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This article reports a case study, where DNA barcoding technique 

uses mitochondrial cytochrome C oxidase subunit 1 (CO1) gene 

analysis that has been applied to suspected degraded animals for 

species identification to investigate a wildlife crime. In present case 

study, by comparing the query sequences with the reference sequences 

generated in the laboratory, reveals that the suspected degraded animal 

body was of Blackbuck (Antilope cervicapra). Results highlights the 

importance of the standardized short DNA fragment as a cost effective 

Wildlife Forensic Tool (WFT) in order to development of barcoding 

database from each country to assist in wildlife related crimes. 
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Introduction:- 
Although the Government of India has protected the wildlife under the Wildlife (Protection) Act 1972 (Sahajpal et 

al., 2009) with the aim of effectively controlling the crime against wildlife. Identification of particular wildlife 

species is one of the essential and critical issues for wildlife investigative agencies. Wildlife forensic is a very broad 

discipline and investigative agencies have to deal with a plethora of species, which are protected or not protected by 

laws. The failure of our crime investigation system is mainly due to lack of reference materials and optimal 

authenticated genetic markers for many of the wildlife species, leading to the hampered identification results (Tobe 

and Linacre, 2010; Iyengar, 2014).   

 

DNA barcoding (the standardized short  DNA  fragment)
 
has been considered one of the most effective, powerful 

wildlife forensic tools (WFT) for species identification or to differentiate, even from degraded or processed pieces of 

biological materials (Hebert et. al., 2003; Ferri et.al., 2009; Kumar et.al., 2012). This technique having wide 

acceptance not just because of its reliability and validity of species identification, but also due to the universality of 

the same set of universal PCR primers for a broad taxon range of amplification and identification (Hebert and 

Gregory, 2005).  

 

The advent of molecular techniques plays a crucial role in forensic casework. Molecular species identification is an 

attempt to compare an unknown biological sample to a known reference sample by matching sequences of genes 

(Ogden et. al., 2009; Johnson,et.al., 2014). In this case study, Cytochrome C oxidase subunit I (COI) region of the 

mitochondrial was used as DNA barcode gene and sequenced by using universal primers to identify the species of 

unknown samples. The introduction of DNA barcoding highlighted the expanding use of mitochondrial COI gene as 

a genetic marker, considered that the barcode sequence ideal for effective species identification (Iyengar, 2014; 

Hebert et al., 2003; Dawnay et. al., 2007; Linacre and Tobe, 2011). In the present study, mitochondrial COI 
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sequencing was used to identify species to solve a wildlife offense involving Blackbuck (Antilope cervicapra). The 

partial sequences of COI gene are used for identification of species in the forensic investigation because it showed a 

high degree of sequence similarity to corresponding sequences in searching the database.   

 

Materials and Methods:-   
Case History and Sample Collection:- 

Hisar range, wildlife officer, wildlife department, Haryana forwarded a seized degraded body of an animal to the 

pathology department LUVAS University, Hisar for postmortem analysis to resolve animal identity, with a 

suspicion that a wildlife crime had been committed and suspected animal body must be a Blackbuck (Antilope 

cervicapra) (also known as an Indian antelope, is protected under schedule-I of the wildlife protection act of 1972) 

(Sahajpal et al., 2009). The study tissue sample was collected during the postmortem analysis and meanwhile two 

known blood samples of the Blackbuck as a reference samples were collected for comparative study from the Hisar 

deer park during a veterinary check-up, stored at -20°C and 4°C respectively (Kumar and Neelkamal, 2015). 

Permission for this scientific research work and biological sample collection is granted by the MoEF&CC (Ministry 

of Environment, Forest and Climate Change) (Wildlife Division) Government of India vide letter no 1-56/2016WL 

and by the Forest Department Haryana (wildlife division) 87/11-04-16 respectively.  

 

DNA extraction, PCR amplification, and sequencing to Establish the Identity:- 

Total genomic DNA was extracted from the collected biological samples within 10 days after collection. Tissue 

sample was chopped into fine small pieces and grind into the fine powder using liquid nitrogen. DNA extractions 

(from both tissue and blood) were performed using DNeasy blood and tissue Kit (Qiagen, Valencia, CA, USA) with 

the supplied reagents and protocol (with a little modification by enhancing cell lysis time to 3-4 hours).  

 

All PCR amplifications of a portion of the mitochondrial COI gene were performed in a volume of 25 µl of reaction 

PCR Buffer, 2.5 mM MgCl2, 0.2 mM of each of dNTPs, 10 pM each of forward and reverse primers LCO and HCO 

(Folmer et al. 1994) one units of AmpliTaq Gold polymerase (Applied Biosystems) and 30–40 ng of purified DNA. 

Amplification was carried out for an initial 5 min at 95°C followed by 35 cycles at 95°C, 54°C, each for 45 sec and 

72°C for 1 min, and a final elongation step for 7 min at 72°C in a Takara PCR System 9700. The PCR products were 

confirmed in 1.2% agarose gel stained with ethidium bromide and obtained product were subjected to sequencing. 

These obtained PCR products were sequenced (Eurofins Genomics India) on both strands and results were checked, 

analyzed and edited in Chromas 2.4 (Technelysium Pty Ltd., South Brisbane, Australia. 

 

Results and Discussion:- 
The obtained partial sequences of the COI gene were blasted for similarity against non-redundant sequence database 

using NCBI-BLAST program (National Center for Biotechnology Information-Basic Local Alignment Search Tool) 

(Altschul et al., 1990; Johnson et. al., 2008; Dennis et. al., 2013). The sequences were aligned along with the help of 

the corresponding sequences of closely related species extractive from NCBI-GenBank database and reference 

sequences generated in the laboratory, were aligned and neighbor-joining (NJ) tree (with of the K2P distance model) 

was created using MEGA v7.0 software (Kumar et. al., 2016) and BioEdit v7.2.6 software(Hall, 2011).  

 

The degree of sequence similarity search in NCBI database showing 99% similarity with COI sequence of 

Blackbuck (Antilope cervicapra) (NCBI Accession no. KX012634.1 and KT372100.1) and showing 100% sequence 

similarity with COI sequence of two known reference samples of Blackbuck generated in our laboratory. The 

generated COI sequences (Showing in Table 1) were aligned using BioEdit software. Figure 1 showed the 

phylogenetic tree (NJ) based on the CO1 sequences using the reference sequence, query sequences and sequences of 

closely related species obtained from the NCBI GenBank database 

 

The results clearly conclude that mitochondrial COI gene sequences can forensically differentiate Blackbuck with 

other related species. With these results we confidently evident that in the present study, the forensic sample are that 

of Blackbuck (Antilope cervicapra) which is Schedule I animal, protected under the Wildlife (Protection) Act 1972, 

Government of India.  

Table 1: Showing the alignment of COI gene sequence (align the Query, reference and NCBI reference database 

sequences) using the BioEdit software. Each dot ‘.’ in the aligned sequence indicates the identical nucleotide base 

(G, C, A, T)  to the one at the corresponding position in the sequence of Query and the position of ‘A’, ‘G’, ‘C’‘T’ 

indicates the sequence differences between the aligned samples. 
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                 ....|....| ....|....| ....|....| ....|....| ....|....|  

                          10         20         30         40         50              

Query Seq        GGTTGTATTT AGGTTTCGGT CTGTTAGAAG TATTGTAATG CCAGCAGCTA  

Reference Seq1   .......... .......... .......... .......... ..........  

Reference Seq2   .......... .......... .......... .......... ..........  

KX012634.1       .......... .......... .......... .......... ..........  

KT372100.1       .......... .......... .......... .......... ..........  

                 ....|....| ....|....| ....|....| ....|....| ....|....|  

                          60         70         80         90        100             

Query Seq        GTACAGGAAG TGAAAGGAGT AGAAGTACGG CGGTAATTAA AACAGATCAC  

Reference Seq1   .......... .......... .......... .......... ..........  

Reference Seq2   .......... .......... .......... .......... ..........  

KX012634.1       .......... .......... .......... .......... ..........  

KT372100.1       .......... .......... .......... .......... ..........  

                 ....|....| ....|....| ....|....| ....|....| ....|....|  

                          110        120        130        140        150         

Query Seq        ACAAATAGAG GGGTTTGATA TTGCGATATT GCGGGAGGTT TTATATTAAT  

Reference Seq1   .......... .......... .......... .......... ..........  

Reference Seq2   .......... .......... .......... .......... ..........  

KX012634.1       .......... .......... .......... .......... ..........  

KT372100.1       .......... .......... .......... .......... ..........  

                 ....|....| ....|....| ....|....| ....|....| ....|....|  

                          160        170        180        190        200         

Query Seq        AATTGTTGTA ATAAAGTTAA TGGCACCTAA GATTGAGGAG ACACCTGCCA 

Reference Seq1   .......... .......... .......... .......... .......... 

Reference Seq2   .......... .......... .......... .......... .......... 

KX012634.1       .......... .......... .......... .......... .......... 

KT372100.1       .......... .......... .......... .......... ..........  

                 ....|....| ....|....| ....|....| ....|....| ....|....|  

                          210        220        230        240        250         

Query Seq        GGTGAAGAGA GAAGATGGTT AGATCTACTG AAGCACCTGC GTGGGCCAGG  

Reference Seq 1  .......... .......... .......... .......... ..........  

Reference Seq 2  .......... .......... .......... .......... ..........  

KX012634.1       .......... .......... .......... .......... ..........  

KT372100.1       .......... .......... .......... .......... ..........  

                 ....|....| ....|....| ....|....| ....|....| ....|....|  

                          260        270        280        290        300         

Query Seq        TTGCCCGCTA GAGGAGGGTA TACGGTTCAG CCTGTCCCTG CTCCTGCTTC  

Reference Seq1   .......... .......... .......... .......... ..........  

Reference Seq2   .......... .......... .......... .......... ..........  

KX012634.1       .......... .......... ...A...... .......... ..........  

KT372100.1       .......... .......... ...A...... .......... ..........  

                 ....|....| ....|....| ....|....| ....|....| ....|....|  

                          310        320        330        340        350         

Query Seq        AACTATAGAA GATGCTAGGA GCAATAGAAA AGAGGGAGGG AGAAGTCAGA  

Reference Seq1   .......... .......... .......... .......... ..........  

Reference Seq2   .......... .......... .......... .......... ..........  

KX012634.1       .......... .......... .T........ ......G... ..........  

KT372100.1       .......... .......... .......... .......... ..........  

                 ....|....| ....|....| ....|....| ....|....| ....|....|  

                          360        370        380        390        400         

Query Seq        AGCTCATGTT GTTTATTCGG GGGAATGCTA TGTCGGGAGC GCCAATTATT  

Reference Seq1   .......... .......... .......... .......... ..........  

Reference Seq2   .......... .......... .......... .......... ..........  

KX012634.1       .......... .......... .......... .......... ..........  

KT372100.1       .......... .......... .......... .......... ..........  

                 ....|....| ....|....| ....|....| ....|....| ....|....|  

                          410        420        430        440        450         

Query Seq        AGGGGGACTA GTCAATTGCC AAATCCTCCG ATTATAATAG GTATTACTAT  

Reference Seq1   .......... .......... .......... .......... ..........  

Reference Seq2   .......... .......... .......... .......... ..........  

KX012634.1       .......... .......... .......... .......... ..........  

KT372100.1       .......... .......... .......... .......... ..........  
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                 ....|....| ....|....| ....|....| ....|....| ....|....|  

                          460        470        480        490        500         

Query Seq        AAAGAAAATT ATTACGAATG CATGTGCAGT TACGACTACA TTATAAATCT  

Reference Seq1   .......... .......... .......... .......... ..........  

Reference Seq2   .......... .......... .......... .......... ..........  

KX012634.1       .......... .......... .......... .......... ..........  

KT372100.1       .......... .......... .......... .......... ..........  

                 ....|....| ....|....| ....|....| ....|....| ....|....|  

                          510        520        530        540        550         

Query Seq        GATCATCTCC GAGCAAAGTT CCGGGTTGGC CTAATTCAGC ACGAATTAAT  

Reference Seq1   .......... .......... .......... .......... ..........  

Reference Seq2   .......... .......... .......... .......... ..........  

KX012634.1       .......... ...T...... .......... .......... ..........  

KT372100.1       .......... ...T...... .......... .......... ..........  

                 ....| 

                          

Query Seq        AAGC 

Reference Seq1   .... 

Reference Seq2   .... 

KX012634.1       .... 

KT372100.1       .... 

 
Figure 1:- Showing phylogenetic tree analysis (K2P model -Neighbor-Joining method) using COI gene sequence. 

 

Discussion and Conclusion:-  
Various studies have proved and validated the importance of DNA barcoding COI gene as a molecular forensic 

technique for the application in species identification (Hebert and Gregory, 2005; Linacre and Tobe, 2011; Dalton 

and Kotze, 2011). Whereas, validity and accuracy of this method highly rely on the submitted database data quality, 

misidentification, leads to wrong interpretation (Kumar et al., 2012). In this study, we use localized reference 

datasets to eliminate misinterpretation. The output of the present investigative study demonstrates that the question 

forensic sample is that of the Blackbuck, which might help to the investigative agencies to solve the case.  
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Results highlights the importance of DNA barcoding (the standardized short DNA fragment) as a valuable cost 

effective powerful wildlife forensic tool (WFT) for the identification of the wildlife species. And also emphasizing 

the need of accurate wildlife reference material from each country in order to convict wildlife cases and to support in 

the development and expansion of comprehensive wildlife reference barcoding databases to assist with future 

forensic investigations (Dalton and Kotze, 2011). The partial sequences for COI gene generated from the present 

study were submitted to the NCBI GenBank and Bold (Barcode of life database) database system vide Accession 

No. KX524519.1 and KABIR001-17 respectively. 
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