Molecular Biology Reports (2019) 46:6187-6195
https://doi.org/10.1007/511033-019-05054-5

ORIGINAL ARTICLE q

Check for
updates

Investigating the genetic diversity and presence of forensically
informative nucleotide sequences in Indian antelope (Antilope
cervicapra) using multiple genes of the mitochondrial genome

Malay Ashvinkumar Shukla'2® . Bheem Dutt Joshi? - Ved Prakash Kumar?® . Anil Kumar Mehta' -
Surendra Prakash Goyal?

Received: 17 January 2019 / Accepted: 29 August 2019 / Published online: 5 September 2019
© Springer Nature B.V. 2019

Abstract

Indian antelope or Blackbuck (Antilope cervicapra) is one of the widely distributed endemic species in India among wild
bovids and a majority of preferred habitats are in human-dominated landscapes. Poaching threats and habitat degradation
are major factors for the decline in Blackbuck population from its distribution range. Till date, there is no detailed study
using molecular techniques in India on Blackbuck, except a few studies entailing phylogenetic scenario based on inadequate
sampling and DNA sequences restricted over limited geographic areas. In view of this, the present study is aimed to screen
the Blackbuck samples from a large part of its distribution range and to investigate the genetic diversity as well as to iden-
tify the forensically informative nucleotide sequences (FINS) for species identification. We relied on multi-genes approach
using three genes of mtDNA genome viz. Cytochrome Oxidase I, Cytochrome b and 16S rRNA and identified the FINS in
the Blackbuck population along with conspecific sequences divergence and genetic diversity indices. In all three genes, we
observed 8 to 17 haplotypes with the intra-species sequence divergence of 0.004-0.016. Inter-species sequence divergence
with the other closely related species of the Blackbuck was 0.0225-0.033. We report the presence of FINS across three genes
from 12 to 18 and found more informative nucleotide sites using Cytochrome Oxidase I genes compared to Cytochrome
b and 16S rRNA gene. We did not observe the presence of geographic-specific FINS amongst Blackbuck population that
can be used to assign individuals to geographic origin. Besides, in the phylogenetic tree, samples from different locations
did not cluster into geographic-specific clade and exhibited mixed homology for these sequences. We suggest exploring the
feasibility of using nuclear markers for population assignment.
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Introduction

South Asia is known for rich biodiversity, with many of the
species being endemic to the Indian subcontinent and the
majority of species are threatened to extinction because of
changing habitat quality and quantity [1]. Indian antelope
Electronic supplementary material The online version of this or Blackbuck (Antilope cervicapra) is one of the most char-
article (https://doi.org/10.1007/511033-019-05054-5) contains ismatic ungulate species endemic to Indian sub-continent.
supplementary material, which is available to authorized users. . .
Blackbuck is protected under Schedule-I of the Wildlife
D4 Surendra Prakash Goyal (Protection) Act, 1972 of India, and also protected under
goyalsp@wii.gov.in CITES that prohibits trade of their parts and products. How-
ever, [UCN lists the Blackbuck as ‘Least concerned’ species.
Blackbuck is an important ecological indicator species

Laboratory of Forensic Biology and Biotechnology, Institute
of Forensic Science, Gujarat Forensic Sciences University,

Gandhinagar, Gujarat 382007, India for grassland ecosystem, however, it is also considered to
2 Wildlife Institute of India, Post Box # 18, Chandrabani, be a pest, feeding mainly on crops in many regions of India
Dehradun, Uttarakhand 248001, India [2]. Blackbuck was earlier distributed throughout India and
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forms an important prey base of large carnivores of dry trop-
ical habitats, but recently, the occurrence of this species has
dramatically declined due to poaching, anthropogenic factors
and habitat loss [3—5]. Meat samples of Blackbuck, seized
in offence cases may be in cooked form/partially raw/fresh/
degraded. Sometimes skins are also seized as a whole or in
pieces, while other parts that are in trade in India includes
horns and their products and are used in the carving of tro-
phies and other decorative items. To improve our ability to
detect, monitor and control the trade in wildlife and wildlife
products, it is necessary to process and analyze the sample
using robust molecular biology techniques where the use
of morphology-based approaches have limited applications.

Species have often been identified using different mito-
chondrial genes across various taxa viz. Cytochrome b (Cyt
b), Cytochrome Oxidase I (COI); 12S rRNA; 16S rRNA;
control regions and others markers [6—15]. Amongst these
commonly deployed approaches in wildlife forensics,
“Forensically Informative Nucleotide Sequencing” (FINS)
is also used in species assignment based on specifically
informative nucleotide sequences [16]. Over the years, FINS
in different genes of mitochondrial genome has been used for
the identification of substitution in seafood, marine species,
and canned products [17-19]; identification of lizard, Indian
civets [20, 21]. These variable sites have enough information
to differentiate species at inter-familial level.

So far, few studies have documented the use of mito-
chondrial genes for species identification of Blackbuck in
forensic cases [22, 23], but these were restricted to samples
from a particular geographic location in India. Therefore,
in the present paper, for the first time, we discuss the use of
multi genes approach so as to minimize any possibilities of
false positive species identification from wildlife parts and
establish the barcode region for identification of Blackbuck
population in India. Besides we also provide intra-species
variation in Blackbuck population across its geographic dis-
tribution range in India using FINS and comparing its affin-
ity with other closely related Bovidae species.

Materials and methods
Collection of samples

Biological samples of Blackbuck (n=60) used in the present
study were collected during the year 2012 to 2014 (Fig. 1).
Base map was taken with reference to previously published
data [24]. Most of the samples used were procured from the
reference repository available at Wildlife Institute of India
(WII) that has been established with the support from vari-
ous forest departments, through research projects and con-
fiscated parts in wildlife offences across India. Only those
confiscated samples were incorporated in the present study,
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for which the geographic origin of the samples were known
based on case history, and those that were seized in specific
distribution range in protected area and not while transit.
Few samples were collected during field transect from car-
casses of accidentally or naturally found dead individual in
protected areas or animals available at rescue centers across
India. Samples included in the study varied from tissues
(n=155), hairs (n=02) and horns (n=03). As samples were
collected under extreme field conditions, therefore most of
the tissue samples had a different degree of decay.

DNA extraction and PCR amplification

The DNA was extracted from biological samples depending
on sample type. Prior to extraction, all the tissue samples
were rinsed with absolute alcohol and repeatedly washed
with milli-Q water so as to remove any surface contami-
nation, utill the samples were ready for the DNA extrac-
tion process. Total genomic DNA was extracted from tis-
sues (n=55) samples using DNeasy Blood & Tissue Kit™
(Qiagen, Valencia, CA, USA) with minor modification in a
standardized protocol. In the modification, we increased the
incubation time for 12 h and temperature to 60 °C. Minor
modification was incorporated in protocol by increasing/
decreasing the quantity of lysis buffers used while DNA
extraction as per sample quantity and requirements. DNA
isolation from horn (n=03) and hair (n=02) samples were
undertaken using commercially available Merck GeNei Hair
and Bone/Horn DNA isolation kit. All the extracted sam-
ples were subjected to 0.8% agarose gel in 1x TAE buffer
to check the concentration and quantity of DNA yield and
observed under UV transilluminator. DNA concentration
varied depending on sample condition and type and as a
result, the DNA templates were diluted accordingly in order
to bring to an approximately uniform concentration that
would ease the task in amplification process.

A partial fragments of Cytochrome c¢ oxidase subunit /
(COI; 650 bp) [7]; Cyt b (381 bp) and 16S rRNA (550 bp)
[9, 25] of mitochondrial genome were used for the amplifica-
tion of DNA template (Supplementary Table S1). Amplifica-
tion of each of the above gene was carried out individually
in a 10 pl reaction volume containing 1 pl of 1x PCR buffer;
0.5 pul 10 mM dNTPs; 0.5 pl 25 mM MgCl,; 0.4 pl of BSA;
0.5 U Tag DNA Polymerase and 2 pl of ~20 ng genomic
DNA. A negative control, as well as positive control was
also set up along with reaction mixture to cross check any
contamination. Thermal cycling conditions for the reaction
mixture varied depending on the primer pairs we used. The
conditions for the Cyt b and 16S rRNA genes were: initial
denaturation at 94 °C for 5 min; 35 cycles of denaturation at
40 s for 94 °C; annealing temperature of 53 °C for 45 s and
extension at 72 °C for 40 s with the final extension step at
72 °C for 10 min. For COI gene, the annealing temperature
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Fig. 1 Blackbuck samples used with respect to distribution of Blackbuck as proposed by Meena and Saran [24]. Samples outside distribution

range were seized under wildlife offences

was set at 45 °C for 30 s for 40 cycles, with denaturation
and extension being same as other genes. Amplification suc-
cess was visualized under UV transilluminator after running
the amplicons over 2% agarose gels immersed in 1x TAE
buffer. We removed the residual primer and dNTPs and PCR
amplicons were then treated with Exonuclease-I and Shrimp
Alkaline Phosphatase (Thermo Scientific Inc.) following
the cycling condition of 37 °C and 85 °C each for 15 min.
Purified products were then cycle sequenced with a master
mix containing Big Dye Terminator v3.1 Cycle Sequencing
Kit (Applied Biosystems, CA) with their respective primers
in standard proportions. The fragments were then directly
sequenced on Applied Biosystems Genetic Analyzer 3130.
DNA sequences were generated using forward and reverse
primers and single consensus sequence for each sample were
used.

Data analysis

The raw DNA sequence data of Blackbuck for all three genes
were initially checked and edited using Sequencher Software
(v.3.1, Gene Codes Corporation) and subsequently, all the
sequences were screened through visual inspections and then
trimmed to identical length for using in BioEdit v 7.0.9.0.
software [26]. Total n=119 sequences of different genes
for Blackbuck were generated through present study that
included COI (n=36); Cyt b (n=34) and 16S rRNA (n=49)
regions of a mitochondrial genome out of 60 samples used
for each gene (Supplementary Table S1). The variation in
samples size was mainly because of the amplification failure
in few samples that can be attributed to dilutions in DNA
templates that were used over a brief period of time or may
be due to unexplained parameters. Further most of the tissue
samples yielded DNA sequences for all three fragments of
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mitochondrial genes whereas problematic samples like hairs
and horns failed to amplify in few samples.

Besides, we also downloaded complete mitochondrial
genome sequences for Antilope cervicapra (n=3); Bosela-
phus tragocamelus (n=2), Tetracerus quadricornis (n=2);
Gazella bennettii (n=2); Naemorhedus baileyi (n=3);
Naemorhedus griseus (n=4); Naemorhedus goral (n=3)
and Naemorhedus caudatus (n=3) from National Centre
for Biotechnology Information (NCBI, USA). Apart from
this we also compared the reseutls with already published
sequences of the Blackbuck from the different sources for
the COI genes, we used Kumar et al. 2017 data [23]. These
samples were used to understand the inter-species sequences
divergence of the closely related species with respect to
Blackbuck. Multiple Sequence Alignment was performed
using the ClustalW algorithm as per default settings and later
manual adjustment as implemented in BioEdit software. All
the sequences were aligned and trimmed to yield sequences
of identical lengths for respective genes, with the absence of
INDEL and gaps. Final DNA fragments used in the study of
different genes were COI (575 bp), Cyt b (324 bp) and 16S
rRNA (423 bp). We also used reference sequences of con-
specific species and other genetically closely related species
along with our datasets. BEAST was used to construct the
phylogenetic tree [27]. We selected a model of nucleotide
substitution estimated in Modeltest 3.6 [28]. A HKY model
using gamma + invariant sites were used, and final search
was performed using 5x 105 MCMC generations and sma-
pled at every 1000 steps (10% discarded as burn-in). Tree
Annotator v.1.7.4 [21] was used to compute the tree and final
results were visualized in FigTree v.1.3.1 (http://tree.bio.
ed.ac.uk/software/figtree/). Further, pairwise evolutionary
sequence divergence between haplotype (H) was calculated
using Kimura-2 parameter distance in MEGA 6.0 software
[29]. In order to check the level of genetic diversity within
the Blackbuck population across India, nucleotide diver-
sity (m), haplotype diversity (hd) and mismatch distribution
of differences were calculated using DnaSP software v. 5.
[30]. The number of polymorphic sites and events of transi-
tion—transversion in the species were determined along with
the composition of purines and pyrimidine bases as well as
the presence of any INDEL phenomenon.

Results and discussion

Recently, use of multiple genes and diverse analytical meth-
ods have been popular for robust species identification as
well as avoiding any false positive identification in wild-
life forensics and complementing a better understanding
of evolutionary process instead of relying on a single gene
for phylogeny [20, 31, 32]. In present study, the inference
based on different mitochondrial genes (COI, Cyt b and 16S
rRNA) were independently undertaken and accordingly the
inference drawn in the preceeding sections are independent
for each of mitochondrial gene; while for few samples for
which we had common data for all the three genes and from
same locations, the generalized interpretation was made,
which did not gave drastic difference in the generalized
result. Observed nucleotide composition for different regions
of mtDNA genome were COI (A=25.0%; T=30.9%;
C=28.5% and G=15.6%); Cyt b (A=29.4%; T=26.7%;
C=34.1% and G=9.9%) and 16S rRNA (A =33.5%;
T=25.5%; C=20.8% and G=20.2%) (Table 1). The aver-
age frequency of nucleotide composition was in the simi-
lar range as exhibited by other ungulate species. However,
Blackbuck exhibit AT-rich nucleotide composition which
was in resonance with previously published studies on sym-
patric species like Tibetan antelope [33]; Oryx [34]; Swamp
deer [35]; Hangul [36]. Whereas GC content derived using
mitochondrial genes were in congruence with the expected
range in other mammalian species [22, 37].

Informative nucleotide sites in Blackbuck
population

With respect to the reference sequence of Blackbuck (NCBI
GeneBank Accession no. JN632598), over a partial fragment
of Cyt b (324 bp), we observed 17 variable sites; 12 parsi-
mony informative sites and 5 singleton sites. In the COI gene
(575 bp), 18 variable sites, 8 parsimony informative sites
and 3 singleton sites were observed. In 16S rRNA (423 bp)
there were 12 variable sites; 12 parsimony informative sites
and 1 singleton sites (Table 2). Of the three mitochondrial
regions used have the different length hence all paraments

Table 1 Nucleotide composition

N ool Genes N m Nh T h Nucleotide Composition

and genetic diversity indices

using mitochondrial genes in A (%) T (%) C (%) G (%)

Blackbuck (Indian antelope)
COl 62 18 17 0.00452 0.9138 25.0 30.9 28.5 15.6
Cytb 40 17 11 0.00704 0.7359 294 26.7 34.1 9.9
16S rRNA 58 12 8 0.00346 0.6981 33.5 25.5 20.8 20.2
Overall 0.005 0.7826 29.3 27.7 27.8 15.2

N number of samples, m variable sites, Nh number of haplotypes, 7 nucleotide diversity, & haplotype diver-

sity
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provided as indipendenly. As evident from the present data,
COI gene exhibited more variable nucleotides than partial
fragments of two mitochondrial genes i.e. Cyt b and 16S
rRNA. We observed, total 18 variables and 12 parsimony
informative sites compared to the 12 variable and 5 parsi-
mony informative sites observed by the Kumar et al. (2017)
using the COI gene. However, these samples were collected
from the state of Haryana only and all samples clustered in a
same clade (Haplotype 10—16) along with samples collected
from the Rajasthan (Fig. 2). We also found that the sequence
generated by Kumar et al. (2017) have the unique haplotypes
and surprisingly didn’t shared with any of haplotye observed
over a larger distribution range of Blackbuck which may be
due to ambiguous sequences (Joshi et al. 2018). Whereas
in the present study, we found contradictory results that
of major sharing of haplotype from the different locations
(Fig. 2).

Inter and intra-specific genetic distance

To evaluate the competence of DNA barcodes in delineat-
ing the closely related ungulate species in India, a distance
matrix was built using DNA sequences of Blackbuck gen-
erated during the present study as well as from reference
sequences retrieved from NCBI database. Mitochondrial
genes Cytb and COI showed significantly higher intra and
interspecific divergences compared to 16S rRNA gene (p
values, 0.05). Intraspecific sequence divergence (Kimura 2

parameter distances) in Blackbuck were 1.6% (0.016)>0.7%
(0.007)>0.4% (0.004) for COI, Cytb and 16S rRNA genes
respectively. Mean K2P based sequence divergence in dif-
ferent genes between selected ungulate species ranged from
0.044 to 0.114 for the 16S rRNA; 0.050-0.196 for COI gene
and 0.096-0.21 for Cytb gene (Table 3a—c). Comparative
analysis of three mitochondrial genes for inter-species diver-
gence revealed that Cyt b gene was a more robust marker
for species identification in cryptic animals like blackbuck.

In order to delineate species, a ‘10 X rule’, has been pro-
posed to consider 10 times the mean intraspecific varia-
tion to classify as a putative species [38] but has been vary
between the groups and should be used conservatively. We
observed the higher threshold values for the species delimi-
tation using the, COI was 5.6% and for Cyt b, it was about
7.5%, however in COI it is well within the maximum limit
(<2%) of intraspecific variation as detected for the mito-
chondrial COI in mammals [39]. Hence, COI can be useful
gene while investigating the intra-specific and inter-specific
distances in closely related species. Intraspecific variability
was lower than the divergence between species but the suc-
cess rate of species identification based on query coverage
was 90-100%.

Genetic diversity indices

We report the presence of 11 haplotypes using Cytb gene;
17 haplotypes using COI gene and 8 haplotypes using

16SrRNA Cg Cytoch-rome b
= _':[ — _E Haplotype distribution locations
| = = . Uttar Pradesh
- = — @ rajasthan
| [:- = { = ' Madhya Pradesh
- ] - . Maharashtra
: : == : . Haryana
— —: — Gujarat
- rEe .
i ® me Chhattisgarh
[ J
% ] Mte me .Zoo,samples
® ® me . Unknown
® m@
me : { me
H9:
me 2 I
H83
e o rm®
m@® [ 16 L) me
@ -
e ® mQP
me® ) [.
® me
—[ L]
. 17 ) —
| Naemorhedus bafeyi I Naemorhedusgriseus Ml Boselaphus fragocamelus
I Tetracerus quadricomis MM Naemorhedusgoral [l Naemorhedus caudatus
Il Antifope cervicapra Il Gazellabenne!

Fig.2 Bayesian based phylogenetic tree generated for Blackbuck population in India using the mitochondrial genes and haplotypes observed

with reference to other wild bovids
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Table 3 Pairwise sequence divergence calculated using Kimura-2
parameter distances in closely related ungulate species using partial
fragments of 16S rRNA, COI, Cytochrome b genes of mitochondrial

genome, (a) 16S rRNA (423 bp), (b) Cytochrome Oxidase 1 (COI
gene) (575 bp), (c) Cytochrome b (324 bp)

AC BT NG GB TQ BC NB NGR Threshold value
(a)
AC 0.004
BT 0.096 0.000
NG 0.094 0.092 0.005
GB 0.044 0.126 0.108 0.000
TQ 0.084 0.033 0.083 0.104 0.000
NC 0.097 0.098 0.010 0.114 0.083 0.000
NB 0.087 0.085 0.076 0.097 0.090 0.085 0.000
NGR 0.082 0.080 0.067 0.083 0.078 0.069 0.076 0.001
AC BT NG GB TQ NC NB NGR Threshold value
(b)
AC 0.016
BT 0.196 0.001
NG 0.185 0.154 0.011
GB 0.094 0.171 0.193 0.002
TQ 0.177 0.124 0.157 0.161 0.005
NC 0.183 0.163 0.029 0.185 0.164 0.000
NB 0.163 0.158 0.091 0.184 0.134 0.085 0.000
NGR 0.178 0.162 0.050 0.179 0.147 0.055 0.063 0.057
AC BT NG GB TQ NC NB NGr Threshold value
(c)
AC 0.007
BT 0.183 0.000
NG 0.216 0.224 0.005
GB 0.152 0.236 0.224 0.000
TQ 0.204 0.096 0.226 0.222 0.000
NC 0.225 0.203 0.042 0.218 0.205 0.000
NB 0.167 0.203 0.128 0.191 0.195 0.123 0.000
NGR 0.197 0.220 0.075 0.221 0.231 0.096 0.101 0.100

AC Antilope cervicapra (Blackbuck), BT Boselaphus tragocamelus (Nilgai), NG Nemorhedus goral (Himalayan goral), GB Gazella bennettii
(Chinkara), TQ Tetracerus quadricornis (Chousingha) and NC Naemorhedus caudatus (Chinese goral), NB Naemorhedus baileyi (Red goral),

NGR Naemorhedus griseus (Chinese goral)

16S rRNA genes (NCBI GenBank Accession No. Cyt b:
MK951753-MK951763; COL: MK951764-MK951772; 16S
rRNA: MK934773- MK934779) of Blackbuck sequences
generated in the present study as well as from those retrieved
from the NCBI. Haplotype diversity (Hd) in Blackbuck
was highest using COI gene (0.9138) whereas nucleotide
diversity was highest (0.00704) using Cyt b gene (Table 1).
Blackbuck population exhibited overall low nucleotide
diversity (0.005) and high haplotype diversity (0.7826) when
compared with other ungulate species viz. Oryx gazelle,
Naemorhedus baileyi, Cervus elephus hanglu [22, 36, 40,

41]. These results imply that Blackbuck population might
have experienced recent population expansion. Bayesian-
based phylogenetic tree generated based on all three mito-
chondrial genes revealed shallow intra-species divergence
with a strong posterior probability support value (0.98) and
supported a monophyletic status for delineating species
in relation to other closely related bovid antelope species
(Fig. 2). Despite, high haplotype diversity across Blackbuck
populations, the pattern of low nucleotide diversity indicates
the presence of marginal differences among different hap-
lotypes. Further, this can be corroborated with the presence
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of single clade containing samples of different geographic
locations (with high posterior support) (Fig. 2). This may
also indicate the presence of historical high maternal gene
flow across its distribution range and thus resulted in poor
geographic differentiation or population sub-structuring in
spite of contemporary fragmentation in habitat.

Conclusion

We found overall high intra-species sequence divergence
between haplotype (H) calculated using Kimura-2 param-
eter genetic distances in the COI gene compare to Cyt b
and 16S rRNA in the Blackbuck but interspecies sequence
divergence was high in the Cyt b than COI gene. Besides,
sequence divergence (genetic distance) and coalescent-tree
based approaches for species recognition revealed the sig-
nificant intra-specific segregation between Blackbuck and
other conspecific species with higher bootstrap values. Our
finding also corroborated with previous work specifically
on FINS and application of these studies in the wildlife
offences, however these study was restricted over the small
geographic region whereas we sampled and covered com-
paratively larger distribution range of Blackbuck in India.
Present study also assessed the genetic diversity as well
as the suitability of FINS, in delineating Blackbuck cov-
ering samples from extensive geographic ranges. Use of
COI and Cytb genes offered better means for identification
of Blackbuck because of high genetic divergence indices,
compared to 16S rRNA that showed low genetic diver-
gence. Because of the presence of false positive sequences
in the public domain/database, we suggest that exclusive
use of BLAST search in species assignment should be
avoided. Therefore, we recommend using FINS and coa-
lescent tree-based approaches for species assignment of
wildlife parts.

Acknowledgements The authors are thankful to the Director, Dean and
Research Coordinator, Wildlife Institute of India (WII), Dehradun, for
their strong support. The authors would like to thank Nodal Officer of
Wildlife Forensic Cell for providing laboratory facilities during Ph.D.
research work. Authors extend their sincere thanks to Director General
and Dean Gujarat Forensic Sciences University (GFSU); and Director,
Institute of Forensic Science, GFSU for their kind support during Ph.D.
work. We also acknowledge University Grant Commission, New Delhi
for providing fellowship in the form of JRF/SRF to MS. Contribu-
tion of Forest Department across India is acknowledged for extending
valuable support in establishing a repository of reference samples at
the Institute.

Compliance with ethical standards

Conflict of interest On behalf of all authors, the corresponding author
states that there is no conflict of interest. The authors have no funding
or financial support for wet-lab analysis.

@ Springer

Ethical statement Ethical approval was not required for this study
because most of the samples were procured from a reference reposi-
tory of WII and non-invasively collected from field sampling in India.

References

1. Schipper J, Chanson JS, Chiozza F, Cox NA, Hoffmann M,
Katariya V, Lamoreux J, Rodrigues AS, Stuart SN, Temple HJ,
Baillie J, Young BE (2008) The status of the world’s land and
marine mammals: diversity, threat, and knowledge. Science
322:225. https://doi.org/10.1126/science.1165115

2. Chauhan N (1999) Evaluation of crop damage in the eco-develop-
ment project area to suggest mitigating measures. FREEP-GHNP
research project, Wildlife Institute of India, Dehradun

3. Mallon D, Kingswood SC (2001) Antelopes: global survey and
regional action plans. [UCN. http://www.iucn.org. Accessed 15
June 2017

4. Mallon DP (2008) Antilope cervicapra. The IUCN red list of
threatened species 2008. IUCN, Gland. http://dx.doi.org/10.2305/
IUCN.UK.2008.RLTS.T1681A6448761.en%0ADisclaimer.
Accessed 15 June 2017

5. Jhala YV, Isvaran K (2016) The ecology of large herbivores
in South and Southeast Asia. In: Ahrestani S, Sankaran M
(eds) Ecological studies, vol 225. Springer, Berlin. https://doi.
org/10.1007/978-94-017-7570-0

6. Kocher TD, Thomas WK, Meyer SV, Edwards A, Paabo A,
Villablanca FX (1989) Dynamics of mitochondrial DNA evolu-
tion in animals : amplification and sequencing with conserved
primers. Proc Natl Acad Sci USA 86(August):6196-6200

7. Folmer O, Black M, Hoeh W, Lutz R, Vrijenhoek R (1994) DNA
primers for amplification of mitochondrial cytochrome c oxidase
subunit [ from diverse metazoan invertebrates. Mol Mar Biol Bio-
technol 3:294-9

8. Hsieh HM, Chiang HL, Tsai LC, Lai SY, Huang NE, Linacre A,
Lee JCI (2001) Cytochrome b gene for species identification of
the conservation animals. Forensic Sci Int 122(1):7-18. https://
doi.org/10.1016/S0379-0738(01)00403-0

9. Verma S, Singh L (2003) Novel universal primers establish iden-
tity of an enormous number of animal species for forensic applica-
tion. Mol Ecol Notes. https://doi.org/10.1046/j.1471-8286

10. Wan QH, Wu H, Fujihara T, Fang SG (2004) Which genetic
marker for which conservation genetics issue? Electrophoresis
25(14):2165-2176. https://doi.org/10.1002/elps.200305922

11. Hajibabaei M, Singer GAC, Hebert PDN, Hickey DA (2007)
DNA barcoding : how it complements taxonomy, molecular phy-
logenetics and population genetics. Trends Genet. https://doi.
org/10.1016/j.tig.2007.02.001

12. Kerr KCR, Stoeckle MY, Dove CJ, Weigt LA, Francis CM,
Hebert PDN (2007) Comprehensive DNA barcode coverage of
North American birds. Mol Ecol Notes. https://doi.org/10.111
1/j.1471-8286.2006.01670.x

13. Borisenko AV, Lim BK, Ivanova NV, Hanner RH, Hebert PDN
(2008) DNA barcoding in surveys of small mammal communities
: a field study in Suriname. Mol Ecol Notes. https://doi.org/10.11
11/j.1471-8286.2007.01998.x

14. Sen CY, Zhang L, Shen FJ, Zhang WP, Hou R, Yue BS, Li J,
Zhang ZH (2011) DNA barcoding of 18 species of Bovidae.
Chin Sci Bull 56(2):164-168. https://doi.org/10.1007/s1143
4-010-4302-1

15. Kumar A, Ghazanfar M, Ghazi U, Singh B, Hussain SA (2017)
Conserve primers for sequencing complete ungulate mitochon-
drial cytochrome c oxidase I (COI) gene from problematic and


https://doi.org/10.1126/science.1165115
http://www.iucn.org
http://dx.doi.org/10.2305/IUCN.UK.2008.RLTS.T1681A6448761.en%250ADisclaimer
http://dx.doi.org/10.2305/IUCN.UK.2008.RLTS.T1681A6448761.en%250ADisclaimer
https://doi.org/10.1007/978-94-017-7570-0
https://doi.org/10.1007/978-94-017-7570-0
https://doi.org/10.1016/S0379-0738(01)00403-0
https://doi.org/10.1016/S0379-0738(01)00403-0
https://doi.org/10.1046/j.1471-8286
https://doi.org/10.1002/elps.200305922
https://doi.org/10.1016/j.tig.2007.02.001
https://doi.org/10.1016/j.tig.2007.02.001
https://doi.org/10.1111/j.1471-8286.2006.01670.x
https://doi.org/10.1111/j.1471-8286.2006.01670.x
https://doi.org/10.1111/j.1471-8286.2007.01998.x
https://doi.org/10.1111/j.1471-8286.2007.01998.x
https://doi.org/10.1007/s11434-010-4302-1
https://doi.org/10.1007/s11434-010-4302-1

Molecular Biology Reports (2019) 46:6187-6195

6195

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

decomposed biological samples. Mitochondrial DNA Part B
Resour. https://doi.org/10.1080/23802359.2016.1247672

. Bartlett SE, Davidson WS (1992) FINS (Forensically informative

nucleotide sequencing): a procedure for identifying the animal
origin of biological specimens. Biotechniques 12:408-411
Chapela MJ, Sotelo CG, Calo-Mata P, Pérez-Martin RI, Rehbein
H, Hold GL, Quinteiro J, Rey-Méndez M, Rosa C, Santos AT
(2002) Identification of cephalopod species (Ommastrephidae
and Loliginidae) in seafood products by forensically informative
nucleotide sequencing (FINS). J Food Sci 67(5):1672—1676. https
://doi.org/10.1111/§.1365-2621.2002.tb08703.x

Prenda J, Blanco-garrido F (2008) Eurasian otter (Lutra lutra)
diet and prey selection in Mediterranean streams invaded by
centrarchid fishes. Biol Invasions 10(5):641-648. https://doi.
org/10.1007/s10530-007-9158-1

Thakur M, Javed R, Kumar VP, Shukla M, Singh N, Maheshwari
A, Mohan N, Wu DD, Zhang YP (2017) DNA forensics in com-
bating food frauds: a study from China in identifying canned meat
labelled as deer origin. Curr Sci 112(12):2449-2452. https://doi.
org/10.18520/cs/v112/i12/2449-2452

Guha S, Kashyap VK (2006) Molecular identification of lizard
by RAPD & FINS of mitochondrial 16 s rRNA gene. Leg Med
8(1):5-10. https://doi.org/10.1016/j.legalmed.2005.07.001
Sahajpal V, Goyal SP (2010) Identification of a forensic case using
microscopy and forensically informative nucleotide sequencing
(FINS): a case study of small Indian civet (Viverricula indica). Sci
Justice 50(2):94-97. https://doi.org/10.1016/j.scijus.2009.07.002
Kumar VP, Shukla M, Rajpoot A, Thakur M, Nigam P, Kumar
D, Mehta AK, Goyal SP (2018) DNA barcoding as a tool for
robust identification of cervids of India and its utility in wildlife
forensics. Mitochondrial DNA Part B Resour 3(1):250-255. https
://doi.org/10.1080/23802359.2018.1438858

Kumar V, Sharma N, Sharma A (2017) DNA barcoding of the
Indian blackbuck (Antilope cervicapra) and their correlation with
other closely related species. Egypt J Forensic Sci 7(1):31. https
://doi.org/10.1186/s41935-017-0034-6

Meena R, Saran RP (2018) Distribution, ecology and conservation
status of blackbuck (Antilope cervicapra): an update. Int J Biol
Res 3(1):79-86

Palumbi S, Martin A, Romano S, McMillan OW, Stice L,
Grabowski G (1991) The simple fool’s guide to PCR version 2.
Honolulu Department of Zoology and Kewalo Marine Laboratory,
University of Hawaii, Honolulu

Hall T (1999) BioEdit: a user-friendly biological sequence align-
ment editor and analysis program for Windows 95/98/NT. In:
Nucleic acids symposium series, vol. 41, Article-ID: 691774, pp.
95-98

Bouckaert R, Heled J, Khnert D, Vaughan T, Wu CH, Xie D,
Suchard MA, Rambaut A, Drummond AJ (2014) BEAST 2: a
software platform for Bayesian evolutionary analysis. PLoS Com-
put Biol 10(4):1-6. https://doi.org/10.1371/journal.pcbi.1003537
Nylander JAA (2004) Mr Modeltest v2. Program Distributed by
the Author Evolutionary Biology Centre. Uppsala University,
Uppsala

Tamura K, Stecher G, Peterson D, Filipski A, Kumar S (2013)
MEGAG6: molecular evolutionary genetics analysis version 6.0.
Mol Biol Evol 30(12):2725-2729. https://doi.org/10.1093/molbe
v/mst197

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

Librado P, Rozas J (2009) DnaSP v5: a software for compre-
hensive analysis of DNA polymorphism data. Bioinformatics
25(11):1451-1452. https://doi.org/10.1093/bioinformatics/btp187
DeSalle R, Brower AV (1997) Process partitions, congruence,
and the independence of characters: inferring relationships among
closely related Hawaiian Drosophila from multiple gene regions.
Syst Biol 46(4):751-764

Negi R, Joshi BD, Johnson JA, Goyal S (2016) Identifying Puntius
species using DNA barcodes: implication in wildlife forensics. Int
J Mol Zool 6(2):1-5. https://doi.org/10.5376/ijmz.2016.06.0002
Ahmad K, Kumar VP, Joshi BD, Raza M, Nigam P, Khan AA,
Goyal SP (2016) Genetic diversity of the Tibetan antelope (Pan-
tholops hodgsonii) population of Ladakh, India, its relationship
with other populations and conservation implications. BMC Res
Notes 9(1):477. https://doi.org/10.1186/s13104-016-2271-4
Wronski T, Wacher T, Hammond RL, Winney B, Hundertmark
KJ, Blacket MJ, Bleidorn C (2010) Two reciprocally monophyl-
etic mtDNA lineages elucidate the taxonomic status of Mountain
gazelles (Gazella gazella). Syst Biodivers 8(1):119-129. https://
doi.org/10.1080/14772001003613192

Kumar A, Ghazi MGU, Hussain SA, Bhatt D, Gupta SK (2017)
Mitochondrial and nuclear DNA based genetic assessment indi-
cated distinct variation and low genetic exchange among the
three subspecies of swamp deer (Rucervus duvaucelii). Evol Biol
44(1):31-42. https://doi.org/10.1007/s11692-016-9387-2
Mukesh KV, Sharma LK, Shukla M, Sathyakumar S (2015) Prag-
matic perspective on conservation genetics and demographic his-
tory of the last surviving population of kashmir red deer (cervus
elaphus hanglu) in India. PLoS ONE 10(2):1-19. https://doi.
org/10.1371/journal.pone.0117069

Yan D, Luo JY, Han YM, Peng C, Dong XP, Chen SL, Sun LG,
Xiao XH (2013) Forensic DNA barcoding and bio-response stud-
ies of animal horn products used in traditional medicine. PLoS
ONE 8(2):1-9. https://doi.org/10.1371/journal.pone.0055854
Tobe SS, Kitchener AC, Linacre AMT (2010) Reconstructing
mammalian phylogenies: a detailed comparison of the cytochrome
b and cytochrome oxidase subunit i mitochondrial genes. PLoS
ONE 5(11):e14156. https://doi.org/10.1371/journal.pone.00141
56

Puillandre N, Lambert A, Brouillet S, Achaz G (2012) ABGD,
automatic barcode gap discovery for primary species delimita-
tion. Mol Ecol 21(8):1864—1877. https://doi.org/10.1111/j.1365-
294X.2011.05239.x

Masembe C, Muwanika VB, Nyakaana S, Arctander P, Siegis-
mund HR (2006) Three genetically divergent lineages of the Oryx
in eastern Africa: evidence for an ancient introgressive hybridiza-
tion. Conserv Genet 7(4):551-562. https://doi.org/10.1007/s1059
2-005-9066-9

Xiong H, Barker SC, Burger TD, Raoult D, Shao R (2013) Het-
eroplasmy in the mitochondrial genomes of human lice and ticks
revealed by high throughput sequencing. PLoS ONE 8(9):1-9.
https://doi.org/10.1371/journal.pone.0073329

Publisher’s Note Springer Nature remains neutral with regard to
jurisdictional claims in published maps and institutional affiliations.

@ Springer


https://doi.org/10.1080/23802359.2016.1247672
https://doi.org/10.1111/j.1365-2621.2002.tb08703.x
https://doi.org/10.1111/j.1365-2621.2002.tb08703.x
https://doi.org/10.1007/s10530-007-9158-1
https://doi.org/10.1007/s10530-007-9158-1
https://doi.org/10.18520/cs/v112/i12/2449-2452
https://doi.org/10.18520/cs/v112/i12/2449-2452
https://doi.org/10.1016/j.legalmed.2005.07.001
https://doi.org/10.1016/j.scijus.2009.07.002
https://doi.org/10.1080/23802359.2018.1438858
https://doi.org/10.1080/23802359.2018.1438858
https://doi.org/10.1186/s41935-017-0034-6
https://doi.org/10.1186/s41935-017-0034-6
https://doi.org/10.1371/journal.pcbi.1003537
https://doi.org/10.1093/molbev/mst197
https://doi.org/10.1093/molbev/mst197
https://doi.org/10.1093/bioinformatics/btp187
https://doi.org/10.5376/ijmz.2016.06.0002
https://doi.org/10.1186/s13104-016-2271-4
https://doi.org/10.1080/14772001003613192
https://doi.org/10.1080/14772001003613192
https://doi.org/10.1007/s11692-016-9387-2
https://doi.org/10.1371/journal.pone.0117069
https://doi.org/10.1371/journal.pone.0117069
https://doi.org/10.1371/journal.pone.0055854
https://doi.org/10.1371/journal.pone.0014156
https://doi.org/10.1371/journal.pone.0014156
https://doi.org/10.1111/j.1365-294X.2011.05239.x
https://doi.org/10.1111/j.1365-294X.2011.05239.x
https://doi.org/10.1007/s10592-005-9066-9
https://doi.org/10.1007/s10592-005-9066-9
https://doi.org/10.1371/journal.pone.0073329

	Investigating the genetic diversity and presence of forensically informative nucleotide sequences in Indian antelope (Antilope cervicapra) using multiple genes of the mitochondrial genome
	Abstract
	Introduction
	Materials and methods
	Collection of samples
	DNA extraction and PCR amplification

	Data analysis
	Results and discussion
	Informative nucleotide sites in Blackbuck population
	Inter and intra-specific genetic distance
	Genetic diversity indices

	Conclusion
	Acknowledgements 
	References




