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Abstract

Species identification through visual examination and feather morphometrics is a challenging task for
law enforcement agencies in enforcing the Wildlife Protection Act (WPA). In the present study, DNA
was extracted by a non-invasive method, i.e., from scattered shed feathers of Antigone antigone
antigone, the Indian Sarus Crane, in the paddy fields collected during the field survey. Three
mitochondrial genes (COI, Cytochrome b and 16s rRNA) were amplified using universal primers for
species identification. The homologous sequences were retrieved using NCBI-GenBank for each
generated sequence of the three genes. Neighbour-Joining and Maximum Parsimony trees in FINS
analysis identified the species from the individual feather with strong bootstrap support. The study
highlighted the importance of shed feathers in identifying the species and their applicability in wildlife
forensic cases using the FINS approach.
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Introduction

Molecular phylogenetics, or the study of the evolution of genetic sequences, employs a phylogenetic
tree based on similarities and changes in their genetic and/or physical traits. It provides the evolutionary
linkages between various species and gene markers. A combination of both molecular and statistical
methods is applied in the phylogenetic analysis to establish the evolutionary relationships between
genes and species. Forensically Important Nucleotide Sequences (FINS) are tools for identifying
organisms based on their genetic variations. The concept of FINS was proposed to identify the origin
of animal food products and has since been extensively applied in forensic investigations (Bartlett &
Davidson, 1992). DNA sequencing can retrieve maximum molecular information from a particular DNA
region. Polymorphism of the resultant nucleotide sequences provides information to distinguish closely
related species from distantly related species and also between genuine food products, meat, medicinal
materials and adulterants. Phylogenetic studies of unknown samples together with reference species
is the principle behind FINS. Sequence alignment is accomplished using phylogenetic analysis to
investigate informative homologous regions for species identification and analysis. The evolutionary
history of the taxa is reflected in the creation of phylogenetic trees using techniques like maximum
parsimony (MP), maximum likelihood (ML) and Bayesian analysis. Tools such as Multalin, MEGA,
BioEdit and Clustal W facilitate multiple sequence alignments for building phylogenetic trees.
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Despite reports of population declines of Sarus Cranes and the importance of genetic studies to
biological conservation, limited studies have been attempted on the genetic variation among the
population of A. antigone across their entire distribution using dead-shed feathers. The study also
attempts to generate relevant data and genetic uniqueness at the molecular level, along with the
phylogenetic structure of the genes in this species. An attempt to assess the genetic diversity of various
genes from the mitochondrial DNA (mtDNA), namely, Cytochrome oxidase | (COI), Cytochrome b (Cyt
b) and the 16s rRNA genes from the shed feather pools from Etawah and Mainpuri districts of Uttar
Pradesh, along with reference to the published sequences from Genbank for the same genes. It
focuses on establishing a ‘non-invasive’ phylogenetic identification system for avian species and
assessing the levels of genetic diversity and differentiation among them.

Material and Methods

Shed feather samples were collected from the ground, near the nests and confirmed territories of
breeding pairs of A. antigone from the Sarsai Nawar Wetland (26.96223°N, 79.23415°E), Uttar Pradesh.
Since the sex and the developmental stage of the individual bird could not be ascertained by only
looking at the feather samples, all the collected feathers from a nest were pooled as a single sample
for analysis. Each sample was stored in a labelled dry plastic bag and brought to the lab at ambient
temperature for later use. The calamus of good-quality feathers was used for DNA extraction. Genomic
DNA was extracted using the Nucleospin Tissue XS Extraction Kit (Macherey-Nagel GmbH & Co.,
Germany) as per the instructions in the manufacturer's protocol (Dubey & Prakash 2025). The quality
and quantity of isolated DNA were analysed following Green and Sambrook (2012).

COl, Cytb and 16s rRNA gene sequences from the extracted genomic DNA were amplified by
polymerase chain reaction (PCR) using primers given in Table 1. Genomic DNA amplification was
carried out in reaction mixtures of 50 pl. Each reaction mixture contained 10 mM Tris-HCI (pH 8.5), 2u
Taq polymerase, 200 p dNTPs mix, 1.5 mM MgCI2, and 50 mM KCI, 1 ul each of forward and reverse
primer, with 60 ng of template DNA. PCR cycle conditions are given in Table 2. PCR products were
electrophoresed in 1.5% agarose gel and DNA bands were visualized under a UV Trans-illuminator
using a 100 bp ladder (Takara Bio). All the amplified fragments were sequenced with the forward primer
by the dideoxy chain termination method (Sanger’s Sequencing Method) (Sanger et al., 1977).

Table 1: Primer Set used for Amplification of Different Genes of Interest

Sl.no Gene of Primer Sequence Reference
Interest
1 16S rRNA 16SrRNA- GCCTGTTTACCAAAAACATCAC Mitchell et al.,
Forward 16S CTCCATAGGGTCTTCTCGTCTT 1993
rRNA-Reverse
2 Cytochr-ome B mcb398 TACCATGAGGACAAATATCATTCTG Verma and Singh,
mcbh869 CCTCCTAGTTTGTTAGGGATTGATCG 2003
3 COl CF GCACAGGATGGACAGTTTAC Hebert &
CR ATAGCATAGGGGGGTCTCAT Gregory, 2005

Table 2: PCR Cycle Conditions

94°C 94°C 55°C 72°C 72°C
2 min 30sec 45sec Imin 10 min
35 cycles

The forward and reverse sequences were subjected to BLAST analysis to cross-check the sequences
for the three genes. The sequences were analysed and edited using Chromas and a consensus
sequence for both genes was obtained with the help of CLC Sequence viewer. The obtained consensus
sequences were rerun in BLAST, and the first ten sequences showing the highest similarity with the
guery sequence were selected. Multiple Sequence Alignment was done using the multalin software,
which is an E-software for sequence alignment. The sequence files were transported to MEGA X
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(Kumar et al., 2018) for phylogenetic analysis, where multiple sequence alignment was done by
CLUSTAL W. Two kinds of Phylogenic trees were prepared using this alignment

l. Neighbour-joining (NJ) with Kimura 2 Parameter, which takes into account the unequal rates of
evolution of transition and transversion but assumes an equal distribution of nucleotide
composition and

Il Maximum Parsimony (MP) with stepwise addition (1000 replicates) in heuristic search.

All trees were subjected to bootstrap analysis with 1000 replicates to get bootstrap value support.
Nucleotide composition and species-specific variable sites were also studied using MEGA X for each
of the three genes.

Results

COIl gene Analysis. Genetic analysis was done by MEGA X with ten sequences, comparing 623 bp.
In relation to the complete mitochondrial genome of Antigone antigone antigone out of 623 bp
cytochrome oxidase | sequence, there were 599 conserved sites, 12 variable or polymorphic regions
and no parsimony and singleton sites (figure 1a). The nucleotide compositions of the entire sequenced
region of COI (623 bp) are A 29.3%, T/U 26.4%, C 29.3%, and G 15.1%. Phylogenetic study by using
maximum parsimony and neighbour joining algorithms (MEGA X) produced congruent trees (figure 1b)
where the target feather pool forms a subclade with accession number 020581.1 with a high bootstrap
support of 80 to 86% in both algorithms.
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TCARACGTACTAGCC-ACGCCGGAGCGTCAGTAGACCTAGCCATCTTCTCCCTTCACTTAGCAGGTGTATCTTCCATTCTAGGAGCARTCARTTTCATCACAACAGCCATCARCATARARRCCACCAGCCC
CTAGCCCACGCCGGAGCGTCAGTAGACCTAGCCATCTTCTCCCTTCACTTAGCAGGTGTATCTTCCATTCTAGGAGCARTCART TTCATCACARCCGCCATCARCATARARCCACCAGCCC
CTAGCCCACGCCGGAGCTTCAGTAGACCTAGCCATCTTCTCCCTTCACCTAGCAGGTGTATCCTCCATTCTAGGAGCARTCART TTCATTACARCAGCCATCARCATARARCCACCAGCCC
CTAGCCCACGCCGGAGCTTCAGTAGACCTAGCCATCTTCTCCCTTCACCTAGCAGGTGTATCCTCCATTCTAGGAGCARTCART TTCATTACARCAGCCATCARCATARARCCACCAGCCC
CTAGCCCACGCCGGAGCTTCAGTAGACCTAGCCATCTTCTCCCTTCACCTAGCAGGTGTATCCTCCATTCTAGGAGCARTCART TTCATTACARCAGCCATCARCATARARCCACCAGCCC
CTAGCTCACGCCGGAGCTTCAGTAGACCTAGCCATCTTCTCCCTTCACTTAGCAGGTGTATCCTCCATTCTAGGAGCARTCART TTCATCACARCAGCCATCARCATARARCCCCCAGCCT
CTAGCCCACGCCGGAGCTTCAGTAGACCTAGCCATCTTICTCTCTTCACCTAGCAGGTGTATCCTCCATCCTAGGGGCARTCART TTCATCACARCAGCCATCARCATARARCCACCAGCCE
CTAGCCCACGCCGGAGCTTCAGTAGACCTAGCCATCTTCTCTCTTCACCTAGCAGGTGTATCCTCCATCCTAGGGGCARTCARTTTCATCACARCAGCCATCARCATARARCCACCAGCCC
CTAGCCCACGCCGGAGCTTCAGTAGATCTAGCCATCTTTTCCCTCCACTTGGCAGGTGTATCCTCCATTCTAGGGGCARTCARCTTCATCACARCAGCCATCARCATARARCCACCAGCCC
CTAGCCCACGCCGGAGCTTCAGTAGACCTAGCCATCTTCTCCCTTCACTTAGCAGGTGTATCCTCCATTCTAGGGGCARTTARTTTCATCACARCGGCCATTARCATTARRCCACCAGCCC
TAGCCCATGCCGGAGCTTCAGTAGACCTAGCCATCTTCTCCCTTCACTTAGCAGGTGTATCCTCCATTCTAGGGGCARTTARTTTCATCACARCAGCCATCARCATARARCCACCAGCCC

cTAGCeCAcGCCEGAGCL TCAGTAGACCTAGCCATCTTeTCeCTECACL TaGCAGGTGTATCeTCCATLCTAGGEGCAAT cARL TTCATCACAACAGCCATCARCATaARRCCaCCAGCCC
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CTTCGATCCTGCTGGAGGAGGAGACCCAGTCCTGTATCARCATCTCTTCTGATTCT TCGGCCACCCAGARGTTTACATCCTARTCCTTCCAGGTTTTGGARTCATCTCACATGTAGTAARCCTATTACGCA
CTTCGATCCTGCTGGAGGAGGAGACCCAGTCCTGTATCARCATCTCTTCTGATTCTTCGGCCACCCAGAAGTTTACATCCTARTCCTTCCAGGTTTTGGARTCATCTCACATGTAGTAARCCTATTACGCA
CTTCGACCCTGCTGGAGGAGGAGACCCAGTCCTGTACCARCATCTCTTCTGATTCTTCGGCCACCCAGAAGTTTATATCCTARTCCTTCCAGGTTTTGGARTCATCTCACACGTAGTAACCTACTACGCA
CTTCGACCCTGCTGGAGGAGGAGACCCAGTCCTGTACCARCATCTCTTCTGATTCTTCGGCCACCCAGAAGTTTATATCCTARTCCTTCCAGGTTTTGGARTCATCTCACACGTAGTAACCTACTACGCA
CTTCGACCCTGCTGGAGGAGGAGACCCAGTCCTGTACCARCATCTCTTCTGATTCTTCGGCCACCCAGARGTTTATATCCTARTCCTTCCAGGTTTTGGARTCATCTCACACGTAGTARCCTACTACGCA
CTTCGACCCTGCTGGAGGAGGAGACCCARTCCTATATCARCATCTCTTCTGATTCTTCGGCCACCCAGARGTTTATATCCTARTCCTTCCAGGTTTTGGARTCATCTCGCATGTAGTARCCTACTACGCA
CTTCGACCCTGCTGGAGGAGGAGACCCTGTCCTATATCARCATCTCTTCTGATTCT TTGGCCACCCAGARGTTTACATCCTARTCCTCCCAGGT TTCGGARTCATCTCACACGTAGTAARCCTACTACGCA
CTTCGACCCTGCTGGAGGAGGAGACCCTGTCCTATATCARCATCTCTTCTGATTCT TTGGCCACCCAGARGTTTACATCCTARTCCTCCCAGGT TTCGGARTCATCTCACACGTAGTAARCCTACTACGCA
CTTCGACCCTGCTGGEAGGAGGAGACCCAGTCCTGTATCARCACCTCTTCTGATTCT TCGGCCACCCAGARGTTTACATCCTARTCCTCCCAGGTTTTGGARTCATCTCCCACGTAGTAARCCTACTACGCA
CTTCGACCCTGCTGGAGGAGGAGATCCAGTCCTGTATCARCATCTCTTCTGATTCT TCGGCCACCCAGARGTCTACATCCTARTCCTCCCAGGETTTGGARTCATCTCACACGTAGTAARCCTACTACGCA
CTTCGACCCTGCTGGAGGGGGAGATCCAGTCCTGTATCARCATCTCTTCTGATTCT TCGGCCACCCAGARGTCTATATTCTGATCCTCCCAGGTTTTGGARTCATCTCTCACGTAGTAARCCTACTACGCA
CTTCGACCCTGCTGGAGGAGGAGACCCag TCCTgTALCARCALCTCTTCTGATTCT TeGGCCACCCAGARGTE TACATECTAATCCTeCCAGGE TTEGGARTCATCTCACACGTAGTAARCCTACTACGCA
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GGCAAARAAGAACCATTCGGCTATATAGGAATAGTATGAGCCATACTATCCATTGGATTCCTAGGCTTCATCGTATGAGCCCACCATATATTTACAGTAGGAATAGACGTAGATACCCGAGCATACTTCA
GGCARAARRGARCCATTCGGCTATATAGGARTAGTATGAGCCATACTATCCATTGGATTCCTAGGCTTCATCGTATGAGCCCACCATATATTCACAGTAGGAATAGACGTAGACACCCGAGCATACTTCA
GGCARAARRGARCCATTCGGCTATATAGGARTAGTATGAGCCATACTATCTATTGGGTTCCTAGGCTTCATCGTATGAGCCCACCATATATTTACAGTAGGAATAGACGTAGATACCCGAGCATACTTCA
GGCAARARAAGARCCATTCGGCTATATAGGAATAGTATGAGCCATACTATCTATTGGGT TCCTAGGCTTCATCGTATGAGCCCACCATATATTTACAGTAGGARTAGACGTAGATACCCGAGCATACTTCA
GGCARARAAGARCCATTCGGCTATATAGGAATAGTATGAGCCATACTATCCATTGGGT TCCTAGGCTTCATCGTATGAGCCCACCATATATTTACAGTAGGARTAGACG TAGATACCCGAGCATACTTCA
GGTARARAAGARCCATTCGGCTATATAGGAATAGTATGAGCCATACTATCCATTGGATTCCTAGGCTTCATCGTATGAGCCCACCATATATTCACAGTAGGARTAGACG TAGATACCCGAGCATACTTCA
GGTARARAAGARCCATTTGGTTATATAGGAATAGTATGAGCCATACTATCTATTGGATTCCTAGGCTTCATCGTATGAGCCCACCATATATTCACAGTAGGARTAGACGTAGATACTCGAGCATACTTCA
GGTARARAAGARCCATTTGGTTATATAGGAATAGTATGAGCCATACTATCTATTGGATTCCTAGGCTTCATCGTATGAGCCCACCATATATTCACAGTAGGARTAGACG TAGACACCCGAGCATACTTCA
GGTARARAAGARCCATTTGGCTACATAGGAATAGTATGAGCTATACTATCCATTGGATTCCTAGGCTTCATCGTATGAGCCCACCATATATTTACAGTAGGARTAGACG TAGATACCCGAGCATACTTCA
GGCAAARAAGAACCTTTTGGCTATATAGGAATAGTATGAGCTATACTATCCATTGGATTCCTAGGCTTCATCGTATGAGCCCACCATATATTTACAGTAGGAATAGACGTAGATACTCGAGCATACTTCA
GGCAAARAAGAACCATTCGGCTATATAGGAATAGTATGAGCTATACTATCTATCGGATTCCTAGGCTTCATCGTATGAGCCCACCATATATTTACAGTAGGAATAGACGTAGATACTCGAGCATACTTCA
GGcAAARAAGAACCaTTeGGcTALATAGGAATAGTATGAGCCATACTATCATEGGATTCCTAGGCTTCATCGTATGAGCCCACCATATATTLACAGTAGGAATAGACGTAGALACCCGAGCATACTTCA
521 530 540 550 560 570 580 590 600 610 620623
| 1
CATCCGCTACCATARTCATTGCTATTCCARCTGGCATTARAGTCTTTAGC TGACTAGC TACACTACATGGAGGAACCATCAARTGAGACCCCCCTATGC TAAA
CATCCGCTACCATARTCATTGCCATCCCARCTGGCATTARAGTCTTTAGCTGACTGGECCACACTACACGGAGGGACCATTARATGAGACCCCCCARTACTA
CATCCGCCACCATARTCATTGCTATCCCAACTGGCATTARGGTCTTTAGCTGACTAGCCACACTACATGGAGGARCCATCARATGAGATCCCCCARTACTA
CATCCGCCACCATARTCATTGCTATCCCAACTGGCATTARGGTCTTTAGC TGACTAGCCACACTACATGGAGGARCCATTARATGAGATCCCCCAATACTA
CATCCGCCACCATARTCATTGCTATCCCAACTGGCATTARGGTCTTTAGC TGACTAGCCACACTACATGGAGGARCCATTARATGAGATCCCCCARTACTA
CATCCGCCACCATARTCATTGCCATCCCAACTGGCATTARAGTCTTTAGCTGACTAGCCACACTACACGGAGGARCCATTARATGAGACCCCCCARTACTA
CATCCGCCACCATAARTCATTGCTATCCCAACTGGCATTARAGTCTTTAGCTGATTAGCTACACTACACGGAGGARCCATTARATGAGATCCCCCAATACTA
CATCCGCTACCATAARTCATTGCTATCCCAACTGGCATCARAGTCTTTAGCTGATTAGCTACGCTACACGGAGGGACCATTARATGAGATCCCCCAATACTA
CATCCGCCACCATAARTCATTGCTATTCCAACTGGCATTARAGTCTTTAGCTGATTAGCTACACTACATGGGGGAACCATTARATGAGACCCCCCAATACTA
CATCCGCTACCATARTCATTGCCATTCCARCTGGCATTARRGTCTTTAGCTGATTAGCTACACTACACGGAGGAACCATTARATGGGACCCCCCARTACTA
CATCCGCCACCATARTCATTGCTATTCCARCTGGCATTARAGTCTTTAGCTGATTAGCCACACTACACGGAGGAACCATTARATGAGACCCCCCARTACTA
CATCCGCeACCATARTCATTGCLATCCCARCTGGCATTARAGTCTTTAGCTGAL TAGCLACACTACACGGaGEaACCATLARATGaGACCCCCCARTACTA

Figure la. Multiple Sequence Alignment of COI gene sequence of the shed Feather pool of Sarus
Crane collected from the Sarsai Nawar region with reference sequences retrieved from NCBI GenBank
where red showed conserved sites, blue showed variable sites and black denoted neutral sites
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Figure 2a. Phylogenetic trees of the COI gene sequences using a) Maximum Parsimony method and
b) Neighbour Joining method generated using MEGA X.

Cytochrome b Gene Analysis. Genetic analysis was done by MEGA X with ten sequences, comparing
142 bp. In relation to the complete mitochondrial genome of Antigone antigone antigone (NC020581)
out of 142 bp cytochrome b sequence, there were 22 conserved sites, 115 variable or polymorphic
regions and no parsimony and singleton sites (figure 2a). The nucleotide compositions of the entire
sequenced region of COI (623 bp) are A 28.7%, T/U 25.2%, C 34.8%, and G 11.2%. Phylogenetic study
by using maximum parsimony and neighbour joining algorithms (MEGA X) produced congruent trees
where feather 1 formed a subclade with accession number U11061.1. The maximum parsimony method
showed a bootstrap support of 44% for this branching while the neighbour joining method showed a
value of 80% bootstrap support for the same subclade (figure 2b).
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CTTCTCAGCCGTCCCCTACATCGGCCARACCCTTGTAGAATGAGCTTGAGGGGGCTTCTCAGTAGACARTCCCACATTARCTCGATTCTTCACTTTACACTTCCTCCTTCCATTCATAATCATAGGE
CTTCTCAGCCGTCCCCTACATCGGCCARACCCTTGTAGARTGAGC T TGAGGGGGCTTCTCAGTAGACAARTCCCACATTAACTCGATTCTTCACTTTACACTTCCTCCTTCCATTCATAATCATAGGE
CTTCTCAGCCGTCCCCTACATCGGCCARACCCTTGTAGAATGAGCTTGAGGGGGCTTCTCAGTAGACARTCCCACATTARCTCGATTCTTCACTTTACACTTCCTCCTTCCATTCATAATCATAGGE
CTTCTCAGCCGTCCCCTACGGCGGCCARACCCTTGTAGAATGAGC T TGAGGGGGCTTCTCAGTAGACARTCCCACATTAARCTCGATTCTTCACTTTACACTTCCTCCTTCCCTTCATAATCATAGGE
CTTCTCAGCCGTCCCCTACATCGGCCAAACCCTTGTAGAATGAGC TTGAGGGGGCTTCTCAGTAGACARTCCCACATTARCTCGATTCTTCACTTTACACTTCCTCCTCCCATTCATAATCATAGGE
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1 1
CTCACCCTARTCCACCTCACCTTCCTTCACGAATCCGGC TCARACAACCCCCTAGGCATCGTATCARACTGCGATARAATCCCATTCCACCCCTACTTTTCCTTARARGATATCCTAGGATTCACACTCA
CTCACCCTARTCCACCTCACCTTCCTTCACGAATCCGGCTCARACAACCCCCTAGGCATCGTATCARACTGCGATAARAATCCCATTCCACCCCTACTTTTCCTTARAARGATATCCTAGGATTCACACTCA
CTCACCCTARTCCACCTCACCTTCCTTCACGAATCCGGC TCARACAACCCCCTAGGCATCGTATCARACTGCGATARARATCCCATTCCACCCCTACTTTTCCTTARARGATATCCTAGGATTCACACTCA
CTCACCCTARTCCACCTCACCTTCCTTCACGAATCCGGCTCARACARCCCCCTAGGCATCGTATCARACTGCGATAARATCCCATTCCACCCCTACTTTTCCTTAAARGATATCCTAGGATTCACACTCA
CTCACCCTARTCCACCTCACCTTCCTTCACGAATCCGGC TCARACAACCCCCTAGGCATCGTATCARACTGCGATARARATCCCATTCCACCCCTACTTTTCCTTARARGATATCCTAGGATTCACACTCA
CTCACCCTARTCCACCTCACCTTCCTTCACGAATCCGGCTCARACARCCCCCTAGGCATCGTATCARACTGCGATAARATCCCATTCCACCCCTACTTTTCCTTAAARGATATCCTAGGATTCACACTCA
CTCACCCTARTCCACCTCACCTTCCTTCACGAATCCGGC TCARACAACCCCCTAGGCATCGTATCARACTGCGATARARATCCCATTCCACCCCTACTTTTCCTTARARGATATCCTAGGATTCACACTCA
CTCACCCTAATCCACCTCACCTTCCTTCACGAATCCGGCTCARACAACCCCCTAGGCATCGTATCARACTGCGATARAATCCCATTCCACCCCTACTTTTCCTTARAAGATATCCTAGGATTCACACTCA
CTCACCCTARTCCACCTCACCTTCCTTCACGAATCCGGC TCARACAACCCCCTAGGCATCGTATCARACTGCGATARARATCCCATTCCACCCCTACTTTTCCTTARARGATATCCTAGGATTCACACTCA
CTCACCCTAATCCACCTCACCTTCCTTCACGAATCCGGCTCARACAACCCCCTAGGCATCGTATCARACTGCGATARAATCCCATTCCACCCCTACTTTTCCTTARAAGATATCCTAGGATTCACACTCA
CTCACCCTARTCCACCTCACCTTCCTTCACGAARTCCGGC TCARACAARCCCCCTAGGCATCGTATCARACTGCGATARARATCCCATTCCACCCCTACTTTTCCTTARARGATATCCTAGGATTCACACTCA
CTCACCCTAATCCACCTCACCTTCCTTCACGAATCCGGCTCARACAACCCCCTAGGCATCGTATCARACTGCGATARAATCCCATTCCACCCCTACTTTTCCTTARAAGATATCCTAGGATTCACACTCA
CTCACCCTARTCCACCTCACCTTCCTTCACGAATCCGGC TCARACAACCCCCTAGGCATCGTATCARACTGCGATAARAATCCCATTCCACCCCTACTTTTCCTTARAAGATATCCTAGGATTCACACTCA
CTCACCCTAATCCACCTCACCTTCCTTCACGAATCCGGTTCARACAACCCCCTAGGCATCGTATCARACTGCGATARAATCCCATTCCACCCCTACTTTTCCTTARAAGATATCCTAGGATTCACACTCA
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TACTACTTCCACTCATAARCCCTAGCCCTATTCTCACCARACCTACTAGGAGACCCAGARAACTTCACCCCAGCAAACCCCCTAGTCACACCTCCTCATATCAARGCCAGAATGATACTTTTTATTTGCATA
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LC114474.1:2860-3098
Consensus
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LC114474,1:2860-3098
Consensus

TACTACTTCCACTCATAARCCCTAGCCCTATTCTCACCARACCTACTAGGAGACCCAGARAACT TCACCCCAGCARACCCCCTAGTCACACCTCCTCATATCARGCCAGAATGATACTTTTTATTTGCATA
TACTACTTCCACTCATARCCCTAGCCCTATTCTCACCAAACCTACTAGGAGACCCAGAARACTTCACCCCAGCARACCCCCTAGTCACACCTCCTCATATCARGCCAGARTGATACTTTTTATTTGCATA
TACTACTTCCACTCATAARCCCTAGCCCTATTCTCACCARACCTACTAGGAGACCCAGARAACT TCACCCCAGCARACCCCCTAGTCACACCTCCTCATATCARGCCAGAATGATACTTTTTATTTGCATA
TACTACTTCCACTCATARCCCTAGCCCTATTCTCACCAAACCTACTAGGAGACCCAGAARACTTCACCCCAGCARACCCCCTAGTCACACCTCCTCATATCARGCCAGARTGATACTTTTTATTTGCATA
TACTACTTCCACTCATAARCCCTAGCCCTATTCTCACCARACCTACTAGGAGACCCAGARAACT TCACCCCAGCARACCCCCTAGTCACACCTCCTCATATCARGCCAGAATGATACTTTTTATTTGCATA
TACTACTTCCACTCATAARCCCTAGCCCTATTCTCACCARACCTACTAGGAGACCCAGARAACTTCACCCCAGCAAACCCCCTAGTCACACCTCCTCATATCAAGCCAGAATGATACTTTTTATTTGCATA
TACTACTTCCACTCATAARCCCTAGCCCTATTCTCACCARACCTACTAGGAGACCCAGARAACT TCACCCCAGCARACCCCCTAGTCACACCTCCTCATATCARGCCAGAATGATACTTTTTATTTGCATA
TACTACTTCCACTCATAARCCCTAGCCCTATTCTCACCARACCTACTAGGAGACCCAGARAACTTCACCCCAGCAAACCCCCTAGTCACACCTCCTCATATCAAGCCAGAATGATACTTTTTATTTGCATA
TACTACTTCCACTCATAARCCCTAGCCCTATTCTCACCARACCTACTAGGAGACCCAGARAACT TCACCCCAGCARACCCCCTAGTCACACCTCCTCATATCARGCCAGARTGATACTTTTTATTTGCATA
TACTACTTCCACTCATAARCCCTAGCCCTATTCTCACCARACCTACTAGGAGACCCAGARAACTTCACCCCAGCAAACCCCCTAGTCACACCTCCCCATATCAAGCCAGAATGATACTTTTTATTTGCATA
TACTACTTCCACTCATAACCCTAGCCCTATTCTCACCAARACCTACTAGGAGACCCAGARAACTTCACCCCAGCARACCCCCTAGTCACACCTCCCCATATCARGCCAGAATGATACTTTTTATTTGCATA
TACTACTTCCACTCATAARCCCTAGCCCTATTCTCACCAARACCTACTAGGAGACCCAGARAACTTCACCCCAGCAAACGCCCTAGTCACACCTCCTCATATCAAGCCAGAATGATACTTTTTATTTGCATA
TACTACTTCCACTCATAARCCCTAGCCCTATTCTCACCAARACCTACTAGGAGACCCAGARAACTTCACCCCAGCAAACCCCCTAGTCACACCTCCCCATATCAAGCCAGAATGATACTTTTTATTTGCATA
TACTATTTCCACTCATAARCCCTAGCTCTATTCTCACCAARACCTACTAGGAGACCCAGARAACTTCACCCCAGCAAACCCCCTAGTCACACCTCCCCATATCAAACCAGAATGATACTTCTTATTTGCATA
TACTACTTCCACTCATAARCCCTAGCCCTATTCTCACCARACCTACTAGGAGACCCAGARAACTTCACCCCAGCAAACCCCCTAGTCACACCTCCTCATATCAAGCCAGAATGATACTTTTTATTTGCATA
TACTACTTCCACTCATAARCCCTAGCCCTATTCTCACCARACCTACTAGGAGACCCAGARAACTTCACCCCAGCARACCCCCTAGTCACACCTCCECATATCAAGCCAGAATGATACTTTTTATTTGCATA
391 A0 410

420 429

1 1
CGCCATCCTACGATCARTCCCTAARCARAC TAGGAGGAGG
CGCCATCCTACGATCAARTCCCTAARCAAACTAGGAGG
CGCCATCCTACGTTCARTCCCARACARAC TAGGAGG
CGCCATCCTACGTTCARTCCCAAACARAC TAGGAGG
CGCCATCCTACGTTCARTCCCARACARAC TAGGAGG
CGCCATCCTACGTTCAATCCCAAACAARC TAGGAGG
CGCCATCCTACGTTCARTCCCARACARAC TAGGAGG
CGCCATCCTACGTTCAATCCCAAACAARC TAGGAGG
CGCCATCCTACGTTCARTCCCARACARAC TAGGAGG
CGCCATCCTACGTTCAATCCCAAACAARC TAGGAGG
CGCCATCCTACGTTCAARTCCCARACAAAC TAGGAGG
CGCCATCCTACGTTCAATCCCAAACAARC TAGGAGG
CGCCATCCTACGTTCAARTCCCARACAAACTAGGAGG
CGCCATCCTACGTTCAATCCCAAACAARC TAGGAGG
CGCCATCCTACGTTCARTCCCAARACAAACTAGGAGG
CGCCATCCTACGTTCARTCCCAARACAAACTAGGAGG
CGCCATCCTACGTTCARTCCCARACAARACTAGGAGG

Figure 1b. Multiple Sequence Alignment Cytochrome b gene sequence of the shed Feather pool of
Sarus Crane collected from the Sarsai Nawar region with reference sequences retrieved from NCBI
GenBank where red showed conserved sites, blue showed variable sites and black denoted neutral
sites
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Figure 2a. Phylogenetic trees of the Cytochrome b gene sequences using a) Maximum Parsimony
method and b) Neighbour Joining method generated using MEGA X.

16s rRNA Gene Analysis. Genetic analysis was done by MEGA X with ten sequences, comparing 611
bp. In relation to the complete mitochondrial genome of Antigone antigone antigone (NC020581) out of
611 bp 16s ribosomal RNA sequence, there were 231 conserved sites, 341 variable or polymorphic
regions and no parsimony and singleton sites (Figure 3a). The nucleotide compositions of the entire
sequenced region of COI (611 bp) are A 24.4%, T/U 32.9%, C 20.6 %, and G 22.1 %. Phylogenetic
study by using maximum parsimony and neighbour joining algorithms (MEGA X) produced incongruent
results with low to moderate bootstrap supports (20 to 50%) with the branching (Figure 3b).
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1 |
GCCCACACCAGTTTAATTTTTCTTTGGTGCAGTARTCGTTGACARCGACCCTTARTAGCTGCTGCACCATTAGGATGTCCTGATCCAACATCARGGTCGTAAACCTCCTTGTCARTAT--GGGCTCTTGA

CGACTGTTTA- CCARAARCATAGCCTTCAGCCCCAACARG-TATTGARGGTGATGCCTGCCCAGT——-GACATTACGTTCARCGGCCGCGGTATCCCTARCCGTGCGARGGT
CGACTGTTTA. CCARRARCATAGCCTTCAGCCCCARCARG-TATTGARGGTGATGCCTGCCCAGT——-GACATTACGT TCARCGGCCECGGTATCCCTARCCGTGCGARGGT
CGACTGTTTA: CCARRARCATAGCCTTCAGCCC~AACARG-TATTGARGGTGATGCCTGCCCAGT~—-GACATTACGT TCARCGGCCECGGTATCC~-TARCCGTGCGAAGGT
CGACTGTTTA: CCARARRCATAGCCTTCAGCCC—-AACARG-TATTGARGGTGATGCCTGCCCAGT— -ﬁHl:HTTRI:ETTl:ﬂnl:EGECEEEETHTCE-TRHCCETECERHEET
CGACTGTTTA: CCARAARCATAGCCTTCAGCCC~AACARG-TATTGARGGTGATGCCTGCCCAGT——-GACATTACGT TCAACGGCCGCGGTATCC-TAACCGTGCGARGGT

CGACTGTTTA: CCARAARCATAGCCTTCAGCCC~AACARG-TATTGARGGTGATGCCTGCCCAGT——-GACATTACGTTCARCGGCCGCGGTATCC-TARCCGTGCGARGGT
CGACTGTTTA. CCARRARCATAGCCTTCAGCCC-ARCARG-TATTGARGGTGATGCCTGCCCAGT——-GACATTACGT TCARCGGCCECGGTATCC-TARCCGTGCGARGGT
CGACTGTTTA: CCARRARCATAGCCTTCAGCCC~AACARG-TATTGARGGTGATGCCTGCCCAGT~—-GACATTACGT TCARCGGCCECGGTATCC~-TARCCGTGCGAAGGT

CGACTGTTTA- CCARARACATAGCCTTCAGCCC-ARCARG-TATTGARGGTGATGCCTGCCCAGT———GACATTACGT TCAACGGCCGCGGTATCC-TARCCGTGCGARGGT

AGCCTTCAGCCC-AACARG-TATTGARGGTGATGCCTGCCCAGT—--GACATTACGTTCARCGGCCGCGGTATCC-TARCCGTGCGARGGT
++2+sCPACEBELEA, 44 a sy sses0sssCOaaaaacataGeCEECagCLE, aRcalh, Tat. ThaAggtgat.GeecTGeCCaGE. , , . gACATEACGE TCaacpgCleglepTaTCe, TRaccGEGLpaapht.
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| |
AGGARATTGCGCTGTTATCCCTGGGGTACCTTGETCCGTTEETCA--~GT TG TACTGGGTCTGGATTACTETTAGTACGT TGAGEGGTTGCTCTTGETTARGAAGTATGGTCTTGATTTTGGAGGGTTTG
AGCGCAATCART TGTCTCATAARTCGAGACTTGTATGARTGGCTARACGAGGTCT TARCTGTCTCTTACAGGTAATCAGTGAAAT TGATCCTCCTGTGCARARGCAGGARTARGTACATARGACGAGAAG
AGCGCAATCARTTGTCTCATAAATCGAGACT TGTATGARTGGCTARACGAGGTCTTARCTGTCTCT TACAGGTARTCAGTGARAT TGATCCTCC TGTGCARARGCAGGARTARGTACATARGACGAGARG
AGCGCAATCART TGTCTCATARATCGAGACT TGTATGARTGGC TRARCGAGGTCTTARCTGTCTCT TGCAGGCARTCAGTGARAT TGATCCTCCTGTGCARARGCAGEARTARGTACATARGACGAGARG
AGCGCAATCART TGTCTCATARRTCGAGACT TGTATGARTGEC TRARCGAGGTCTTARCTGTCTCTTGCAGGCARTCAGTGARATTGATCCTCC TGTGCARARGCAGGARTARGTACATARGACGAGARG
AGCGCAATCARTTGTCTCATAARTCGAGACTTGTATGARTGGCTAAACGAGGTCTTARCTGTCTCTTGCAGGTACTCAGTGARATTGATCT TCLTGTGCARARGCAGGAATARGCACATARGACGAGAAG
AGCGCAATCARTTGTCTCATAARTCGAGACTTGTATGARTGGCTARACGAGGTCTTARCTGTCTCTTGCAGGTACTCAGTGARATTGATCTTCL TGTGCARARGCAGGAATARGCACATARGACGAGAAG
AGCGCAATCARTTGTCTCATAAATCGAGACT TGTATGARTGGCTARACGAGGTCTTARCTGTCTCTTACAGGTARTCAGTGARAT TGATCCTCC TGTGCARARGCAGGARTARGCACATARGACGAGARG
AGCGCAATCART TGTCTCATARRTCGAGACT TGTATGARTGEC TRARCGAGGTCTTARCTGTCTCT TACAGGTARTCAGTGAAAT TGATCCTCCTGTGCARARGCAGEARTARGCACAT ARGACGAGARG
AGCGCAATCART TGTCTCATAARTCGAGACTTGTATGARTGEC TRARCGAGGTCTTARCTGTCTCTTACAGGTARTCAGTGARAT TGATCCTCC TGTGCARARGCAGGARTARGCACATARGACGAGARG
AGCGCARTCARTTGTCTCATARRTCGAGACTTGTATGARTGGCTARRCGAGETCTTARCTGTCTC TTACAGGTARTCAGTGARRTTGATCL TCC TG TGCARARGCAGEARTARGCACATARGACGAGARG
fAGcgchaTcaat TETctcat aaat.chagal TTGtat gaa TGGct AaacGagGTot TaacTgTobeTTalabgt AaTcaGTgaRattGaTecTCCTGE Taag,fAcaT.

261 270 280 290 300 310 320 330 340 350 360 370 380 290

| 1
TTTTTCTCCARGETCGCCCCAACCGARARATGCGGECCAGTTTTTTGEGEGTGGTGARC-CTCATARGTTTATGETGTGATATGTAGTGGTCGCTGATTTTTAACT TCCACAGGGTCTTCTCGTCTTATG
ACCCTGTGGARCTTAAAAATCAGCGACCACTACATATCACACCAT-ARACCTATGAGGT TCACCACCCCCARARARCTGGCCCGCATTTTTCGET TGG6GCGACCT TGGAGARARACARACCC TCCARAR
ACCCTGTEGARCTTARAAATCAGCGACCACTACATATCACACCAT-ARACC TATGAGGTTCACCACCCCCARAAAAC TGECCCGCATTTTTCGET TEGEGCGACC T TGGAGARARACARACCC TCCARAR
ACCCTGTEGARCTTARAAATCAGCGACCACTACATATCACACCAT-ARACC TACTAGGC TCACCACCCCARAAGARC TGECCCGCATTTTTCGET TEGEECGACC T TGGAGARARACARACCC TCCARAR
ACCCTGTEGARCTTARAAATCAGCGACCACTACATATCACACCAT-ARACC TAC TAGGC TCACCACCCCARARGARC TGECCCGCATTTTTCGET TEEEECGACC T TGGAGARARACARACLC TCCAAAR
ACCCTGTGEGARCTTAARAATCAGCGACCACTACATATTACACCAT-ARACC TATTAGGCCCACCACCCCGARAGARCTGECCCGEATTTTTCGET TRGEGCGACC T TEGAGARARACARACLC TCCARAR
ACCCTGTGGARCTTAAAAATCAGCGACCACTACATATTACACCAT-ARACCTATTAGGCCCACCACCCCGARAGARCTGGCCCGCATTTTTCGET TEGEGCGACCT TGGAGARARACARACCC TCCARAR
ACCCTGTEGARCTTARAAATCAGCGACCACTACATATCACACCAT TARACCTATTAGGCTCAC-ATCCCARAAGARC TGECCCGCATTTTTCGET TEGEGCGACC T TGGAGARARACARACCC TCCARAR
ACCCTGTEGARCTTARAAATCAGCGACCACTACATATCACACCAT TARACCTATTAGGC TCAC—ATCCCARAAGARC TGECCCGCATTTTTCGET TEEEECGACC T TGGAGARARACARACCC TCCARAR
ACCCTGTEGARCTTARAAATCAGCGACCACTACATATCACACCAT TARACC TAT TAGGC TCAC—-ATCCCARARGARC TGECCCGCATTTTTCGET TEEEECGACC T TGGAGARARACARACCC TCCAAAR
ACCCTRTEGARC TTARRRRTCAGCGACCACTACATATCACACCATTRRRCE TATTAGGCTCAC-ATCCCARRRGARC TGECCCGCATTTTTCGET TRGEGCGACETTGGAGARRRACARACCC TCCARRR
acccTgTegAfict TaaaaatcAgCGAccAcTalatatcficaccaTtaaaccTattaggctCat ,a, coc, afl ThgccoGeAt TELTCGETE CTT, CaaacCcTCcafaa
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| 1
TACTTATTCCTGCTT-TTGCACAGGAGGATCARTTTCACTGATTACCTGTARGAGACARTTARTACCTCGTTTACCCATTCATACGAGTCTCGATTTATGATACARTTGATTGCGC TACCTTCGCACGET
T-CARGACCATACTTCT TARCCARGAGCARCCCC TCARCGTACTAACAGTAATCCAGACCCAGTACAAC-~TGACCAR--CGGACCARGC TACCCCAGEGATAACAGCGCARTCTCCTTCARGAGCCCAT
T-CARGACCATACT TCT TARCCARGAGCARCCCC TCAACGTACTAACAGTARTCCAGACCCAGTACAAC-—TGACCAR--CGGACCARGC TACCCCAGEGATAACAGCGCARTCTCCTTCARGAGCCCAT
T-CARGACCACACT TCT TARCCARGAGCARCCCC TCAACGTACTAACAGTARTCCAGACCCAGTACAAC——TACCAR——CGGACCARGC TACCCCAGEGATAACAGCGCARTCTCCTTCARGAGCCCAT
T-CARGACCACACT TCT TARCCARGAGCARCCCC TCAACGTAC TAACAGTAATCCAGACCCAGTACAAC-—-TACCAR--CGGEACCARGL TACCCCAGEGATAACAGCGCARTCTCCTTCARGAGCCCAT
T-CARGACCATGCTTCT TARCCARGAGCARCCCC TCAACGTACTAACAGTAATCCAGACCCAGTATAAC-—-TEACCAR--CGGACCARGC TACCCCAGEGATAACAGCGCARTCTCCTTCARGAGCCCAT
T-CARGACCATGCTTCT TARCCARGAGCARCCCC TCAACGTACTAACAGTAATCCAGACCCAGTATAAC-—TEACCAR--CGGACCARGC TACCCCAGEGATAACAGCGCARTCTCCTTCARGAGCCCAT
T-CARGACCACACT TCT TGACCARGAGCARCCCC TCAACGTACTAACAGTARTCCAGACCCAGTACAAC-—TGACCAR--CGGACCARGC TACCCCAGEGATAACAGCGCARTCTCCTTCARGAGCCCAT
T-CARGACCACACT TCT TGACCARGAGCARCCCC TCAACGTACTAACAGTARTCCAGACCCAGTACAAC——TGACCAR——CGGACCARGC TACCCCAGEGATAACAGCGCARTCTCCTTCARGAGCCCAT
T-CARGACCACACT TCT TGACCARGAGCARCCCC TCAACGTAC TAACAGTARTCCAGACCCAGTACAAC-—-TACCAR--CGGACCARGL TACCCCAGEGATAACAGCGCARTCTCCTTCARGAGCCCAT
T-CARGACCACACTTCT TGACCARGAGCARCCCC TCARCGTACTAACAGTAATCCAGACCCAGTACAAC-—TEACCAR--CGGACCARGC TACCCCAGEGATAACAGCGCARTCTCCTTCARGAGCCCAT
T.CaagactataCTTeT TgacCAaGAGcAatocc TeaAlgt AicTRaCaGTARt coAgAcocgTAcaat , . TeACCaA, , CepAlcRagl TaccocageGATAacAgcGoaat CLlottCaagagctoal
saL 5% 540 550 560 570 580 590

60O 610 514

TREERTRI:EEEEEEEETTERREETHRTETERETEGEEREEERTEHEETTI:RﬁTRETTETTEEEETﬁHREEl:TRTETTTTTERTRRREHEEEERE
ATCGACAAGGAGGTTTACGACCTCGATGT: TGGATCAGGACATCCTARTGGTGCAGCAGCTATTARGGGTTCGTTT-~GTTCAACGATTA
ATCGACAAGGAGGTTTACGACCTCGATGT: TGGATCAGGACATCCTARTGGTGCAGCAGCTATTARGGGTTCGTTT-—~GTTCAACGATTA
ATCGACAAGGAGGTTTACGACCTCGATGT: TGGATCAGGACATCCTARTGGTGCAGCCGCTATTARGGGTTCGTTT-—GTTCAACGATTA
ATCGACARGGAGGTTTACGACCTCGATGT: TGGATCAGGACATCCTARTGGTGCAGCCGCTATTARGGGTTCGTTT-~GTTCAACGATTA
ATCGACAAGGAGGTTTACGACCTCGATGT: TGGATCAGGACATCCTARTGGTGCAGCCGCTATTARGGGTTCGTTT-—~GTTCAACGATTA
ATCGACAAGGAGGTTTACGACCTCGATGT: TGGATCAGGACATCCTARTGGTGCAGCCGCTATTARGGGTTCGTTT-~GTTCAACGATTA
ATCGACAAGGAGGTTTACGACCTCGATGT: TGGATCAGGACATCCTARTGGTGCAGCCGCTATTARGGGTTCGTTT-~GTTCAACGATTA
ATCGACAAGGAGGTTTACGACCTCGATGT: TGGATCAGGACATCCTARTGGTGCAGCCGCTATTARGGGTTCGTTT-—GTTCAACGATTA
ATCGACARGGAGGTTTACGACCTCGATGT: TGGATCAGGACATCCTARTGGTGCAGCCGCTATTARGGGTTCGTTT-~GTTCAACGATTA
ﬂTEEREﬂﬂEEREETTTREEHCETCERTET——-TEERTEHEERERTEETﬂﬂTﬁETECﬂECEEETﬂTTHREGETTEETTT——ETTCRRCERTTR
t ttacGAcCLcgATGT, . , TEGatcal; CC’ G TELARGGETLGGTTT, .GETeAACgatta, ,

Figure 1c. Multiple Sequence Alignment 16s rRNA gene sequence of the shed Feather pool of Sarus
Crane collected from the Sarsai Nawar region with reference sequences retrieved from NCBI GenBank
where red showed conserved sites, blue showed variable sites and black denoted neutral sites
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Figure 2c. Phylogenetic trees of thel6s rRNA gene sequences using a) Maximum Parsimony method
and b) Neighbour Joining method generated using MEGA X.

Discussion

The results of the study discovered the utility of shed feathers to amplify the mitochondrial genes and
the potential of FINS technology in identifying the species. Many mitochondrial genes have been used
to identify species across taxa, including regulatory areas, 12S rRNA, 16S rRNA, Cytochrome Oxidase
| (COl), Cytochrome b (Cyt b) and other indicators (Hajibabaei et al., 2006). One of these commonly
used approaches in wildlife forensics (Sahajpal & Goyal, 2010; Li et al. 2011, Thakur et al. 2013, Rajpoot
et al. 2017; Singh et al. 2020), referred to as Forensically Informative Nucleotide Sequencing (FINS),
and is also applied for species diagnosis based on particularly informative nucleotide sequences
(Bartlett & Davidson, 1992). Over time, replacement in canned goods, marine life and seafood has been
identified using FINS in several mitochondrial genome genes (Chapela et al.,, 2002). A number of
species, such as lizards and Indian civets, have been identified using FINS (Guha & Kashyap, 2006).
Enough information is available at these variable locations to enable interfamilial species distinction.

In FINS analysis, identification of an unknown sample can be performed when the sequence of a gene
from an unknown sample is introduced in the estimation of genetic distance among a set of reference
sequences and a dendogram (tree) is drawn based on the distance matrix. In this method, the unknown
sample will cluster more closely with the same species (Bartlett & Davidson, 1992). The degree of
similarity between two sequences is indicated by their genetic distances. If the unknown sequence is
included in the calculation of the genetic distance between groups of reference sequences, it is possible
to identify any unknown sample. When compared to the species groups to which it belongs, the
unknown sequence will have the lowest distance value compared to any other sequence groups. The
first two gene sequences in this investigation had congruent trees, unlike the 16s rRNA, due to a less
conserved form of this gene found in eukaryotes as compared to bacteria, that has a different
evolutionary route compared to the final genetic distances from the reference sequences in the Indian
Sarus Crane feather pool sample used here.

The present study uses both DNA distance-based methods (neighbour-joining method), which are
preferred for FINS as it simply works on genetic distance from multiple sequence alignment and also
phylogeny-based methods (maximum parsimony method) that invoke evolutionary indications to give
an idea of any convergent evolution to build a phylogenetic tree based on the COI, Cytochrome b
and16s rRNA sequence of the Indian Sarus Crane feather pool. This approach will be particularly useful
for wildlife forensics to identify the species from feathers; otherwise morphometric determination of the
species using feathers or meat can be inaccurate and needs enormous field expertise. This study also
indicates that the Sarus Crane species from India can be identified and differentiated by using molecular
tools and techniques using only shed feathers.
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However, the homologous sequences from NCBI/GenBank should be retrieved after proper
examination as this may often give erroneous results when the sequence of the species in question is
not available in the NCBI database and subsequently, there is a high possibility that the sequence of
the next closely related species may be retrieved. It is therefore recommended to generate sequences
for more than one gene for the sample and then find homologous sequences for each gene on
NCBI/GenBank or any other database. This helps minimize the possibility of retrieving wrong
sequences and subsequently decreases the chances of misidentifying the samples in question.

Conclusion

Forensically Instrumental Nucleotide Sequences (FINS) Technique was conducted using three gene
sequences obtained from the shed feathers of the Sarus Crane using maximum parsimony and
neighbour-joining methods. Congruent trees were obtained only for the COI and Cytochrome B genes,
but discrepancies were seen in the case of the 16s rRNA gene sequence.

Conflict of Interest

There is no conflict of interest among the authors.

Acknowledgement

The authors appreciate the Department of Zoology, Dayalbagh Educational Institute, Agra, India for
laboratory and financial support and the Departmental Research Committee for their guidance and
encouragement throughout the project.

References

Bartlett, S. E., & Davidson, W. S. (1992). FINS (forensically informative nucleotide sequencing): A procedure for
identifying the animal origin of biological specimens. Biotechniques,  12(3), 408-411.
https://europepmc.org/article/med/1571152

Chapela, M. J., Sotelo, C. G., Calo-Mata, P., Pérez-Martin, R. |., Rehbein, H., Hold, G. L., ... & Santos, A. T. (2002).
Identification of cephalopod species (Ommastrephidae and Loliginidae) in seafood products by forensically
informative  nucleotide  sequencing  (FINS). Journal of Food science, 67(5), 1672-1676.
https://doi.org/10.1111/).1365-2621.2002.tb08703.x

Dubey, V., & Prakash, S. (2025). Cytochrome B Variation among the Subspecies of Antigone antigone.
International Journal of  Advancement in Life Sciences Research, 8(1), 131-139.
https://doi.org/10.31632/ijalsr.2025.v08i01.012

Green, M. R., & Sambrook, J. (2012). Molecular cloning. A Laboratory Manual 4th, 448.
https://rnajournal.cshlp.org/content/18/7/local/advertising.pdf

Guha, S., & Kashyap, V. K. (2006). Molecular identification of lizard by RAPD & FINS of mitochondrial 16s rRNA
gene. Legal Medicine, 8(1), 5-10. https://doi.org/10.1016/j.legalmed.2005.07.001

Hajibabaei, M., Smith, M. A., Janzen, D. H., Rodriguez, J. J., Whitfield, J. B., & Hebert, P. D. (2006). A minimalist
barcode can identify a specimen whose DNA is degraded. Molecular Ecology Notes, 6(4), 959-964.
https://doi.org/10.1111/].1471-8286.2006.01470.x

Hebert, P. D., & Gregory, T. R. (2005). The promise of DNA barcoding for taxonomy. Systematic Biology, 54(5),
852-859. https://doi.org/10.1080/10635150500354886

Kumar, S., Stecher, G., Li, M., Knyaz, C., & Tamura, K. (2018). MEGA X: molecular evolutionary genetics analysis
across computing platforms. Molecular Biology and Evolution, 35(6), 1547-1549.
https://doi.org/10.1093/molbev/msy096

Li, M., Zhang, K. Y. B., But, P. P. H., & Shaw, P. C. (2011). Forensically informative nucleotide sequencing (FINS)
for the authentication of Chinese medicinal materials. Chinese Medicine,6, 42. https://doi.org/10.1186/1749-8546-
6-42

Mitchell, P., Stade, K., OBwald, M., & Brimacombe, R. (1993). Site-directed cross-linking studies on the E. coli
tRNA ribosome complex: determination of sites labelled with an aromatic azide attached to the variable loop or
aminoacyl group of tRNA. Nucleic Acids Research, 21(4), 887-896. https://doi.org/10.1093/nar/21.4.887

Rajpoot, A., Kumar, V. P., Bahuguna, A., & Kumar, D. (2017). Forensically informative nucleotide sequencing

15


https://europepmc.org/article/med/1571152
https://doi.org/10.1111/j.1365-2621.2002.tb08703.x
https://doi.org/10.31632/ijalsr.2025.v08i01.012
https://rnajournal.cshlp.org/content/18/7/local/advertising.pdf
https://doi.org/10.1016/j.legalmed.2005.07.001
https://doi.org/10.1111/j.1471-8286.2006.01470.x
https://doi.org/10.1080/10635150500354886
https://doi.org/10.1093/molbev/msy096
https://doi.org/10.1186/1749-8546-6-42
https://doi.org/10.1186/1749-8546-6-42
https://doi.org/10.1093/nar/21.4.887

Dubey & Prakash
Int J Sus Biom Life Care. Volume 2(4) 09-16

(FINS) for the first time authentication of Indian Varanus species: implication in wildlife forensics and conservation.
Mitochondrial DNA Part A, 28(6), 892-900. https://doi.org/10.1080/24701394.2016.1202943

Sahajpal, V., & Goyal, S. P. (2010). Identification of a forensic case using microscopy and forensically informative
nucleotide sequencing (FINS): A case study of small Indian civet (Viverricula indica). Science & Justice, 50(2), 94-
97. https://doi.org/10.1016/j.scijus.2009.07.002

Sanger, F., Nicklen, S., & Coulson, A. R. (1977). DNA sequencing with chain-terminating inhibitors. Proceedings
of the National Academy of Sciences, 74(12), 5463-5467. https://doi.org/10.1073/pnas.74.12.5463

Singh, G., Srinivas, Y., Kumar, G. C., Singh, A., Sharma, C. P., & Gupta, S. K. (2020). Identification of selected
wild felids using hair morphology and forensically informative nucleotide sequencing (FINS): Wildlife forensics
prospective. Legal Medicine, 44, 101692. https://doi.org/ 10.1016/.legalmed.2020.101692

Thakur, M., Singh, S. K., Shukla, M., Sharma, L. K., & Mohan, N. (2013). Identification of galliformes through
forensically informative nucleotide sequencing (FINS) and its implication in wildlife forensics. Journal of Forensic
Research. S3. https://doi.org/10.4172/2157-7145.S3-001

Verma, S. K., & Singh, L. (2003). Novel universal primers establish identity of an enormous number of animal
species for forensic application. Molecular Ecology Notes, 3(1), 28-31. https://doi.org/10.1046/j.1471-
8286.2003.00340.x

16


https://doi.org/10.1080/24701394.2016.1202943
https://doi.org/10.1016/j.scijus.2009.07.002
https://doi.org/10.1073/pnas.74.12.5463
https://doi.org/10.1016/j.legalmed.2020.101692
http://dx.doi.org/10.4172/2157-7145
https://doi.org/10.1046/j.1471-8286.2003.00340.x
https://doi.org/10.1046/j.1471-8286.2003.00340.x

