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Abstract

Background: Rousettus amplexicaudatus is widely distributed across Indonesia, including the
Suruman Cave in South Bengkulu. Due to similarities in morphology within the Rousettus group,
identification can be challenging. We conducted a molecular analysis using COI and Cytochrome b
genes from mitochondrial DNA to explore its genetic traits. DNA was extracted from the blood tissue
of seven individuals from the Suruman Cave population, and gene amplification was performed with
20 bp primers. Sequence data were analyzed using MEGA XI software. Results: As a result,
characteristics of the COI gene, which is 897 bp in length, were characterized by a high frequency of
base pairs Adenine-Thymine (55.5%) and Guanine-Cytosine (44.5%), with the majority of the DNA
sequence exhibiting a high degree of conservation sites (97.8%). The average intrapopulation genetic
distance based on the COI gene was 0.77%, with four specific sites for R. amplexicaudatus Suruman
Cave. The Cytochrome b gene, which is 635 bp long, is characterized by Adenine-Thymine base pairs
of 53.7% and Guanine-Cytosine of 46.3%. Cytochrome b is more conserved than the COI (99.1%).
The average intrapopulation genetic distance based on the Cytochrome b gene is 0.3% and has no
population-specific sites. Conclusions: Both sequences showed a consistent pattern in phylogenetic
tree analysis, which suggests the Suruman population is the group of R. amplexicaudatus. Therefore,
these sequences can be proposed as molecular markers for R amplexicaudatus, particularly when
compared to the whole sequences of the COI and cytochrome b.

Keywords: Chiroptera, Cytochrome b, Cytochrome Oxidase subunit I (COI), Pteropodidae, Rousettus
amplexicaudatus

Introduction

Bats play a vital role in the ecosystem, serving as insect predators, pollinators, and seed
dispersers. As insectivorous bats control insect populations, nectarivorous bats pollinate
various plants, and frugivorous bats disperse plant seeds. These organisms are essential in
maintaining ecological equilibrium (Ramirez-Francel et al., 2022). Bat droppings or guano
in caves contain nitrogen and phosphate and can be used as an alternative fertilizer (Afa,
2016; Lukman, 2022; Tangguda et al, 2022). However, the community has not widely
recognized the importance of bats (Medellin et al, 2017; Kemp et al, 2019). The
nectarivorous and frugivorous bats are often misunderstood as destroying crops of high
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economic value, leading to the destruction of fruit yields. Most bat species are classified
as unprotected in the Indonesian Legislation (KLHK-LIPI, 2019) and as Data Deficient and
Least Concern species on the IUCN Red List of Threatened Species. Some species are
reported to be in decline, while others have been declared extinct (IUCN, 2021). Among
the principal causes of bat population decline is habitat loss or destruction (Laurindo et
al,, 2019; Frick et al,, 2020).

Bat identification is typically conducted through the examination of visible
morphological characteristics. A variety of traits may serve as distinguishing features
between species. These include facial shape, ears, tail morphology, body color, body
weight, and body morphometry such as upper arm, head length, tail length, and total
length (Ceballos, 2014; Juste et al, 2018; Thanh et al, 2019). Some species exhibit
characteristics that facilitate their identification. Other species demonstrate a high degree
of morphological similarity, particularly species from the same genera (Ceballos, 2014).
For example, species of the genus Rousettus display considerable morphological
similarity (Waldien et al., 2019).

Mitochondrial DNA (mtDNA) comprises circular genes with heavy and light strands of
DNA and encodes 13 protein-encoding genes, 22 tRNA genes, two rRNA genes, and a
control region (Yue et al., 2019; Jahari etal, 2020; Zhang et al., 2021; Luo et al,, 2022). In
contrast to nuclear DNA, mitochondrial DNA (mtDNA) exhibits several distinctive
characteristics. For instance, it comprises numerous identical copies, is inherited
uniparentally (from the female parent), does not undergo recombination, has a relatively
small number of genomes, and exhibits a high evolutionary rate compared to nuclear
DNA. A notable feature is that a proportion of the genes are more highly conserved than
others. The COI gene (Cytochrome Oxidase Subunit I) provides a case in point.
Consequently, mitochondrial DNA is an optimal choice for molecular taxonomic studies,
analysis of genetic diversity, and evolutionary rates (Ladoukakis & Zouros, 2017).

One of the advantages of COI genes is that they are stable. In the mammal group, this
gene is stable with minimal deletions, insertions, and substitutions. However, its
characteristics can distinguish taxon levels, thus representing a valuable tool for studying
the genetic characteristics of a species or population. Furthermore, it can be employed as
a species DNA barcode (Hebert et al., 2003). Meanwhile, the Cytochrome b gene tends to
have a higher mutation rate than the COI gene, making it suitable for studying the genetic
diversity in populations (Wright et al.,, 2018; Park et al., 2019).

The process of confirming bat species using molecular techniques has been initiated
for numerous bat species, with the genus Rousettus as a notable example. A total of ten
species grouped into the genus Rousettus have been identified (Francis, 2019), and six of
them can be found in Indonesia (Maryanto et al, 2019). Since they are very similar
morphologically, the identification process often goes wrong. Some species occur
sympatrically (Lengkong et al, 2016). However, morphological misidentifications in
many species have been successfully reconfirmed through molecular research then
placed them in the correct taxonomic status (Juste et al.,, 2018; Srinivasulu et al., 2019;
Ancillotto et al., 2020; Calahorra-Oliart et al., 2021; Mulvaney et al.,, 2023). Huang et al.
(2014) and Tu et al. (2017) have conducted molecular analysis on another group of
cryptic species, Tylonycteris pachypus, and T. robusta. The results of this study indicated
that both consist of several different species.

Our preliminary findings confirm the presence of R. amplexicaudatus in Suruman
Cave, South Bengkulu, Indonesia. Suruman Cave is a large cave with an entrance at a
height of over 10 meters and a length of more than 3 kilometers. The cave is mainly
exposed to lightless areas, except the entrance cave. R. amplexicaudatus was discovered
exclusively in the lightlessness of the cave, about 300-350 meters from the cave entrance.
They are typically associated with the Eonycteris spelaea colony. The area surrounding
the cave entrance still receives dim sunlight and is commonly inhabited by other species
from the Hipposideros group (Kamilah et al.,, 2019). This species is usually found in large
colonies in the cave. The density of individuals per square meter can exceed more than
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400 (Carpenter et al, 2014). In the present study, we examined the characteristics of
specific partial segments of the COI and Cytochrome b genes of mitochondrial DNA in R.
amplexicaudatus from Suruman Cave. Similar studies have been conducted by other
researchers on R. amplexicaudatus, as exemplified by (Luczon et al, 2019; Stribna et al,,
2019; Hassanin et al, 2020). Furthermore, some DNA sequences of the COI and
cytochrome b genes are also available in GenBank in the form of whole sequences and
partial genes. However, most of the current available partial genes are positioned in the
middle of the gene. In this study, we have provided and analyzed the sequence of COI and
Cytochrome b from the initial region of the genes. Thus, this research has facilitated the
expansion of molecular data related to bats, with a particular focus on R. amplexicaudatus.
This data may be utilized for taxonomy, ecology, and conservation analyses.

Methods
Collecting Sample

The research plan underwent an ethical review by the Research Ethics Commission of
LPPM Bengkulu University, which determined that the research met the scientific
standards and ethical guidelines (ethical acceptable No. 13 /KER-LPPM/EC/2023). Hand
nets were used to capture the bats in the Suruman cave. Personal protective equipment
such as safety gloves and masks were used during animal capturing, handling, and sample
collection to reduce the potential risk of pathogen transmission. Species identification is
based on the analysis of morphological characteristics, such as facial structure, wing
shape, body dimensions (forearm length, body length, tail length, ear length), and other
physical traits. Species identification has followed the descriptions outlined in the
mammal guidebooks developed by Payne et al. (2000) and (Wilson & Mittermeier, 2019).
Blood was collected about 0.1-0.5 ml from the seven individuals of R. amplexicaudatus,
using the disposable syringe with a needle gently through the interfemoral veins of the
bat and preserved in the Eppendorf tube with EDTA at -20 °C. After recording the
morphometric data and blood collection, the bats were released immediately into the
cave. The molecular analysis was conducted at the Laboratory of Biotechnology, Biology
Department, University of Bengkulu. The blood samples are stored at the Laboratory of
Zoology, Basic Science, University of Bengkulu, with the names AM1, AM2, AM3, AM4,
AMS, E8C, and E9C.

s 0

Figure 1. Rousettus amplexicaudatus from Suruman Cave, South Bengkulu

DNA Extraction
DNA was extracted according to the Spin-Column Protocol, mediated with DNeasy

Tissue Kit ® Blood and Tissue Kit (cat. No. 69504 (50) procured from Qiagen.

DNA Amplification and Sequencing

BIOEDUSCIENCE, 9(1): 36-48, 2025. DOI: https://doi.org/10.22236/jbes/15226 ISSN: 2614-1558 | 38


https://doi.org/10.22236/jbes/15226

https://journal.uhamka.ac.id/index.php/bioeduscience/

The COI and Cytochrome b genes were amplified through polymerase chain reaction
(PCR) using specific DNA primers. The DNA primers were designed online at the Primer3
program (http://bio-info.ut.ee/primer3-0.4.0/primer3). The DNA primers were designed
using the sequence of R amplexicaudatus from the Philippines, available at
https://www.ncbi.nlm.nih.gov/ with the accession number NC_045044. The designed
DNA primers were a forward primer, CORAF 5'-aatcggagccccagacatag-3', and a reverse
primer, CORAR 5'-cggctcccatagataggacg-3', for the COI gene with a length of 20 bp, with
an amplification target length of approximately 899 bp (the sequence is located at
nucleotide number 258-1156). The DNA primers for the amplification of the Cytochrome
b gene are the forward primer CYRAF (5'-cccctcaagcatctcctac-3') and the reverse primer
CYRAR (5'-gaggggtgttcagtgggtta-3"). Each primer has a length of 20 bp, while the
amplification target length was approximately 728 bp (sequence position is located at
nucleotide number 69-796).

The COI and cytochrome b genes were amplified using the Polymerase Chain Reaction
(PCR) technique. The mixture of materials for DNA amplification consisted of 50 pl, with
the following composition: 25 pl of MyTaq™ HS Red Mix-Bioline 2x, 1 ul of DNA primer
forward, 1 pl of DNA primer reverse, 3 ul of DNA template, and 20 ul of nuclease-free
water. The target DNA sequence was amplified using the following protocol: pre-
denaturation at 95°C for 5 minutes, denaturation at 94°C for 1 minute, annealing at 60°C
for 45 seconds, elongation at 72°C for 1 minute, post-elongation at 72°C for 8 minutes,
and cooling at 4°C for 10 minutes. A polymerase chain reaction (PCR) machine was used
at a pre-denaturation temperature of 95°C for 5 minutes, denaturation at 94°C for 1
minute, annealing at 60°C for 45 seconds, elongation at 729C for 1 minute, post-
elongation at 720C for 8 minutes, and cooling at 4°C for 10 minutes. DNA amplification
was conducted for 35 cycles. The quality of the DNA was evaluated using an
electrophoresis machine with a 1.2% agarose gel and TAE 1x buffer solution. PCR
products with an acceptable quality threshold indicate that the amplification was
successful. The PCR products were sent to the First Base Sdn. Bhd. Laboratory in Malaysia
for DNA sequencing stage.

Data Analysis

DNA sequencing results in the ABI files were analyzed and edited using the BioEdit
version 7.2 program. The sequences obtained were then validated using BLASTn (Basic
Local Alignment Search Tool- nucleotide) to identify sequence similarities. The COI and
Cytochrome b gene sequences were aligned using Clustal W in the MEGA 11 program
(Tamura et al.,, 2021). The sequences were compared with those of similar genes from the
same or closely related species using data from the GenBank library. Phylogenetic tree
reconstruction was performed using the Neighbor-Joining (NJ), Bootstrap method with
1000 repetitions, and the genetic distance analysis based on Kimura 2 parameters (K2P)
(Tamura et al, 2021). The molecular characteristics of each gene are displayed in the
form of a DNA barcode created by a DNA barcode generator (https://biorad-
ads.com/DNABarcodeWeb/).

Result

We successfully obtained an analyzable COI gene sequence of 897 bp in length, as
presented in Table 1. This analysis revealed that 878 (97.9%) are noted as conserved
sites (C), while 19 (2.1%) are variation sites (V), which are divided into six parsimony-
informative sites (0.67%) and thirteen singleton sites (1.45%). The conserved region
identified in these sequences is part of the sequence that remains similar, stable, and
persistent within the COI gene of the seven individuals of R. amplexicaudatus Suruman
Cave. A Parsimony-informative site refers to a minimal number of substitutions; it
contains at least two types of nucleotides, and at least two occur with a minimum
frequency of two. On the other hand, the singleton site contains at least two types of
nucleotides, with, at most, one occurring multiple times.
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Table 1. Molecular characteristics of the partial gene COI (897 bp) of R. amplexicaudatus
Suruman Cave, South Bengkulu

Number of Number of Composition of Nucleotide
Individual Conserved Variable Sites (%)

Sites v Pi_ S A T G C
Individual 1 26.2 293 171 27.4
Individual 2 263 293 169 27.4
Individual 3 263 293 169 274
Individual 4 878 19 6 13 262 293 171 27.4
Individual 5 26.2 293 172 273
Individual 6 26.0 29.1 176  27.2
Individual 7 262 297 171 273

Description: Conserved site = number of nucleotides that are maintained, V = number of
nucleotides that have changed, Pi = number of nucleotides that are Parsimony-
informative, S = number of Singleton nucleotides, A = Adenine, T = Thymine, G = Guanine,
C = Cytosine

Table 2. Molecular characteristics of the partial gene Cytochrome b (635 bp) of
R. amplexicaudatus Suruman Cave, South Bengkulu

Number of Number of Composition of Nucleotide
Individual Conserved Variable Sites (%)

Sites \ Pi_ S A T G C
Individual 1 26.0 27.6 14.8 31.7
Individual 2 26.1 27.9 14.6 31.3
Individual 3 26.0 27.6 14.8 31.7
Individual 4 629 6 1 5 260 279 148 313
Individual 5 260 277 148 315
Individual 6 260 279 148 313
Individual 7 261 277 146 315

Description: Conserved site = number of nucleotides that are maintained, V = number of
nucleotides that have changed, Pi = number of nucleotides that are Parsimony-
informative, S = number of Singleton nucleotides, A = Adenine, T = Thymine, G = Guanine,
C = Cytosine

Sequence analysis of the Cytochrome b gene, 635 bp in length, revealed 629
conservative sites (C) (99.1%), six variation sites (V) (0.9%), one parsimony-informative
site (0.16%), and five singleton sites (0.78%). The only variations present in the Suruman
population of the cytochrome b gene were transitional substitutions. The nucleotide
changes occurred exclusively between purine (adenine-guanine) and pyrimidine
(thymine-cytosine).

Table 3. The percentages of genetic distances of intrapopulation, interpopulation of the
R. amplexicaudatus, and outgroup based on COI genes with 897 bp in length

No Species 1 2 3 4 5

1 R amplexicaudatus

(Suruman- 0-1.58

Indonesia)
2 R a.rrfple.xicaudatus 0.56 - 1.92 0.00

(Philippines)
3 R. amplexicaudatus 1065 -

(Malay 11.05-12.26 ' 0.90

: 10.66

Peninsular)
4 R amplexicaudatus 10.26 -

(Unknown) 10.66-11.99 1027 1.93-2.28 0.34

14.92 - 13.95 - 13.82 -

5 Outgroup 15.19-17.88 16.79 1619 15.92 0.00 - 8.57
Intrapopulation R. amplexicaudatus (Suruman-
Indonesia) 0.00 - 1.58 x:0.77
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Interpopulation R. amplexicaudatus 0.56-12.26 x:7.84
Interspecies within genus Rousettus (Outgroup) 15.19-17.88 x:16.67

Table 4. The percentages of genetic distances of intrapopulation, interpopulation of the
R. amplexicaudatus, and outgroup based on Cytochrome b genes with 635 bp in length

No Species 1 2 3 4 5
1 R amplexicaudatus
(Suruman- 0.00-0,47
Indonesia)
2 R amplexicaudatus

(Philippines) 0.32-1.11 0.00-1.27

3 R amplexicaudatus
(Malay Peninsular)

4 R amplexicaudatus
(Unknown)

7.43-854 6.89-851 1.28

6.71-7.25 6.18-7.23 0.79-1.28 0,16

12.84 - 13.01 - 14.03 - 13.63 - 0.63 -
14.88 14.88 14.86 14.47 6.90
Intrapopulation R. amplexicaudatus (Suruman-

Indonesia) 0.00-0.47

Interpopulation R. amplexicaudatus 0.32-8.54

5 Outgroup

:0.3
:3.39
:13.86

= e

]|

Interspecies within genus Rousettus (Outgroup) 12.84 - 14.88

R. amplexicaudatus AM1 - Suruman Bengkulu-Indonesia

»&k{ 37

48

R. amplexicaudatus AM4 - Suruman Bengkulu-Indonesia

R. amplexicaudatus AM3 - Suruman Bengkulu-Indonesia
60 CLADE A

R. amplexicaudatus AMS5 - Suruman Bengkulu-Indonesia

81
R. amplexicaudatus AM2-Suruman Bengkulu-Indonesia

0D R. amplexicaudatus EBC-Suruman Bengkulu-Indonesia

03 R. amplexicaudatus AC9-Suruman Bengkulu-Indenesia

\R. amplexicaudatus NC 045044.1 Isabela - Philippines

88 | R amplexicaudatus MN125184.1 Isabela - Philippines

98 R. amplexicaudatus MT259592.1 - Malay Peninsular

R. amplexicaudatus OP251024.1 - Malay Peninsular
CLADEB

100 R. amplexicaudatus MN816353.1 - Unknown area

%1 g, amplexicaudatus MN816352.1 - Unknown area

97 | R. leschenaultii NC 046927.1 - Unknown area
1l]l]| R. leschenaultii MN816354.1 - Unknown area
R. leschenaultii MN816355.1 - Unknown area

100 === R. aegyptiacus MN816351.1 - Sub Saharan-Africa

100 [.R. aegyptiacus MN816350.1 - Mediterranean-Africa
100 ™= R. aegyptiacus MN816349.1 - Mediterranean-Africa

CLADEC

_—
0.02

Figure 2. The phylogenetic tree presents a genetic relationship of the Rousettus

amplexicaudatus Suruman Cave. The illustration tree is based on the 897 bp of the COI

sequence, which was analyzed by Neighbor-Joining (NJ)

The phylogenetic tree illustrates the intraspecies and interspecies relationships of R.
amplexicaudatus based on the COI and Cytochrome b genes. Suruman Cave population
forms a monophyletic group distinct from other populations (Figures 1 and 2). The
phylogenetic tree is divided into three parts: Clade A, Clade B, and Clade C. Clade A and B
comprise the group of R. amplexicaudatus species. Clade A consists of the Suruman
populations and the Philippines, with a 100% bootstrap value supporting this conclusion.
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However, the phylogenetic tree branches indicate they were separated into two different
populations.

-
QA “/ v R. amplexicaudatus AM5 - Suruman Bengkulu-Indonesia
i\ R. amplexicaudatus AM3 - Suruman Bengkulu-Indonesia

36 P{R. amplexicaudatus AM1 - Suruman Benckulu-Indonesia
6.

o

5R. amplexicaudatus AM4 - Suruman Bengkulu-Indonesia

64 [ R. amplexicaudatus AM2 - Suruman Bengkulu-Indonesia

ke R. amplexicaudatus E8C - Suruman Bengkulu-Indonesia

| R. amplexicaudatus E9C - Suruman Bengkulu-Indonesia CLADE A
ﬁ-r R. amplexicaudatus AB046328.1 - Samal-Philippines

R. amplexicaudatus AB046327.1 - Quezon-Philippines

R. amplexicaudatus MN125184.1 - Isabela-Philippines
9-5|R' amplexicaudatus NC 045044.1 - Isabela-Philippines
R. amplexicaudatus AB046329.1 - Davao-Philippines
R. amplexicaudatus KU950716.1 - Luzon-Philippines
R. amplexicaudatus MN816353.1 - Unknown
R. amplexicaudatus MN816352.1 - Unknown CLADEB
R. amplexicaudatus 0P251024.1 - Malay Peninsular
R. amplexicaudatus MT259592.1 - Malay Peninsular

69
78

71 e R. leschenauitii OR468086.1 - Yunan-China
100 E R. leschenaultii ON640715.1 - Yunan-China
R. leschenaultii ON640716.1 - Guangxi-China CLADEC

e R. aegyptiacus 0Q383610.1 - Guinea

100

99}

L.‘T.aegypﬁacus JX283289.1 - Upemba Park-Congo

R. aegyptiacus MN816351.1 - Sub Saharan-Africa
60

—
0.02

Figure 3. The phylogenetic tree presents a genetic relationship of the Rousettus
amplexicaudatus Suruman Cave. The illustration tree is based on the 635 bp of the
Cytochrome b sequence, which Neighbor-Joining (N]) analyzed.

Discussion

Molecular Characteristics of COI and Cytochrome b Gene of R. amplexicaudatus
Suruman Cave, South Bengkulu

The partial genes of the COI of R. amplexicaudatus Suruman Cave were aligned with
the sequence of the intact COI genes of R. amplexicaudatus from other regions available in
the NCBI molecular library. The percentage of conserved sites was higher in the
Cytochrome b (99.1%), while the COI exhibited 97.9%. Demos et al. (2019) state that the
COI gene is more conserved. The genes are typically more conserved at the initial region
of the gene (Hebert et al., 2003; Lopez-Oceja et al., 2016). The effect of the high variation
in the area under analysis is likely responsible for the observed discrepancy in the
percentage of conservative sites within the COI and cytochrome b genes. The Cytochrome
b sequences amplified and analyzed were positioned on the initial region of the gene,
compared to the COI segments.

A comparative analysis of the COI gene sequence revealed the presence of four
nucleotide sites that exhibited specific characteristics unique to the R. amplexicaudatus
Suruman Cave population. These sites were identified as 59, 116, 229, and 625. The
population of the Suruman Cave at site number 59 has a thymine base, while other
populations have a cytosine base. Similarly, site number 116 is occupied by thymine
bases in the Suruman Cave population, whereas other populations exhibit cytosine and
guanine bases. At site 229, all individuals from the Suruman Cave population are found to
be conserved on the cytosine base, while other populations are conserved on the thymine
base. Finally, at site 625, the Suruman population has an adenine base, while other
populations have a guanine base. The mean nucleotide composition of the COI gene
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(Table 1) is highest in the thymine base at 29.3% and lowest in the guanine base at
17.1%. In a sequential order, the base composition of Thymine (T) is the highest, followed
by cytosine (C), adenine (A), and Guanine (G). The base pair composition of adenine-
thymine (AT) was 55.5%, while guanine-cytosine (GC) constituted 44.5%. The
composition of base pairs within a species is relatively consistent, although it can vary
between species. For instance, in the species Pteropus giganteus, the AT content is 52.4%,
while the GC content is 47.6% (Karamat et al., 2021). In the intact COI gene sequence of R.
amplexicaudatus, Thymine is the most prevalent base (28.8%), while Guanine is the least
prevalent (16.8%) (Mendoza & Fontanilla, 2019). In the mitogenome, however, Adenine
is the most abundant base composition, followed by Cytosine, Thymine, and Guanine
(Mendoza & Fontanilla, 2019; Jahari et al, 2020). Similar to other species, such as
Cynopterus brachyotis (Yoon et al., 2016), Rhinolophus pusillus (Wang et al., 2020), and R.
affinis (Ding et al,, 2021).

In contrast to the COI sequence, the characteristics of the Cytochrome b of the
Suruman population are characterized by the highest average base composition on
Cytosine (31.5%). Cytosine (29.1 - 29.7 bp) is the most prevalent base, followed by
Thymine, Adenine, and Guanine. The adenine-thymine content (AT) was 53.7%, while
guanine-cytosine (GC) content accounted for 46.3%. The number of conserved sites is
considerably higher in the Cytochrome b sequences, while the variation sites are notably
lower (6 sites or 0.94%). A comparison of the two species, R. aegyptiacus and R.
leschenaultii, revealed that the percentage of variation sites was significantly higher than
conserved sites, even when considering a relatively small sequence of 1001 bp.

Interpopulation polymorphism analysis based on Cytochrome b of the Suruman
population characterized by 574 (90.39%) conserved sites (C), 61 (9.61%) variation sites
(V) which comprised 44 (6.93%) Parsimony-informative sites, 17 (2.68%) Singleton sites.
The conservative sites of R. amplexicaudatus between the Suruman, Philippines, Malay
Peninsular, and Unknown populations indicate molecular differences geographically.
Species that are geographically separated do not experience gene flow in between. Each
population has adapted to the area in which it lives, thus causing them to undergo
molecular variation. Interpopulation polymorphism in the cytochrome b sequences
occurs as transitional substitutions and transversions. However, substitutions are more
common than transversions. Of the 61 variation sites, 4 had transversion changes, and 57
had transition changes.

Genetic Distance

A genetic distance analysis of the COI gene of R. amplexicaudatus was conducted based
on intrapopulation, interpopulation, and interspecies comparisons within the genus
Rousettus (outgroup). As illustrated in Table 3, the genetic distance of the Suruman
population exhibits a range of values between 0 and 1.58%, with an average of 0.77%.
The interpopulation value is 7.84%. In contrast to the findings of Luczon et al. (2019), the
genetic distance between R. amplexicaudatus populations in the Philippines and those
from mainland Southeast Asia is notably high, with a value of 12.70%. With this
considerable genetic distance, it is questionable whether the population of R
amplexicaudatus from Suruman (Sumatra) and the Philippines are different species from
the Malaysian population. The genetic distance between the Suruman population and the
outgroup is quite far (16.67%), not surprisingly because the outgroup consists of another
two species, namely R. leschenaultii and R. aegyptiacus. Luczon et al. (2019) reported that
the overall genetic distance within the Philippines Pteropodidae species was 19.87%.
Based on the interpopulation genetic distance of R. amplexicaudatus, it is known that the
lowest distance is between the Suruman population and the Philippines, with a value of
0.56-1.92%. (Table 2). This indicates that the Suruman population is more genetically
related to the Philippines population than others. This is reflected in the topology of the
phylogenetic tree, where the Philippines and Suruman populations are in the same
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branch, with sister taxon being populations from Malaysia and the Unknown area (Figure
3). The most significant genetic distance observed after the Philippines is to the Unknown
population, with a value of 10.66-11.99%. The most significant distance is to the
population from Malay Peninsular, with a value of 11.05-12.26%. Therefore, these two
populations are situated in a distinct subclade, separate from populations from Suruman
and the Philippines.

The genetic distance of R. amplexicaudatus based on the Cytochrome b gene exhibits a
lower interval value than the COI gene within the population of Suruman Cave; it is 0-
0.47% (average 0.3%). The interpopulation genetic distance value is 3.39%. The
interspecies genetic distance with the outgroups R. leschenaultii and R. aegyptiacus is
13.86%. The outcomes of the Cytochrome b gene analysis were consistent with those of
the COI gene analysis. The Suruman population exhibited the lowest genetic distance
from the Philippines population (0.32-1.11%), while the Malay Peninsular population
exhibited the most significant genetic distance (7.43-8.54%). As in all living organisms,
the genetic diversity of bats is influenced by various environmental factors. The greater
the number of environmental factors impacting a population, the more significant
changes may occur. The quantity of external environmental stressors to which a given
species is subjected can influence its capacity for adaptive response (Cruz-Salazar et al,,
2018; Peixoto et al., 2018; Soto-Centeno & Simmons, 2022; Festa et al., 2023).

Two phylogenetic trees were constructed based on the genetic variation of the COI
and Cytochrome b. This analysis revealed the relationship between the R
amplexicaudatus Suruman population and other populations. The study demonstrated
that the Suruman population constituted a discrete entity, distinct from the Philippines,
Malay Peninsular, and Unknown populations. The population was divided into three
clades: A, B, and C. Clades A and B are Clades of the R. amplexicaudatus species, as
evidenced by the phylogenetic tree constructed using the COI gene and the Cytochrome b
gene. Clade A, which exhibits the closest genetic distance (Table 3), comprises the
Suruman and the Philippines populations. A 100% bootstrap value constructs this.
Nevertheless, these two populations were found to constitute discrete groups.

A phylogenetic analysis using the COI gene yielded the following results: The
bootstrap value for the Suruman population was 81%, while that for the Philippines
population was 88%. The Malay Peninsular and Unknown populations are classified
within Clade B, exhibiting a greater genetic distance than populations within Clade A,
with a bootstrap value of 100%. Although the genetic distance is considerable, it does not
exceed 3%. This suggests that clades A and B populations are considered a group of the
same species. Clade C is a well-supported outgroup with a bootstrap value of 100%. This
outgroup clade, which differs from the R. amplexicaudatus species, indicates that the
outgroup species differs from the sample and comparison individuals despite being of the
same genus. The bootstrap values displayed in the phylogenetic tree reconstruction
results are predominantly at a high or strong level. However, some values are still
considered low or below the significance threshold in the phylogenetic tree. This study's
COI gene phylogenetic tree exhibits the lowest bootstrap value of 37% and the highest of
100%. The bootstrap method for assessing phylogenetic trees is a standard technique for
inferring confidence values in reconstructed phylogenetic trees of multiple taxa. It refers
to the reliability of the resulting sequence-based phylogeny trees. The expected bootstrap
value is more than 95% replication, which means the similarity value of the proposed
branching form in phylogenetic tree reconstruction. However, the value we get may be
much lower than expected, which is caused by several obstacles during the tree
reconstruction process, such as the limited comparative sequence data available in
GenBank and the sequences that have been used. This can occur due to the limited
number of characters supporting each node. This phenomenon is particularly prevalent
in recently divergent groups (Soltis & Soltis, 2003; Zaharias et al., 2023).

The phylogenetic analysis of the Cytochrome b gene indicates that the Suruman
population constitutes a discrete group with a bootstrap value of 64%. The Philippines
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population also forms its group, with a bootstrap value of 31%. Some individuals appear
to be members of lineages not part of the Philippines population group. This occurs
because the data for the Philippines population are individuals from five different regions
within the Philippines. This has implications for genetic variation and the appearance of
the phylogenetic tree. The populations of R. amplexicaudatus from Malay Peninsular and
Unknown are found in clade B, with a bootstrap value of 100%. Clade C is an outgroup
with a bootstrap value of 100%. Phylogenetic reconstruction from research by (Luczon et
al, 2019; Stribna et al, 2019) demonstrates a clear separation between R
amplexicaudatus and other species.

0 896
| |

Q 634
|

T T

Figure 4. The characteristics sequence of the COI and Cytochrome b genes of R.
amplexicaudatus Suruman Cave population, (a) COI gene 897 bp, (b) Cytochrome b gene
(635 bp). The differences in bar color indicate the nucleotide difference. Black is for
Guanine, blue is for Cytosine, green is for Adenine, and red is for Thymine.

a.

A DNA sequence analysis at the initial region of the genes revealed that Cytochrome b
exhibited the largest conserved sites compared to the COI gene, with minimal
polymorphism intrapopulation. Both genes demonstrated a minimal intrapopulation
variation in the composition of nucleotides. This suggests that these sequences have a
high degree of genetic stability. Additionally, the sequences showed a consistent pattern
in phylogenetic tree analysis, which indicates the Suruman population is the group of R.
amplexicaudatus. Therefore, these sequences can be proposed as molecular markers for
the R. amplexicaudatus species, particularly when compared to the whole sequences of
the COI gene and cytochrome b.

Conclusions

The COI gene sequence of 897 bp was obtained from research on R. amplexicaudatus
from Suruman Cave, South Bengkulu. COI gene sequence is characterized by 878
conserved sites (97.8%) and 19 variation sites (2.2%). The variation site consists of 6
parsimony-informative sites and 13 singleton sites. Thymine base composition was
29.3%, the cytosine 27.4%, the adenine 26.2%, and the guanine 17.1%. The base pair
composition of adenine-thymine (55.5%) was higher than that of guanine-cytosine
(44.5%). Cytochrome b (635 bp) was characterized by 629 conserved sites (99.1%) and
six variation sites (0.9%), of which one was parsimony-informative, and 5 were singleton
sites. The base composition of the Cytochrome b sequence was Cytosine (31.5%),
Thymine (27.7%), Adenine (26.0%), and Guanine (14.8%). Adenine-thymine base pairs
(53.7%) were more common than Guanine-Cytosine (46.3%). The mean intrapopulation
genetic distance of the Suruman population in the COI gene (0.77%) was more significant
than the Cytochrome b gene (0.3%). Phylogenetic reconstruction based on both genes
revealed that the Suruman population is monophyletic, forming a distinct lineage within
the broader R. amplexicaudatus population. Both sequences, COI (897 bp) and
Cytochrome b (635 bp), can be utilized as R. amplexicaudatus molecular species markers.
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