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Species identification

Cymbiola nobilis (Lightfoot, 1786) is a vulnerable gastropod species in the Indo—
West Pacific and has become increasingly rare in Vietnam due to overharvesting
for the ornamental shell trade and food consumption. Accurate species
identification is essential for conservation management, yet traditional
morphology can be challenging due to substantial variation in shell shape and
coloration. In this study, we generated a DNA barcode record for C. nobilis
collected from Hon Thom Island, Phu Quoc, Vietnam. A 5’ fragment of the
mitochondrial cytochrome ¢ oxidase subunit I gene (COI-5P) was amplified,
sequenced, and compared with reference databases (GenBank and BOLD).
BLAST and BOLD identification results showed 99—100% similarity to C.
nobilis, and phylogenetic analysis recovered strong species-level monophyly. The
validated sequence was assigned as the first barcode index number (BIN) for this
species in BOLD database. This record contributes essential molecular data for
taxonomy, conservation planning, and future barcoding efforts on marine
gastropods in Vietnam.
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COI-5P
Cymbiola nobilis
Mai vach DNA
Pinh danh loai
Oc bién

Cymbiola nobilis (Lightfoot, 1786) 1a mot loai 0 bc blen ¢6 gia tri, phan bo & vung

n Py — Tay Thai Binh Duong va hién dugc xep vao nhom d& bi tén thuong
(vulnerable). Tai Viét Nam, loai nay ngay cang hiém gip do bi khai thac qua mirc
phuc vu muc dich tiéu thy, thuong mai, m§ nghé va suu tim voé. Viée xac dinh loai
chinh xéc 1 rit quan trong cho cong tic bao ton, tuy nhién phwong phép hinh thai
hoc truyén théng co thé gip nhiéu kho khin do su bién dbi dang ké vé hinh dang
va mau sic ctia vo. Trong nghién ctru ndy, chiing t6i xac dinh doan ma vach DNA
tir mau C. nobilis thu tai Hon Thom (Quén dao Pha Qudc), Viét Nam. Poan 5’ ciia
gen ty thé cytochrome ¢ oxidase subunit I (COI-5P) da dugc khuéch dai, giai trinh
tur va so sanh véi cac co sé dit liéu tham chiéu (GenBank va BOLD). Két qua phan
tich st dung cong cu BLAST trén ngan hang gen NCBI va co s¢ dit liéu ma vach
thé gi¢i BOLD cho thiy trinh tw COI-5P ctia miu nghién ciru ¢6 dd twong ddng
99-100% véi lodi C. nobilis. Phan tich phat sinh chung loai khing dinh don nganh
& clp do loai. Trinh ty COI hop 18 nay di dwoc gan ma BIN dau tién cho loai C.
nobilis trong co s¢ dir liéu BOLD. Két qud ndy cung cép dit liéu phén tir quan
trong hd trg cong tac phén loai, bao tdn va phat trién thu vién ma vach DNA cho
cac loai dc bién tai Viét Nam.
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1. Introduction

Marine gastropods constitute one of the most diverse groups of mollusks and play ecologically
important roles across coastal and deep-sea ecosystems. The noble volute Cymbiola nobilis
(Volutidae) is a large predatory gastropod distributed throughout the Indo—West Pacific, including
the coastal waters of Vietnam [1]. It inhabits sandy substrates at depths of 5-80 m and is
increasingly rare due to overharvesting for the ornamental shell trade and food consumption [1],
[2]. Its distinctively patterned shell has made it highly prized among collectors, while ecologically,
the species contributes to nutrient cycling and sediment turnover in sandy-bottom habitats. Recent
mitochondrial genome data of C. nobilis [3] provides a foundation for molecular-based taxonomic
studies. Although pharmacological studies on C. nobilis remain limited, investigations on related
volutid species have identified peptides and lipid compounds with anti-inflammatory, antibacterial,
and antioxidant activities [4], [5], suggesting its potential biomedical relevance.

Accurate identification of gastropods is essential for taxonomy, fisheries assessments, and
biodiversity monitoring. However, morphological identification of C. nobilis can be unreliable due
to substantial variation in shell shape, coloration, and ornamentation. In recent years, DNA
barcoding has become a powerful tool for complementing traditional taxonomy. It provides a rapid,
accurate, and standardized approach for species identification using short DNA sequences from
specific gene regions [6]. This method is particularly useful for identifying cryptic species, larvae,
damaged specimens, and processed materials where morphology-based identification is difficult
[7]. The mitochondrial cytochrome c¢ oxidase 1 (COI) gene, proposed by Paul Hebert and
colleagues, is widely adopted as the standard barcode marker for animals [8]. Standardized
protocols established by the Consortium for the Barcode of Life (CBOL, 2005) facilitate global
comparability of barcode data [9].

Because C. nobilis is now rarely encountered in Vietnam, only a single voucher specimen could
be obtained from Phu Quoc Island. In this study, we combined morphological identification with
COI-5P sequencing to generate the first DNA barcode record for this species in Vietnam and
globally. This reference sequence provides a validated molecular resource for future taxonomic,
ecological, and conservation-based studies.

2. Materials and Methods
2.1. Study species and sampling

Voucher specimens comprising three individuals (TMO02TT, TMO02TT-2, and TM02TT-3) of
the gastropod species Cymbiola nobilis was collected by scuba diving from the west coast of Hon
Thom Island of Phu Quoc (9.9476° N, 104.0085° E) on 21 February 2025. All necessary permits
were obtained for field collection, and the specimen was handled following ethical guidelines for
research on marine invertebrates.

2.2. Morphological identification

Morphological identification of the specimen was conducted prior to DNA analysis. Shell
characters including overall size, coloration, and pattern were examined. Photographs of each
specimen were taken from dorsal, apertural, lateral, and detailed characteristic views. Taxonomic
identification was performed following standard taxonomic keys [10], [11] and reference
monographs for marine mollusks (MolluscaBase, WoRMS) [12].

2.3. DNA Extraction, PCR and Sequencing

Genomic DNA was extracted from approximately 50 mg of foot muscle tissue using a modified
CTAB protocol [13]. The yield and purity of the extracted DNA were assessed using a NanoDrop™
2000/200¢ spectrophotometer (Thermo Scientific, USA). The 5’ region of the cytochrome c
oxidase subunit I gene (COI-5P) was amplified by polymerase chain reaction (PCR) using the
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universal primers LCO1490 (5'-GGTCAACAAATCATAAAGATATTGG-3") and HCO2198 (5'-
TAAACTTCAGGGTGACCAAAAAATCA-3’) [14]. Each 50 pL PCR reaction contained 25 pL
of DreamTaq PCR Master Mix (2%) (Thermo Scientific, Lithuania), 2 uL. of 25 mM MgCl,, 0.5
UM of each primer, and approximately 10 ng of template DNA. The thermal cycling conditions
consisted of an initial denaturation at 95°C for 3 min; 35 cycles of denaturation at 95°C for 30 s,
annealing at 53°C for 30 s, and extension at 72°C for 1 min; followed by a final extension at 72°C
for 5 min.

PCR amplicons (~5 pL of each reaction) were visualized on a 1% agarose gel stained with
RedSafe (Intron). Amplified products were purified using the GeneJET Gel Extraction Kit (Thermo
Scientific, Lithuania) according to the manufacturer’s instructions, cloned into the pJET1.2 vector
(Thermo Scientific, Lithuania), and bidirectionally sequenced by 1st BASE (Singapore). The raw
COI-5' sequences were assembled, and primer regions and ambiguous bases were trimmed using
BioEdit 7.0 [15] and DNAMAN v10 (Lynnon Biosoft, USA).

2.4. Sequence Analysis

The obtained sequences were initially compared to reference sequences in GenBank and BOLD
using BLAST and the BOLD Identification Engine (accessed in November 2025) to evaluate
sequence identity. Species-level identification was considered reliable when the top BLAST hit
showed >98% identity to a reference sequence of the same species. Accepted species names were
standardized according to the World Register of Marine Species (WoRMS; accessed November
2025). Multiple sequence alignment was performed using BioEdit 7.0 [15]. The resulting sequence
was deposited in GenBank, National Center for Biotechnology Information (NCBI) and in the
Barcode of Life Data System (BOLD) under the project 'HMTM-Mollusk in Vietnam_ 2025'.
Barcode Index Numbers (BINs) were automatically assigned by BOLD Systems v5 as registry
identifiers, enabling assessment of whether barcode clusters correspond to known species.

A Neighbor-Joining (NJ) tree of Cymbiola genus sequences (including our sample and related
sequences from GenBank) was generated from the pairwise distance matrix using MEGA v11
under the Kimura 2-Parameter model (K2P) to visualize phylogenetic placement [16], [17]. Node
support was assessed with 1000 bootstrap replicates.

3. Results
3.1. Morphological identification

The specimens TM-PQ 02, TM-PQ 02-2, and TM-PQ 02-3 were morphologically examined,
and all were identified as Cymbiola nobilis (Lightfoot, 1786) (Volutidae). Diagnostic features
including shell shape, sculpture, aperture characteristics, and coloration patterns were evaluated
for consistency with the recognized morphological criteria of the species [1].

The three specimens show the typical shell morphology of C. nobilis but differ slightly in size
and pattern intensity (Figure 1). The largest specimen (TM-PQ 02; shell length 68 mm) displays a
strongly inflated fusiform—ovate shell with well-developed brown zigzag flames and reticulate
markings over a bright yellow—orange background. The medium-sized specimen (TM-PQ 02-2;
40.1 mm) shows a similar pattern, though the reticulation appears finer and more fragmented, with
darker apical pigmentation. The smallest specimen (TM-PQ 02-3; 32.5 mm) exhibits a paler
background with reduced flame intensity and a more weathered appearance, reflecting juvenile or
environmentally influenced variation.

All three shells are solid and robust, with a slightly elongate profile (length/width ratio ~1.5-
1.7). The body whorl is inflated and accounts for approximately five-sixths of total shell length.
The spire is low, blunt, and composed of five weakly expressed whorls separated by a shallow but
distinct suture. The shell surface is smooth and glossy. The aperture is elongate and moderately
wide, occupying more than half of the shell height, with a pale orange interior. The outer lip is
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thick, smooth, and slightly flared. The columella bears four strong folds, the lowest being the most
prominent. The siphonal canal is short, open, and slightly deflected to the right. These
morphological characteristics closely match previously published descriptions of C. nobilis [1],
[18]. Although the three specimens were collected from the same locality, they show minor
differences in shell size, spire elevation, and coloration intensity. Such variation falls well within
the known range of intraspecific morphological diversity and ontogenetic variation for C. nobilis.

Figure 1. Shell morphology of Cymbzola nobilis samples collected from the west coast of Hon Thom Island
(Phu Quoc, Vietnam). Specimen voucher ID: TM-PQ 02 Tay Hon Thom, Phu Quoc

Overall, the strong morphological congruence between our specimens and published references
confirms their taxonomic placement within Mollusca (Phylum), Gastropoda Cuvier 1795 (Class),
Neogastropoda Wenz, 1938 (Order), Volutidae Rafinesque, 1815 (Family), Amoriinae J. E. Gray,
1857 (Subfamily), Melonini Pilsbry & Olsson, 1954 (Tribe), Cymbiola Swainson, 1831 (Genus),
and Cymbiola nobilis (Lightfoot, 1786) (Species). However, to confidently confirm the taxon,
especially given potential morphological variation, molecular identification using COI barcoding
was undertaken.

3.2. Amplification of COI-5P fragment and Sequence analysis

The COI-5P amplification of the three C. nobilis specimens produced a fragment of
approximately 750 bp, as shown in Figure 2. A single, sharp band of the expected size on the
agarose gel confirmed that the primers successfully amplified the target region without generating
non-specific products or primer-dimers. The high-quality PCR product was later used for cloning
and sequencing.

Figure 2. Agarose gel electrophoresis of PCR-amplified COI-5P fragments. M: 1 kb DNA marker
(Thermo), lanes 1-3: PCR products from specimens TM-PQ 02, TM-PQ 02-2, and TM PG 02-3; (-):

negative control
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After sequence editing, a final alignment length of 677 bp was obtained, with no stop codons,
insertions, or deletions. The COI-5P sequences of the three specimens were identical (100%
similarity), confirming a single haplotype for the C. nobilis individuals collected from Tay Hon
Thom Island. The resulting 677 bp sequence was deposited in GenBank, National Center for
Biotechnology Information (NCBI) under accession number PX250366 and in the Barcode of Life
Data System (BOLD) under the project 'HMTM-Mollusk in Vietnam 2025' with sample 1D
TMO02TT-53.

BLAST searches against GenBank showed that the obtained COI-5P sequence matched a COI-
5P fragment within the complete mitochondrial genome sequence of C. nobilis (accession no.
MNS871953.1) and a COI fragment (accession no. LC738392) with 99.76% nucleotide similarity,
differing by only two substitutions (C<>A and A«>C across 677 aligned positions (Figure 3). This
strong correspondence confirms that the amplified fragment is the COI-5P barcode of C. nobilis.

| | | | | |
Cymbiola nobilis TMO2TT-53| ATTGGTACCCTGTATATTTTATTTGGAATATGGTCTGGTTTAGT TGGTACGGCCCTAAGTTTGCTTATTC
Cymbiola nobilis LC738392
Cymbiola nobilis MN871953

&0 EL] 100 110 120 130 140
T e T T I

Cymbiola nobilis TMO2TT-53| GAGCTGAACTAGGACAACCTGGAGCATTGCTAGGTGACGATCAATTATATAATGTAATTGTTACAGCTCA

Cymbiola nobilis LC738392

Cymbiola nobilis MN871953

Cymbiola nobilis TMO2TT-53| TGCTTTTGTTATAATTTTTTTTTTGGTTATACCTATAATAATTGGAGGCTTTGGCAATTGATTGGTTCCA
Cymbiola nobilis LC738392
Cymbiola nobilis MN871953

| | | | | | |
Cymbiola nobilis TMO2TT-53| TTAATGCTAGGGGCTCCTGATATAGCATTTCCTCGACTTAATAATATAAGTTTCTGACTGCTACCTCCTG
Cymbiola nobilis LC738392
Cymbiola nobilis MN871953

Cymbiola nobilis TMO2TT-53| CCCTTTTATTACTTCTATCATCAGCTGCAGTAGAAAGTGGAGTTGGAACTGGCTGAACCGTGTATCCACC
Cymbiola nobilis LC738392
Cymbiola nobilis MN871953

Cymbiola nobilis TMO2TT-53| ATTAGCAGGAAATTTCGCTCATGCTGGAGGTTCTGTAGATCTAGCTATCTTTTCTTTACATCTTGCTGGT
Cymbiola nobilis LC738392 A
Cymbiola nobilis MN871953 A

| | | | | |
Cymbiola nobilis TMO2TT-53| GCATCTTCTATTTTAGGTGCAGTTAATTTAATTACAACCATTATTAATATACGATGACGAGGTATACAAT
Cymbiola nobilis LC738392 C
Cymbiola nobilis MN871953 c

Cymbiola nobilis TMO2TT-53| TTGAACGGCTTCCTCTTTTCGTGTGATCAGTAAAGATTACAGCTATTTTGTTACTGCTTTCCTTACCAGT
Cymbiola nobilis LC738392
Cymbiola nobilis MN871953

Cymbiola nobilis TMO2TT-53| TTTAGCCGGTGCTATTACAATATTGCTTACTGATCGAAACTTTAATACAGCCTTCTTTGACCCAGCTGGG
Cymbiola nobilis LC738392
Cymbiola nobilis MN871953

| | | | |
Cymbiola nobilis TMO2TT-53| GGAGGAGATCCGATTTTATATCAACACTTATTCTGATTTTTTGGTCA
Cymbiola nobilis LC738392
Cymbiola nobilis MN871953

Figure 3. Pairwise alignment between the COI-5P sequence obtained in this study (accs no. PX250366,
Sequence sample ID: TM02TT-35 ) and the sequences of C. nobilis from GenBank (accs no. MN871953.1
and LC738392). Dots indicate identical nucleotides and letters indicate mismatches.

The BOLD search returned no matching records for C. nobilis, suggesting that the C. nobilis
sequence generated in this study represents the first validated DNA barcode COI record for this
species in BOLD. The barcode sequence of C. nobilis in this study was assigned a Barcode Index
Number BOLD:AGY7768 (Figure 4). Currently, it is the unique Bin in BOLD for C. nobilis
species. BOLD:AGY7768 is a private BIN and will be public upon request.
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3.3. Phylogenetic analysis

To further validate the usefulness of the obtained barcode sequence for C. nobilis species
identification, a Neighbor-Joining (NJ) tree including studied COI-5P sequence and related
sequences retrieved from GenBank. The resulting topology clearly resolved the target species into
distinct and well-supported branches and clades (Figure 5). Genera within the family Volutidae
formed a major branching lineage in the tree.

Specimen Details Current Marker Summary
Sample 1D: TMO2TT-53

Process ID: HMTM053-25
Project: HIMTM coi-sp 677 75% 0%

Tax Names:

sampling Protocol: Diving
BIN URI: BOLDAGYT768
Kingdom: Animalia

COI-5P

llustrative Barcode

" 430
e 3

Nucleotide Sequence Sequence Metadata

Genbank Accession:

Translation Matrix:

Modify Sequence:

Identify Sequence:

v5 Identification Engine | NEW

Figure 4. Sequence view for Sample ID TM02TT-53 (BOLD Process ID: HMTM053-25). The COI-5P
sequence of the Cymbiola nobilis specimen TM-PQO02 (Tay Hon Thom) was deposited in the BOLD
database under the BIN BOLD:AGY7768. The corresponding barcode image is shown. The sequence
length is 677 bp, and both the nucleotide and translated amino acid sequences are presented

Cymbiola nobilis LC738392
48[[Cymbio|a nobilis MN871953
1001 cymbiola nobilis TMO2TT-53|PX250366|BOLD:AGY7768
 Cymbiola vespertilio MNHN-IM-2007-32158|BOLD:AAQ9095
100~ Cymbiola vespertilio MNHN-IM-2007-32159|BOLD:AAQ9095
Cymbiola pulchralJN182216|BOLD:ACI2322

L —
0.02

Figure 5. Phylogenetic analysis using a neighbor Joining (NJ) tree was constructed using sequences
retrieved from NCBI GenBank and BOLD (sample ID, accession numbers and BIN numbers are shown in
the branch tips along with the sequence name). The tree was constructed using Kimura 2-parameter model
in MEGA (Molecular Evolutionary Genetics Analysis) [16]. Bootstrap values (1000 replicates) are shown

at branch nodes.

The complete mitochondrial genome of C. nobilis (acc no. MN871953) and the 564 bp
mitochondrial COI sequence (acc no. LC738392) obtained from a C. nobilis specimen collected
from the commercial market [19] were retrieved from GenBank and included in the phylogenetic
analysis. All C. nobilis sequences clustered together in a single, well-supported clade and were
distinctly separated from the closely related species C. vespertilio (MNHN-IM-2007-32158,
MNHN-IM-2007-32159) and C. pulchra (acc no. IN182216).

Pairwise genetic distances (K2P) within the Volutidae family are shown in Table 1. The
intraspecific divergence within C. nobilis was very low (0.3%), indicating high genetic uniformity
among samples. In contrast, the interspecific genetic distances between C. nobilis and its
congeners, C. vespertilio and C. pulchra, were much higher. The genetic distance ranged from ~
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13.6% between C. nobilis and C. vespertilio to ~19% between C. nobilis and C. pulchra (Table 1).
These values were more than ten times greater than the intraspecific divergence. . This difference
confirms clear species-level separation and a distinct barcode gap for C. nobilis.
Table 1. Genetic distance between Cymbiola nobilis sequences and other species in Cymbiola genus
available in GenBank
Sequence ID 1 2 3 4 5 6
Cymbiola_nobilis. TMO02TT-53|
PX250366| BOLD:AGY7768

—_—

2 Cymbiola nobilis LC738392 0.0036

3 Cymbiola nobilis MN871953 0.0036  0.0000
Cymbiola_vespertilio. MNHN-IM-

4 2007-32158/BOLD:AAO9095 0.1375 0.1356 0.1356
Cymbiola_vespertilio MNHN-IM-

5 2007-32159[BOLD:AAO9095 0.1398 0.1378 0.1378 0.0108

6  Cymbiola pulchra JN182216 0.1928 0.1884 0.1884 0.1831 0.1831

3.4. Discussion

In this study, traditional morphological examination identified the specimens as Cymbiola
nobilis, and this was independently confirmed by DNA barcoding using the COI-5P gene. The COI
sequences obtained from our C. nobilis samples were nearly identical to each other (showing
minimal intraspecific divergence) and clearly differentiated from those of other volute species,
demonstrating that COI-5P is a suitable marker for species-level identification in this genus. In a
neighbor-joining phylogenetic analysis, all C. nobilis sequences clustered together with strong
support, forming a distinct clade that corroborates their correct classification. Notably, the COI
sequences generated in this study represent the first validated DNA barcodes for C. nobilis by
BOLD systems, providing a first BIN (barcode index number) accessed for this species. This result
supports the identification of unknown or disputed specimens in the future.

The COI-5P sequences of the three specimens were identical (100% similarity), fully consistent
with their morphological identification. These sequences also showed 99% similarity and formed
a distinct clade with the complete mitochondrial genome of C. nobilis available in GenBank.
Although only a single individual was analyzed, the genetic match and phylogenetic placement
give confidence in the result. The assignment of these sequences as species-level barcodes is well
justified because they meet the three essential criteria for DNA barcodes: low intraspecific genetic
divergence, high interspecific variation, conserved flanking regions suitable for primer binding,
and an amplicon length short enough (typically 200-900 bp) for efficient amplification and
sequencing [18].

The clear clustering pattern and high bootstrap support indicate reliable species-level resolution.
No overlap between interspecific and intraspecific branches was detected, reinforcing the accuracy
of molecular identification. The topology of the NJ tree is also congruent with previous
phylogenetic studies on Volutidae [3], confirming the genetic stability and taxonomic distinctness
of C. nobilis from the southern coastal islands of Vietnam. The integration of morphological and
molecular evidence in this study provides a robust framework for validating the taxonomic status
of C. nobilis in the region. Morphological observations of shell structure and coloration were fully
consistent with published descriptions, while the COI-5P sequence showed clear interspecific
differentiation and strong monophyly.

Once reference DNA barcodes are available, DNA barcoding can be useful for specimen
identification in museum collections, especially by comparing new samples to existing sequence
databases [19]. It also aids in identification of specimens when morphological methods fail or to
resolve taxonomic inconsistencies [8], [20]. DNA barcoding is also a powerful supplementary tool
for delimiting closely related species and has the potential to reveal previously undescribed taxa [21],
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[22]. In addition, the low cost and scalability of DNA barcoding make it highly suitable for high-
throughput analysis of large numbers of samples [8], [23].

Cymbiola nobilis is known to inhabit shallow tropical marine environments, typically at depths
of around 5-8 m on sandy seabeds or coral rubble substrates. This ecological preference is
consistent with the conditions of our collection site in southern Vietnam’s warm coastal waters. In
Vietnam, C. nobilis has been recorded from the southern part of the central coast down to the
country’s southern tip, and our findings align with this known distribution. These observations of
habitat and range not only provide context for our samples but also reinforce the accuracy of the
species identification by matching established ecological data for C. nobilis. Due to intensive
harvesting for food, the seashell trade, and ornamental use, C. nobilis populations have declined
significantly and the species is now considered vulnerable. This overexploitation highlights the
need for effective conservation and reliable species identification. The DNA barcode established
in this study provides a valuable tool for biodiversity surveys, trade monitoring, and conservation
programs. COI barcode data will enable rapid and accurate identification of C. nobilis, supporting
future management and protection efforts.

4. Conclusion

Cymbiola nobilis is an economically valuable gastropod species in Vietnam, and its taxonomic
identification has traditionally relied on morphological characteristics. In this study, we present the
first DNA barcode records for this species. The validity of these barcodes was confirmed through
sequence similarity searches (GenBank/BOLD), cluster-based analyses (NJ tree and BIN
assignment), and genetic distance diagnostics. This DNA barcode now serves as a reference for C.
nobilis, facilitating future studies in taxonomy, conservation, and resource management for this
species in Vietnam and beyond.
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