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Abstract. Nur RA, Parenrengi A, Arisuryanti T, Widyastuti H, Andriani I. 2024. DNA barcoding of medaka fish Oryzias marmoratus in
Lake Towuti, South Sulawesi, Indonesia. Biodiversitas 25: 3645-3652. Oryzias marmoratus (Aurich, 1935), an endemic species of Lake
Towuti, the second-largest lake in Indonesia, is facing a critical situation. Its population in nature is near threatened, as per the IUCN,
necessitating immediate molecular studies such as DNA barcoding techniques. These studies are crucial to prevent a decline in the
population of O. marmoratus. DNA barcoding is not just a tool for identification, monitoring, and protection but a call for genetic
conservation. Therefore, the research was intended to identify the genetic variation of medaka fish. O. marmoratus was collected in
Lake Towuti, and for DNA barcoding using primers, the cytochrome oxidase subunit | (COI) gene. Medaka fish samples (n=8) were
collected from fishermen. DNA was extracted, and nucleotides were sequenced using sequencing provider 1st Base. The sequences of
DNA were analyzed using Bioedit, BLAST-N, Megall, DnaSP, and Network programs to obtain a consensus sequence, haplotype
diversity, nucleotide diversity, genetic distance, phylogenetic, and haplotype network. The result showed that in the BLAST -N analysis,
eight samples were closely related to O. marmoratus (LC154797.1) (AP005981.1) (94,42-99,84% in similarity). Genetic variation
indicated a high value with a detailed 0.983 haplotype diversity, 0.026 a low nucleotide diversity, and six haplotypes; genetic distance
with an average of 0.025 and 0.079. Phylogenetic analysis established five clades. Information on intraspecies genetic variation of O.
marmoratus in terms of genetics, especially in Lake Towuti, is needed for genetic conservation and as an animal model of biology and
molecular studies.
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INTRODUCTION

Medaka fish Oryzias marmoratus (Aurich, 1935) is one
of the endemic species inhabiting Indonesian waters. There
are 37 valid medaka fish species (Fricke et al. 2022), of
which Sulawesi Island has 18 endemic species. Oryzias
marmoratus is found in Lakes Towuti, Mahalona, and
Lantoa (Kottelat et al. 1993; Dahruddin 2012). Oryzias
marmoratus is not a migratory fish; it is benthopelagic. It is
typically 4-5 centimeters in size and has a vibrant hue.
Oryzias marmoratus adults have a brownish-yellow or
olive-green body color, and the trunk of the body has dark
brown patches that spread regularly, known as marmorated
medaka. Because of the attractive body color of O.
marmoratus, it is also used as an ornamental fish and can
potentially be an experimental model (Said and Mayasari
2021). According to the International Union for
Conservation of Nature (IUCN), O. marmoratus is near
threatened (IUCN 2023). Lake Towulti is the second-largest
lake in Indonesia and the largest in the Malili system of
five tectonic lakes in Sulawesi (Wicaksono et al. 2015;
Russel et al. 2020). According to research by Nursyahran et
al. (2022) and Nursyahran et al. (2023), Lake Towuti has a
unique biodiversity and endemic species, and several

endemic fish species are vulnerable to extinction and
population decline due to limitations. Distribution region,
overfishing that is not ecologically friendly, and alien fish
species competing with native fish for food.

Genetic variation in natural populations present in
nature can be used to determine evolution; freshwater fish
populations experience a decline in genetic diversity,
affecting fish adaptation to environmental changes.
Variation occurs due to mutation, migration, genetic drift,
and hybridization (Xia et al. 2015; Mkare et al. 2021).
Genetic variation can help fish species adapt to
environmental changes necessary for survival. Information
about morphology and genetic structure can help preserve
fish species in nature. Fishery scientists explain the genetic
diversity of fish species in nature using various
biotechnology techniques (Carlson et al. 2015).

Morphological and molecular approaches are needed to
prevent population decline in O. marmoratus. The
morphological approach to fish is an initial method for
identifying species, which includes body shape, color
patterns, and the number of fins (lkpeme et al. 2017).
However, morphological identification has limitations in
separating species within one genus. Therefore, a
molecular approach to DNA barcoding is needed to
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strengthen the results of a morphological (Bingpeng et al.
2018). These genetic identifications are typically supported
with DNA barcoding analysis. The relationship between
the minimum interspecific distance with a species' nearest
neighbor and the maximum intraspecific distances within
each species is known as the barcoding gap (Pandey et al.
2020).

DNA barcoding uses short gene sequences that can
show genetic variations and kinship relationships intra and
interspecies at the molecular level within a species. This
method uses the Cytochrome Oxidase Subunit | gene's
nucleotide base sequence (Kress et al. 2015; DeSalle and
Goldstein 2019). Because it meets the requirements set
forth by the Consortium for the Barcode of Life (CBOL),
the COI gene is thought to be the most appropriate gene for
animal DNA barcoding, namely that it is universal, has
good sequence quality, and can differentiate species (Lou
et al. 2011). With the use of DNA barcoding and the COI
gene, some fish have been identified at the species level,
including Oryzias nigrimas Kottelat, 1990 (Serdiati et al.
2020), grouper (Fadli et al. 2021), shark (French and
Wainwright 2022), and Caranx spp. (Kainama et al. 2023).
DNA barcoding is a taxonomic method that may precisely
and accurately reveal the genetic composition of various O.
marmoratus species, the DNA sequence of a species and its
comparison with other species, as well as the phylogenetic
structure of the species. Research regarding genetic
variation, especially in O. marmoratus in Lake Towuti, still
needs more information. Therefore, this research was
carried out to molecularly identify and analyze the genetic
variations of O. marmoratus based on DNA barcoding
using the COI gene.

MATERIALS AND METHODS

Research area and sample collection
Eight samples of O. marmoratus were taken from
Towuti Lake, East Luwu the District, Southern Sulawesi,
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Indonesia. There are two study stations on Lake Towuti,
specifically Tanjung Timbala (2'42.5720'S 121'25.7850'E)
and Tanjung Bakara (2'41.3470'S 121'25.5330'E) (Figure
1). Fishermen caught the samples using fishing nets. O.
marmoratus has a body total length of 32.34-53.00 mm and
a weight of 0.3-1.3 g. Eight samples (weight of 0.3-1.3 g)
were collected, consisting of four samples from the first
station (1T1, 1T2, 1T3, and 1T4) and four samples from
the second station (2B1, 2B3, 2B4, and 2B5). The samples
were preserved in 96% alcohol. Medaka fish were
morphologically identified as O. marmoratus (Kottelat et
al. 1993; Kobayashi et al. 2023). Next, samples were taken
to re-identify their species using the molecular technique.

Procedures
DNA extraction, amplification, and sequencing

Using the DNeasy Blood & Tissue Kit technique
(Qiagen, USA), muscle tissue from the caudal peduncle
was used to extract DNA. Using COI primers, F1: 5'-
TCAACCAACCACAAAGACATTGGCAC-3' and R1: 5'-
TAGACTTCTGGGTGGCCAAAGAATCA-3' (Ward et al.
2005), the extracted DNA was used to amplify the target
sequence. PCR amplification used was a 50 pL reaction
consisting of 25 pL. Ready Mix PCR (MyTaq™ HS Red
Mix Bioline); 0,6 uM each primer; 1 mM, MgCI2; 11 pL
sterile ddH20; and 6 pL DNA. The PCR/Thermocycler
cycle with three stages includes: (i) predenaturation for a
minute at 95°C, (ii) 35 cycles for denaturation for 15
minutes at 95°C, annealing for 30 seconds at 50°C,
expansion for 30 seconds at 72°C, and (iii) postextension
for five seconds at 72°C (Arisuryanti et al. 2020). The PCR
result was run across a 1% agarose gel, allowing the single
DNA fragment to be seen to evaluate the success of DNA
isolation. For sequencing, the amplification data were
submitted to PT. Genetic Science Indonesia (Jakarta).

121°25'10"E 121°26'13"E

L e 4

2°41'7"S

2°42'45"S

121°25'10"E
Figure 1. The samples of Oryzias marmoratus) are from Lake Towuti, East Luwu the District, Southern Sulawesi, Indonesia

121°26'13"E
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Data analysis

The sequencing of the results was analyzed using the
Bioedit program (Hall 1999) to obtain a consensus
nucleotide sequence. The sequence consensus results were
aligned by comparing those found on NCBI GenBank with
Nucleotide BLAST (https://blast.ncbi.nlm.nih.gov/Blast.cgi).
The online analysis results could predict medaka fish by
looking at query cover and similarity percentage, which
can show the sample's similarity to the information in
GenBank. MEGA 11 software was used for the alignment
process to construct phylogenetics with maximum
likelihood and Neighbor-Joining techniques (Tamura et al.
2021).

The sample sequence data was then calculated to
estimate genetic distance using Pairwise Distance with the
Kimura-2-Parameter ~ model and  exported into
MEGA“.meg” format. Furthermore, the DnaSP 6.12.03
application examined genomic variation (Rozas et al.
2017). The genetic variation data discovered was the
number of haplotypes, nucleotide diversity, and haplotype
diversity. The relationship between haplotypes of the O.
marmoratus species was analyzed using the Median
Joining Network in the NETWORK ver.10.1 programs
(https://www.fluxus-engineering.com).

RESULTS AND DISCUSSION

DNA amplification and sequence identification of O.
marmoratus in Lake Towuti

The fragment length obtained from electrophoresis
results was around 600 bp (Figure 2). The eight examined
medaka fish samples gave consensus results for the COI
gene sequence, showing a fragment length of roughly 593-
629 bp and a translation result of 197-208 amino acids.

The BLAST outcomes compare the value of the sample
base sequence with the base sequence in GenBank by
analyzing the percentage of the query cover and similarity
values. The NCBI uses this value as the identification
standard derived from the BLAST method. Table 1 shows
the results table for BLAST.

The BLAST results of eight samples from Lake Towuti
based on the COI gene sequence (Table 1) identified O.
marmoratus with a similarity between 94.42-99.84% and
query cover between 98-100%. The outcomes show that
the DNA sequencing from the sample shows the same
length of sequence as the GenBank, 94.42-99.84%, so it

3647

can be said that the sample sequence shows a high degree
of similarity.

Nucleotide composition

Table 2 shows the nucleotide composition of O.
marmoratus in Lake Towuti according to the COI gene
sequence. The alignment results of eight O. marmoratus
samples from Lake Towuti produced a fragment length of
589 bp, and then nucleotide composition analysis was
carried out using the MEGA11 program. The outcomes of
the nucleotide composition study (Table 2) show that T, C,
A, and G's nucleotide contents differ across eight O.
marmoratus samples found in Lake Towuti, with an
average of T being 28.89+0.22, C being 28.34+0.19, A
being 24.36+0.24, and G being 18.39+0.22.

M 2B31T4 2B1 1T2 2T4 1713 2BS 1T1

Figure 2. Oryzias marmoratus COIl gene amplification result in
Lake Towuti, Southern Sulawesi, Indonesia moved in 1% agarose
electrophoresis. The example code is 2B3-1T1. A marker known
as M can be seen from a ladder (GENEAID-1 kbp)

Table 2. Oryzias marmoratus nucleotide content (%) in Lake
Towuti, Southern Sulawesi, Indonesia using the COI gene sequence

Sample  T(U) C A G A+T G+C
2B4 29.13 2827 2419 1839 53.32  46.67
2B3 29.20 2818 2410 1850 53.31  46.68
2B1 2742 2964 2606 16.86 53.49 46.50
2B2 29.03 28.01 2410 1884 53.14 46.85
1T3 29.20 2818 2410 1850 53.31  46.68
1T1 29.37 28.01 2393 1867 53.31 46.68
1T4 2891 2823 2414 1870 53.06 46.93
1T2 28.86 28.18 2427 1867 53.14 46.85

Average 28.89 2834 2436 1839 53.26 46.73

+0.22 +0.19 +0.24 4022 +0.05 +0.05

Table 1. Outcomes of the COI gene sequence-based BLAST analysis of O. marmoratus in Lake Towuti, Southern Sulawesi, Indonesia

BLAST
Code Que%o"” Similarity (%0) Species égngr?k Location
1T1 100 96.78 Oryzias marmoratus LC154797.1 Tanjung Timbala
172 100 99.84 Oryzias marmoratus AP005981.1 Tanjung Timbala
1T3 100 97.41 Oryzias marmoratus LC154797.1 Tanjung Timbala
1T4 99 99.68 Oryzias marmoratus AP005981.1 Tanjung Timbala
2B1 98 94.42 Oryzias marmoratus LC154797.1 Tanjung Bakara
2B3 98 99.68 Oryzias marmoratus LC154797.1 Tanjung Bakara
2B4 99 97.28 Oryzias marmoratus LC154797.1 Tanjung Bakara
2B5 99 96.47 Oryzias marmoratus LC154797.1 Tanjung Bakara

Note: (-) = There are not any
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Table 3. Based on COI gene sequences, Oryzias marmoratus genetic variation in Lake Towuti, Southern Sulawesi, Indonesia

Number of individual Number of haplotype
6

Variable sites

Haplotype diversity Nucleotide diversity

8

42 0.93

0.026

Table 4. Genetic distance of Oryzias marmoratus in Lake Towuti, Southern Sulawesi, Indonesia and outgroups from GenBank

according to the COI gene sequence

1 2 3 4 5 6

8 9 10 11 12 13 14 15

1T1
172 0.032

173 0.003 0.028

174 0.032 0.000 0.028

2B1 0.045 0.061 0.041 0.061

2B3 0.028 0.003 0.025 0.003 0.058

2B4 0.003 0.028 0.000 0.028 0.041 0.025

2B5 0.010 0.034 0.007 0.034 0.045 0.030 0.007

O.marmoratus  0.030 0.005 0.026 0.005 0.059 0.002 0.026 0.032

(LC154797.1)

O.marmoratus  0.032 0.000 0.028 0.000 0.061 0.003 0.028 0.034 0.005

(AP005981.1)

O. celebensis ~ 0.153 0.153 0.151 0.153 0.170 0.148 0.151 0.155 0.151 0.153

(LC153105.1)

O. matanensis  0.073 0.077 0.071 0.077 0.095 0.073 0.071 0.077 0.075 0.077 0.157

(LC153099.1)

O.nigrimas ~ 0.105 0.112 0.103 0.112 0.123 0.108 0.103 0.107 0.110 0.112 0.131 0.131
(LC153106.1)

O.sarasinorum  0.105 0.113 0.103 0.113 0.127 0.111 0.103 0.105 0.113 0.113 0.127 0.113 0.109
(LC154798.1)

Oryzias sp. 0.143 0.142 0.140 0.142 0.155 0.138 0.140 0.141 0.138 0.142 0.149 0151 0.127 0.136
(JX311925.1)

O.woworae  0.134 0.133 0.132 0.133 0.146 0129 0.132 0.132 0.129 0.133 0.149 0.137 0.127 0.127 0.012

(MK156277.1)

Genetic variation

Genetic variation originates from mutation and
recombination events in the genome, which are mainly
random phenomena. For this reason, genetic variation is an
essential component of natural selection. Without mutations
and other evolutionary factors, genetic variation will
decrease and eventually disappear, especially in small
populations, due to reduced allele frequencies (Ewens
2013; Jamniczky et al. 2010). Table 3 shows the outcomes
of the genetic variation analysis of O. marmoratus in Lake
Towuti samples. Eight samples of O. marmoratus from
Lake Towuti with a length of 589 bp have six haplotypes of
42 variable sites. There is a 0.93 haplotype diversity value
and a 0.026 nucleotide diversity value.

Genetic distance

Genetic divergence between species or populations
within a species is measured by genetic distance (Nei
1987). The genetic distance of O. marmoratus fish from
Lake Towuti was analyzed using the COI gene sequence
utilizing the MEGALl software and the Kumura-2-
Parameter (K2P) model. Table 4 shows the outcomes of the
genetic distance analysis. Table showing the genetic
distance between eight samples (IT1-2B5) with outgroups
from GenBank of 0.000, namely between samples 1T2 &
1T4; 1T3 & 2B4; O. marmoratus (AP005981.1) & 1T2; O.
marmoratus (AP005981.1) & 1T4, genetic distance
intraspecies has a low average value of around 0.025, and

genetic distance interspecies has a high average value of
around 0.079

Phylogenetics

Construction of a phylogenetic tree was performed
using the alignment results of DNA sequences by the
MEGAL11 program. The phylogenetic structure has been
evaluated using the Kimura-2-Parameter model, Maximum
Likelihood (ML), and Neighbor-Joining (NJ) approaches.
By examining transition and transversion substitution rates,
the Kimura-2-Parameter model offers a more accurate
computation model appropriate for short distances (Xiong
2006; Gogoi and Bhau 2018). The results of the
phylogenetic tree reconstruction were then subjected to
statistical tests using the bootstrap method to determine the
confidence level (reliability) with the principle that random
effects strongly influence data distribution (Hall 2018).
Bootstrap testing was carried out 1000 times. Figure 3
shows the reconstruction of the phylogenetic tree that
groups into five clades. The first clade comprises of eight
O. marmoratus samples with O. marmoratus (LC154797.1)
(AP005981.1) from GenBank. The second clade consists of
Oryzias matanensis (LC153099.1) from GenBank. The
third clade consists of Oryzias sarasinorum (LC154798.1)
from GenBank. The fourth clade consists of Oryzias
celebensis (LC153105.1), Oryzias sp. (JX311925.1), and
Oryzias woworae (MK156277.1) from GenBank. The fifth
clade consists of O. nigrimas (LC153106.1) from GenBank.
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Haplotype network

Data from 8 samples and outgroups from GenBank
were analyzed using DnaSP 6.12.03, producing 13
haplotypes. These findings were visually represented using
the Median-Joining Network method in the image, as
shown in Figure 4. The haplotype network functions as
software that helps analyze genetic data to form an image
representing genealogical relationships. The results of the
analysis using the Median Joining Network from eight
samples formed six haplotypes: H1, H2, H3, H4, H5, and
H6; Haplotypes H2 and H3 comprised two samples.

Discussion

Using the COIl gene sequences, we researched the
identification and genetic variation of eight samples of O.
marmoratus in Lake Towuti. It can be seen in Table 2
above that samples 2B3 and 1T3 have the same nucleotide
composition. A+T has a higher average nucleotide content
(53.26%) than G+C (46.73%). Variations in nucleotide
composition indicate genetic variation in O. marmoratus
from Lake Towuti based on the COIl gene sequence.
Kombong and Tuty (2018) argue that differences in
nucleotide composition in the COI gene indicate genetic
variation. According to Zhang and Hanner (2012),
nucleotide variations can be a tool for distinguishing species.

The species is more primitive, as shown by the low
proportion of GC (Niu et al. 2017). Yustinadewi et al.
(2018) stated that the guanine and cytosine percentage
(GC%) is the percentage of a sequence's total amount and
should fall between 40 and 60%. By this opinion, the COI
gene sequence of medaka fish with a GC composition of
46.73% is still classified as conserved. Meanwhile,
according to Ismail et al. (2020), the AT composition is
higher than the GC composition because of the significant

H 10
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diversity of nucleotide composition and increased

nucleotide levels found in amplification genes.

61/63 173
86776 -y, 284
T 171
6591
H 285
07 L 281
080 . 28
283
100/58 > Oryzias marmoratus (LC154797.1)
9999 A 172

174

Oryzias marmoratus (AP005981.1)

Oryzias matanensis (LC153099.1)
Oryzias sarasmorum (LC154798.1)
Oryzias celebensis (LC153105.1)

Oryzias sp. (JX311925.1)

Oryzias woworae (MK156277.1)

Oryzias nignmas (LC153106.1)
0.01

Figure 3. Reconstruction of 8 samples of Oryzias marmoratus in
Lake Towuti and outgroups from GenBank using the NJ and ML
methods based on COI gene sequences. Nodes indicate bootstrap
values (NJ and ML, respectively). A scale bar value 0.01 indicates
one nucleotide change for every 100 base pairs

H_6O

H_2Q)

H.4O

Figure 4. Haplotype network of Oryzias marmoratus in Lake Towuti, Southern Sulawesi, Indonesia based on COI gene sequences
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These haplotype values indicate that O. marmoratus
from Lake Towuti has high haplotype diversity, consistent
with the varying nucleotide composition values (Table 2)
and high genetic variations. Haplotype diversity indicates
that the level of genetic variation can help a survival
population in the natural environment. Numerous
processes, including natural selection, recombination, and
mutation, contribute to haplotype diversity (Stumpf 2004).
The values obtained differ significantly from Nuryanto et
al. (2019), with haplotype diversity (Hd) = 0.935+0.016
and nucleotide diversity (m) = 0.073+0.036. These two
values indicate that Hemibagrus nemurus (Valenciennes,
1840) on Java Island has high genetic diversity. Previous
and current research has shown that COI gene sequence is a
highly variable marker in various animal species and is
suitable for genetic studies.

Based on Table 3, eight samples have six haplotypes
that show high haplotype values; this indicates genetic
variation in the O. marmoratus. According to Leitwein et
al. (2020), estimating selection and evolution over a range
of timescales pertinent to conservation issues can be done
using haplotype data. Based on research by Basith et al.
(2021), results of haplotype diversity and nucleotide
diversity in Epinephelus spp. on Madura Island with COI
gene sequences of 0.978 and 0.12107 demonstrate that
Epinephelus spp. has a significant level of genetic
variation. Genetic diversity refers to the results of
ecological, behavioral, and physical isolation and a limited
number of individuals (Mignon-Grasteau et al. 2005). High
genetic diversity populations may have a higher probability
of surviving, indicating that genetic distance has a high
similarity and low genetic distance, suggesting that
intraspecies with genetic distance have high similarity and
genetic distance is low. This is in line with the statement by
Tallei and Kolondam (2015) that the closer the relationship
between organisms is, the lower the genetic distance value.

According to Serdiati et al. (2020), an analysis of the
genetic distance of the O. nigrimas COI gene sequence
showed that the sample obtained had a low genetic distance
(0.005); it was determined that this was the same species as
O. nigrimas because there was no genetic separation and
the genetic structure was well conserved (Brraich and
Akhter 2015). Low genetic variety can contribute to poor
survival and higher extinction, especially in populations
facing environmental stress (Martinez et al. 2018). The
genetic distance between Caranx sexfasciatus Quoy &
Gaimard, 1825 and Caranx tille Cuvier, 1833, Papua, with
the 16S gene sequence, is 0-0.02% and 0-0.2%. The
highest genetic distance is 0.0023, and the lowest is 0.0188
(Kainama et al. 2023). If the genetic distance is low, the
similarity is closer and may have the exact origin (Tapilatu
et al. 2021; Dwifajri et al. 2022).

Analysis based on the phylogenetic tree of medaka fish
shows that all members of the genus Oryzias are a
monophyletic group (Figure 3). A monophyletic group is
one in which all taxa are descended from the same ancestor
(common ancestor), not from other lineages or taxa (Hall
2018). Five clades were identified by phylogenetic
analysis, with a bootstrap value of 39-100%, and the
bootstrap results showed that this clade grouping was
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strong. This indicates that eight samples are in the clade
with O. marmoratus (LC154797.1) and O. marmoratus
(AP005981.1), supported by good bootstrap values at the
node (98%). A low bootstrap value means that the topology
of the phylogenetic tree reconstruction at each sampling
differs (Serdiati et al. 2020). O. marmoratus forms a clade
with O. nigrimas, Oryzias nebulosus Parenti & Soeroto,
2004, Oryzias sp., Oryzias sarasinorum (Popta, 1905),
Oryzias matanensis (Aurich, 1935), Oryzias woworae
Parenti & Hadiaty, 2010, and Oryzias celebensis (Weber,
1894), according to the grouping results published by
Serdiati et al. (2020).

According to research by Zainal et al. (2022), the
results of phylogenetic analysis of the genus Oryzias in
Lake Lindu and the genus Oryzias recorded in GenBank
COI gene sequences form 8 clades. The formation of 8
clades is supported by bootstrapping 80-100% using the NJ
and ML methods. Oryzias sarasinorum (Popta, 1905) in
Lake Lindu is the same clade as O. sarasinorum from the
Japanese aquarium, and the bootstrap value is 100%.

Figure 4 shows that H3 has many connections or
branches and is at the network's center, indicating that H3
is the ancestor. There is also a median vector with a red dot
symbol, which connects bloodlines, one of which is H2 and
H5 with the H3 kinship line. The haplotype network also
shows that the highest mutation rate is 23, found between
the median vector and H4, and the lowest mutation rate is
found in several haplotypes, nhamely H3 with the median
vector.

The high haplotype diversity and low genetic distance
of sample O. marmoratus in Lake Towuti, which a limited
distribution area may cause, are significant findings. These
characteristics suggest a robust genetic makeup and a
relatively homogenous population, which could be
attributed to the species' non-migratory nature and
exclusive freshwater habitat. In conclusion, the result
showed that in the BLAST-N analysis, eight samples were
closely related to O. marmoratus (LC154797.1)
(AP005981.1). Genetic variation indicated a high value
with detailed haplotype diversity, a low nucleotide
diversity, and six haplotypes; genetic distance with an
average of 0.025 and 0.079. Phylogenetic analysis
established five clades. Information on intraspecies genetic
variation of O. marmoratus in terms of genetics, especially
in Lake Towuti, is needed for genetic conservation and as
an animal model of biology and molecular studies.
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