for detecting the species origin of a wide variety of 

wild meat continues to be a major challenge before the 

wildlife forensic experts.  

In this study, PCR amplification of the Cytochrome b (Cytb) 

gene followed by restriction fragment length polymorphism 

analysis (PCR-RFLP) was used to differentiate Chital and 

four domestic herbivore species.For most domestic animals, 

many PCR-based methods have been proposed for species 

identification (Mahajan et al., 2011) [11]. Recently, poultry and 

livestock animals have been distinguished by PCR-RFLP 

method based on 12S rRNA gene polymorphism (Chen et al., 

2012) [1]. However, there are very few PCR-RFLP assays for 

differentiation of wild herbivores and domestic herbivores. 

The PCR-RFLP method can be carried out without 

requirement of very costly equipments compared to DNA 

sequencing. 

Mitochondrial DNA owns several advantages over nuclear 

DNA. Mitochondrial DNA is presented in thousands of copies 

per cell and possesses many points of mutations allowing the 

discrimination of even closely related species. Mitochondrial 

DNA is maternal inheritance and therefore is free of 

heterozygosity (Unseld et al., 1995; Lockley and Bardsley, 

2000) [10, 3]. Cytochrome b gene is located on the 

mitochondrial genome which is used very often in studies 

concerning meat species identification and therefore sequence 

data of many vertebrate and invertebrate species are available. 

In comparison with other mitochondrial markers, the 

Cytochrome b gene demonstrates greater level of nucleotide 

variation in shorter sequences (Tobe et al., 2010) [9]. The 

present PCR-RFLP assay takes into account of the intra-

species variations to make species identification more reliable 

and robust. 

 

Conclusion 

The extent of wildlife crime is unknown but it is on the 

increase and has observable effects with the dramatic decline 

in many species of flora and fauna. Wild herbivore species, 

especially Chital, are being poached for their meat on the 

large scale. Development of PCR-RFLP assay can efficiently 

differentiate chital and closely related domestic herbivore 

species with the restriction enzymes i.e. TaqI.  

 

References 

1. Chen SY, Yao YG, Liu YP. Species identification of ten 

common farm animals based on Mitochondrial 12S 

rRNA gene polymorphisms. Animal Biotechnol. 

2012;22: 213-220. 

2. Janczewski DN, Willium SM, Stephens JC. Molecular 

evolution of mitochondrial 12S RNA and cytochrome b 

sequences in the pantherine lineage of felidae. Mol Biol 

Evol. 1995;12:690-707. 

3. Lockley AK, Bardsley RG. DNA based methods for food 

authentication. Trends Food Sci. Technol. 2000;11:67-77. 

4. Partis L, Croan D, GuoZ, Clark R, Coldham T, Murby J. 

Evaluation of a DNA fingerprinting method for 

determining the species origin of meats. Meat Sci. 

2000;54:369-376. 

5. Pascoal A, Prado M, Castro J, Cepeda A, 

Barrosvelásquez J. Survey of authenticity of meat species 

in food products subjected to different technological 

processes, by means of PCR-RFLP analysis. Eur. Food 

Res. Technol. 2004;218:306-312. 

6. Pereira F, Carneiro J, Amorim A. Identification of 

species with DNA-based technology: current progress 

and challenges. Recent patents on DNA & gene 

sequences. 2008;2:187-200. 

7. Tamura K, Stecher G, Peterson D, Filipski A, Kumar S. 

MEGA6: Molecular evolutionary genetics analysis 

version 6.0. Mol Biol Evol. 2013;30:2725-2729. 

8. Thompson JD, Higgins DG, Gibson TJ. Clustal W: 

improving the sensitivity of progressive multiple 

sequence alignment through sequence weighting, position 

specific gap penalties and weight matrix choice. Nucleic 

Acids Research. 1994;22:4673-4680. 

9. Tobe SS, Kitchener AC, Linacre AM. Reconstructing 

mammalian phylogenies: a detailed comparison of the 

cytochrome b and cytochrome oxidase subunit I 

mitochondrial genes. PLoS One. 2010;11:e14156. 

10. Unseld M, Beyermann B, Brandt P, Hiesel R. 

Identification of the species origin of highly processed 

meat products by mitochondrial DNA sequences. PCR 

Methods Appl. 1995;4:241-243. 

11. Mahajan MV, Gadekar YP, Dighe VD, Kokane RD, 

Bannalikar AS. Molecular detection of meat animal 

species targeting MT 12S rRNA gene. Meat Sci. 2011 

May;88(1):23-7. doi: 10.1016/j.meatsci.2010.11.026. 

Epub 2010 Dec 4. PMID: 21227595. 

https://www.thepharmajournal.com/

