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Abstract

Polychaetes, including fireworms, play crucial ecological roles such as nutrient recycling and forming a vital part of the marine
food web. However, their accurate identification is challenging due to morphological complexity and the presence of cryptic
species. DNA barcoding, particularly targeting the cytochrome oxidase subunit | (COI) gene, has emerged as a powerful tool
for species delineation due to its high accuracy and reproducibility. This study aims to molecularly identify fireworm specimens
collected from Indonesian intertidal zones using COI gene barcoding. Fireworm samples were collected from Lombok waters,
followed by DNA extraction, PCR amplification, electrophoresis, and DNA sequencing. The DNA data were analyzed using
MEGA-X software to compare the sequences with those in the database and identify the species. A phylogenetic tree was
constructed to illustrate the relationships between the analyzed species. The results show that the fireworm sample from
Lombok is classified as Eurythoe complanata, a member of the Amphinomidae family. COI genetic analysis revealed a 658
bp DNA fragment with 77.19% similarity to the same species from India. The phylogenetic tree indicated a close relationship
with the Indian species, supported by a bootstrap value of 85. Genetic distances ranged from 0.02 to 0.48, and the dominance
of A+T nucleotides suggests the presence of genetic variation.
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INTRODUCTION

The intertidal zone of Indonesia's coastal waters constitutes a highly biodiverse ecosystem that
plays a crucial role in maintaining marine ecological stability (Miloslavich et al., 2016; Jefriet al., 2025).
Among the dominant organisms in this zone are polychaetes, which serve essential ecological
functions such as nutrient recycling (Maximov et al., 2015)and forming a key part of the food web
(Jumaretal., 2015). Despite their ecological significance, the accurate idenfification of polychaetes
remains challenging due to their morphological complexity. Traditional taxonomic approaches
based solely on morphology are often insufficient, particularly because of the presence of crypfic
species—genetically distinct taxa that exhibit very similar external features (Purnamasari et al., 2016).

In response to these challenges, molecular techniques, especially DNA barcoding targeting
the cytochrome oxidase subunit | (COI) gene, have become an essential tool for species delineation
in modern faxonomy owing to their high accuracy and reproducibility (Hebert ef al., 2003; Simbolon
et al., 2021). Numerous studies have successfully employed this approach to identify polychaete
species, particularly within the family Amphinomidae. For example, Jérdens et al. (2004)
characterized Eurythoe complanata from Germany, Leray et al. (2013) examined Pherecardia striata
in the United States, Wang et al. (2019) investigated Chloeia bimaculata in China, and Calderon-
Gutierrez et al. (2024) focused on Hermodice carunculata in North America. Collectively, these
stfudies underscore the effectiveness of DNA barcoding in providing more precise species
identification.

However, molecular data regarding Amphinomidae from Indonesian intertidal waters remain
limited, highlighting a significant knowledge gap that hinders effective conservation and sustainable
resource management in the region. This study aims to molecularly identify freworm specimens
collected from Indonesian intertidal zones using COI gene barcoding. By contributing novel genetic
data, this research seeks to enrich the global genetic repository while enhancing understanding of
the species’ distribution and genetic diversity within the Indo-Pacific. Ultimately, these insights are
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anficipated to facilitate more informed conservation strategies and promote sustainable
management of marine biodiversity in the region.

MATERIALS AND METHODS

The specimen collection was conducted in September 2024 in the intertidal waters of Labuhan
Pandan, East Lombok, as shown in (Figure 1), and the subsequent stages of the research were carried
out from October to November 2024. Specimens were carefully collected by hand using protective
gloves, and each specimen was photographed prior to further processing (Figure 2a). The
preparafion stage involved dissecting the head region of the fireworms, which were then preserved
in tubes containing 96% ethanol to maintain sample integrity prior to analysis. This approach aligns
with the study by Hadadi et al. (2023), which also utilized ethanol in concentrations ranging from 70%
to 96% for sample preservation before use. Preservation with 6% ethanol is effective in maintaining
sample quality over an extended period before further examination.
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Figure 1. Study Area. The research location is indicated by the area shaded in blue

Figure 2. Fireworms from family Amphinomidae: (a) Specimen; (b) E. complanata (Nakamura et al.,
2009); (c) Hermodice carunculata (Toso et al., 2022); (d) Chloeia flava (Salazar-Vallejo, 2023)
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The analysis was conducted through several stages, including DNA extraction, Polymerase
Chain Reaction (PCR), electrophoresis, and sequencing. According to Maduppa (2020), DNA
extraction is performed to isolate DNA from the fissue of the research specimen. DNA extraction in
this study was carried out using the Geneaid DNA Isolation Kit. This extraction process involved the
homogenization of fireworm tissue samples after the working area was properly sterilized. The study
employed primers LCO1490 and HCO2198, which are commonly used for the amplification of the
Cytochrome Oxidase Subunit | (COIl) gene, as they are designed based on highly conserved regions
of the COI gene across a wide range of animal species (Sharma & Kobayashi, 2014).

DNA was then amplified using a Sensoquest PCR machine. A total of 12.5 ulL of prepared DNA
sample was mixed with 5 yL each of the primers HCO2198 and LCO1490. Subsequently, 25 uL of 2x
MyTaq HS Red Mix was added per tube, followed by the addition of 2.5 uL of ddH,O. The PCR tubes
were then placed into the Sensoquest thermal cycler for amplification, which ran for approximately
1 hour and 49 minutes. The thermocycling program was set as follows: pre-denaturation at 94°C for
2 minutes, followed by 34 cycles of denaturation at 94°C for 45 seconds, annealing at 49°C for 30
seconds, and extension at 72°C for 1 minute, with a final extension at 72°C for 3 minutes (Barroso et
al., 2010). To confirm the presence of the target DNA band, electrophoresis was conducted using a
1.5% agarose gel, with a voltage of 90 V for 35 minutes. The electrophoresis results were visualized
under a UV illuminator. Successfully amplified PCR products were sent to PT. Genetika Science
Indonesia, located in Tangerang, Banten, for sequencing analysis.

Nucleotide sequence editing and alignment were performed using MEGA-X, which was also
used to analyze DNA sequences and identify the species sampled. A phylogenetic tree was
constructed using the Neighbor-Joining method with the Maximum Composite Likelihood model
(Tamura et al., 2004). A consensus tree was generated with 1000 bootstrap replicates to assess the
taxonomy and genetic relationships of the samples (Felsenstein, 1985). The tree was reconstructed
using MEGA-X version 11 and ClustalW to analyze nucleotide diversity and determine the genetic
distance among species (Tamura ef al., 2021). Nucleotide sequences were identified by aligning
sequencing results with available data from the National Center for Biotechnology Information (NCBI)
using the BLAST (Basic Local Alignment Search Tool) method.

RESULTS AND DISCUSSION

The electrophoresis results showed that the amplified DNA band was located at approximately
700 bp (base pairs). This is consistent with the findings of Sharma & Kobayashi (2014), who reported
that primers LCO1490 and HCO2198 amplified DNA fragments ranging from 681 to 710 bp in their
study. The electrophoresis results are presented in (Figure 3). In Figure 3, the presence of DNA bands
indicates successful amplification of purified DNA, with fragment lengths determined using a
standard-sized DNA marker (Novitasari ef al., 2014). The clearly visible bands reflect good quality and
are suitable for the sequencing stage. According to Buchori et al. (2023), sharp and distinct bands
indicate high DNA concentration and successful isolation, while faint or absent bands may suggest
contamination or DNA degradation. The editing and sequencing results using MEGA X.11 software
produced a fragment of 658 bp in length. This is consistent with the findings of Folmer et al. (1994),
which indicated that COI gene sequencing using LCO1490 and HCO2198 primers in invertebrates
typically ranges between 651-710 bp. The results of the DNA sequencing analysis using NCBI are
presented in (Table 1).

The sequencing results showed a higher similarity with the genetic database of Eurythoe
complanata. This is supported by the highest values of query cover and total score, high identity
percentage, and a very low e-value. Based on the analysis (Table 1), the BLAST results yielded an e-
value of 8.00e-20, a total score of 89.7, an identity percentage of 77.19%, and a query cover of 16%.

The obtained e-value of 8.00e-20 indicates a strong similarity with sequences in the database
and is unlikely to be due to chance (Sabbathini et al., 2017). The e-value represents the statistical
significance and reliability of the database match. Narita et al. (2012) further emphasized that the
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closer the value is to zero, the more accurate the result. The BLAST results also showed a total score
of 89.7, indicating a good alignment between the analyzed sequence and those available in the
database (Gaffar & Sumarlin, 2020).

The identity percentage value of 77.19% indicates that nearly 80% of the base pairs in the
analyzed sequence are identical to those in the database. This suggests that the species may be
related but not identical (Tobe ef al., 2010). According to Hebert et al. (2003), if the genetic identity
difference between species exceeds 3%, then a similarity below 80% may indicate that the sequence
originates from a different species, despite sharing a portion of identical base pairs. The identity value
also reflects the match with the query cover, which denotes the relationship between the sample’s
nucleotide length and the sequences in the GenBank database (Gaffar & Sumarlin, 2020). Therefore,
this result suggests a degree of nucleotide base pair similarity between the sample and the reference
sequences analyzed.

The BLAST results revealed that the query cover value of the fireworm sample was relatively low,
at only 16%. This low value is attributed to suboptimal sequencing quality and the detection of
bacterial sequences. The identification of these bacteria suggests a potential symbiotic relationship
between the freworm and certain bacterial species. The detection of bacteria was likely due to the
use of universal primers LCO1490 and HCO2198. This finding is consistent with the study by Gaffar &
Sumarlin (2020), which also reported low query cover values as a result of poor sequencing quality.
Therefore, further analysis such as the construction of a phylogenetic free is necessary to gain a
deeper understanding of the faxonomic and evolutionary relationships of the sample species.

Table 1. BLAST Results of Fireworm Samples Obtained

Taxa Accession E-Value ident. Query Total Base

Number Cover Score pare

Eurythoe complanata MG251652  8.00e-20 77.19% 16% 89.7 658
Bathychloeia cf. sibogae ON903196 2.00e-10 79.38% 15% 71.8 682
Chloeia flava JN852944 8.00e-06 78.75% 12% 56.4 590
Hermodice carantulata MG251653 1.00e-04 77.38% 13% 69.8 658
Chloeia parve MKé696602 0.023 77.94% 10% 44.9 680
Linopherus sp. 0Q323218 0.023 74.49% 15% 44.9 658
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Figure 3. Elecfrophoresis result of the amplified target DNA band
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Following the BLAST results, which specifically identified the species as E. complanata, five
sequence data entries were selected for phylogenetic tree reconstruction. The sequence data used for
the analysis are presented in Table 2. The use of only five E. complanata sequences from GenBank was
due to the limited availability of COI-based identifications for this species in the NCBI BLAST database. The
phylogenetic tree was constructed using these five E. complanata sequences, one fireworm sequence
from the interfidal waters of Lombok (sample CA4 Seq5246781), and Archinome rosacea as the outgroup.
Including an outgroup enhances the reliability of the phylogenetic analysis by minimizing grouping bias
and providing a more accurate representation of evolutionary relationships (Hidayat & Pancoro, 2019).
The resulting phylogenetic tree is shown in Figure 4.

The phylogenetic tree generated shows that the sample CA4 Seq5246781 clusters within the same
clade as Eurythoe complanata from India. As illustrated in Figure 4, the bootstrap value obtained is high,
at 85. This elevated value indicates that the interspecies relationships presented are robust and reliable,
reflecting true evolutionary patterns (Saleky et al., 2020). Bootstrap values above

Table 2. Sequence Data Used in Phylogenetic Analysis from GenBank

Accession Query Total Base

Taxa Location E-Value Ident. References
Number Cover Score pare

Eurythoe India  MG251652 800E-20 77.19%  16% 897 658 Charathidasan
complanata etal., 2017
Eurythoe USA KP255001  9.00E-13  74.04% 15%  67.1 58 -erdvdan
complanata Knowlton, 2015
Eurythoe Brazil KY972418  300E-12 73.15%  15% 653 1548 bermnardinoef
complanata al., 2017
Eurythoe China  OQ749906 8.00E-14 7407% 15%  69.8 1548 Heefal. 2023
complanata
Eurythoe USA JNOB6548  2.00E-14 7500% 15% 716 ¢80 cordaefal,
complanata 2012

JN086548 Eurythoe complanata USA

KP255001 Eurythoe complanata USA

KY972418 Eurythoe complanata Brazil

100
] 0Q749906 Eurythoe complanata China

81

MG251652 Eurythoe complanata India

JX028110 Archinome rosacea USA

Figure 4. Phylogenetic tree of E. complanata from the waters of Lombok
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70 generally denote strong branching, whereas values below this threshold are considered less
reliable (Anafarida & Badruzsaufari, 2020). Lestari ef al. (2018) further emphasized that higher
booftstrap values correspond to stronger phylogenetic trees. These findings suggest considerable
genetic sequence similarity in the region.

Madduppa et al. (2017) explained that genetic sequence similarity can be influenced by
factors such as habitat connectivity, genetic exchange, and environmental similarity. Genetic
exchange between the biota of Indonesia and India may be driven by geological and
oceanographic factors. Geologically, Indonesia and India have experienced changes in landforms
and sea levels that influenced marine organism dispersal routes. Hanebuth ef al. (2000) noted that
during glacial periods sea levels dropped, causing some Indonesian islands (Sunda Shelf) to connect,
facilitating migration and genetic exchange among biota. When sea levels rose again and
landmasses were separated, organisms that had dispersed retained genetic similarities.

Marine species like E. complanata can widely disperse across the Indo-Pacific region since their
larvae can be carried by ocean currents (Adams ef al., 2014). One principal current pattern in the
area is the water movement from India to Indonesia, although the pattern and characteristics vary.
According to La Ode et al. (2020), the Indonesian Throughflow (Arlindo) transports water from the
Pacific Ocean to the Indian Ocean through Indonesian straits such as Makassar Strait, Lombok Strait,
Ombai Strait, and Timor Sea. This current facilitates genetic exchange between marine biota from
India and Indonesia.

The evolutionary pattern analysis of the phylogenetic tree is further supported by genetic
distance values (pairwise distance). Halisah et al. (2024) clarified that genetic distance is calculated
based on the differences in nucleotide base sequences between two DNA sequences and is used
to measure the degree of relatedness among species or individuals within a species (Table 3).

Based on the results obtained, the genetic distance between CA4 Seq5246781 and Eurythoe
complanata from India (MG251652) was 0.41, indicating a degree of genetic divergence. The closest
genetic distance was observed between E. complanata from China (OQ749906) and Brazil
(KY972418), with a value of 0.02. According to Halisah et al. (2024), geneftic distance is calculated
based on nucleotide sequence differences and is used to assess the degree of relatedness between
species or individuals within the same species. A value of 0 indicates a very close relationship, while
a value of 1 indicates the greatest genetic divergence (Elfianis et al., 2021). In this study, the genetic
distance ranged from 0.02 to 0.48, demonstrating genetic variation within E. complanata. These
findings are consistent with Rahayu & Handayani (2010), who reported genetic distances ranging
from 0.267 to0 0.957, indicating broad genetic variation within the studied species.

Genetic variation essentially occurs due to differences in the sequence of nucleotide bases
such as adenine, thymine, guanine, and cytosine in DNA (Putra et al., 2021). The nucleotide
composition of the analyzed sample showed significant differences between species. The results of
the nucleotide composition in this study are presented in (Table 4).

Table 3. Genetic Distance of Fireworms

Taxa 1 2 3 4 5 6 7
CA4 5eq5246781
MG251652 Eurythoe complanata India 0.41
JN086548 Eurythoe complanata USA 0.46 0.18
KY?72418 Eurythoe complanata Brazil 0.48 0.19 0.19
OQ749906 Eurythoe complanata China 0.47 0.9 0.19 0.02
KP255001 Eurythoe complanata USA 0.46 0.18 0.02 0.19 0.9
JX028110 Archinome rosacea USA 0.46 023 021 023 022 0.22
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Table 4. Nucleotide Composition of the Fireworm

Taxa T/U (%) C (%) A (%) G (%) A+T (%) C+G (%)
CA4 Seq5246781 30.5 24.5 20.1 24.9 50.6 49.4
E. complanata India 28.6 25.7 28.6 17.2 57.2 42.9
E. complanata USA 28.5 28.1 26.4 17.0 54.9 45.1
E. complanata Brazil 31.1 23.8 26.1 19.0 57.2 42.8
E. complanata China 30.9 24.0 26.1 19.0 57.0 43.0
E. complanata USA 29.1 27.4 26.1 17.4 55.2 44.8
Archinome rosacea USA 30.0 27.7 25.8 16.5 55.8 442

Table 4 shows that the percentage of A+T content is higher than that of C+G. According to
Hapsari (2015), species with lower C+G content are considered more primitive, as they retain more
similarities with their ancestors and have undergone fewer evolutionary changes. Niu et al. (2017)
further explain that genomes with higher C+G content tend to exhibit a greater mutation rate. The
mutation rate of DNA directly affects the genetic variation of an organism. Mutations can occur due
to errors during DNA replication or external environmental factors such as exposure to foreign
substances (Dailami et al., 2018). Nucleotide base substitutions may result in base variations in the
form of fransitions (changes between A and G or C and T) or transversions (changes between purine
and pyrimidine bases) (Fauziyyah & Suhadi, 2021). In addition, biogeography influences genetic
variation, where environmental factors such as climate and topography can limit the dispersal of
organisms. Hasibuan et al. (2017) also noted that these mutations are a major cause of nucleotide
base variation, particularly in the COI gene.

CONCLUTION

Based on the results obtained, the fireworm sample from Lombok is classified as E. complanata, a
member of the Amphinomidae family. COI genetic analysis revealed a 658 bp DNA fragment with
77.19% similarity to the same species from India. The phylogenetic free indicated a close relationship
with the Indian species, supported by a bootstrap value of 85. Genetic distances ranged from 0.02 to
0.48, and the dominance of A+T nucleotides indicates the presence of genetic variation.
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