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ABSTRACT

Accurate species identification is essential for understanding biodiversity, evolutionary relationships, and conservation
of bats. However, morphological similarities among closely related species often limit traditional taxonomic
approaches. The present study employed mitochondrial cytochrome ¢ oxidase subunit I (COI) gene sequencing to
investigate the molecular identity and phylogenetic relationship of the Indian leaf-nosed bat, Hipposideros speoris, from
Tirunelveli District, Tamil Nadu, India. Genomic DNA was extracted from wing membrane tissue samples using the
phenol—chloroform method, and a partial COI gene fragment of approximately 650 bp was amplified using universal
Folmer primers. The amplified products were sequenced and compared with reference sequences available in the NCBI
GenBank database. Phylogenetic analysis was performed using the Neighbour-Joining method based on Kimura 2-
Parameter genetic distances with 1,000 bootstrap replications. The obtained COI sequence was successfully identified
as H. speoris and clustered within the genus Hipposideros with strong bootstrap support. Genetic distance analysis
revealed a divergence of 0.1638 between the present study sequence and the reference H. speoris sequence, while
interspecific divergence with other Hipposideros species ranged from 0.1463 to 0.1891. The highest divergence was
observed with the outgroup species Taphozous melanopogon (0.2477). The findings demonstrate the effectiveness of
COl-based DNA barcoding for molecular identification and phylogenetic assessment of bats and provide valuable
insights into the genetic diversity and evolutionary relationships of H. speoris.

Keywords: Hipposideros speoris, COl gene, DNA barcoding, molecular identification, phylogenetic analysis,
Chiroptera.

1. INTRODUCTION

Bats (Order: Chiroptera) are the second-largest group of mammals, comprising more than 1,400 species worldwide and
playing vital ecological roles as pollinators, seed dispersers, and biological pest controllers. Their ecological importance
contributes significantly to ecosystem functioning and biodiversity conservation. However, accurate identification of
bat species remains a major challenge because many species exhibit similar morphological characteristics, resulting in
taxonomic ambiguities and the existence of cryptic species complexes (Clare et al., 2007; Mayer et al., 2007).

Traditional morphological methods often fail to distinguish closely related species due to overlapping external features
and intraspecific variation. To overcome these limitations, molecular approaches have become indispensable tools in
modern taxonomy and biodiversity research. Among various molecular markers, mitochondrial DNA (mtDNA) has
been widely used because of its high mutation rate, maternal inheritance, and lack of recombination, making it highly
informative for species-level identification and phylogenetic studies (Avise, 2000). Beyond species identification, COI
sequences provide valuable information on evolutionary relationships and genetic diversity. Phylogenetic analyses
using mitochondrial markers help clarify lineage divergence, species relationships, and historical biogeographic
patterns. Molecular studies have revealed substantial cryptic diversity within several bat genera, demonstrating the
importance of integrating genetic evidence with morphological and ecological data for accurate species delimitation
(Mayer & Von Helversen, 2001; Juste et al., 2013).

Accurate species identification is fundamental for effective conservation strategies. Genetic identification methods offer
a reliable solution by enabling precise species recognition, even when voucher specimen collection is restricted by
ethical, legal, or conservation considerations (Wilson ef al., 2014). Non-lethal tissue sampling techniques, such as wing
membrane biopsies and tail membrane samples, have further facilitated molecular research while minimizing impacts
on natural populations (Chen ef al., 2010).The development of international initiatives such as the Barcode of Life Data
System (BOLD) has greatly expanded the availability of reference DNA sequences for species identification and
comparative studies (Ratnasingham & Hebert, 2013). Advances in computational biology and phylogenetic software,
including MEGA, BEAST, and MrBayes, have further strengthened molecular phylogenetic research (Drummond &
Rambaut, 2007; Ronquist ef al., 2012).

2836


http://www.veterinaria.org/
http://www.veterinaria.org/
mailto:jayaprabha2009@gmail.com

REDVET - Revista electronica de Veterinaria - ISSN 1695-7504

Vol 25, No. 2 (2024)

http://www.veterinaria.org

Article Received:07/09/2024 Accepted: 20/10/2024  Published:20/11/2024

Therefore, the present study focuses on the molecular identification and phylogenetic analysis of selected chiropteran
bats using the mitochondrial cytochrome c oxidase subunit I (COI) gene. The study aims to assess genomic DNA
quality, amplify COI gene fragments through PCR, and infer phylogenetic relationships using Neighbour-Joining and
Maximum Likelihood methods. By integrating molecular techniques with evolutionary analyses, this study contributes
to improved species identification, taxonomic resolution, and the conservation of bat biodiversity.

2. MATERIALS AND METHODS

2.1 Study Area and Sample Collection

The study was conducted in Tirunelveli District, Tamil Nadu, India. Adult individuals of Hipposideros speoris were
captured using mist nets and hand-capture methods near roosting and foraging sites. All procedures followed the
guidelines of the American Society of Mammalogists for the use of wild mammals in research (Sikes, 2016). Wing
membrane tissue samples (approximately 5 mm) were collected aseptically from healthy bats and preserved in 95%
ethanol at —20°C until further analysis.

2.2 Genomic DNA Extraction

Genomic DNA was isolated from preserved wing membrane tissues using the phenol-chloroform extraction method
described by Sambrook and Russell (2001). Approximately 20-30 mg of tissue was digested overnight in extraction
buffer containing Proteinase K at 55°C. Following complete tissue digestion, phenol-chloroform-isoamyl alcohol
extraction was performed to separate DNA from proteins and other cellular components. The extracted DNA was
precipitated using chilled ethanol, washed with 70% ethanol, and dissolved in nuclease-free water. DNA quality and
concentration were assessed by agarose gel electrophoresis and spectrophotometric analysis. High-quality genomic
DNA showing distinct bands without degradation was selected for downstream molecular analyses.

2.3 PCR Amplification of the COI Gene

A partial fragment of the mitochondrial cytochrome ¢ oxidase subunit I (COI) gene was amplified using universal
barcode primers LCO1490 (5 GGTCAACA AATCATAA AGATATTGG-3') and HCO2198 (5'-
TAAACTTCAGGGTGACCAAAAAATCA-3") developed by Folmer et al. (1994). These primers amplify
approximately 650 base pairs of the COI gene and are widely used in DNA barcoding studies.PCR reactions were
performed in a total reaction volume of 25 pL containing template DNA, PCR buffer, MgCl., dNTPs, forward and
reverse primers, Tag DNA polymerase, and nuclease-free water. Amplification was carried out using a thermal cycler
under the following conditions: initial denaturation at 94°C for 3 min, followed by 35 cycles of denaturation at 94°C for
30 s, annealing at 48-50°C for 45 s, and extension at 72°C for 1 min, with a final extension at 72°C for 7 min.
Amplified products were separated on 1.5% agarose gel stained with ethidium bromide and visualized under UV
illumination. A DNA ladder was used to verify the expected amplicon size.

2.4 Purification and DNA Sequencing

PCR products showing clear and distinct amplification were purified using the Bionteq Gel Elution Kit according to the
manufacturer's instructions. Purification removed residual primers, nucleotides, enzymes, and other contaminants that
could interfere with sequencing reactions. The purified PCR products were subjected to bidirectional sequencing using
the ABI BigDye Terminator v3.1 Cycle Sequencing Kit. Sequencing reactions were analysed using an ABI automated
capillary DNA sequencer. Both forward and reverse sequence reads were obtained to ensure sequence accuracy and
reliability.

2.5 Sequence Editing and Alignment

Raw chromatogram files obtained from sequencing were manually inspected and edited using Chromas Pro software.
Ambiguous bases, low-quality regions, and sequencing artefacts were removed. Forward and reverse sequences were
assembled to generate a consensus sequence for each specimen. The edited sequences were aligned using Clustal X
version 2.0 software to identify conserved and variable nucleotide sites. To verify the authenticity of the mitochondrial
COI sequences, all nucleotide sequences were translated into amino acid sequences to ensure the absence of stop
codons, insertions, deletions, or frame-shift mutations.

2.6 Molecular Identification

The consensus COI sequences obtained from Hipposideros speoris were compared with available sequences in the
NCBI GenBank database using the Basic Local Alignment Search Tool (BLAST). Species identification was confirmed
based on the highest percentage similarity, maximum query coverage, and lowest E-value. The generated sequences
were further compared with previously published COI sequences of related species to evaluate genetic similarity and
divergence.
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2.7 Phylogenetic Analysis

Phylogenetic relationships were analysed using Molecular Evolutionary Genetics Analysis (MEGA) version 11
(Tamura et al., 2021). The aligned COI sequences of Hipposideros speoris and related reference sequences retrieved
from GenBank were used for tree construction. Genetic distances were calculated using the Kimura 2-Parameter (K2P)
model. Phylogenetic trees were constructed using the Neighbour-Joining (NJ) method to evaluate the evolutionary
relationships among taxa. The resulting tree topology was examined to determine species clustering and genetic affinity
with related Hipposideridae bats.

2.8 Bootstrap Analysis

The reliability and statistical support of the phylogenetic tree were assessed using bootstrap analysis following the
method of Felsenstein (1985). A total of 1,000 bootstrap replicates were performed in MEGA version 11. Bootstrap
values were displayed at the corresponding nodes of the phylogenetic tree. Branches with bootstrap support values
greater than 70% were considered well supported, indicating a high level of confidence in the inferred evolutionary
relationships. The bootstrap analysis provided an assessment of the robustness and stability of the phylogenetic
placement of Hipposideros speoris within the family Hipposideridae.

3. RESULT

The mitochondrial cytochrome ¢ oxidase subunit I (COI) gene fragment of Hipposideros speoris was successfully
amplified and sequenced. The amplified fragment produced a clear PCR band of approximately 650 bp, indicating
successful amplification of the target mitochondrial region. After sequence editing and trimming of low-quality terminal
regions, a high-quality consensus sequence was obtained and used for subsequent molecular analyses.

The obtained COI sequence was compared with homologous sequences available in the NCBI GenBank database.
BLAST analysis confirmed that the sequence belonged to the genus Hipposideros, showing high similarity with
previously reported H. speoris sequences. The sequence generated in the present study was deposited and analysed
together with representative COI sequences of closely related species within the family Hipposideridae.

Phylogenetic reconstruction based on the Neighbour-Joining (NJ) method using the Kimura 2-Parameter (K2P) model
produced a well-resolved tree topology (Figure 3.1). The sequence obtained in the present study clustered within the
Hipposideros lineage and formed a distinct branch associated with H. speoris. The overall phylogenetic structure clearly
separated species belonging to the genus Hipposideros from the outgroup taxon Taphozous melanopogon. All major
clades received strong bootstrap support values, with several nodes showing 100% bootstrap support, indicating a high
level of confidence in the inferred evolutionary relationships.

Figure 3.1 Phylogenetic relationship among the partial cytochrome c oxidase subunit I (COI) sequences of the
family Hipposideridae.
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The pairwise genetic distance matrix revealed considerable genetic divergence among the analysed taxa (Table 3.1).
The genetic distance between the present study sequence and the reference H. speoris sequence (MG821202.1, India)
was 0.1638. This divergence indicates measurable genetic differentiation between the studied population and the
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reference population. Despite this divergence, both sequences were placed within the same phylogenetic assemblage,
supporting their taxonomic association within H. speoris.Among the analysed congeners, the genetic distance values
between H. speoris and other Hipposideros species ranged from 0.1463 to 0.1891. The lowest divergence was observed
between H. speoris and H. galeritus (0.1463), followed by H. lylei (0.1512) and H. dyacorum (0.1572). Moderate
divergence values were observed with H. fulvus (0.1688) and H. bicolor (0.1755). The highest divergence among
congeners was recorded with H. pomona (0.1891) and H. khaokhouayensis (0.1805). These results indicate substantial
genetic differentiation among species of the genus Hipposideros. The genetic distance matrix further demonstrated that
all examined species formed genetically distinct entities. No overlap was observed between the divergence values of the
analysed taxa, indicating clear species boundaries based on COI sequence variation. The observed levels of divergence
are consistent with species-level differentiation reported for other members of the family Hipposideridae.

The outgroup species, Taphozous melanopogon, exhibited the highest genetic divergence from H. speoris, with a
pairwise K2P distance of 0.2477. Similarly high divergence values were observed between 7. melanopogon and all
other Hipposideros species included in the analysis. In the phylogenetic tree, the outgroup was clearly separated from
the Hipposideridae clade and occupied a basal position, confirming its suitability for rooting the tree and validating the
phylogenetic relationships observed among the ingroup taxa.

The clustering pattern observed in the NJ tree corresponded closely with the genetic distance data. Species with
relatively lower genetic distances tended to occupy neighbouring positions within the phylogeny, whereas highly
divergent taxa formed separate branches. This congruence between phylogenetic topology and pairwise distance
estimates supports the reliability of the COI marker for assessing evolutionary relationships within the genus
Hipposideros. The present molecular analysis demonstrated that the COI gene possesses sufficient discriminatory
power to distinguish H. speoris from other closely related species. The combination of distinct phylogenetic placement,
measurable genetic divergence, and strong bootstrap support provides robust evidence for the molecular identification
of the studied specimen. Furthermore, the observed genetic differentiation highlights the existence of evolutionary
divergence within the genus and contributes valuable information toward understanding the genetic diversity and
phylogeographic structure of Hipposideros bats.
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Q

Hipposideros speoris

(Present Study) 0

Hipposideros speoris 0.163

MG821202.1 (India) 8 0

Hipposideros pomona

HM540598.1 (Southeast | 0.189 | 0.161

Asia) 1 6 0

Hipposideros dyacorum 0.157 | 0.153 | 0.138

PP216258.1(Malaysia) 2 4 8 0

Hipposideros fulvus 0.168 | 0.154 | 0.132 | 0.149

MT900614.1 (India) 8 7 2 0 0

Hipposideros

khaokhouayensis 0.180 | 0.158 | 0.111 0.151 0.150

JQ599813.1 (Canada) 5 3 2 7 7 0

Hipposideros bicolor

HM540339.1 (Southeast | 0.175 | 0.163 | 0.084 | 0.132 | 0.134 | 0.095

Asia) 5 8 3 6 8 8 0

Hipposideros galeritus 0.146 | 0.133 | 0.156 | 0.135 | 0.148 | 0.153

PV689803.1 (Cambodia) 3 5 6 7 0 9 0.1566 | 0

Hipposideros lylei 0.151 | 0.141 | 0.158 | 0.137 | 0.152 | 0.156

KR908669.1 (China) 2 5 8 9 9 1 0.1616 | 0.0104 | 0

Taphozous melanopogon 0.247 |0.212 | 0.245 | 0.229 | 0.250 | 0.230

PV689826.1 (Cambodia) 7 0 2 5 8 0 0.2211 ]0.2428 [ 0.2459 |0

Table 3.1 Kimura 2-Parameter (K2P) Genetic pairwise distance (%) Matrix for Selected Hipposideridae Species

Based on COI Sequences
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4. DISCUSSION

The mitochondrial cytochrome c¢ oxidase subunit I (COI) gene analysis conducted in the present study provided
valuable insights into the taxonomic identity and phylogenetic position of Hipposideros speoris. The generated COI
sequence clustered within the genus Hipposideros and formed a well-supported lineage in the Neighbour-Joining
phylogenetic tree. The high bootstrap support values obtained for the major nodes indicate that the inferred
phylogenetic relationships are robust and statistically reliable. Similar observations have been reported in previous
molecular studies, where COI sequences successfully discriminated species of Hipposideridae and resolved taxonomic
relationships among closely related taxa (Clare et al., 2007; Francis et al., 2010).

The genetic distance between the H. speoris sequence generated in the present study and the reference sequence (H.
speoris, MG821202.1) was 0.1638 (16.38%). This value is considerably higher than the levels of intraspecific
divergence generally reported for mammalian COI sequences, which are often below 2—5% (Hebert et al., 2003; Baker
et al., 2009). Such elevated divergence may indicate substantial genetic differentiation between geographically
separated populations. Geographic isolation, restricted gene flow, local adaptation, and historical demographic
processes may contribute to the accumulation of genetic variation within populations of H. speoris. Despite the
relatively high genetic divergence, both sequences were recovered within the same major lineage in the phylogenetic
tree. This pattern suggests that the analysed specimens share a common evolutionary origin while exhibiting notable
genetic differentiation. Similar patterns have been documented in several bat taxa, where geographically isolated
populations exhibit deep mitochondrial divergence despite retaining morphological similarities (Mayer & von
Helversen, 2001; Clare, 2011). Such divergence may represent population structuring, phylogeographic differentiation,
or the early stages of lineage diversification.

Comparison with other species of the genus Hipposideros further demonstrated the distinctiveness of H. speoris. The
interspecific genetic distances observed between H. speoris and other congeners ranged from 14.63% to 18.91%,
indicating substantial evolutionary separation among species. The relatively high divergence values are consistent with
previous studies reporting considerable mitochondrial differentiation among members of Hipposideridae (Francis et al.,
2010; Lim et al., 2017). The clear separation of H. speoris from H. fulvus, H. bicolor, H. pomona, H. galeritus, H.
dyacorum, H. lylei, and H. khaokhouayensis supports its recognition as a genetically distinct taxon. The phylogenetic
tree topology also demonstrated that H. speoris occupied a separate branch within the genus, reflecting its independent
evolutionary history. The concordance between the pairwise genetic distance matrix and phylogenetic clustering pattern
provides strong evidence for the effectiveness of the COI gene in resolving species-level relationships within
Hipposideridae. Such congruence between genetic distance and phylogenetic reconstruction has been considered an
important criterion for reliable molecular taxonomy (Nei & Kumar, 2000; Dayrat, 2005).

The highest genetic divergence was observed between H. speoris and the outgroup species Taphozous melanopogon
(approximately 24.6%). This result reflects the distant evolutionary relationship between the families Hipposideridae
and Emballonuridae and confirms the suitability of 7. melanopogon as an outgroup in the present phylogenetic analysis.
The clear separation of the outgroup from the Hipposideros clade further supports the validity of the tree topology. The
substantial genetic divergence observed within H. speoris may have important taxonomic implications. Increasing
evidence from molecular studies suggests that many bat species comprise genetically structured populations or cryptic
evolutionary lineages that remain undetected through morphology alone (Clare et al., 2007; Francis et al., 2010; Clare,
2011). Therefore, the divergence observed in the present study may reflect previously unrecognized genetic diversity
within H. speoris. However, confirmation of such taxonomic status requires additional evidence from morphology,
morphometrics, acoustics, ecology, and nuclear genetic markers.

Overall, the present study demonstrates that the mitochondrial COI gene is an effective molecular marker for the
identification and phylogenetic assessment of Hipposideros speoris. The observed genetic divergence, distinct
phylogenetic placement, and strong bootstrap support collectively indicate the presence of significant evolutionary
differentiation within the species. These findings contribute to a better understanding of the genetic diversity,
evolutionary history, and taxonomic relationships of H. speoris and highlight the importance of integrative approaches
in bat systematics and conservation biology.

5. CONCLUSSION
The present study demonstrated the effectiveness of mitochondrial cytochrome ¢ oxidase subunit I (COI) gene
sequencing for the molecular identification and phylogenetic assessment of Hipposideros speoris. The obtained COI
sequences successfully confirmed the taxonomic placement of the studied specimens within the family Hipposideridae
and provided reliable genetic data for evaluating evolutionary relationships. Phylogenetic analyses based on the
Neighbour-Joining method and Kimura 2-Parameter genetic distance model revealed a distinct lineage of H. speoris
with strong bootstrap support, indicating the robustness of the inferred relationships. Genetic distance analysis revealed
substantial divergence between the present study sequence and available reference sequences, suggesting the presence
of considerable genetic variation within H. speoris populations. The clear separation of H. speoris from other congeners
further highlights the utility of COI barcoding as a powerful tool for species discrimination and molecular taxonomy in
bats. Overall, the findings contribute to the understanding of genetic diversity and evolutionary relationships within
Hipposideridae and emphasize the importance of integrating molecular approaches into bat biodiversity studies. Further
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investigations involving broader geographic sampling, larger population sizes, and additional molecular markers are
recommended to better understand the phylogeographic structure and taxonomic status of H. speoris across its
distribution range.
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