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Abstract. Mahrus H, Idrus AA, Syukur A. 2024. Mitochondrial DNA of CO1 and 16S rRNA genes for diversity and phylogenetic
analysis of sardine (Sardinella spp.) from the Lombok Straits, Indonesia. Biodiversitas 25: 3500-3509. Sardines in Indonesia consist of
six species from around 21 species- world, having many similarities and difficulty distinguishing between one species and others caused
the taxonomy of the Sardines species is still ambiguous affected the same names in two different species and the different names in one
species because of morphological similarities. The most effective method for identifying animal species and subspecies is the molecular
method using sequences of the cytochrome ¢ oxidase subunit 1 (CO1) gene and the 16S rRNA gene. The study aims to determine the
molecular characteristics, genetic diversity, and phylogenetic relationships of sardines in the Lombok Strait using a sequence of CO1
and 16S rRNA genes. The study has significant practical implications as it can potentially inform conservation efforts and fisheries
management. The sardine samples were collected from the Lombok Strait by small-scale fishermen. The sampling method was random.
It takes 55 individuals as a sample. Initially, the sardine samples were grouped based on morphological characteristics. Subsequently,
DNA from the two genes of 20 sardine samples were separated and amplified using two pairs of primers. The DNA amplification
yielded 671 bp for the CO1 gene and 625 bp for the 16S rRNA gene. The sequence data from the two genes were analyzed using
Molecular Evolutionary Genetics Analysis Version 11 (MEGA 11). The CO1 gene sequence revealed that sardines from the Lombok
Strait could be determined more accurately than the 16S rRNA. COl1 rRNA genes of 12 individuals indicated a close genetic
relationship between sardines of Lombok Strait and Sardinella aurita Valenciennes 1847, and the 16S rRNA gene placed sardines from
Lombok Strait as an out-group. It empirically demonstrates that the CO1 gene is more effective than the 16S rRNA gene in identifying

and determining molecular characteristics, genetic diversity, and phylogenetic relationships of sardines in Lombok Strait.
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INTRODUCTION

Sardines and herrings family Clupeidae are small pelagic
tropical marine fish with significant economic value
because of their benefactions to global food security based
on their abundance, easy access, and very high nutrient
content (Saher et al. 2018). They originate from the
Mediterranean Sea and are widely caught in Indonesian
waters (Kartika et al. 2017; Hunnam 2021). Sardines are
the third largest commodity after tuna and shrimp, but their
production has declined in most Indonesian marine waters
(Jaya et al. 2022). This decline is not unique to Indonesian
waters but is a global phenomenon. Overexploitation,
pollution, habitat destruction, and climate change are causing
a significant decrease in sardine production worldwide
(Martinez-Huitle and Panizza 2018; Suherman et al. 2020).

Sardinella lemuru Bleeker, 1853, Amblygaster sirm,
Sardinella atricauda Ginther 1868, Sardinella longiceps
Valenciennes 1847, Sardinella fimbriata Valenciennes
1847, and Sardinella clupeoides Bleeker 1849, all collectively
known as lemuru (Suherman et al. 2020; Hunnam 2021).
For instance, S. longiceps is mainly caught in the Bali Strait
and is also known as Clupea (Harengula) longiceps (C.V.),
S. lemuru, Bali Sardinela (international name), and S.

lemuru is the correct and recognize name In Indonesia
(Mahrus et al. 2012; Sartimbul et al. 2023). The genetic
diversity of sardines is a fascinating aspect of their biology,
with slightly higher diversity than other marine fish, despite
low genetic distance and variation between populations,
such as S. lemuru in the Bali Strait, northern, and
southeastern Java (Thomas et al. 2014; Sartimbul et al.
2018).

The other small pelagic fish, like anchovies (Spratelloides
delicatulus Bennett 1832) caught in the waters south of
Lombok, exhibit high diversity and excessive exploitation,
leading to high adaptability to environmental conditions
(Hendiari et al. 2020; Mahrus et al. 2022). The most well-
known sardine area in Indonesia is the Bali Strait. S.
lemuru Bleeker is a dominant small pelagic species
experiencing productivity fluctuations (Tinungki and
Sirajang 2019). The Bali Strait, between Java and Bali,
connects the Bali Sea to the Indian Ocean. The Indonesian
islands interconnect with the Pacific and Indian Oceans,
making Indonesia's sea a place of interchange for both. The
Bali Strait is close to the Lombok Strait (between Lombok
and Bali) and links the Java Sea to the Indian Ocean as a
water mass flow passage in the Indonesian waters. Water
also occurs in the central Indian and Pacific Oceans along
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the south coast of Sumatra-Java, and the southern waters of
Lombok experience upwelling in the east season. This
upwelling increases chlorophyll levels, enhancing water
fertility and biomass productivity, including Sardinella spp.
(Eisele et al. 2021).

The genetic diversity of Sardine is slightly higher than
that of other marine fish, despite low genetic distance and
variation between their populations, such as S. lemuru
Bleeker 1853 in the Bali Strait, northern and southeast Java
(Thomas et al. 2014; Sartimbul et al. 2018). However, S.
lemuru and S. aurita in the Lombok Strait show many
similarities based on the 12S rRNA gene sequence (Mahrus
et al. 2012). Molecular techniques for species identification,
such as DNA, are an alternative method (Devanand et al.
2020a). Studies have reported that the use of DNA
barcoding with the cytochrome c¢ oxidase subunit 1 (CO1)
and 16S rRNA genes is effective for identifying species
quickly and accurately (Wang et al. 2018; Dong et al.
2021). The CO1 and 16S rRNA genes exhibit low
intraspecific variation but high interspecific variation,
especially in closely related taxa (Choi et al. 2020; Chan et
al. 2022). Fauna in Indonesia with DNA barcodes is
minimal, including mammals, birds, Komodo dragons
(Varanus komodoensis Ouwens, 1912), and insect pests
(Rahayu and Jannah 2019; Chen et al. 2021). The CO1
gene is more functional than the 16S rRNA gene for DNA
barcoding of Indian carp (Mohanty et al. 2015).

The diversity of Sardinella spp., both molecularly and
morphologically, has sparked significant debates regarding
taxonomy in recent years (Queiroz et al. 2020). The
taxonomy of sardines worldwide consists of five genera
and at least 21 unique species, which remains ambiguous
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(Thomas et al. 2014). The number and names of Sardine
species in the Lombok Strait, based on molecular characters
using CO1 and 16S rRNA genes, have not yet been
reported, leading to taxonomic ambiguity. This research aims
to determine the molecular characteristics, genetic diversity,
and phylogenetic relationships of sardines in the Lombok
Strait using COl1 and 16S rRNA gene sequences. This
research will be crucial in elucidating these aspects (i)
ambiguous taxonomy: (ii) number and name of sardines,
molecular characteristics; and (iii) genetic diversity.

MATERIALS AND METHODS

Location of sampling and sample collection

Sardine sampling was conducted at five locations in the
Lombok Strait waters, Indonesia (Figure 1). Samples of
sardine caught by local fishing groups using surface gillnet
and purse seine fishing gear from May 5 to August 30,
2023, amounted to 55 individuals and were sorted for the
research using random methods. Next, it used 25 sardine
samples (four sardines for each location) for molecular
identification based on the consideration that the
morphological characteristics of the sardine samples were
generally the same. Sardine samples used for molecular
genetic analysis were mantle tissue (£1 cm) cut using
surgical scissors, placed into 5 mL sample tubes, preserved
with 96% alcohol, and stored at the Immunology
Laboratory, Faculty of Mathematics and Natural Sciences,
Universitas Mataram. This method is almost the same as the
method used by Eviasta et al. (2018).
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Figure 1. Sampling locations of sardines in Lombok Strait. The geographical positions of sampling locations included: 1: Cemare Beach
(-8.7075,116.0574); 2: Mekaki Beach (-8.8450,115.9226); 3: Bangko-Bangko -8.7133,115.8508); 4: Sebele Beach (-8.7654,115.6325);

5: Kusamba Beach (-8.5699,115.4552)
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Morphological character identification

Taxonomic identification was performed at the species
level whenever possible. Generic diagnosis, including
meristic counts and proportional measurements of collected
specimens, was performed by following Sidiq et al. (2021).
Morphological characters were observed and recorded for
each sample on a premade datasheet. Determination of fish
species nomenclature followed the Food and Agriculture
Organization (FAO) Fish Identification Sheets (Keat-
Chuan et al. 2017).

Molecular characteristics identification

This study used 25 samples for molecular characteristics
identification. Firstly, fixation in alcohol 96% and stored in
the Immunology Laboratory, Faculty of Sciences, Universitas
Mataram for one month. Molecular identification in this
study used CO1 and 16S gene sequences for 12 Sardinella
spp.. These genes are currently the best solution for
identifying various fish and other fauna species quickly and
accurately (Bingpeng et al. 2018; Buckwalter et al. 2019).
Additionally, these genes can identify species with
conservative nucleotide base sequences that undergo only
minor variations, deletions, and insertions (Miya et al.
2015; Phillips et al. 2019). This study used 12 Sardinella
spp. to test genetic diversity and phylogenetic relationships.
This group of fish is often called lemuru in Indonesia.

Extraction and amplification of CO1 and 16S gene DNA

Extraction and amplification of sardine DNA have the
potential to serve as candidate DNA markers for sardine
species. It can be obtained using a commercial kit (DNeasy
Blood and Tissue Kit, Qiagen Cat. No. 69504) with several
modifications according to tissue type or using a 10%
Chelex solution (Barrientos-Villalobos and Schmitter-Soto
2019; Yang et al. 2022) at 95°C. The technique combines
both methods to optimize DNA quality, especially when
tissue samples are in a poor environment or dirty
environmental conditions such as the existing pollution,
contaminants-microbes, extreme temperatures, or uncontrolled
biological hazards that have a crucial impact on DNA
quality. Otherwise, the extraction process is challenging.
The amplification of CO1 rRNA and 16S rRNA target
genes utilized the universal primer pair, CO1 Fish F1: 5'-
ATCTTTGGTGCATGAGCAGGAATAGT-3" and the Fish R2
primer: 5'-ACTTCAGGGTGACCGAAGAATCAGAA-3'
(Nuryanto et al. 2019). Similarly, amplify a fragment of
16S rRNA using primers 16Sar-L: 5'-
CGCCTGTTTATCAAAAACAT-3' and  16Sbr-H: 5'-
CCGGTCTGAACTCAGATCACGT-3' (Thomas et al. 2014).
DNA was extracted from a small piece of ethanol-
preserved muscle tissue using a slightly modified method
based on the standard DNA extraction protocol for fish
(Hellberg et al. 2014).

In this study, the amplicon is approximately 600 bp
from the 5' region of the mitochondrial CO1 and 16S DNA
genes. Polymerase Chain Reaction (PCR) amplification
conditions were as follows: denaturation for 5 minutes in
35 cycles at temperatures of 95°C (30 seconds), 50°C (30
seconds), and 72°C (50 seconds). The PCR reaction used a
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total volume of 50 pL containing 1 pL of template DNA,
10 mm Tris-HCI (pH 9), 50 mm KCI, 2 mm MgCI2, 0.2
um of each primer, 0.2 mm of each dNTP, and 1 U Taq
polymerase. PCR products were migrated using a 1% agarose
gel, visualized under UV light, and documented using gel
photographs. The PCR products were then sent to PT
Genetica Science Indonesia for sequencing. The results of
DNA sequencing of the CO1 and 16S genes in the form of
ABL files were sent to researchers through email. Next, a
match was conducted between the electropherogram and
the DNA sequence obtained in this study. The sequences
obtained from a pair of CO1 primers were used as forward
and reverse primers, each with reverse complementation to
be the reverse. The next step was to align the two
sequences using the W cluster menu (Katoh et al. 2019).

Interpretation of CO1 and 16S gene DNA sequence data

The consensus sequences obtained from Sanger
sequencing were analyzed based on chromatogram peak
clarities with the help of Chromas Lite. Sequences were
complemented using the Basic Local Alignment Search
Tool (BLAST) search engine by the National Center for
Biotechnology Information (NCBI) and the Barcode of Life
Data Systems (BOLD) database, and reciprocal BLAST
through NCBI for further confirmation. Next, the CO1 and
16S gene DNA sequence data were analyzed using MEGA
11 Software, edited, and aligned using Clustal W to assess
nucleotide base diversity (Tamura et al. 2021). The sequence
analyses used references from various species belonging to
the Clupeidae family from the NCBI GenBank. Sequence
alignments were also subjected to a BLAST nucleotide
search to determine their identity. COl1 and 16S gene
sequence data for all sardine species available in GenBank
were included in subsequent analyses using MEGA 11
Software (Tamura et al. 2021). This study elucidates the
consensus sequences in each specimen, and the sequence
differences within and between species were analyzed and
tested using bootstrap tests with 1000 replications.

Phylogenetic analysis

CO1 and 16S rRNA gene sequences were aligned, and
the optimal substitution model used MEGA 11 (Tamura et
al. 2021). Phylogenetic trees were constructed based on the
concatenated data of the two gene sequences using
Neighbor-Joining (NJ) tree methods with 1000 bootstrap
replicates. Genetic distance matrix calculations used the
Kimura-2 parameter model implemented in pairwise distance
calculation in MEGA 11 Software (Tamura et al. 2021).

Genetic variation analyses

Median-joining haplotype networks of CO1 and 16S
rRNA sequences of 671 and 625 bp were constructed using
DnaSP v6 (Rozas et al. 2017) for sardine specimens.
Analysis of molecular variance (AMOVA) used Arlequin
v3.5 (Azevedo et al. 2017). To assess genetic differentiation
among several groups based on molecular characteristics.
Specifically, grouping the specimens were clustered into
four clades.
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RESULTS AND DISCUSSION

Characteristics of sardines from Lombok Strait

Sardines are one of the species of Actinopterygii fish
from the Clupeidae family (Figure 2). Morphological
characteristics belonging to the sardine samples were a
body that was round and elongated with a color that tended
to be silver on the stomach and blackish on the dorsal part,
a faint yellow line that extends from the posterior
operculum to the base of the tail, a forked-shaped tail fin.
They are found in Indonesia and often consist of S. lemuru,
S. atricauda, S. longiceps, S. firm, S. clupeoid, and S.
leiogaster (Birge et al. 2021; Hunnam et al. 2021). S. lemuru
is a common and recognized name In Indonesia.

Extraction and amplification of CO1 and 16S rRNA gene
fragments

DNA isolated from sardine tissue using a commercial
kit (DNeasy Blood and Tissue Kit, Qiagen Cat. No. 69504)
successfully indicated by the qualitative test results of 1%
agarose gel electrophoresis. The qualitative DNA isolation
test showed a thin band on the agarose gel. This success is
similar to the isolation results in marine fish tissues
reported by Pereira et al. (2016). A pair of universal CO1
primers, LCO-1490 and HCO-2198, were used to amplify
the CO1 gene fragment from sardines originating from the
Lombok Strait, while a pair of primers, 16Sar-L, and
16Sbr-L, were used to amplify the 16S rRNA gene. The
CO1 and 16S rRNA gene fragments were successfully
amplified, with amplicon lengths of approximately 671 bp
and 625 bp, respectively (Figure 3). The size of the
amplified CO1 and 16S rRNA gene amplicons is consistent
with previous studies (Pereira et al. 2016). Amplicons of
671 and 625 bp can exhibit polymorphisms due to the
possibility of intraspecies variation when using universal
primers (Yang et al. 2014). The CO1 and 16S rRNA genes
have the advantage that their universal primers are very
robust, allowing them to recognize the 5' end of most
animal groups, although not all. However, they represent
most of the phylum Animalia (Gong et al. 2018).

Species identification runs online using GenBank data
at NCBI (http://blast.ncbi.nim.nih.gov/Blast.cgi) with various
access codes using the BLAST method (Basic Local
Alignment Search Tool). Species identification results
based on CO1 and 16S rRNA gene sequences in GenBank
included 12 individuals from sardine, family Clupeidae,
consisting of 4 genera obtained from GenBank and one
sample fish from Lombok Straits, as presented in Table 1.
Next, DNA analysis was carried out by calculating the
genetic distance between species and analyzing the
phylogenetic tree of marine invertebrates using the NJ
method with a 2-parameter Kimura model, bootstrap value
1000x (Tamura et al. 2021).

Nucleotide composition
The nucleotide composition found in the CO1 fragment
of sardine from Lombok Strait is T=29.0%, C=31.1%,
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A=20.9%, and G=19.0%, with the nucleotide composition
A+T=49.9% and G+C=50.1%. In comparison, the 16S
rRNA fragment consists of T=22.8%, C=25.0%, A=28.7%,
and G=23.5%, with the nucleotide composition
A+T=51.5% and G+C=48.5%. The highest A+T nucleotide
composition is in H. dispilonotus (52.7%) for the CO1
DNA fragment of the rRNA gene, while the highest G+C
nucleotide composition is in S. hualiensis (53.2%). In
contrast to the sardine 16S rRNA gene fragment, a high
A+T nucleotide composition was found in A. sirm (53.1%),
while the highest G+C nucleotide composition (52.6%) is
in S. fimbriata (Table 2).

The fragment length of the CO1 and 16S rRNA of
sardine ranged from 436 to 675 bp and 554 to 625 bp,
respectively. A total of 12 individuals collected from the
Lombok Strait were Sardinella spp.. The mean nucleotide
composition among the sequences of 35 Sardinella spp.
individuals  was  estimated as  T=28.4+0.01%,
C=30.7+1.07%, A=21.7+0.17%, and G=19.6+0.99%. The
mean GC content is 50.4+1.4%. Nucleotide composition
can support fish identification because differences in
nucleotide composition indicate variations in nucleotide
sites. These varied sites become specific characteristics that
can differentiate fish species. According to Kombong and
Arisuryanti (2018), differences in the nucleotide composition
of the mitochondrial CO1 and 16S genes indicate genetic
variation.

Figure 2. Sardine from Lombok Strait, Indonesia

Base Pairs

— 3,000
— 1,500
— 1,000
— 90
00
— 700
— 600
— 500
— 400
— 300

671bp —» —

625 bp

— 200

— 100

TAE agarose gel

Figure 3. Qualitative test results from amplification on 1%
agarose gel. M: Marker; COI gene: 671 bp; and 16S rRNA gene:
625 bp
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Table 1. A total of twelve mitochondrial CO1 and 16S rRNA genes from sardine, family Clupeidae, consisting of four genera obtained

from GenBank and one sample fish from Lombok Straits

Sequence length

Accession No. Species name (bp) Authors Country
CO1 genes of twelve
0Q387818.1 Amblygaster sirm 655 Bemis et al. 2023 Philippines
MW425682.1 Escualosa thoracatax 655 Khandan-Baraniand Alavi Iran
-Yeganeh 2022
KP001108.1 Sardinella longiceps 549 Sukumaran et al. 2016 India
MT293977.1 Sardinella lemuru 634 Labrador et al. 2021 Philippines
MN392930.1 Sardinella gibbosa 675 Devanand et al. 2018 India
00Q459661.1 Sardinella aurita 436 Turan et al. 2023 Northeastern
Mediterranean
HQ231357.1 Sardinella fimbriata 650 Quilang et al. 2011 Philippines
0OL409547.1 Herklotsichthys quadrimaculatus 633 Jaonalison et al. 2022 The eastern coast of Africa
0Q387855.1 Herklotsichthys dispilonotus 655 Bemis et al. 2023 Philippines
MT272807.1 Sardinella maderensis 645 Devanand et al. 2018 India
MK585640.1 Sardinella hualiensis 636 Chan et al. 2022 Philippines
Sardine sample* 671 Present Study Indonesia
16S rRNA gene of twelve
KM518947.1 Amblygaster sirm 557 Thomas et al. 2014 Philippines
KM518949.1 Escualosa thoracatax 562 Thomas et al. 2014 Philippines
KX590730.1 Sardinella longiceps 564 Devanand et al. 2020b India
KM518954.1 Sardinella lemuru 562 Thomas et al. 2014 India
KT323969.1 Sardinella gibbosa 616 Devanand et al. 2020a India
KR824529.1 Sardinella aurita 578 Durand et al. 2010 Saudi Arabia
KM518950.1 Sardinella fimbriata 560 Thomas et al. 2014 Philippines
KM518959.1 Herklotsichthys quadrimaculatus 590 Thomas et al. 2014 Philippines
KM518957.1 Herklotsichthys dispilonotus 556 Thomas et al. 2014 Philippines
AM911205.1 Sardinella maderensis 568 Lavoué et al. 2007 France
KM518952.1 Sardinella hualiensis 554 Thomas et al. 2014 Philippines
Sardine sample* 625 Present Study Indonesia

Notes: "Fish sample from Lombok Strait of Indonesia

Table 2. Nucleotide composition (%) of CO1 and 16S rRNA gene fragments of twelve individuals from the Family Clupeidae under the
Kimura 2-Parameter Model

Accession no. Species name T(V) C A A+T G+C
CO1 gene fragment

0Q387818.1 A.sirm 27.6 311 22.8 18.5 50.4 49.6
MW425682.1 E. thoracatax 29.0 29.9 19.7 21.4 48.7 51.3
KP001108.1 S. longiceps 28.7 311 20.9 19.2 49.6 50.3
MT293977.1 S. lemuru 29.2 30.9 21.1 18.8 50.3 49.7
MN392930.1 S. gibbosa 26.1 31.8 22.3 19.7 48.4 51.5
0Q459661.1 S. aurita 29.5 314 20.2 19.0 49.7 50.4
HQ231357.1 S. fimbriata 28.5 29.2 22.1 20.2 50.6 49.4

0L409547.1 H. quadrimaculatus 28.3 31.1 19.7 20.9 48 52
0Q387855.1 H. dispilonotus 29.9 28.3 22.8 19.0 52.7 47.3
MT272807.1 S. maderensis 27.8 311 22.1 19.0 49.9 50.1
MK585640.1 S. hualiensis 27.3 31.8 19.5 21.4 46.8 53.2
Sardine sample* 29.0 31.1 20.9 19.0 49.9 50.1
28.4 30.7 21.2 19.6 49.5 50.4

16S rRNA gene fragment

KM518947.1 A.sirm 235 23.3 29.6 23.7 53.1 47

KM518949.1 E. thoracatax 22.3 255 26.8 255 49.1 51
KX590730.1 S. longiceps 215 254 29.3 23.9 50.8 49.3
KM518954.1 S. lemuru 21.3 25.4 29.7 23.7 51 49.1
KT323969.1 S. gibbosa 21.0 26.2 28.1 24.7 49.1 50.9
KR824529.1 S. aurita 21.6 252 29.3 23.9 50.9 49.1
KM518950.1 S. fimbriata 20.6 26.6 26.8 26.0 47.4 52.6
KM518959.1 H. quadrimaculatus 21.2 26.4 28.3 24.2 49.5 50.6
KM518957.1 H. dispilonotus 19.9 26.6 29.6 24.0 49.5 50.6
AM911205.1 S. maderensis 22.8 25.2 27.5 24.5 50.3 49.7
KM518952.1 S. hualiensis 21.0 255 27.9 25.7 48.9 51.2
Sardine sample* 22.8 25.0 28.7 235 51.5 48.5
21.6 25.5 28.4 24.4 50.0 49.9

Note: “Fish sample from Lombok Strait of Indonesia
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The genomes of fish and amphibians are GC
homogeneous, whereas birds and mammals are AT/GC
heterogeneous, and the exact reason for this phenomenon
remains controversial. Data on GC/AT in the CO1 and 16S
rRNA gene fragments is homogeneous, as shown in Figure
4, i.e., 50.4-49.9% and 49.5- 50%, respectively. These
results are supported and compatible with previous
research on teleost fish genomes (Symonova and Suh
2019).

Genetic distance
The genetic distance ranges from 0.01 to 0.33 in CO1
and 0.00 to 0.38 in the 16S rRNA gene (Table 3). The
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highest intergeneric divergence (different genera) was
between A. sirm and S. aurita and sardine sample* and
between sardine sample* and H. quadrimaculatus (0.32) in
the CO1 gene. In contrast, the highest intergeneric divergence
in the 16S rRNA fragment (0.33) was between A. sirm and
sardine sample*. The lowest intergeneric divergence in
CO1 was hetween S. lemuru and H. dispilonotus (0.19),
while in 168, it exists between S. gibbosa and H. dispilonotus
(0.03). In contrast, the highest intrageneric distance (within
a genus) is between sardine sample* and S. maderensis
(0.38) exists in the 16S rRNA gene.

Table 3. Estimates of Pairwise Genetic Distances and Standard Error of twelve individuals from the Clupeidae family under the Kimura

2-Parameter Model in CO1 and 16S rRNA genes

Accession no. 1 2 3 4 5 6 7 8 9 10 11 12
CO1 gene
A.sirm
E. thoracatax 0.26
S. longiceps 0.26 0.23
S. lemuru 0.26 0.21 0.01
S. gibbosa 0.21 0.25 0.17 0.18
S. aurita 0.32 0.31 0.27 0.26 0.27
S. fimbriata 0.24 0.30 0.23 0.22 0.20 0.33
H. quadrimaculatus 0.30 0.29 0.26 0.25 0.25 0.28 0.27
H. dispilonotus 0.28 0.28 0.21 0.19 0.25 0.30 0.26 0.26
S. maderensis 0.22 0.24 0.18 0.17 0.12 0.28 0.19 0.23 0.23
S. hualiensis 0.31 0.27 0.22 0.21 0.21 0.28 0.23 0.24 0.25 0.18
Sardine sample* 0.32 0.31 0.26 0.25 0.27 0.26 0.29 0.32 0.30 0.29 0.30
16S rRNA
A.sirm
E. thoracatax 0.14
S. longiceps 0.19 0.15
S. lemuru 0.19 0.15 0.00
S. gibbose 0.19 0.15 0.07 0.08
S. aurita 0.18 0.15 0.01 0.01 0.07
S. fimbriata 0.21 0.17 0.12 0.13 0.12 0.13
H. quadrimaculatus 0.17 0.13 0.05 0.05 0.03 0.05 0.10
H. dispilonotus 0.19 0.13 0.08 0.08 0.06 0.08 0.11 0.05
S. maderensis 0.24 0.20 0.19 0.18 0.21 0.18 0.21 0.18 0.18
S. hualiensis 0.21 0.16 0.09 0.09 0.10 0.09 0.09 0.08 0.11 0.21
Sardine sample* 0.33 0.29 0.27 0.27 0.26 0.26 0.28 0.26 0.27 0.38 0.29
“Fish sample from Lombok Strait of Indonesia
60 B COl1l ®16S
495 50 50.4 499
8 50
g
< 40
2 30.7
530 24 255 284 T
= 216 - 21.2 —
é 2 Bty 19.6
>
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g0
TU) C A G A+T G+C

Nucleotide composition
Figure 4. Nucleotide Composition of 12 individuals of Sardine based on CO1 and 16S rRNA gene sequences
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Genetic distance measures the evolutionary divergence
between copies of homologous genes that share a common
ancestor (Dogan and Dogan 2016; Shirk et al. 2017). The
results of genetic distance analysis found that the lowest
genetic distance (0.01) based on CO1 fragments occurred
in S. lemuru and S. longiceps. The same applies to the 16S
rRNA fragment, with a genetic distance of 0.00. According
to Shirk et al. (2017), the two sardine species are closely
related or the same kind. Apart from that, the genetic
distance of all individuals ranges between 0.17 and 0.32 in
the CO1 fragment, and the 16S rRNA fragment has a
genetic distance ranging between 0.01 and 0.38. The highest
genetic distance in the CO1 fragment occurred between
sardine (fish from Lombok Strait) and A. sirm (0.32), while
in the 16S rRNA fragment, it occurred between sardine
(fish from Lombok Strait) and S. maderensis (0.38).
Additionally, sardines (fish from Lombok Strait) in the 16S
rRNA fragment are outside the Clupeidae family group.
Genetic distance lower than 3% in a phylogenetic relationship
can vary species or other sets of sister lineages (Rossell6-
Moéra and Amann 2015; Mallik et al. 2019).

The maximum and minimum genetic distances of the
sardines family were recorded as 0.38 to 0.00 in the
Clupeidae; the COL1 fragment has a genetic distance from
0.33 to 0.01 and 0.38 to 0.00 in the 16S fragment. This
study differed from preliminary research reporting that
average heterozygosity ranged from 0.3009 to 0.3744
(Mahboob et al. 2019). This information on genetic
polymorphism is helpful for authorities developing strategies
to conserve the diversity of tilapia in the country.
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Phylogenetic construction

The NJ tree revealed distinct clades separated based on
the genus of Sardinella family Clupeidae. The clades showed
high bootstrap values ranging from 45 to 97%, a strong
indication of the accuracy of our research. Most of these
sequences matched reference sequences on GenBank or
BOLD databases with more than 99% identity, further
validating our findings. The overall mean distance of the
sardine sequences was 25% for fragment CO1 and 16% for
fragment 16S rRNA. The intraspecific K2P divergences
ranged from 1 to 32% for fragment gen CO1 rRNA, while
for the 16S rRNA fragment gene, it ranged from 0.00 to
38%. It is in the same clade as H. dispilonotus, S. longiceps,
and S. lemuru, not foundin the results of phylogenetic
analysis using the 16S gene sequence. Analysis based on
the phylogenetic tree shows that all sardine members of the
family Clupeidae are monophyletic and grouped into four
genera, namely Sardinella, Amblygaster, Escualosa, and
Herklotsichthys. The preliminary study is the same as
Cardiidae, Tridacninae, and Hippopus reported by researchers
(Findra et al. 2017). The reconstruction of the phylogenetic
tree in Figure 5(a) confirms that sardine (from Lombok
Straits) and S. aurita are the same species based on the
CO1 gene sequence, whereas, based on the 16S rRNA gene
in Figure 5.B, sardine is outside the group. The results of
nucleotide alignment along the 671 bp mitochondrial DNA
CO1 gene fragment support this identification result. The
twelve individual fish in the Clupeidae family are shown in
Figures 5.A and Figure 5.B consisted of four clades based
on the CO1 and 16S rRNA gene sequences.
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Figure 5. Phylogenetic consensus tree of 12 sardine species constructed based on CO1 and 16S rRNA genes NJ Method. A. NJ tree of
mtDNA CO1 rRNA; B. NJ tree of mtDNA 16S rRNA. *Fish samples from Lombok Strait and others from various countries acceded

from GenBank
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The four clades in Figure 5.A are as follows: Clade 1
includes S. gibbosa, S. maderensis, S. fimbriata, and A.
sirm; Clade 2 includes H. dispilonotus, S. longiceps, and S.
lemuru; Clade 3 includes H. quadrimaculatus and S.
hualensis, and Clade 4 includes S. aurita and a sardine
from Lombok Strait. In Figure 5(b), the clades are: Clade 1
includes S. longiceps, S. lemuru, S. aurita, H. dispilonotus,
S. gibbosa, and S. maderensis; Clade 2 includes S. fimbriata
and S. hualiensis; Clade 3 includes H. quadrimaculatus, A.
firm, and E. thoracic; and Clade 4 includes only the sardine
from the Lombok Strait. A notable difference appears in the
16S rRNA gene fragment in Figure 5.B, where the sardine
from the Lombok Strait is outside the group. In contrast,
the CO1 fragments from Lombok Strait are in the same
clade as S. aurita, indicating a close relationship.

A phylogenetic NJ tree using K2P distances illustrated
COl1-based genetic divergence among intra and inter-
specific hierarchical units. All species were determined
using the COL gene. Bootstrap analysis consensus trees
with 1000 replicates obtained from NJ (Figure 5) and MP
showed similar patterns in the genetic relationships among
the sardine species studied. There was no haplotype sharing
or overlapping. According to data on haplotype diversity
(Hd) using DNAsp, the Hd was 0.95455 based on the CO1
gene sequence and 0.95238 for the 16S rRNA gene,
indicating high genetic diversity among sardines (Shirk et
al. 2017). The phylogenetic trees used the haplotypes for
CO1 and 16S rRNA genes, which could unambiguously
differentiate all twelve species of wild sardines in marine
waters.

Population structure based on CO1 and 16S rRNA gene
sequences can be used to control population structure in
gene expression analysis (Fachrul et al. 2023). The results
of this study, which show a low population structure with
high genetic diversity, are similar to findings on an
economically important fish species (Lutjanus jocu Bloch
and Schneider 1801) reported by Tovar Verba et al. (2023).
Preliminary research also reported similar cases of low
population structure and high genetic diversity in Rhinolophus
blasii Peters 1867 in Europe (Jakab et al. 2021). Factors
influencing low population structure include the availability
of limited food, predators, competition with other species
or conspecifics, climate, habitat changes, and disease
(Zulfikar et al. 2020; Tovar Verba et al. 2023).

In conclusion, CO1 and 16S rRNA gene fragments
were successfully amplified from sardine species in the
Lombok Strait, with amplicon lengths of approximately
671 bp and 625 bp, respectively. The study indicates that
the mitochondrial DNA CO1 gene sequence can identify
wild sardine species with elevated levels of genetic
divergence (0.0009-1.15). In contrast, the 16S rRNA gene
is less effective due to lower levels of genetic divergence
(0.000-0.0018). The study also reveals strikingly high
genetic diversity in sardines, with a Hd of 0.95455 based
on the CO1 gene sequence and 0.95238 for the 16S rRNA
gene, indicating high genetic diversity among sardines.
However, the population structure is low for the CO1 and
16S rRNA genes, with values of 0.04549 and -0.09473,
respectively. The results of this study indicate that CO1 is
more effective than 16S rRNA for determining molecular
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characteristics, genetic diversity, and kinship in sardines
from the Lombok Strait waters. The implications are as
follows: (i) It can determine the complete name of sardine
species based on the CO1 gene sequence; (ii) The survival
of the sardine population because the high category of
genetic diversity allows wild sardine populations to survive,
reproduce, and adapt to environmental changes in the short
and long term; (iii) Determine the policy for managing
sardine resources to provide and maintain sustainable
national food availability.
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