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Abstract
DNA barcoding is a technique for characterizing species of organisms using a short DNA
sequence from a standard and agreed-upon position in the genome. In the present study, DNA
barcoding was used as a technology to differentiate deer and goat species from the skin samples.
The samples were collected from different regions of the skin, viz. ear pinna, dorsal abdomen,
muzzle and interdigital space of foerelimb of deer brought for post mortem at College of Veterinary
and Animal Sciences, from Thrissur zoo and forest department and of goat freshly slaughtered in
Meat Technology Unit, Mannuthy. Samples were chopped and preserved in ethanol and processed.
The mitochondrial sequence of Cytochrome C Oxidase subunit (COI) was deliberated as a barcode
marker suited best for species identification of the animals and based on this the samples were
identified as Cervus unicolor, Rusa timorensis and Capra hircus. The results recommended that
unidentified specimens from wild animals can be recognized competently using DNA sequencebased analysis.

DNA barcoding is a technique for characterizing species of organisms using a short
DNA sequence from a standard and agreed-upon position in genome. It is one among the most
authoritative tools for discriminating species from minute pieces of biological specimens, as well as
processed produces. It is a suitable tool for wild animal forensics (Ferri et al. 2009). Mitochondrial
DNA (mtDNA) is seen in all eukaryote cells and has a relatively fast mutation rate. Eventhough
significant variation occurs in mtDNA sequences between species, only small comparative variance
is seen within species. All mtDNA genes are maternally inherited and hence more constant. A 658bp region (Folmer region) of mitochondrial cytochrome c oxidase subunit I (COI) gene is being
proposed as a potential ‘barcode’. Mitochondrially encoded cytochrome c oxidase I (MT-CO1)- is
a protein and that in humans has been encoded by MT-CO1 gene. In other eukaryotes, gene is
called cox1 or COI and forms the main subunit of cytochrome c oxidase complex. The advantage of
using COI is that it is short enough to be sequenced quickly and cheaply, yet long enough to identify
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variations among species. In the present study,
DNA barcoding was used as a technology to
differentiate deer and goat species from the
skin samples.
MATERIALS AND METHODS
Very thin samples of skin were collected
from ear pinna, dorsal abdomen, muzzle and
interdigital space of forelimb of deer brought
for post mortem at College of Veterinary and
Animal Sciences, from Thrissur zoo and forest
department and of goat freshly slaughtered
in Meat Technology Unit, Mannuthy. Samples
were chopped, preserved in absolute alcohol
(ethanol). Samples were sent; processed for
DNA barcoding to laboratory at Rajiv Gandhi
Centre of Biotechnology, TVM, where reference
barcode sequences were generated to identify
species of wild animals in Kerala. DNA analysis
was done to establish identity. Samples were
cut into small pieces, powdered finely using
liquid nitrogen. The material weighing upto 250
mg was added to 2 ml Eppendorf tubes having
500 µl of lysis buffer (100 mM Tris-HCl, pH 8; 5
mM EDTA, 50 mM NaCl, 20% (w/v) SDS and
25 ml of Proteinase K [50 mg/ml]), vortexed
for 30s and incubated overnight at 370C. DNA
extraction (Sambrook et al. 1989) was done
with the digested materials following phenol:
chloroform method. GFXTM PCR DNA and Gel
Band Purification Kit (GE Healthcare) was used
to purify the extracted DNA. CO1 gene was
subjected to PCR amplification in a volume of
25 µl containing 1 X PCR Gold Buffer, 2.5 mM
MgCl2, 0.2 mM of each of dNTPs, 20 pM each
of forward and reverse primers LCO and HCO
(Folmer et al. 1994), three units of AmpliTaq
Gold polymerase (Applied Biosystems) and
20–40 ng of purified DNA.
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Amplification was carried out for an
initial 10 min at 94ºC; followed by 40 cycles
at 94ºC, 45ºC and 72ºC, each for 1 min; and
a final elongation step for 5 min at 72ºC in
a GeneAmpR PCR System 9700 (Applied
Biosystems). PCR products were confirmed in
2% agarose gel stained with ethidium bromide.
Sequencing reactions were carried out using
Big Dye Terminator v3.1 Cycle Sequencing Kit
(Applied Biosystems) using forward and reverse
primers independently following manufacturer’s
instructions (www.ibt.lt/sc/files/BDTv3.1_
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Protocol_04337035.pdf). Sequencing products
were purified and sequenced on an Applied
Biosystems 3730 DNA Analyser.
Results and Discussion
The mitochondrial sequence of
Cytochrome C Oxidase subunit (COI) is an
ideal barcode marker suitable for species
identification of the animals and based on this
the samples were identified as Cervus unicolor,
Rusa timorensis and Capra hircus.
Nucleotide
sequence
similarity
search in NCBI (Accession No. KF317912.1)
yielded most similarity with Rusa unicolor
(identity 99%); Cervus unicolor (identity 98%)
and Rusa timorensis (identity 98%)for COI with
reference sequences of Deer species for deer
specimens.
Nucleotide
sequence
similarity
search in NCBI (Accession Nos. KF317913.1;
AB736109.1; KC679017.1) yielded most
similarity with Capra hircus (identity 99%) for
COI with reference sequences of goat species
for goat specimens.
The sequences of present study,
were aligned along with sequences of closely
related species obtained from GenBank and
MEGA v3.1 software was used (Kumar et al.
2004) to create neighbor joining (NJ) tree of
K2P distances. The samples from the present
study were identified as Cervus unicolor,
Rusa timorensis and Capra hircus. Samples
confirmed as belonging to sambar deer and
goat. Study supports that the mitochondrial
sequence of Cytochrome C Oxidase subunit
(COI) is an ideal barcode marker suitable for
species identification of the animals. From this
study it was evident that mitochondrial CO1 can
differentiate sambar deer and goat.
The expanding use of COI as genetic
marker for animal species identification
(Linacre and Tobe, 2011) can be highlighted
by DNA barcoding. Present study differentiated
the skin samples of sambar deer and goat. It
is found that the accuracy of DNA barcoding
will be dependent on data quality of database.
Erroneous identification of species may result
in misinterpretation based on DNA sequences
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Conclusion
DNA barcoding was used to
differentiate deer and goat species from the skin
samples in the present study, which suggested
that grotesque wildlife specimens can be
recognized effectively by DNA sequencebased analysis. The mitochondrial sequence
of Cytochrome C Oxidase subunit (COI) is
an ideal barcode marker suitable for species
identification of the animals and based on this
the samples were identified as Cervus unicolor,
Rusa timorensis and Capra hircus. Nucleotide
sequence similarity search in NCBI (Accession
No. KF317912.1) yielded most similarity with
Rusa unicolor (identity 99%); Cervus unicolor
(identity 98%) &Rusa timorensis (identity
98%) for COI with reference sequences of
Deer species for deer specimens. Nucleotide
sequence similarity search in NCBI (Accession
Nos. KF317913.1; AB736109.1; KC679017.1)
yielded most similarity with Capra hircus
(identity 99%) for COI with reference sequences
of goat species for goat specimens.
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present in database. Hence, updating the
reference datasets (Parson et al. 2004) is of
utmost importance.The present study elucidates
that barcode sequences may be applied for
identification of species from even small pieces
of material brought as evidence and therefore,
stress the need of localized reference datasets
for application in wildlife forensics. Thus it is
concluded that DNA sequence-based analysis
will be of use the effective identification of even
unrecognizable wildlife specimens.
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