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3. Introduction

Tamil Nadu harbours a huge diversity of marine fauna and flora with a coastline of
about 1076 km. The Government of Tamil Nadu took pioneering steps to dettiacgulf of
Mannar aghe first Marine National Park in 1986 and laterthe Gulf of Mannar Biosphere
Reserve (GOMBR), Asi ads first marine biosph

ment with an integrated approach of conserving the unique marinednsitiv

Phylum Mollusca (including marine shells, octopus, sepia, limpets, and elephant tusk
shells) represent the largest marine category with about 23 per cent of all named marine or-
ganisms and the most diverse species inhabiting coastal waters. Betctusie diversity,
molluscsare betterindicatois of marine biodiversity and ecosystem health. The marine mol-
luscan fauna of India includes about 3,370 species, of véaeh included in Scheduleand
15 are included in Schedule df the Indian Wildlie (Protection) Act, 1972. The protected
species include the horned helmet shélgsis cornutp Trumpet triton Charonia tritonis,

AGl ory of | n donuws dnillnedwards)jj Red leelmlet Cy(praecassis rufla Em-
peror nautilugNautilus pompilus Cowriesand spider conchg3able 1). As many as eight
varieties of oyster, two species of musselspécies of clam, six species of pearl oyster, four
species of giant clam and one species of wingawe oysteras well as gastropods such as
Turbinella pyrum Trochusspp., Turbo spp., andBabyloniaspp., and 15 species of cephalo-

pods are among the commercially exploited species of molluscs in India.



Table 1: Protected Molluscs of India

Schedulel of thelndian Wildlife (Protectio) Act, 1972

Introduction

S.No | Scientific Common Class Sub-Class Order Family Maximum

Name Name Depth (m) at
which present

1 Cassis Horned Helmet| Gastropoda | Caenogastropod| Littorinimorpha Cassidae 100
cornuta

2 Cypraecassis Bull Mouth Gastropoda | Caenogastropod| Littorinimorpha Cassidae 100
rufa Helmet

3 Charonia Triton's Trum- | Gastropoda | Caenogastropod| Littorinimorpha Charoniidae | 50
tritonis pet Shell

4 Tudicla Spiral Tuicla | Gastropoda | Caenogastropod Neogastropoda | Tudiclidae | 30
spirillus

5 Conus Glory of India | Gastropoda | Caenogastropod Neogastropoda | Conidae 200
milneed-
wardsi

6 Nautilus Emperor Nauti- | Cephalopo- | Nautiloidea Nautilida Nautilidae 500
pompilius lus da

7 Tridacna Small Giant Bivalvia Autobranchia Cardiida Cardiidae 30
maxima Clam

8 Tridacna Fluted Giant Bivalvia Autobranchia Cardiida Cardiidae 30
squamosa Clam

9 Hippopus Horse's Hoof Bivalvia Autobranchia Cardiida Cardiidae 50
hippopus clam




Development of DNA minbarcodes for Forensic identification of Molluscs speci@NIl Project; Feb. 2023/arch 2025; AIWC (R, T & E), TNFD, Vandalur

Schedulell of theIndian Wildlife (Protection) Act, 1972

o Maximum
S.No | Scientific Common Class Sub-Class Order Family Depth (m)
Name Name at which
present
10 Pleuro_ploca Trapezium Gastropoda Caenogastropo- Neogastropoda | Fasciolariidae| 100
trapezium Horse conch da
11 :@T;!ZZ \C/;gllltjlt:anded Gastropoda | Caenogastropod, Neogastropoda | Volutidae 40
12 Lambis Coggsﬁe spider Gastropoda | Caenogastropod| Littorinimorpha | Strombidae | 20
crocata
. Millepede
13 Lalrlnblsd . A Gastropoda | Caenogastropod| Littorinimorpha | Strombidae | 30
millepeda Spider Conc
14 iLnEZirgrt:Zris ggz::pr:o Spider Gastropoda | Caenogastropod| Littorinimorpha | Strombidae | 30
15 Lambis -CI;Z;J:CCP? te Spider Gastropoda | Caenogastropod| Littorinimorpha | Strombidae | 15
truncata
16 Placuna Windowpane Bivalvia Autobranchia Pectinida Placunidae | 30

placenta

Oyster
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Maximum

S.No | Scientific Common Class Sub-Class Order Family Depth (m)

Name Name at which
present

17 Turbo Green Turban | Gastropoda | Vetigastropoda | Trochida Turbinidae 30
marmoratus

18 Harr]p.qgo ?::Crlrflc spider Gastropoda | Caenogastropod| Littorinimorpha | Strombidae | 15
arthriticus

19 H;rpago CC:rlera:]gra spider Gastropoda | Caenogastropod| Littorinimorpha | Strombidae | 20
chiragra

20 D%'g”:g.r_‘a Sibald's conch | Gastropoda | Caenogastropod| Littorinimorpha | Strombidae | 100
sibbaldii

21 ﬁr;ag)cf;zfea Ir_i|:1acma Cow- Gastropoda | Caenogastropod Littorinimorpha | Cypraeidae | 20

22 ;enﬁlgg;)éprae Map Cowrie Gastropoda | Caenogastropod| Littorinimorpha | Cypraeidae | 30
Talparia : e .

23 talpa Mole Cowrie Gastropoda | Caenogastromia | Littorinimorpha | Cypraeidae | 30

24 T_E|3Ct_U5 ?g;n;nheerltlzlal Gastropoda | Vetigastropoda | Trochida Tegulidae 30
niloticus
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Huge quantities of shells aharvestedas bycatch by fishing trawlers, which most often
throng illegal trade markets to meettional and international demands for use as food,
lampshades, cutlery, jewellery, furniture, decorative items and souvenirs (Nijman, Pgd.9).

Gulf of Mannar and Palk Bay are the major areagHeicollection and supply cduchsea-

shells in Tamil Nadurad the proximity of seashell processing industries is assumed to be a
major reason for this occurrence. Apart from local procurement, seashells were also imported
from Sri Lanka, Mexico, China and Tanzania using air and sea routes through Chennai, Ko-
chi ard Trivandrum Kanyakumari, Rameswaram, Mahabalipuram, Pondicherry and Chennai
being the important tourist spotare identified as major marine curio markets (John, 2012).
Due toalack of awareness among the fishing community about the proteé&tmmmseva-

tion of marine molluscsand alack of an organized cum licensed system for shell trade and
huge demand ithe pilgrimage and tourist hotspots, their unsustainable and frequent illegal
procurement continues. In 2019, India ranked as the sdaogektexporter,accounting for
6.36% of mollusc trade in the world with a value of $690 million, which markgdhene of
harvest inindia as a trader of marine molluscs. Ittiserefore very crucial to monitor the

trade of protected species, which couldmidttely help curb illicit trade anaid in the conser-

vation of the species.

DNA barcoding is an accurate, rapid, eeffective and universally accessible DNA
based species identification toahdis alsoauthenticated by the United Nations Convention
on Biological Diversity (CBD) as an efficient method of documentimgdiversity of species
in ecosystems. However, DNA barcoding studies on marine molluscs, either in its broad
sense or aimedt attesting specimen identification success, are relatively Te@.DNA bar-
coding technique is very competenttime assessment of cryptic mollusc species that are
morphologically identical but genetically dissimilar (Ali et al. 2Q14)nd there have been
several reported studies tife application of DNA barcoding fomarine mollusc species
identification (Barco et al., 2016, Bursic et al., 2021). As commercially traded seashells are
commonly treated with mild acids and oils, DNA extraction using conventional bayeasdes
demonstrated itheliterature, becomes a chatiging task. This problem can be overcome by
the development of minbarcodes, typically amplifying a shorter region of gene in size, in-

formative and capable of distinguishing the species from one another.

The project airato: a) developprimers which will help in the standardisation of DNA
isolation protocol from processed seashells, b) amplify the-lpairdode region, and c) de-

termine the DNA sequence usingartablenanopore sequencer. Apart from providing pre-
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cise information on the taxonomy of mals, the data would act as important tool in marine

wildlife forensics with the created genetic referral library.

3.10bjectives

1. Development of DNA minbarcodes for forensic identification of marine molluscs spe-
cies

2. Creation ofareference genetic databagamarine molluscs species

3. Capacity building of enforcement department staff in molluscs identification to strengthen

wildlife crime investigations.

4. Review of literature
4.1.DNA barcoding of molluscs

DNA barcoding for species identification in forensic sceengays a pivotal role
where traditional morphological methods fall short (Zhahgl, 2016). DNA barcoding uti-
lizes short, standardized gene regions as unique molecular markers that facilitate rapid and
accurate identification of species, even from ddgd or fragmented samples. (Aquatal.,
2011). Phylum Mollusca ithe second largest phylum in kingdom Animalia with over 85,000
recognized species.

DNA barcoding has emerged as a valuable tool in molluscan research, impacting
fields like biodiversityassessment, evolutionary studies, and forensic science (Debeetdetti
al., 2014; Puillandreet al, 2009; Zou & Li, 2016). Studies have utilized DNA barcoding to
reveal patterns of molluscan diversity, gastropod diversity, and even to identify gastropod
during cevelopmental stages (Baret al., 2014; Borgeset al, 2016; Debenedettt al.,

2014; Laytoret al, 2014; Puillandret al, 2009a, 2009b; Raduloviet al.,2009; Suret al.,
2016; Zou & Li, 2016). DNA barcoding extends to molecular phylogery esolutionary
studies, offering insights into complex molluscan groups (Boeged, 2016; Laytoret al,
2014; Linet al, 2015; Raret al, 2020). Furthermoren forensics, DNA barcoding plays a
crucial role aiding in the identification of illegallyrarvested or endangered species (Debene-
detti et al, 2014).However,the efficacy of molluscan barcoding is often limited by incom-
plete reference libraries and the inherent complexities of molluscan taxonomy (Radetlovici
al., 2021). This hinders accueaspecies identification, as samples may not match existing

database entries.
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Furthermorethe presence of cryptic species, morphologically similar but genetically
distinct, can lead to misidentification if DNA barcode gap variation within and between spe-
cies is not welcharacterizedAliabadianet al.,2009; Magnacca & Brown, 2010; Mouea
al., 2018; Wiemers & Fiedler, 2007; Zou & Li, 201&\lIso, the presence of nuclear mito-
chondrial pseudogenes (NUMTS), being nuclear copies of mitochondrial gends oas-
takenly amplified and sequenced, leading to inaccurate identifications (Radwdo\ati
2021; Zou & Li, 2016).

These challenges impact the reliability and accuracy of species identification in foren-
sic investigations. Addressing these challeng#isrequire a concerted effort to expand and
curate barcode databases, improve taxonomic understanding, and refine analytical methods to

account for the complexities of molluscan genomes.

4.2 . DNA isolation from molluscs

Isolating DNA from molluscs shells, tteer than soft tissues comes with unique chal-
lenge due to the low quantity of DNA and highly degraded DNA (Matial.,2020). Mol-
luscs' shells comprismultiple layers whose nature dependpon the composition and mi-
crostructure. The outermost layéne periostracum, is organic and often contributes to shell
coloration (Marinet al.,2012). Beneath outer layer lies the prismatic layer, followed by the

thickest, innermost nacre layer (Fig 1)

These layers are composed of calcium carbonate in the foaragonite or calcite,
which are arranged in various microstructures. Even though the shell does not contain any
living cells, during its formation, cells from the mantle epithelium or hemocytes get trapped
within these layers of shell (Martin et al., 2)2These entrapped cells leave behind DNA
remnants, which become the source of DNA from the shell. In order to release DNA from the
shell matrix, the shells are broken into fine particles either by grinding or drilling and then
decalcified using EDTA alap with or without mild detergent like SDS or Tritd®0 and
Proteinase K to help to expose DNA trapped within the calcium (Coutellec, 2017; Ferreira et
al., 2020) or carbonate matrix (Ferreira et al., 2020; Martin et al., 2020).
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a Dorsal margin b

\ Growth rings

Direction of
growth

Ventral margin

Example locations of where DNA
could be trapped within the shell

Outer calcium carbonate |

(prismatic) layer Organic layer (periostracum)

Inner calcium carbonate
(nacreous) layer
Growth surface —»

Shell-secreting cells Wantel issne

Figure 1: Different Layers of Molluscs shell. Adapted from Martin etal. (2020

However, excessive grinding or harsh decalcificati@ve been reported to cause
DNA damage (Martin et al., 2020). Silitesed DNA binding and saltirmut purification,or
column-based purification methods have proven effective for isolating DNA from shell mate-
rial (Hoss & Paabo, 1993), although phenbloroform extraction has also been used (Martin
et al., 2020). Martin et a(2020) emphasimg the importance of considerirtge shell's con-
dition, whether fresh, aged, or ancient, when choosing an extraction method. The success of
PCR amplification from shellerived DNA depends on several factors, including DNA
preservation, extraction method, and target sequence lengktisé€sar et al., 2020; Walton
et al., 2022).

In addition, extracting DNA from molluscan tissygssesunique challenges due to
the biological properties of these organisms. According to Adema (2021), molluscan bio
mineralization, adhesive structures, andcowiinvolve polyphenolic proteins and muco
polysaccharides that can hinder DNA extraction or PCR amplification. Conventional DNA

extraction procedures have often been reported to be ineffective or isolate poor quality DNA

11
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samples that are not readily sbiafor downstreaming process. Furth@igments whichare
present in molluscs outer tissue may also interfere with spectrophotometry hindering accurate

guantification.

4.3.Choice of gene selection

The selection of a suitable gene for DNA barcoding in mcdlus crucial. The choice
of gene is significantly influenced by the presence of a distinct "barcoding gap"differ-
ence between intraand interspecific genetic variation (Meier et al., 2008). An ideal barcode
gene exhibits high interspecific and lantraspecific variation, allowing for unambiguous
species delineation. (Wiemers & Fiedler, 2007). While cytochrome c oxidase subunit | is the
standard barcode for many animals (Hebert et al., 2003), its universality in molluscs has been
guestioned due taa€tors such as primer universaldayd variation in amplification success
across taxa (Deagle et al., 2014; Lobo et al., 2013; Marshall et al., 2006; Waugh, 2007).

Yu et al., (2014) directly addressed the COlI limitations by evaluating the efficacy of
twelve mitochondrial proteitoding genes as potential barcodes in molluscs. Their analysis
revealed that all twelve genes performed similarly well in species discrimination, with none
significantly outperforming the others. Although COI performed adequatkéy, study
demonstrated that other mitochondridrotein Coding Genes PCG9, such as
NADH dehydrogenasg\D) - ND1, ND2, ND4 and ND5, also exhibited comparable success
in species identification, indicating their potential as viable alternatives. Furthetmene-
search showed that combining multiple genes did not improve species resolution, suggesting
that a single, welthosen mitochondrial gene is sufficient for effective molluscan barcoding.

Utilising alternative genetic markers can be crucial for ately identifying cryptic
species and assessing molluscan biodiversity, as demonstrated in previous studies (Layton et
al., 2014; Zou & Li, 2016). This approach can resolve cases where the commonly used cyto-
chrome c oxidase subunit | gene has proven pnaditie. Furthermore, as phylgenomic re-
search continues to elucidate molluscan evolutionary relationships (8trath 2011), in-
corporating additional markers can further refine species identification, particularly within
taxonomically complex groups (Mandreet al.,2017).

4.4. Primers available for species identification of molluscs

Before designing primers, an intensive search for existing primer sets for molluscan

species identification was conducted, with a focus on those available for DNA barasding



ing BOLD database (BOLD Systems, 2016; BOLD Systems: Taxonomy Browser, 2014) and
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list of primersthat wereavailable for identification is tabulated in table 2

Table 2: Available primers for species identification of molluscs

Expected Annealin
Primer name | Sequence name base 9 Reference
pairs temperature
CGCCTGTTTATCAAAAAC
16Sar AT
CCGGTCTGAACTCAGATC| 454-602 |49 Palumbi, 1996
16Sbr ACGT
GCCTGTTTATCAAAAAAC
16SarALT ATSG 454-602 | 4850 Mikkelsenet.al
CCGGTCTGAACTCAGATC (2006)
16SbrALT
ATGT
GCAAYGGAGTT-
16SL3Ven | rRCcTAAGGTAGC 203 co61 Kappner & Biel-
16SHLVen ATAATCCAACATCGAGG er, (2009
TCGCAA
GGTCAACAAATCATAAA
LCO1490 GATATTGG 658661 | 48 Folmeret
HC02198 TAAACTTCAGGGTGAC- al.(1994)
CAAAAAATCA
ACAAATCAYAARGA-
COIFALT | vaTvGG 658- 661 |, Mikkelsenet.al
TTCAGGRTGNCCRAAR- (2006)
COIR-ALT AAYCA
COIMIDE ATRMTNGGNGGDTTYGG
NAAYTG 658- 661 Mikkelsenet.al
GGRTA- 4850 (2006) '
COIMIDR NABDGTYCANCCNGTNC
C
GGGAC-
28SD1F TACCCCCTGAATTTAA-
GCAT Park & O Folghil,
CCAGC- 1200 55-60 (2000
28SD6R TATCCTGAGGGAAACTTC
G
AACCAGGATTCCCTCAG-
28DIFALT | ppp 70 c0.55 Mikkelsenet al
28SMIDFE CTTGAAACACGGAG- (2006)
CAAGG
ATGGCTCGTACCAA-
H3F GCAGACVGC Colaanet al
328 50-55 5000 "
H3R ATATCCTTRGG-
CATRATRGTGAC
COlfolmerfwd | GGTCAACAATCATAAA- | 705 50 Dudaet a2011)

13
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Expected Annealing
Primer name | Sequence name base Reference
) temperature
pairs
GATATTGG
CO- TATACTTCTGGATGAC-
Ischneckrev CAAAAAATCA
CGCAG-
16Sfwd
TACTCTGACTGTGC
CGCCGGTCTGAACTCAG | 52 o5 Dudaet a(2011)
16S_sch_rev
— = ATC
16Sar CGCCTGTTTATCAAAAAC
AT 603 60 Xiong, B. & T. D.
16Sb CTCCGGTTT- Kocher (1991)
GAACTCAGATCA
LCO1490 Cep TTTCAACAAATCATAAA-
hF GATATTGG 45 i3raid et al
HCO02198 Ce | ACTTCTGGGTGAC- 652 (2014)
phR CAAAAAATCA '
GGTCAACAAATCATAAA
dgLCO1490 | cavATYGG 600 40- 44 Meyer CP.(2003)
dgHC02198 TAAACTTCAGGGTGAC-
CAAARAAYCA
jgLCO TITCIACIAAYCAYAAR-
GAYATTGG 48 Geller et al
{HCO TAIACYTCIGGRT- 650 (2013)
19 GICCRAARAAYCA
Uni- GAAAATCATAATGAAGG
MinibarR1 CAT GAGC Meusnieret al
Uni-MinibarE1 TCCACTAATCACAAR- 1007 150| 46 (2008)
GATATTGGTAC
GGWACWGG-
mICOlintF WTGAACWGTW-
TAYCCYCC 313 62 Lerayet al(2013)
mICOIlintR GGRGGRTASAC-
SGTTCASCCSGTSCC
matFwd ATYGGNGGNTTYGG- Matsumoto, M. &
NAAYTG 903 52 Hayami, I.
matRev ATNGCRAAYTTYGGNTC (2000).
TGTGGRGC-
UCYTBISIF | N ACYGTWATYACTAA 430 48 Merritt et al
UCYTB270R AANAGGAARTAYCAY- (1998).
TCNGGYTG
GCCAGTAGTCAT-
AGM18SF
ﬁgc;(c;?mm 55 Harasewych and
450 McArthur (2000)
AGM18SRev | GCCCTCCAAT(A/G)GATC

C
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4.5. Status of DNA barcoding of protected molluscs

Before designing primers for protected molluscs, a survey of rglewsgochondrial

sequences was conducted, and sequences were retrieved from the NCBI Nucleotide database

(2023). While whole mitochondrial genomes were scarce, the mitochondrial genes COXI,
16SrRNA, 12SrRNA, an€YTB were present, with their abundance @esing inthe same

order, respectively.The Heat map showing the number séquences NCBI is shown in

figure 2. Among the protected specifgsutilus pompiliusTridacha squamosandTridacna

maximahad higher abundance of sequences compared to qbees. However, COXI's

universality as a barcode in molluscs has been questioned (Yu et al., 2014), with some studies

suggesting other mitochondrial proteiading genes may perform better (Yu et al., 2014).

Species

Gene Availability in Protected Molluscs (NCBI, March 2023)
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Figure 2: Heatmap showing the number of mitochondrial sequence retrieved from
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4.6. Mini -barcode and its application

Conventional DNA barcoding fails in highly degraded samples like that of the shell, ar-
chival specimens, and highly processed biologicatenas. To overcome this issue,
(Meusnier et al., 2008) proposed the use of +harcodes. Minrbarcodes are short, amplifia-
ble DNA sequences (typically less than 300 base pairs) designed for dpeeiadentifica-
tion when DNA is degraded or fragment@tress & Erickson, 2012), such as in forensic

samples.

While DNA mini-barcodes offer advantages for molluscan species identification, particu-
larly when dealing with degraded DNA commonly found in shells, archival specimens, and
processed samples, theg@have inherent limitations. Gao et al., (2019) noted that the short-
er length of minibarcodes results in fewer variable sites compared tdefudjth barcodes.

This can be especially problematic for molluscs, where cryptic species are common and re-

quirecareful analysis of barcode gap variation.

5. Work Plan

The overall work plan of the project is given in Figure 3



Work Plan
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Figure 3: Overall work plan of the project
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6. Methodology
6.1.In-silico validation

A total of 96 mitochondrial genomes wedownloaded from the Genus / Family of pro-
tected species. Since COX1 and 16S genes had more species in NCBI databagebaed ha
used conventionally for species identification, these two genes were selected for primer de-
signing. From the genome, usingstamised bash script, the sequences were retrieved and
aligned usingMultiple Alignment using Fast Fourier TransforfAFFT). PotentialMini-
barcode fragments werdentified using Sliding Window ANalysis(SWAN) in theSPecies
IDentity and Evolution packagin R(SPIDER)(http://www.r-project.org). TheSWAN func-
tion was used to generate windows varying in size from 100 to 500 base pairs (bp). Windows
were shifted along the length of gene alignment using 10 bp intervals. The top three mini
barcode fragmentior each window length were selected for further analyses based on: (1)
high mean Kimura Parameter (K2P) distance; (2) few zero pairwise-oonspecific dis-
tances; and (3) high proportion of clades shared betwearetbkbousjoining tree from the

full-length

DNA sequence alignment and the tree constructed using only data from selected win-
dows. From this analysis, a total of 28 potential Fbmicode alignments were created. Max-
imum likelihood analysis was conducted on the 29 datasets (leifigilh reérence dataset
and 28 SWAN minbarcodes) using IQTREE. In all analyses, the K2®del of sequence
evolutionwas implemented as this is the model implemented on BOLD. The 2&artode
maximum likelihood trees were then compared to theléunigth referace tree using TreeD-
istin R. The TreeDighencalculatedhe K-scores (topology and branch length differefces

For both methods, lower values indicated a high degree of similarity between the ref-
erence tree and the mibarcode tree. A DNA barcode gapalysis was conducted on the
top-scoring minibarcode dataset. The number of variadites(V) and parsimony informa-
tive characters (Pi), and the average nucleotide composition were estimated for the data (full
length and mirbarcode alignments) usinglMGA 6.0 [31]. Primers were designed flanking

the topscoring minibarcode region using PrimerMiner.

6.2. Sample collection
Dead mollusc samples, along with intact shells, were collected from various locations
across Tamil Nadu to validate the designed prinfiéigs 4). Most of these samples were ob-

tained as bycatch from landing harb¢Bfate2 & 3). Of the 24 protected mollusc species in
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India, only seven are known to be distributed along the Tamil Nadu coast. Efforts were made
to collect samples of these spEcfrom the region. Additionally, sheNgere collected from
Range officesafter the completion obffencecases for this research after obtaining special

permission

6.3. Species Identification
The specimens were carefully identified based on morphologi@abcteristics using
standard taxonomic literature (Abbott & Dance, 1990; Subba Rao, 2003, 2017), the Marine

Species Identification Portal website, and expert consultation for molluscan species identifi-

A

cation.
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Figure 4 : Sample cdlection sites across Tamil Nadu
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6.4.DNA isolation
DNA isolation from tissue

Following morphological identification, tissue samples were collected for DNA isolation:
>10 mg of foot muscle for gastropods, mantle tissue for bivalves, and arm tissue for cephalo-
pods. Since mol | uscs 0 s the tssuielveas washed twicge m00mlo r e |
of PBS buffer for 20 mins before performing the DNA extraction. Even afteshing the
sample twice foR0 minwith PBS, if the supernatant remainasnot clearanother 200 pl of
PBS buffer was added and kept for overnight before DNA extraction. This step was per-
formed to remove the mucosaccharaides | ayer
tracted using the DNeasy Blood & Tissue Kit (Qiagen) accordinpgartanufacturer's in-
structions and eluted in 40 pl of ATE buffer. After that, the quality of the extracted DNA was
examined using 1% agarose gel electrophoresis and the DNA concentration was estimated
using NanoDrop (Thermo Fisher, Boston, MA, United Sbate

DNA isolation from shell

For DNA extraction, molluscs shellsere thoroughly cleaned to avoid contamination.
Shellswerewiped to remove debrisndsoaked with 10% bleadbor half an hour. After rins-
ing with distilled water, shells were airied andoowdered using mortar and pestle for DNA

isolation(Fig 5a) The powdered samples are then transferred into labeled, sealed 5 ml tubes

for future analysigFig 5b).

(a) (b)

Figure 5: DNA isolation from shells. (a) Grinding theshells using the Mortar& pestle
(b) Powdered shell sample is stored in 5 ml tubes for future purpose
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Standardisation of DNA extraction from shell

Currently there are no specific protosalecommended for isolation of DNA frotme
shell, therefore thredifferent methods were tested for isolating DNA from the shell.

Shell decalcification

To the 100 mg of powdered shell, 500ul of 0.5 M EDTA was added and incubated
thermanixer for at 56°C for 1000 rpm. Based on the shell type, the incubation peried.var
Once the sample showed mild discolouration, it was then centrifuged for 10,000 rpm for 5
mins. The supernatant was discarded and to the pellet, 500 pl of 0.5 M EDTA was added.
The sample was incubated in the thermomixer for the incubation for 3 &obBSC at 1000

rpm. The sypernatant was discarded and washed once with 500 ul PBS.
Method 1

To the pellet, DNA was isol at ediagesinger t he
tigator kitand eluted in 20 pl of ATE buffer. After that, the qualitytioé extracted DNA was
examined using 1% agarose gel electrophoresis and the DNA concentration was estimated
using NanoDrop (Thermo Fisher, Boston, MA, United States).

Method 2

To the pellet), DNA was isol ated @&sBlopler t he
and Tissue kit and eluted in 20 pl of ATE buffer. After that, the quality of the extracted DNA
was examined using 1% agarose gel electrophoresis and the DNA concentration was estimat-
ed using NanoDrop (Thermo Fisher, Boston, MA, United States).

Method 3

The pellet was resuspended in 300 pL of TritoriQ0 lysis buffer (10% Triton X100,
0.5 M EDTA, 10 mg/mL Proteinase K) and incubated at 56 °C overnight. The sample was
centrifuged at 14,000 rpm for 10 minutes, and the supernatant was transfexneevicube
while the pellet was discarded. An equal volume of phenol:chloroform:isoamyl alcohol
(25:24:1, PCI) was added to the supernatant, followed by centrifugation at 14,000 rpm for 5
minutes. The clear supernatant was collected in a fresh tube,aRCthextraction was re-
peated if the supernatant appeared dark. To the colourless supernatant, 70 uL of 3 M sodium
acetate, 500 pL iceold isopropanol, and 350 puL of 6 M NaCl were added, mixed, and incu-
bated at 1720 AC f or 30 ifuged ata4,0080srpm foF ROeninutés att u r e
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4 °C, and the resulting pellet was washed with 200 uL of 80% ethanol, centrifuged again at
14,000 rpm for 20 minutes, and -giied until no ethanol smell remained. The DNA pellet
was resuspended in 30 pL of AE buffand DNA concentration was quantified using a mi-

croplate reader.

6.5. PCR amplification

To 30 ng of genomic DNA was isolated from foot muscle tissue/ shell , PCR amplifica-
tions were performed in 30 €L volumes <cont a
Pol ymerase chain reactions (PCRs) were carri
eL of Amplicon Red dye Master mi x or Qi agen
andReversegrimers along with 30 ng of genomic DNA. The details of the PCR dondg

given inTable 3

Table 3: PCR conditions for molluscs primers used in this project

PCR Steps Fwd 464 + HCOI/ Rev 461 + LCOI | 16S barlF+ 16S barlR
Folmer primers/
Palumbi 16S primers

Initial Denatua- | 95°C &15 mins for mulplex master mix or

tion 95°C & 5 mins for Amplicon red dye master mix
Denaturation 95°C& 30 sec

Annealing 49°C &40 sec 46°C &40 sec 44°C& 40 sec
Extension 72°C & 40 sec

Final Extension | 72°C &7 mins

Cycles 40 cycles

6.6. Statistical analysis

Statistical analsis was perfaned using RKruskalWallis testwasusedi t h Dunnds t
with Bonferroni correction as PeBbc test for checking thquantityand qualityDNA ex-
tracted among three different protocol used for extraction from the shetiistically varie.
Chi-Square test was performed kaow whether is significant difference Buccess rates
among primersPhylogeneticTree was constructed using MEGA for Maximum Likelihood
Analysis and distance matrix was calculated to determine wheitnetified segmet of the
gene has sufficierthe interspeiesand intraspeciesdistance for species identificatioBven
thoughthe threshold percentage between the species differs between the taxa, a threshold of
greder than3% between the speciesthe usedut-off value for speciedelineation for ma-

rine molluscs.
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7. Resultsand discussion
7.1. Primer designing

The 24 protected mollus@®longingto major Families namely Cardiidea, Ranellidae,
Strombidae, Nautilidae, Conidae, Turbinidae, Fasciolariidae and Trochdze taken for

designing primers.

Table 4: Species taken for primer designing

23

Family Genus Species Individuals
Cardiidae Hippopus porcellanus 1
Tridacna crocea 3
derasa 3
gigas 2
squamosa 2
Cypraeidae Erronea caurica 1
errones 1
onyx 1
Naticidae Neverita didyma 1
Paratectonatica tigrina 3
Ranellidae Charonia lampas 3
tritonis 3
Rostellariidae Tibia fusus 1
Strombidae Harpago chiragra 2
Laevistrombus canarium 1
Lambis lambis 4
Tonnidae Tonna galea 1
Nautilidae Nautilus macromphalus 2
pompilius 2
Buccinidae Babylonia areolata 1
lutosa 1
Conidae Conasprella wakayamaensis 1
Conus betulinus 2
borgesi 1
capitaneus 2
consors 2
ebraeus 2
gloriamaris 2
imperialis 1
marimaris 1
marnoreus 1
miles 2
guercinus 3
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striatus 2
tessulatus 2
textile 2
tribblei 1
tulipa 1
ventricosus 15
virgo 1
Fasciolariidae Fusinus longicaudus 1
Muricidae Chicoreus torrefactus 1
Rapana venosa 2
Syngnathidae Hippocampus kuda 1
Tegulidae Tectus pyramis 1
Trochidae Trochus sacellum 2
Turbinidae Turbo cornutus 1
Mactridae Mactra alta 1
antiquata 1
chinensis 1
cumingii 1
guadrangularis 1
Number of individuals within different Orders used for designing primers
—— ==

Syngnathiformes Venerida

Nautilida

Trochida
Orders

Cardiida

LittorinimorphaNeogastropoda

Figure 6: Number of individuals used for designingprimers
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7.2.Sliding Window Analysis

Sliding window analysis inSPIDERpackage (Browret. d, 2012) was performed to
identify regions of high or low divergence in a sequence alignment and to determine the
shortest informative window best discriminating theaes. Fig 6 anéig 7 shows a sliding
window analysis of meatk2P (Kimura 2Parameter) genetic distance across a gene or
alignment, using different window sizes (from 100 to 500 base pairs). In each panel, genetic
divergence along with changes along teguence (window position) at different resolutions
was plottedFig 7 & 8).

Using the various functions in SPIDER package, for each wintmproportion of
zero norconspecific distanceshe number of diagnostic nucleotidethe number of zero
length dstances and overall mean distance,-br@ged measures including the proportion of
species that are monophyletnd the proportion of clades that are identical between the
neighbougjoining treewere calculated Using the R package PrimerMiner, the primerere

thenmanually designed (Fig 9 & Fig 10).
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Table 5: Sliding Windows Analysis for Cytochrome Oxidase | (COX1)

Zero

Base Mean | Non- Zero Diag- Diagonal Clade Clade
: Window . onal Nu- gona Mon- Compari- | Con- Varia- , Sin-
pair Dis- Con . Nucleotide Compar- Pi
; Number ) cleotide . ophyly . son Shal- | served | ble gleton
Size tance | Dis- . Distance Ison
Distances low
tances
100 |141 0.51 |0.60 0.01 3838.00 0.55 0.54 0.78 10 91 90 1
100 | 140 0.48 |0.59 0.01 3755.00 0.55 0.59 0.80 12 89 88 1
100 | 139 0.45 |0.56 0.01 3711.00 0.55 0.60 0.76 13 88 87 1
150 | 138 0.51 |0.49 0.01 5732.00 0.55 0.56 0.76 15 136 133 |3
150 | 137 047 0.52 0.01 5606.00 0.55 0.58 0.78 18 133 130 |3
150 | 136 0.44 |0.54 0.01 5479.00 0.55 0.58 0.80 21 130 127 |3
200 | 133 0.46 |0.48 0.01 7330.00 0.55 0.59 0.80 27 174 170 |4
200 | 132 0.43 |0.51 0.01 7203.00 0.55 0.59 0.78 30 171 161 |4
200 | 131 041 |0.51 0.01 7077.00 0.55 0.63 0.80 33 168 164 |4
250 | 128 0.41 |0.46 0.01 8549.00 0.55 0.69 0.89 48 203 199 |4
250 | 127 0.38 | 0.46 0.01 8296.00 0.55 0.68 0.91 54 197 193 |4
250 | 126 0.36 | 0.46 0.01 8085.00 0.55 0.66 0.85 59 192 188 |4
300 |123 0.37 |0.44 0.01 9729.00 0.55 0.67 0.85 70 231 224 |7




Results and discussion

Zero Zero Diag- Clade
Base , Mean | Non- g Diagonal Clade . , .
: Window . onal Nu- : Mon- Compari- | Con- Varia- , Sin-
pair Dis- Con . Nucleotide Compar- Pi
; Number ) cleotide . ophyly . son Shal- | served | ble gleton
Size tance | Dis- . Distance Ison
Distances low
tances
300 |122 0.36 |0.44 0.01 9561.00 0.55 0.65 0.85 74 227 219 |8
300 |30 0.35 |0.49 0.01 8756.00 0.55 0.67 0.87 93 208 200 |8
350 |118 0.37 |0.42 0.00 11160.00 | 0.55 0.70 0.89 86 265 265 |9
350 |117 0.36 |0.42 0.00 11037.00 | 0.55 0.74 0.93 89 262 252 |10
350 |116 0.35 |041 0.00 10912.00 | 0.55 0.73 0.91 92 259 248 |11
400 | 113 0.35 |041 0.00 12342.00 | 0.55 0.67 0.87 108 293 283 |11
400 | 112 0.34 |041 0.00 12047.00 | 0.55 0.69 0.89 115 289 275 |11
400 | 111 0.33 |041 0.00 11794.00 | 0.55 0.69 0.87 121 280 269 |11
450 | 108 0.33 |041 0.00 13225.00 | 0.55 0.71 0.89 137 314 303 |11
450 | 107 0.33 |041 0.00 13057.00 | 0.55 0.73 0.91 141 310 299 |11
450 | 106 0.32 |041 0.00 12888.00 | 0.55 0.70 0.87 145 306 295 |11
500 |103 0.32 |041 0.00 14402.00 | 0.55 0.71 0.91 159 342 331 |11
500 | 102 0.32 |041 0.00 14233.00 | 0.55 0.71 0.91 163 338 327 |11
500 |9 0.31 |0.43 0.00 13462.00 | 0.55 0.66 0.89 211 363 351 |12
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Table 6 Sliding window Analysis for 16S RNA

. . Zero Non- | Zero Diagonal | Diagonal Clade ,
gia;séepalr \lilvt:rr]r?k?:: Position | Con Nucleotide Nucleotide | Monophyly g;?iiir?om- g(;)nmgr?gl- sCeOr?/_e q
Distances | Distances Distance low
100 141 1401 0.51 0.60 0.01 26.00 1.00 0.54 0.78
100 140 1391 0.48 0.59 0.01 27.00 1.00 0.59 0.80
100 139 1381 0.45 0.56 0.01 25.00 1.00 0.60 0.76
150 138 1371 0.51 0.49 0.01 36.00 1.00 0.56 0.76
150 137 1361 0.47 0.52 0.01 35.00 1.00 0.58 0.78
150 136 1351 0.44 0.54 0.01 33.00 1.00 0.58 0.80
200 133 1321 0.46 0.48 0.01 42.00 1.00 0.59 0.80
200 132 1311 0.43 0.51 0.01 39.00 1.00 0.59 0.78
200 131 1301 0.41 0.51 0.01 37.00 1.00 0.63 0.80
250 128 1271 0.41 0.46 0.01 44.00 1.00 0.69 0.89
250 127 1261 0.38 0.46 0.01 41.00 1.00 0.68 0.91
250 126 1251 0.36 0.46 0.01 38.00 1.00 0.66 0.85
300 123 1221 0.37 0.44 0.01 49.00 1.00 0.67 0.85
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Basepair | Window zero Non- | Zero Diagonal | Diagonal Clade Com- g?nqlgari- Con-
Size Number Position Cpn Npcleotide Npcleotide Monophyly parison son Shal- | served
Distances | Distances Distance low
300 122 1211 0.36 0.44 0.01 47.00 1.00 0.65 0.85
300 30 291 0.35 0.49 0.01 35.00 1.00 0.67 0.87
350 117 1161 0.36 0.42 0.00 54.00 1.00 0.74 0.93
350 116 1151 0.35 0.41 0.00 53.00 1.00 0.73 0.91
350 24 231 0.34 0.44 0.01 37.00 1.00 0.65 0.87
400 113 1121 0.35 0.41 0.00 59.00 1.00 0.67 0.87
400 112 1111 0.34 0.41 0.00 56.00 1.00 0.69 0.89
400 111 1101 0.33 0.41 0.00 54.00 1.00 0.69 0.87
450 108 1071 0.33 0.41 0.00 63.00 1.00 0.71 0.89
450 107 1061 0.33 0.41 0.00 61.00 1.00 0.73 0.91
450 106 1051 032 0.41 0.00 58.00 1.00 0.70 0.87
500 103 1021 0.32 0.41 0.00 65.00 1.00 0.71 0.91
500 102 1011 0.32 0.41 0.00 62.00 1.00 0.71 0.91
500 9 81 0.31 0.43 0.00 46.00 1.00 0.66 0.89
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7.3. Primer designing using PrimerMiner

Figure 9: Alignment for COX1 gene
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Results and discussion
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Development of DNA minbarcodes for Forensic identification of Molluscs species

7.4.1n silico PCR validation

Insilico PCR was performed for the primeasd onlythoseprimers which bound

above95% were considered for weblanalysis(Fig 11-Fig 13).
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Figure 11 In-silico analysis of Fwd464 using Geneious prime
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Figure 12 In-silico analysis of Rev461 using Geneious prime
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Figure 13In-silico analysis of 16Sbar using Geneious prime

7.5. Sample Collection

The following samples were collected for wet lab analyasnples were collected

representing three classe®,drders, 2 families and 40 specid€plate 48).
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Table 7: List of samples collected
Class Order Family S. No | Species name
Gastropoda | Littorinimorpha Naticidae 1 Paratectonica tigrina
2 Neveritaspl
3 Cryptonatica sp.1
4 Natica sp.1
Tonnidae 5 Tonna tessellata
Bursidae 6 Bufonaria crumena
Strombidae 7 Lambis crocata
8 Lambis lambis
9 Laevistrombus canarium
10 Harpago chiragra
Cassidae 11 Cassia coronata
Neogastropoda Babyloniidae |12 Babylonia spirata
Fasciolariidae | 13 Fusinus sp. 1
14 Pleurgploca trapezium
15 Marmorofusus nicobaricus
Muricidae 16 Chicoreus ramosus
17 Purpura bufo
18 Indothais lacera
19 Rapana rapiformis
20 Murex sp.1
Cypraeidae 21 Erronea onyx
Nassariidae 22 Nassarius sp. 1
23 Nassarius sp2
Melongenidae | 24 Pugilina pugilina
25 Volegalea cochlidium
Cymatiidae 26 Lotoria triangularis
27 Ranularia oboesa
Conidae 28 Conus amadis
29 Conus araneosus
Volutidae 30 Harpulina lapponica
Olividae 31 Agaronia gibbosa
Harpidae 32 Harpa sp. 1
33 Harpa sp. 2
Nudibranchia Glaucidae 34 Glaucus atlanticus




Patellogastropoda| Nacellidae 35 Cellana sp. 1
Cephalopoda| Octopoda Octopodidae | 36 Amphioctopus aegina

Sepiida Sepiidae 37 Sepiella inermis

Myopsida Loliginidae 38 Uroteuthis duvaucelii
Bivalvia Anomiida Placunidae 39 Placuna.sp

Venerida Veneridae 40 Protapes gallus

Mytiloida Mytilidae 41 Perna viridis

7.6.DNA isolation fr om tissues

The tissue from the following research samples were, asedDNA was isolated us-
ing DNA Blood and Tissue kit. The quality and quantity of the DNA isolated from treedit
tabulated irthetablebelow.

Table 8: Specied.ist - DNA Isolation from tissues

ID Research ID Scientific name DNA _ A230/280 A260/280
concentration
(ng/pl)
Moll 1 AIWC/RES/03/23/0025(1)| Perna viridis 785.1 2.14 1.23
Moll 2 AIWC/RES/03/23/0026(1)| Cellanasp. 285.1 2.21 2.19
Moll 3 AIWC/RES/03/23/0028 Babylonia spirata 47.1 1.78 0.59
Moll 4 AIWC/RES/03/23/0027 Fusinus.sp 560.2 2.08 2.28
Moll 5 AIWC/RES/12/23/0322(1)| Pleuroploca trapezium | 81.1 2.17 1.35
Moll 6 AIWC/RES/12/23/0356 Turbinella pyrum 168.6 2.11 2.04
Moll 7 AIWC/RES/12/23/0358(1)| Chicoreus ramosus 152.4 2.09 1.46
Moll 8 AIWC/RES/12/23/0359 Purpura bufo 619.5 2.05 1.71
Moll 9 AIWC/RES/12/23/0334 Erronea onyx 122.7 2.25 2.29
Moll 10 AIWC/RES/12/23/0372 Paratectonica tigrina 306.1 0.83 0.28
Moll 11 AIWC/RES/12/23/0330 Volegalea cochlidium 121.1 2.04 1.52
Moll 12 AIWC/RES/12/23/0331 Vepricardium coronatum 197.8 2.25 1.84
Moll 13 AIWC/RES/12/23/0354(1)| Nassarius.spl 700.3 1.97 2.16
Moll 15 AIWC/RES/12/23/0358(2)| Chicoreus ramosus 81.4 2.09 2.12
Moll 16 AIWC/RES/12/23/0372 Paratectonica tigrina 61.4 2.12 2.99
Moll 17 AIWC/RES/12/23/0354 Nassarius bicallosus 161.7 1.97 2.34
Moll 18 AIWC/RES/12/23/0365(1)| Cryptonatic andoi 101.6 1.98 1.97

39



Development of DNA minbarcodes for Forensic identification of Molluscs speci@sNll Project; Feb. 2023/arch 2025;

AIWC (R, T & E), TNFD, Vandalur

ID Research ID Scientific name DNA A230/280 A260/280
concentration
(ng/ul)

Moll 19 AIWC/RES/12/23/0355 Nassariussp. 338.8 2.93 2.08
Moll 20 AIWC/RES/12/23/0355 Nassariussp. 121.3 1.98 2.51
Moll 21 AIWC/RES/12/23/0355 Nassariussp. 163.2 2.09 1.76
Moll 22 AIWC/RES/12/23/0358(3) | Chicoreus ramosus 38.7 2.05 2.79
Moll 23 AIWC/RES/12/23/0358(4)| Chicoreus ramosus 65.7 211 0.96
Moll 24 AIWC/RES/12/23/0336 Indothais lacera 6.1 211 0.48
Moll 25 AIWC/RES/12/23/0368) | Cryptonatic andoi 59 1.86 0.55
Moll 26 AIWC/RES/1223/0330 Pugilina pugilina 184.9 2.2 1.69
Moll 27 AIWC/RES/12/23/0358(5)| Chicoreus ramosus 514.7 2.13 2.42
Moll 28 AIWC/RES/12/23/0326 Lotoria triangularis 86.3 2.14 1.7
Moll 29 AIWC/RES/12/23/0349 Tonna tessellata 186.7 2.26 2.33
Moll 30 AIWC/RES/12/3/03381) Marmorofuscus nicobar-| 350.4 2.12 2.35
Moll 31 AIWC/RES/12/23/033) ;\(/:Il;?morofuscus nicobar-| 295.6 2.08 1..97
Moll 32 AIWC/RES/12/23/0344L) IC(I:(l;f]us amadis 1376.7 2.32 2.45
Moll 33 AIWC/RES/12/23/034@) | Conus amadis 140.7 2.16 2.02
Moll 34 AIWC/RES/12/23/0344 Conus araneosus 408.1 2.06 1.95
Moll 35 AIWC/RES/12/23/0342 Glaucus atlanticus 19195 2.2 23
Moll 36 AIWC/RES/12/23/0354(1)| Nassariussp. 254 2.04 2.48
Moll 37 AIWC/RES/12/23/0353 Agaronia gibbosa 46.3 2.12 1.56
Moll 38 AIWC/RES/10/23/0290 Mimachlamys senotoria | 23 2.23 1.24
Moll 39 AIWC/RES/12/23/0360 Harpulina lapponica 49.3 2.28 1.88
Moll 40 AIWC/RES/12/23/0322 Pleuroploca trapezium | 62.2 1.97 1.24
Moll 41 AIWC/RES/12/23/0329 Harpasp. 153.3 2.28 2.36
Moll 42 AIWC/RES/12/23/0329 Harpasp. 167.7 2.28 2.67
Moll 43 AIWC/RES/12/23/0375 Rapana rapiformis 160.3 2.27 1.92
Moll 44 AIWC/RES/12/23/0351 Bufornaria Crumena 190.5 211 2.39
Moll 45 AIWC/RES/12/23/0351 Bufornaria Crumena 337.4 2.17 2.47
Moll 46 AIWC/RES/12/23/0361 Architectonica perspec- | 247.3 2.13 2.08
Moll 47 AIWC/RES/12/23/0361 xzhitectonica perspec- | 531.8 2.19 2.2

tiva




ID Research ID Scientific name DNA A230/280 A260/280

concentration

(ng/ul)
Moll 48 AIWC/RESD1/24/0008(1) | Provannasp. 119.3 2.12 1.98
Moll 49 AIWC/RES/01/24/0008(2)| Provannasp. 43.6 2.02 1.26
Moll 50 AIWC/RES/01/240008(3) | Provannasp. 26.2 1.99 0.87
Moll 51 AIWC/RES/12/24/0479 Cassia cornonata 5.96 1.8 0.288
Moll 52 AIWC/RES/12/23/048() | Lambis croatea 23.64 0.9 0.117
Moll 53 AIWC/RES/12/24/0490 Erronea onyx 15.3 1.75 0.88
Moll 54 AIWC/RES/12/23/032@) | Lambislambis 580.766 1.956 1.916
Moll 55 AIWC/RES/12/23/032@) | Lambis lambis 506.24 2.051 2.137
Moll 56 AIWC/RES/12/23/0341 Laevistrombus canarium 549.424 1.96 1.77
Moll 57 AIWC/RES/09/24/0399 Anadara antiquata 10.87 2.108 0.87
Moll 60 AIWC/RES/12/23/0356 Turbinella pyrum 185 2.02 1.9
Moll 61 AIWC/RES/03/23/0025(1)| Perna viridis 109.4 1.88 2.02
Moll 62 AIWC/RES/12/23/0354 Nassariussp. 334.6 1.87 1.57
Moll 63 AIWC/RES/03/23/0026(2)| Cellanasp. 430.3 2.05 2.27
Moll 64 AIWC/RES/03/23/0026(3)| Cellanasp. 539.4 21 2.33
Moll 65 AIWC/RES/03/23/0025(3)| Perna viridis 1568.8 2.17 2.22
Moll 66 AIWC/RES/03/23/0025(4)| Perna viridis 1438.8 2.17 2.23
Moll 67 AIWC/RES/09/24/0400(1)| Placuna placenta 1346.8 2.12 2.35
Moll 68 AIWC/RES/09/24/0400(1)| Placuna placenta 882.7 2.2 2.3
Moll 69 AIWC/RES/09/24/0399 Anadarasp. 199.1 2.01 1.25
Moll 70 AIWC/RES/09/24/0398 Paphia malabarica 2111 2.04 1.74
Moll 71 AIWC/RES/09/24/0396 Pinctada fucata 509.9 2.09 1.82
Moll 72 AIWC/RES/09/24/0397 Nevidasp. 622.6 2.14 1.91
Moll 73 AIWC/RES/09/24/0399 Anadarasp. 1619 2.22 2.38
Moll 74 AIWC/RES/09/24/0395 Murexsp. 253.1 211 1.79
Moll 75 AIWC/RES/03/23/0034(3)| Lambis lambis 481.5 2.03 1.97
Moll 76 AIWC/RES/12/24/0490 Erronea onyx 5.4 1.61 1.03
Moll 77 AIWC/RES/12/24/0489 Lambk croatea 60.0 2.03 1.17
Moll 78 AIWC/RES/12/24/0491 Harpago chiragra 1004.4 0.41 0.40
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ID Research ID Scientific name DNA A230/280 A260/280
concentration
(ng/pl)
Moll 79 AIWC/RES/12/23/0480(2)| Lambis croatea 260.17 1.93 2.27
Moll 80 AIWC/RES/12/24/0484 Amphioctopus aegina | 582.79 2.04 1.413
Moll 81 AIWC/RES/12/24/0482 Sepiela inermis 146.34 1.62 0.44
Moll 82 AIWC/RES/12/24/0483 Uroteuthis duvaucelii 23.64 0.9 0.117
Moll 83 AIWC/RES/12/24/0481 Ranularia oboesa 14.69 1.99 1.028

7.7.DNA isolation from shell

Table 9: Species List- DNA isolation from shdl

260/28(260/23( ng/pl|260/28(260/23(ng/pl{260/28(260/23¢ ng/ul

Species
Method 1 Method 2 Method 3
Perna viridis 151 | 0.16 |17.49 1.33 | 031 [13.7] 1.21 | 0.82 [1988.51
aaby'on'as’p"a' 218 | 0.15 |11.61 1.65 | 0.86 |3.72| 1.23 | 0.95 |2762.0€
Qgg‘garaam" 1.74 | 075 |12.19 1.90 | 1.12 |3.45| 1.05 | 1.07 |1848.02

Lambis lambis 2.16 0.11 | 89| 151 0.75 [3.92| 1.49 1.49 846.

Harpago arthrit-

icus 217 | 0.12 |12.1§ 14 0.20 |2.12) 0.87 | 1.34 |891.09

Cassis cornuta 2.06 0.12 | 7.70| 1.77 0.37 [ 2.73| 1.26 1.71 | 903.37

DNA concentration amonq different protocols
The KruskalWallis test revealed a statistically significant difference in DNA concen-

tration among the protocols (Kruskalallis chisquared = 42.25, df = 2, p < 0.001). This re-

sult indicates that at least one protocol dgfsignificantly from the others in terms of DNA
concentrationPosthoc anal yses wusing Dunndés test with
manual method resulted in higher DNA concentrations compated dvher two methods.
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Figure 14 DNA concentration among different protocols
7.8.PCR amplification

PCR amplification was carried out for both Cytochrome Oxidase | (COX1) and 16S rRNA
genes using the following primeSolmeret al(1994)andPalumbiet al. (2002)wereused
as the refemce setThe details ofhe primers are given in tabl®.

Table: 10 Primers used in this study

Primer Name Sequence Reference

Folmer Forward GGTCAACAAATCATAAAGATATTGG | Folmeret al(1994)
Folmer Reverse TAAACTTCAGGGTGACCAAAAAATC | Folmeret al(1994)
Paul_16SForward CGCCTGTTTATCAAAAACAT Palumbiet al.(2002)
Paul_16S Reverse | CCGGTCTGAACTCAGATCACGT Palumbiet al.(2002)
Fwd 461 ATTGGSGGWTTTGGDAAYTG currentstudy

Rev 464 CARTTRCCAAANCCWCCAAT currentstudy
16Sbarl_fwdl AAGAAGRCCCTRTYGAGC currentstudy
16Sbarl_rev4d TGRTCCAACATCGAGGTC currentstudy
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7.9. Agarose gel visualization

NC Fwd 464 Rev 461 16Sbarl Folmer Cox 165
I moll

6S
—_— il
fFwd Rev 1658 «Cox 168 ..‘ imolll moll2 molll moll2, molll mo\l moll 5 molll muH

Figure 15 Gel visualization of Products amplified
Lane 1 100 bps ladder Lane 3: Negative control_Fwd464 Lane 4: Negative con-
trol_Rev46] Lane 5 Negative control_16Sbarl, Lane 6Negative control _Folmer_Cox,
Lane 7: Negative Paull6SlLane 9: Fwd464 Molll, Lane 10 Fwd464_Moll2, Lane 11:
Rev461 Molll, Lane 2: Rev461 Moll2,Lane 13 16Sbar_Molll, Lane 14
16Sbar_Moll2, Lane 16 Folmer_Molll, Lane 17: Folmer_Moll2, Lane 19 16S_Moll1,
Lane 20 16S_Moll2

A total of 289 sequences were sequenced and uploaded in NCBI @)ablar the
speciesVepricardium coronatumMimachlamys senotoria, Architectonica perspectiva and
Turbinella pyrum,only the reference primer set got amplified and therefore, these four spe-
cies were excluded for comparidge s i g n e d ffigaay to medimittaspea@ed.he ampli-
fication success rates of the five primers ranged from 78.26% t0%24& & hi-square test
)] = 7.33, df = 4, p = 0.12) showed no signi

Success rate of the primers used in the study

o %7 m{ dz00S.
90 :

85 79.71 81.16
50 78.26
70

Folmer Pauline Fwd464 + Rev461 + 16Sbarl
primers HCOI LCOI primer
primer

Success rate

Primers used in the study

Figure 16. Success ratef the primers used in the stug



Results and discussion

7.10. Creation of reference genetic database of marinmolluscs species

A total of 289 sequences were sequenced and uploaded in NCBI 8J.ablee genetic information of several spedidstoria triangu-
laris, Marmorofuscus nicobaricus, Murex sp., Harpa davidis, Harpa major, Ranularia oboesa, Cellana@ganra sp., Nassarius sp., and
Neverida spi were submitted to National Center for Biotechnology Information (NCBI) GenBank for the first time as part of this initiative
(Plate 9).

Table 11: List of accession ID generated and upkded in NCBI. Red indicate No Amplification.

Sample Id | Folmer COX | Paul 16S Fwd464 Rev461 16Sbarl
Moll1l PV798916 PV727002 PV335986 PV344635

Moll2 PV714751 PV738174 PV340232 PV436948 PV388526
Moll3 PV799304 PV793681 PV335998 PV344718 PV367241
Moll4 PV449482 PV738177 PV340233 PV355411 PV436854
Moll5 PV282423 PV770192 PV872896 PV883011 PV367232
Moll6 PV639327 PV282424

Moll7 PV952730 PV282425 PV336037 PV355671 PV392653
Moll8 PV639643 PV793669 PV336010 PV342508 PV367235
Moll9 PV345588

Moll10 PV355661
Moll 11 PV639663 PV282426 PV363390 PV355677 PV383263
Moll12 PV643980 PV282427 PV390824
Moll13 PV715108 PV282428 PV340234 PV359244 PV843550
Moll15 PV871994 PVv282429 PV523544 PV359267 PV404209
Moll16 PV715899 PV282430 PV336093 PV342511 PVv382324
Moll17 PV339412 PV437162 PV404210
Moll18 PV875915 PV282431 PV875906 PV839854 PV842274
Moll19 PV871895 PV282433 PV339765 PV437260 PV392652
Moll20 PV871502 PV282434 PV339538 PV437583 PV412626
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Sample Id | Folmer COX | Paul 16S Fwd464 Rev461 16Sbarl
Moll22 PV973314 PV282435 PV339616 PV533986 PV412767
Moll23 PV973163 PV282436 PV617358 PV839831 PV840023
Moll24 PV282437 PV618250 PV412605
Moll25 PV875930 PV282438 PV625056 PV839813 PV840024
Moll26 PV804121 PV282439 PV523572 PV362282 PV426257
Moll27 PV804124 PV282440 PV523569 PV595855 PV840021
Moll28 PV804128 PVv282441 PV362509 PV423072
Moll29 PV810778 PVv282442 PV341495 PV423074
Moll30 PV812495 PV282443 PV362829 PV595850 PV839929
Moll31 PV819304 PV282444 PV523582 PV841837 PV839910
Moll32 PV819348 PV282445 PV366942 PV595843 PV422863
Moll33 PV361749 PV282446 PV344187 PV595851 PV422872
Moll34 PV819380 PV282447 PV362829 PV839827 PV426262
Moll35 PV793619 PV729984 PV523586 PV342599

Moll36 PV834037 PVv282448 PV871462 PV839841 PV426264
Moll37 PV342527

Moll38 PV282449

Moll39 PV362633 PV282460 PV961628 PV524734
Moll40 PV826619 PVv282451 PV366914 PV362622 PV942239
Moll41 PV960913 PVv282452 PV523727 PV416837
Moll42 PV975992 PV282453 PV362829 PV405788
Moll43 PV571731 PV282454 PV422815 PV342553 PV942269
Moll44 PV571751 PV282455 PV523733 PV388527
Moll45 PV571692 PV282456 PV366860 PV390839
Moll46 PVv282457

Moll47 PV282458

Moll51 PV799788 PV730100 PV366721 PV395534



https://www.ncbi.nlm.nih.gov/nuccore/PV362803

Results and daission

Sample Id | Folmer COX | Paul 16S Fwd464 Rev461 16Sbarl
Moll52 PV803114 PV730109 PV335952 PV362307 PV395535
Moll54 PV361758 PV730134 PV555054 PV871497 PV390973
Moll55 PV361755 PV366633 PV555092 PV362316 PV361768
Moll56 PV826713 PV730156 PV366676 PV362319 PV390988
Moll60 PV826767 PV849389 PV363581 PV952832

Moll61 PV827103 PV849398 PV362324 PV390994
Moll62 PV342580 PV395537
Moll63 PV656052 PV738175 PV554967 PV437073 PV395536
Moll64 PV719643 PV738176 PV584113 PV362626 PV600641
Moll65 PV834416 PV849723 PV533910 PV362623

Moll66 PV827209 PV770175 PV533814 PV362423

Moll67 PV834417 PV800131

Moll68 PV834418 PV800131 PV563500

Moll70 PV833931 PV793489 PVv843153 PV362356 PV395538
Moll72 PV765454 PV793454 PV563085 PV839788 PV841876
Moll74 PV765421 PV793451 PV362495 PV400556
Moll75 PV765399 PV793450 PV499171 PV362494 PV404208
Moll78 PV361708 PV849369 PV849155 PV362493 PV426728
Moll79 PV718012 PV793445 PV563597 PV652947 PV839901
Moll80 PV362735 PV793442 PV563779 PV362361 PV400540
Moll81 PV833936 PV793439 PV570380 PV362360 PV400435
Moll82 PV362638 PV793433 PV436809 PV362358 PV426855
Moll83 PV392231 PV793426 PV499170 PV533974 PV834026
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7.11. Speciesdelineating ability of the primers used

7.11.1.0rder Littorinimorpha - Family Naticidae

The family Naticidaeis highly diverse and widely distributed globally, yet remains
one of the least studied marine gaptrd groups. In this studfparatectonatica tigri-

na, Neveritasp.,Cryptonaticasp., and\aticasp. were testedRaratectonatica tigrina

is the only confirmed representative of its genus. The other specjase further
taxonomi@l studiesto resolve the species identificationThe sample IDsVIoll18

and Moll25were identified upto the Family level and Moll 72 was identified upto
species levelhowevermini-barcode sequences generated for each specimen showed

high similarity to their respective refereraequencefFig 15-32).

001 PV715899 Paratectonatica tigrina AIWC/RES/12/23/0372(2)

100%

0.002

———  PV294913 Paratectonatica tigrina ZSI/EBRC/M 17742
100% 0.005

0.069

100% .00 PV336093 Paratectonatica tigrina Fwd464 Moll16
0.007 ’

ON426757 Tomichia differens S2 2
0.143

NC 028002 Naticarius hebraeus
0.151

Figure 17: Dendrogram tree for Paratectonatica tigrina using Fwd 464 primers using
HKY+G model. (All caps used for the species name, is it ok?) also in the Figures that
follow this

1. PV¥336093 Paratectonatica tigrina Fwd46d Moll16

2. PV715899 Paratectonatica tigrina AIWC/RES/12/23/0372(2) 0.ooz

3. PV294913 Paratectonatica tigrina Z5I/EBRC/M 17742 0.0a? 0.005

4. NC 028002 Maticarius hebraeus D12z 0125 012k

3. OM426757 Tomichia differens 52 2 0119 0116 0220 0143

Figure 18: K2P distance matrix for Paratectonatica tigrinausing Fwd 464 primers
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5000 PV342511 Paratectonatica tigrina AIWC/Rev461 Moll16
100%
0.000
MN419027 Paratectonatica tigrina
100% 0.015
0.037
Py PV715899 Paratectonatica tigrina AIWC/RES/12/23/0372(2)
NC 050662 Tanea lineata
0.023
100%
0.028
0028 0Z222382 Naticarius stercusmuscarum

Figure 19: Dendrogram tree for Paratectonatica tigrinausing Rev461 primers using T92

model
1 2 | 3 | 4 | 5
1. P¥342511 Paratectonatica tigrina AIWC/Rev461 Moll16
2. MM419027 Paratectonatica tigrina n.015z
3. NC 050662 Tanea lineata 0.0870  0.043
4. 07222382 Maticarius stercusmuscarum 0.0870) 0.1043 0.0464
5. PV715899 Paratectonatica tigrina AIWC/RES/12/23/0372(2) poopo 052 00870 0.0870

Figure 20 K2P distance madrix for Paratectonatica tigrinausing Rev461 primers

™ oo PV355661 Paratectonatica tigrina AIWC/16Sbarl Moll10
98% ’
0.009
96% EEwv— PV282430 Paratectonatica tigrina AIWC/RES/12/23/0372
0.032
98% PV382324 Paratectonatica tigrina AIWC 16SBarl Moll16
0.007 0.000
KX139435 Lunatia heros
0.057
EU332576 Naticarius hebraeus
0.004
99%
0.050
00a 0Z222382 Naticarius stercusmuscarum

Figure 21 Dendrogram tree for Paratectonatica tigrinausing 16Sbar primers using T92

model

1 ? | 3 | 4 | 5 | 3
1. PV3535661 Paratectonatica tigrina AIWC/165bar1 Mall10
2. PV282430 Paratectonatica tigrina AIWC/RES/12/23/0372 0.00450
3. PV382324 Paratectonatica tigrina AIWC 165Bar1 Mall16 0.00823 0.0139
4. KX139435 Lunatia heros 0.09552 0.09044 0.06714
5. EU332576 Maticarius hebraeus 0.10063 0.09553 0.09265 012029
6. 07222382 Naticarius stercusmuscarum 010113 0.09603 0.09314 012616 0.01808
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Figure 22: K2P distance matrix for Paratectonatica tignha using 16Sbar primers

OL877271 Glossaulax petiveriana NSMK-MS-0025827
0.003
100%
0.034
AF550509 Polinices didyma
100% 0.031
0.134
NC 046594 Neverita didyma
100% 0.026
100% 0.011
————— NC 041162 Glossaulax reiniana
0.528 0.090
PV563085 Neverita AIWC/Fwd464 Moll72
0.000
100%
0.000
5000 PV765454 Neverita AIWC/RES/09/24/0397
- PQ739837 Euspira montagui RMNH.5101480

Figure 23: Dendrogram tree for Neverita.spusing Fwd464 primers using T92+G model

1 2 3 | 4 | 5 | & | 7 |
1. PV363085 Meverita AIWC/Pwd464 Moll72
2. PV765454 Neverita AIWC/RES/00/24/0397 0.000
3. OL877271 Glossaulax petiveriana NSME-MS-0025827 0094 0.094
4. NC 046594 Meverita didyma 0.0s? 0.097 0.085
5. NC 041162 Glossaulax reiniana 0110 0110 0.080 0.087
6. AF550309 Polinices didyma 010s nans 0.030 0.06G 0.091
7. PQ739837 Euspira montagui RMNH.5101480 0129 0128 01260 0124 D21 0143

Figure 24: K2P distance matrix for Neverita.spusing Fwd464 primers

AF550509 Polinices didyma Taiwan

100% 0.000
0.089
100% o OL877271 Glossaulax petiveriana NSMK-MS-0025827
0.008 '
MH087695 Neverita duplicata USNM:1Z:1463387
100% 0.177
1.257
PV839788 Neverita Rev moll72
0.000
100%
0.000
5000 PV765454 Neverita AIWC/RES/09/24/0397
MK395168 Euspira gilva
100% 0.000
1.459
0007 0OL877029 Laguncula pulchella NSMK-MS-0025007

Figure 25: Dendrogram tree for Neverita.spusing Rev461 primers using T92+G model



1. PV8349738 Meventa Rev moll72

2. PW765454 MNeverita AIWC/RES/09/24/0397

3. AF550509 Polinices didyma Taiwan

4, MHO087695 Neverita duplicata USNM:1Z:1463387

5. MK395162 Euspira gilva

6. OLETT029 Laguncula pulchella NSME-MS-0025007

7. 0L877271 Glossaulax petiveriana MSME-MS-0025827

0.00a
0.053
n.0vz
0.0849
0.095
n.09z

Results and discussion

2 | 2 |« | s | e | 7 |
0.053

0.072  0.085

0.089 0108  0.108

0.095 0115 0115 0.006

0.092 0059 0098 0135 0142

Figure 26: K2P distance matrix for Neverita.spusing Rev461 primers

PV793454 Neverita AIWC/RES/09/24/0397

PV841876 Neverita AIWC/16Sbarl Moll72

PQ255926 Neverita delessertiana EM10 M16S

EU492397 Neverita duplicata RUB-BC 21-3

EU492404 Neverita reclusiana RUB-BC 33-1

NC 046594 Neverita didyma

MK548644 Neverita didyma

NC 041162 Glossaulax reiniana

99% 0.000
0.061
99% 0.000
0.007
100% 0.039
0.026
99%
0.209 0.015
0.032
98%
0.000 0.015
99%
0.022
99% 0.007
0.032
0.004
0.281

NC 046593 Euspira gilva

Figure 27: Dendrogram tree for Neverita.spusing 16®ar primers using T92+G model

1 2 3 4 5 | [ Fi | & | 9
1. PY793454 Meverita AIWC/RES/09/24/0397
2. PVB41876 Newverita AIWC/165bar] Moll72 0.00a
3. MK548644 Neverita didyma 0.064  0.0B4
4, EU492404 Meverita reclusiana RUB-BC 33-1 0.0549 0.058 0.054
5. NC 041162 Glossaulax reiniana 0.074 0074 0009  0.064
6. NC 046594 Neverita didyma 0.075 0075 0038 0044 0038
7. P0Q255926 Meverita delessertiana EM10 M165 0.069 0069 0064 0049 0074 0064
8. EU492397 MNeverita duplicata RUB-BC 21-3 0.064) 0.0e4 0058 0054 0048 0048 0033
9. NC 046593 Euspira gilva 0129 0128 0122 0124 0134 0134 0122 0127

Figure 28: K2P distance matrix for Neverita.spusing 16Sbar primers
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PV875906 Cryptonatica AIWC/Fwd464 Moll18

100% | 0.000
0.000
PV875915 Cryptonatica AIWC/RES/03/23/0365(1)
100% 0.0
0.031
PV625056 Natica AIWC/Fwd464 Moll25
100% | 0.0
100%
0.002
0.177 0,005 PV875930.1:160-614 Natica sp. voucher AIWC/RES/03/23/0365(2)
100% MT568493 Natica vitellus M1902DoF-30
0.083 0.087
NC 046704 Cryptonatica janthostoma
100% [ 0.010

0.178

NC 046598 Cryptonatica andoi
0.023

0170 KX639828 Columbella xiphitella BAU1120.2

Figure 29: Dendrogram tree for Cryptonatica.spand Natica.spusing Fwd464 primers

using T93+G
1 2 | 3 | 4 | s | s | 7 | s

1. PVE75906 Cryptonatica AIWC,/Fwd464 Mell18
2. PV625056 MNatica AIWC/Fwdd6d Moll25 n.002
3. PV875930.1:160-614 Matica sp. voucher AIWC/RES/03/23/0365(2) 0.007 n.005
4. PVET3915 Cryptonatica AIWC/RES/03/23/0365(1) p.000 0ooz 0.0o7
5. MT568493 Matica vitellus M1902DoF-30 0087 0089 0092 0.087
6. MIC (46704 Cryptonatica janthostoma 0148 IR 0.156 0.145 0.165
7. NC 046598 Cryptonatica andoi 0148 0381 0156 0148 0380 0028
8. KX£39828 Columbella xiphitella BAU1120.2 01500 0153 0156 071500 0768 0162 0159

Figure 30: K2P distance matrix for Cryptonatica.spand Natica.spusing Fwd464 primers

PV839813 Cryptonatica Rev Moll25
100% 0.000

0.001
PV875930 Cryptonatica AIWC/RES/03/23/0365(2)
100% 0.000
0.000
PV839854 Natica AIWC/Rev461 Moll18
100% | 0.000
100%
0.007
0.111 oo PV875915 Natica AIWC/RES/03/23/0365(1)
100% AB930488 Natica fasciata YK1645
0.048 0.077
MHO087695 Neverita duplicata USNM:1Z:1463387
100% 0.002
0.019
0013 MK308043 Neverita duplicata SERCINVERT1943
5106 GU188170. Rapana bezoar LSGB2300107

Figure 31: Dendrogram tree for Cryptonatica.spand Natica.spusing Rev461 primers
using T92+G
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1 2 | 3 | 4 | 5 | & | T | -]
1. PV239813 Cryptonatica Rev Moll25
2. PV839854 Natica AIWC/Rev481 Moll18 0.oov
3. PV875915 Natica AIWC/RES/03,/23/0365(1) n.oo? 0.000
4. AB930488 Matica fasciata YK1643 0.056 0063 0.0B3

5. PV875930 Cryptonatica AIWC/RES/03/23/0365(2) 0.000 0.0a?y 0.ao? 0.056
6. MHOE7695 Meverita duplicata USMM:IZ:1463387 0.086 0093 0093 0108 0086

7. MK3028043 Meverita duplicata SERCINVERT 1943 onss oM 0im D116 0083 0014

8. GU188170. Rapana bezoar LSGB2300107 01z4 0132 0332 01400 0124 0109 0109
Figure 32: K2P distance matrix for Cryptonatica.spand Natica.spusing Rev461 primers

™ o0 PV840024 Cryptonatica AIWC/16Sbarl Moll25

99%

0.005

—————— P\282438 Cryptonatica AIWC/RES/12/23/0365(2)

99%

0.123

™ om0 PV842274 Cryptonatica AIWC/16Sbarl Moll18

99%

98% 0.000

0.096 5 PV282431 Cryptonatica AIWC/RES/12/23/0365(1)

Py EU332570 Tectonatica rizzae L131

KX139435 Lunatia heros
0.433

Figure 33: Dendrogram tree for Cryptonatica.spnd Natica.spusing 16Sbar primers us-
ing T92+G

1 2 | 3 | 4 | & | [

1. PV240024 Cryptonatica AIWC/165bar1 Moll25

2. PVE42274 Cryptonatica AIWC/165bar1 Moll18 0.005

3. PV282438 Cryptonatica AIWC/RES/12/23/0365(2) 0.000 0.005

4, PV282431 Cryptonatica AIWC/RES/12/23/0365(1) 0.005 0.000 0.005

5. K3{139435 Lunatia heros 0115 0115 0115 0115

6. ELU332570 Tectonatica rizzae L131 n1zz 0116 n1z2g 0116 0133

Figure 34: K2P distance matix for Cryptonatica.spand Natica.spusing 16Sbar primers

7.11.2.0Order Littorinimorpha - Family Tonnidae

The family Tonnidaeompriseghree genera, among which the genus Tonna includes
approximately 30 recognized species (WORMS, 2025). Despite its globabwtistni

and commercial use for meat and shell, the phylogeny of this group remains under-
studied. As a result, very few reference sequences are currently available for interspe-
cific comparisons. In the present studpnna tessellatavas barcoded for the &t

time. Among the three primer sets used, the Rev461 primer failed to amplify the tar-

get region. The sequences generated using-lamiodes showed high similarity to
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their respective reference sequences. However, the Fwd461 primers provided better

resoldion than the 16Sbar primers. Although the phylogenetic tree generated using

the 16Sbar minbarcode revealed distinct separation, the Maximum Likelihood (ML)

tree showed low mean distance. Nevertheless, the distance matrix analysis clearly dis-

tinguished he species.Kig

100%

3336)

MN389087 Tonna sulcosa LSGB M 108

0.045

0.006
100%

0.018

100%

0.011

0076 MH581376 Tonna dunkeri MNHN-IM-2009-15933

0Q828243 Tonna sulcosa HNWI-2257

0.047

100%
0.040

0.010

100%

NC082277 Tonna galea

PV341495 Tonna AIWC/Fwd464 Moll29

0.005

100% 0.063

0.063

100% 100%

m PV810778 Tonna tessellata AIWC/RES/12/23/0349

PP130127 Tonna dolium
0.041

0.219 0.025

0037 MH581375 Tonna allium MNHN-IM-2007-33632

0.043

MH581379 Tonna perdix MNHN-IM-2007-33629

0.262

ON926805 Galeodea echinophora SZN 248ML107D

Figure 35: Dendrogram tree for Tonna tessellataising Fwd464 primers using HKY+G

1. PV341485 Tonna AIWC/Fwd464 Moll29

2. PV310778 Tonna tessellata AIWC/RES/12/23/0349

3. NC032277 Tenna galea

4, 00828243 Tonna sulcosa HNWI-2257

5. PP130127 Tonna delium

6. MH581375 Tonna allium MNHN-IM-2007-33632

7. MIN389087 Tonna sulcosa LSGE M 108

8. MH581379 Tonna perdix MNHN-IM-2007-33629

9. MH581376 Tonna dunkeri MNHN-1M-2009-15933
10. ON9262805 Galecdea echinephora 5ZM 248ML107D

model
1 2 | 3 | 4 | 5 | (3 | 7 | 8 | 9 | 10
Q.00
0.08 0.07
0.09 0.0a 0.0a
0.09 0.09 n.og 010
0.09 0.09 n.og 010 0.06
nan 0.09 n.oz 0.07 (IR ] nan
0z RN 0ao 01z 01 niz 0o
on RN 0ao .09 0.09 0 nog 013
015 015 0B 016 017 016 IR 1] 0az 017

Figure 36: K2P distance matrix for Tonna tessellataising Fwd464 primers



Results and discussion

100% PV282442 Tonna AIWC/RES/12/23/0349

0.043
99% 5900 PV423074 Tonna tessellata AIWC 16SBarl Moll29
0.005 '
—— OR506572 Tonna galea
100% 0042 g
0.007
PP130127 Tonna dolium
100% | 0.021
100% 0.007 i
MH571401 Tonna perdix MNHN-IM-2007-33629
0.016 0.037
MH571397 Tonna allium MNHN-IM-2007-33632
100% 0.025
99%
i 0.006 —— MH571398 Tonna dunkeri MNHN-IM-2009-15933
0.014 100% | 0.000
0.016
AB207899 Tonna luteostoma
MH571402 Tonna sulcosa MNHN-IM-2007-34839

0.031

Py MH571352 Eudolium crosseanum MNHN-IM-2007-33646

Figure 37: Dendrogram tree for Tonna tessellataising 16Sbar primers usingr92+G

model

1 2 | 3 | 4 | 5 | [ | 7 | 8 | 9 | 10 |
1. PVW282442 Tonna AIWC/RES/12/23/0349
2. PV423074 Tonna tessellata AIWC 165Bar1 Moll29 0.000
3. PP130127 Tonna dolium 0.081 0.061
4. MH371397 Tonna alliurm MNHN-IM-2007-33632 0.061 0.061 0.057
5. MH3571398 Tonna dunkeri MNHMN-IM-2009-15933 0.061 0.061 0.047 0.037
6. OR306572 Tonna galea 0.071 0.a71 0.061 0.056 0.056
7. MH571401 Tonna perdix MNHMN-IM-2007-33629 0075 0075 0046 0.061 0.081 0.071
8. AB2072399 Tonna luteostoma 0075 0075 0081 0.051 oot4) 007 0.076
9, MH571402 Tonna sulcosa MNHM-IM-2007-34839 0.081 0.081 naowz 0.061 0052 0.0 0.06E 0.066
10. MH571352 Eudolium crosseanum MNHN-IM-2007-33646 0.091 0.091 0107 0.086 0.096 IRRE] 0.096 o1z 0.086

Figure 38: K2P distance matrix for Tonna tessellataising 16Sbar primers

7.11.3. Order Littorinimorpha - Family Bursidae

The family Burside is a relatively welstudied group. In the present study, the 16S
gene ofBufonaria crumenavas barcoded and submitted to NCBI for the first time.
Among the three primer sets used, the Rev461 primer failed to amplify the target re-
gion. The sequences g&ated using mirbarcodes showed high similarity to their re-
spective reference sequences. Notably, the Fwd461 primers provided better resolution
than the 16Sbar primers. Although the phylogenetic tree constructed using the 16Sbar
mini-barcode revealed disct species separation, the Maximum Likelihood (ML) tree
indicated low mean genetic distances. Howegenetic distance within the genus
Bufonariaclearly distinguishe®. crumendrom otherspeciegFig 371 40).
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Development of DNA minbarcodes for Forensic identification of Molluscs spgecléNIl Project; Feb. 2023/arch 2025;
AIWC (R, T & E), TNFD, Vandalur

PV523733 Bufonaria crumena AIWC/Fwd464 Moll44

100% | 0.000
0.000
100% R PV571692 Bufonaria crumena voucher AIWC/RES/12/23/0351(1)
0.000 )
100% L PV571751 Bufonaria crumena AIWC/RES/12/23/0351(2)
0.000
0.048
PV366860 Bufonaria crumena TANII molluscs-Fwd464 Moll45
100% 0.000
0.016
0,089 MH581305 Bursina gnorima MNHN-IM-2009-7252
100%
0.006 ————— MT520018 Bursina ignobilis MNHN-IM-2009-7246
100% | 0.006
0.056
o000 JX241334 Bursina nobilis IM 2007 42720
JF693349 Bursa rana X651

0.112

Figure 39: Dendrogram tree for Bufonaria crumenausing Fwd464 primers using

HKY+G model
1 2 | 3 | 4 | 5 | 3 | 7 | 1

1. PV523733 Bufonaria crumena AIWC/Fwd464 Molldd
2. PV571692 Bufonaria crumena voucher AIWC/RES/12/23/0351(1) 0.000
3. PV371751 Bufonaria crumena AIWC/RES/12/23/0351(2) 0.000 0.0o00
4, PV366260 Bufonaria crumena TANII molluscs-Fwd464 Moll43 0.000 0.000 0.000
5. MH581305 Bursina gnorima MMNHN-IM-2008-7252 0.091 0.091 0.081 0.091
6. MT520018 Bursina ignobilis MNHN-IM-2009-7246 0.082 0.0a2 0.0a2 0.0az2 0105
7. JF693349 Bursa rana X651 0.094 0.094 0.094 0.094 pao? IRNIE]
8. JX241334 Bursina nobilis IM 2007 42720 0.075 0.075 0.075 0.075 0.099 0.006 000

Figure 40: K2P distance matrix for Bufonaria crumenausing Fwd464 primers

PV388527 Bufonaria crumena AIWC 16SBarl Moll44

98% | 0.000
os| T ~————— PV282455 Bufonaria crumena AIWC/RES/12/23/0351(1)
0.043 oay, [ PV282456 Bufonaria crumena AIWC/RES/12/23/0351(2)
99% %| 0.000
0.000 0006 ~———— PV390839 Bufonaria crumena AIWC 16SBarl Moll45
JX241131 Bursa rhodostoma IM 2009 5147
99% 0.075
0.008 g [ JX241098 Bursa awatii IM 2007 43031
%] 0.000
0.032 .
—— JX241097 Bursa awatii IM 2007 43030
99% 0.007
0.039 ————————— JX241058 Bursa quirihorai IM 2007 40260
99% 0.000
0.025 006 [ JX241067 Bursina fijiensis IM 2007 40285
0.000
0.007 P
P JX241085 Bursina fijiensis IM 2007 40321
0080 JX241115 Bufonaria perelegans IM 2007 43053

Figure 41: Dendrogram tree for Bufonaria crumenausing 16Sbar primers using T92+G
model



Results and discussion

1 2 | 3 | 4 | 5 | [ | | ] | 9 | 10 | 11
1. PV388527 Bufonaria crumena AIWC 165Bar1 Moll44
2. PV282456 Bufonaria crumena AIWC/RES/12/23/0351(2) 0.006
3. PV282455 Bufonaria crumena AIWC/RES/12/23/0351(1) 0.000 0.006
4, PV390839 Bufonaria crumena AIWC 165Bar] Moll45 0.006 0.000 0.006
5. JX241058 Bursa quirihorai IM 2007 40260 0.069 0.075 0.069 0.074
6. JX241098 Bursa awatii IM 2007 43031 0.076 n.os2 0076 0.0g2 0.036
7. JX241067 Bursina fijiensis IM 2007 40283 0.075 0082 0076 0.081 0006 0043
8. JX241085 Bursina fijiensis IM 2007 40321 0.075 0082 0076 0.081 0006 0043 0.000
9. JX241097 Bursa awatii IM 2007 43030 0.08z2 0.0a9 0.083 0.0ag 0.043 0.006 0.049 0.049
10, J%241131 Bursa rhodestoma IM 2009 5147 0.076 008z 0076 0085  0.088 0075 009 0.085 0082
11. J¥241115 Bufonaria perelegans IM 2007 43033 00s2 0083 0083 0.088 0068 0087 0074 0074 0088 0123

Figure 42 K2P distance matrix for Bufonaria crumenausing 16Sbar primers
7.11.4.0Order Littorinimorpha 1 Family Strombidae

Laevistrombus canariupbambis croataLambis lambisandHarpago chiragrafrom

the family Strombidaewere tested for primer efficiency. All three designed primers

successfully amplified the target regions in all four specimens, resulting in clear spe-

cieslevel identification.Initially, there were no reference sequences availail¢hke

genusLambis except folLambis lambiswhich was used in primer design. However,

during the course of this study, Irwin et al. (2024) published a comprehensive analysis

of the family Stromboideaincluding sequences from other protedt@mnbisspedes

(Fig 41-58). In future studies, sequences from Irwin et al. (2024) can sestaratard

references.

100%

100%

0.004

0.044

0.038

PP449049 Laevi
0.000

PV826713 Laevistrombus canarium AWC/RES/12/23/0341
00

canarium STBCMFRI005

PV366676 Laevistrombus canarium AW C/Fwd464 Moll56
0.000

0,010

0.048

OR910815 Dolomena turturella LTUR YAG 2

OR910787 Dominus labiosus DLAB MAD 2

Figure 43. Dendrogram tree for Laevistrombus canariunusing Fwd464 primers using

HKY+G model

57



Development of DNA minbarcodes for Forensic identification of Molluscs speci@sNIl Project; Feb. 2023/arch 2025;
AIWC (R, T & E), TNFD, Vandalur

1. PV366676 Laevistrombus canarium AIWC/Fwd464 Moll36
2. PV826713 Laevistrombus canarium AIWC/RES/12/23/0341 n.000opoonan

3. PP449049 | aevistrombus canarium STBCMFRIDD3 0.00000000000  0.0000000000
4. 0R910815 Dolomena turturella LTUR YAG 2 007392444300 00739244430 0.0733244430
5. ORG10787 Dominus labiosus DLAB MAD 2 00796817467 00796817467 00736817457 00734246732 [

Figure 44: K2P distance matrix for Laevistrombus canariunusing Fwd 464 primers

PV362319 Laevistrombus canarium AIWC/Rev461 Moll56

0.000
100%
0.006
100% W PV826713 Laevistrombus canarium AIWC/RES/12/23/0341
0.019
HQ401579 Laevistrombus guidoi MNHN:IM:200811060
0.058
MH122656 Harpago chiragra
0.050
100%
0.024 ——————— PV852947 Lambis crocata AINWC/Rev461 Moll79
0.000
100%
0.053
PV362307 Lambis crocata ANGC/Rev461 Moll52

n nnn

Figure 45: Dendrogram tree for Laevistrombus canariunusing Rev461 primers using
T92+G model

1 2 | 3 | 4 5 | [ |
1. PV362319 Laevistrombus canarium AIWC/Rev461 Mall36
2. PVB26713 Laevistrombus canarium AIWC/RES/12/23/0341 (.0000000000
3. MH122656 Harpago chiragra 0.0845381650  D.0B45381650
4, HO401579 Laevistrombus guidoi MMHM:IM:200911060 0.05BB915178  D.OSBRYISIZE OOTIGA17757
5. PV632947 Lambis crocata AIWC/Revdd1 Moll79 00836203382 00838203382 00836203382 01102933286
6. PV362307 Lambis crocata AIWC/Revd81 Mall52 00836203382 00836203382 00336203332 01102933286 0.0000000000

Figure 46. K2P distance matix for Laevistrombus canariunusing Rev461 primers

PV390988 Laevistrombus canarium AIWC 16SBarl Moll56

0.005
100%
0.041
PV730156 Laevistrombus canarium AIWC/RES/12/23/0341
100% 0.001
0.037
HQ401689 Laevistrombus guidoi MNHN:IM:200911060
0.031
PV395535 Lambis crocata AWC 16SBarl Moll52
0.005
100%
0.078
PV839901 Lambis crocata AIWC/16Sbarl Moll79
0.000

Figure 47: Dendrogram tree for Laevistrombus canariunusing 16Sbar primers using
T92+G model



1. PY390988 Laevistrombus canarium AMC 165Bar] Mell36

Results and discussion

2. PW730156 Laevistrombus canarium AIMC/RES/12/23/0341

3. HO40168% Laevistrombus guidoi MNHMN:IM: 200911060

4, PW395535 Lambis crocata AIWC 165Bar1 Moll52

5. PW239901 Lambis crocata AIWC/165bar1 Moll79

1 2 3 | 4 | 5 |
0.00441

0.07055 0.06553

011974 0.12509 0.12084

012509 0.11974 0.11546 0.0044z2

Figure 48: K2P distance matrix for Laevistrombus canariunusing 16Sbar primers

PV361755 Lambis lambis AWVC/Res/12/23/0323(2)

PV533979 Lambis lambis AIWC/Fwd464 Moll75

PV765399 Lambis lambis AIWWC/RES/12/24/0323(3)

PV361758 Lambis lambis AINVC/RES/12/24/0323(1)
PV555092 Lambis lambis AINVC/Fwd464 Mollos

PV555054 Lambis lambis AIWC/Fwd464 Moll54

MNES0208 Lambis lambis IP0276

OR910831 Lambis scorpius LSCO VAN 1

100% ——————
0.000
100% 0.000
100% 0.000 0.000
0.000 0.000
100%
0.029 0.003
' 100% —————
100% °| 0.003
0.093 0.000 —
0.000
100%
0.002
0.001
100% 0-054
0.010 0.000
0
e 100% ™ 0.000
0.075 ’
1000 | 0009 L—
0.000
0.006 100% ————
0.003
0.000 L
0.000
100% ————
0.019
0.095 .
0.030

PP449052 Lambis crocata STBCMFRIO13

PV563597 Lambis crocata ANWC/Fwd464 Moll79
PV718012 Lambis crocata ANVC/RES/12/24/0480
PV335952 Lambis crocata Fwd464 Moll52

PV803114 Lambis crocata ANVC/RES/12/24/0480 (1)
OR911240 Lambis truncata LTRU MAP 1

OR910836 Lambis sowerbyi LSOVW VAN 1

Figure 49: Dendrogram tree for Lambis crocataand Lambis lambisusing Fwd464 pri-
mers using T92+G model

1 ] | 3 ‘ 4 ‘ 5 | ] | 7 | g ‘ 9 ‘ 10 | 1 | 12 ‘ i} ‘ 14 | 15
1, PV363397 Lambis crocata AIWC/Fwddtd Mall79
2, PV333932 Lambis crocata Fwddtd Moll32 0oz
3, PV718012 Lambis crocata AWC/RES/12/24/0480 0.00000 002
4, PVB03114 Lambis crocata AWC/RES/12/24/0480 (1) | 000833 000276  0.00833
5. PRA49032 Lambis crocata STBCMFRIOI3 001397 000832 001337 000554
. ORS10831 Lambis scorpius L5CO VAN 1 008476 007850 008476 000162 0.08162
7. MNG0208 Lambis lambis P0276 011765 DMIME DNI7ES 011428 010762 0710825
8. OR911240 Lambis truncata LTRU MAP 1 012844 012526 012844 012438 012498 DM1B52  D.14076
9, OR910836 Lambis sowerbyi LSOW VAN 1 072763 02471 012789 012445 012445 010492 D472 004291
10.PV765399 Lambis lambis AWC/RES/12/24/0323(3) | 012445 011788 012445 012104 072104 001498 002834 014439 (0.75087
11, V361735 Lambis lambis AWC/Res/12/23/0323(2) | 012445 011788 092445 D204 012104 011498 002834 014439 015087 000000
12,PV361738 Lambis lambis AWC/RES/12/24/0323(1) | 012783 012128 072789 072446 002445 011838 (003126 014804 015485 000276 000276
13, V333979 Lambis lambis AIWC/Fwd464 Moll73 072445 011788 012445 012104 012104 011435 002834 04439 015087 000000 000000 (0.00278
14, V555092 Lambis lambis AIWC/Frd464 Moll35 012764 DI2004) D27e4 002422 02422 DTG DOANMG 04%R2 05413 000276 0.00276  D.00553  0.00276
13, PV335034 Lambis lambis AIWC/Fwd464 Moll34 072445 0M788 012445 012104 0121040 011498 002834 014439 015087 000000 0000000 000276 0.00000 000276

Figure 50: K2P distance matrix for Lambis crocataand Lambis lambisusing Fwd 464

primers
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Development of DNA minbarcodes for Forensic identification of Molluscs speci@sNIl Project; Feb. 2023/arch 2025;
AIWC (R, T & E), TNFD, Vandalur

100% —————— PV362316 Lambis lambis AIWC/Rev461 MollS5
0.000

100% | 0000 L py\362494 Lambis lambis AWC/Rev461 Moll75
0.000
100% | 0.000

PV871497 Lambis lambis AIWC/Rev461 Moll54

100% 0.000 0.000
PV765399 Lambis lambis AIWC/RES/12/24/0323(3)
1000 | 0000 0.000
PV361758 Lambis lambis AIWC/RES/12/24/0323(1)
0.071 0.000
100% PV361755 Lambis lambis AIWC/Res/12/23/0323(2)
0.000
0.008 PV652047 Lambis crocata AWC/Rev461 Moll79
100% 0.000
PV362307 Lambis crocata AIWC/Rev461 Moll52
0.006 100% 0.000
0.000 100% —————— PV803114 Lambis crocata AIWC/RES/12/24/0480 (1)
0.000
0.000 L pv718012 Lambis crocata AWC/RES/12/24/0480
0.000
OR911238 Lambis robusta
100% 0.033
OR978593 Lambis scorpius
0.000 100% 0.038
. 100% —————— OR910826 Lambis millepeda
0.007 0) 0.039
0032 L 0R910836 Lambis sowerbyi
0.022

Figure 51: Dendrogram tree for Lambis crocataand Lambis lambisusing Rev 461 pri-
mers using T92 model

1 1 ‘ 3 ‘ L) ‘ § ‘ ] ‘ 7 ‘ 8 ‘ 9 ‘ 10 ‘ i1 ‘ n ‘ 3 ‘ i ‘

1, PV362316 Lambis lambis AIWC/Revd61 Moll35

2, PV362484 Lambis lambis AIC/Revd61 Moll73 0.000000

3, PVBT1497 Lambis lambis AIWC/Revd61 Moll34 0.000000 0.000000

4, PV763399 Lambis lambis AWC/RES/1Z/24/0323(3) | 0000000 0000000 0.000000

5, PY361738 Lambis lambis AWC/RES/12/24/0323(1) | 0.000000 0000000 0.000000  0.000000

6, PV361733 Lambis lambis AWC/Res/ 12/23/0323(2) | 0.000000 0000000 0.000000 0.000000  0.000000

7. PVGS2947 Lambis crocata AMC/Revd6T MollT9 0064303 0064303 0064303 0064303 0064303 0064303

8, PV362307 Lambis crocata AMWC/Revd61 Moll32 0064303 0.0B4303 004303 0064303 0064303 0.064303 0000000

9. PVB03114 Lambis crocats AWC/RES/12/24/0480 (1) |  0.064303 0064303 0084303 0064303 0084303 004303 0.000000 0000000

10, PVT18012 Lambis crocata AWC/RES/12/24/0480 | 0.064303 D.0R430% 0084303 00R4303 0084303 00R4303  0.000000 00000CD  0.000000

11, ORY78593 Lambis scorpius 0106614 0108614 0106614 0108674 0106614 (0108614 0051028 (0.051028 0051028 0.051028

12, 0311238 Lambis robusta 0099779 0093773 0.099779 0099779 0099779 0099779 0044616 DO4%616 Q044615 0.044616  0.064634

13, ORS10826 Lambis millepeda 0114708 0014705 0114705 04705 0114705 04705 0072020 0072020 0072020 0072020 0093000 0.07312

14, OR10836 Lambis sowerbyi 0121652 0121652 0121882 0121652 0121852 0121682 (0064634 0064634 (.0G4e34 (0.064634 0064303 007578 0081028

Figure 52: K2P distance matrix for Lambis crocataand Lambis lambisusing Rev 461
primers



Results and discussion

PV366633 Lambis lambis AIWC/RES/12/23/0323(2)

59% 0.000
0.000

99% . .
PV390973 Lambis lambis AIWC 16SBar1 Moll54
ggu, | 0.000 0.000
? L PV793450 Lambis lambis AINVC/RES/12/24/0323(3)
0.000 0.000
99% PV730134 Lambis lambis AIWC/RES/12/23/0323(1)
0.000
0.082
o PV261768 Lambis lambis ANWC/&Sbar1 Moll55
9% 0.000
99%
? 0.005 PV404208 Lambis lambis ANWG 16SBar1 Moll75
0.034 0.000
OR934276 Lambis robusta
0.073
95%
PV395535 Lambis crocata ANWC 16SBar1 Moll52
0.024 999, 0.005
[ PV793445 Lambis crocata AVWC/RESH2/23/0480
0.073 999, 0.000
0.000 99%, 0000 PV730109 Lambis crocata AINWWGC/RES/12/24/0480(1)
0.000 PV839901 Lambis crocata AWG/16Sbart Moll79
0.000
999 ——————— OR934464 Lambis scorpius
o 0.083
0.024 PP572962 Lambis truncata

OR934280 Lambis sowerbyi

0
95% 0.021
0.065
4,

0.048
Figure 53: Dendrogram tree for Lambis crocataand Lambis lambisusing 16Sbar pri-

mers

2|

using T92+G model
7|

I N N s | o |

1. PV¥393535 Lambis crocata AIWC 165Bar1 Moll52

2. PV793445 Lambis crocata AIWC/RES/12/23/0480 0.00

3. PV730109 Lambis crocata AIWC/RES/12/24/0480(1) n.0n 0.0o
4. PV339901 Lambis crocata AIWC,/165bar1 Moll79 o.oo 0.00
5. PV361768 Lambis lambis AIWC/165bar1 Moll55 0.04 0.09
6. PV730134 Lambis lambis AIWC/RES/12/23/0323(1) 0.09 0.09
7. PV793450 Lambis lambis AIWC/RES/12/24/0323(3) 0.09 0.09
8. PV366633 Lambis lambis AIWC/RES/12/23/0323(2) 0o nos
9. PP572962 Lambis truncata o1z onm
10. OR934276 Lambis robusta o1o 0.09
11. PV404208 Lambis lambis AIWC 165Bar1 Moall75 0.09 009
12. OR934280 Lambis sowerbyi 013 013
13. OR9344684 Lambis scorpius 013 013
14, PV390973 Lambis lambis AIWC 165Bar1 Moll34 0o 009

0.00

n.0g 0.09

0.09 0.09 0.00

0.09 0.09 0.00 0.00

0.09 0.09 n.oo 0.00 0.oo

011 011 014 013 013 013

n.0g 0.09 0.09 0.09 009 n.og 01z

0.09 0.09 0.00 0.00 0.00 0.0o 014 0.09

013 013 n1z ni1z niz niz 0.06 013 n1z

013 013 0.14 013 013 014 010 011 0.14 01z
0.09 0.09 0.00 0.00 0.00 0.oo 013 0.09 0.00 01z 013

Figure 54: K2P distance matrix for Lambis crocataand Lambis lambisusing 16Sbhar

primers
™ o000 PV361708 Harpago chiragra AIWC/RES/12/24/0491
100% '
0.015
100% oo PV849155 Harpago chiragra AIWC/Fwd464 Moll78
0.217
100% MNB885884 Harpago chiragra
0.684 0.000
OR910808 Harpago rugosa
0.002 pago g
—— OR910827 Lambis millepeda
0.049
100%
0.867
————— OR911240 Lambis truncata
0.045

Figure 55: Dendrogram tree for Harpago chiragrausing Fwd464primers using T92+G

model
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Development of DM mini-barcodes for Forensic identification of Molluscs speci@sNIl Project; Feb. 2023/arch 2025;
AIWC (R, T & E), TNFD, Vandalur

1 2 | 3 | 4 | 5 | [
1. MM225824 Harpago chiragra
2. OR910808 Harpago rugosa 011
3. PW361708 Harpago chiragra AIWC/RES/12/24/0481 o014 0ae0
4, OR910827 Lambis millepeda O1&00 01200 0142
5. OR811240 Lambis truncata 0150 0137 01420 0.06Z
6. PV849155 Harpago chiragra AIWC/Fwd464 Moll78 n.014 D120 0.000 0142 0142

Figure 56: K2P distance matrix for Harpago chiragausing Fwd464 primers

—— PV362493 Harpago chiragra AIWC/Rev461 Moll78
100% 0.000

0.000

100% —— MNB885884 Harpago chiragra
0.000

0.006

100% PV361708 Harpago chiragra AIWC/RES/12/24/0491
0.049 0.000

100%

OR910808 Harpago rugosa HCHI NCA 1

0.000 0.063

OR978593 Lambis scorpius
0.007

™ o000 PV362307 Lambis crocata AIWC/Rev461 Moll52

100%

0.045

T ooer PV361758 Lambis lambis AIWC/RES/12/24/0323(1)

Figure 57: Dendrogram treefor Harpago chiragrausing Rev461 primers using T92+G

model
i 2 | 3 | 4 | 5 | & | 7 |
1. PW361708 Harpago chiragra AIWC/RES/12/24/04%1
2. PV362493 Harpago chiragra AIWC/Revd1 Mell72 0.000
3. MIB8B58284 Harpage chiragra 0.a0n 0.000
4, OR978393 Lambis scorpius 0.052 0.052 n.0&2
5. OR910808 Harpage rugosa HCHI NCA 1 0.059 0.054 0.059 0.059
&. PV362307 Lambis crocata AIWC/Revd&1 Moll52 0.090 0.080 0.090 0.046  0.096
7. PV361758 Lambis lambis AIWC/RES/12/24/0323(1) 0117 oy o0Nmd o 008 0124 0.088

Figure 58 K2P distance matrix for Harpago chiragausing rev461 primers
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005 PV849369 Harpago chiragra AIWC/RES/12/24/0491

98%

0.003

OR934253 Harpago rugosa HCHI NCA 1
98% 0.176

0.109

5000 PV426728 Harpago chiragra 16Sbar1 Moll78

PV395535 Lambis crocata AIWC 16SBar1 Moll52

0.105
99%

0.183

— PV361768 Lambis lambis AIWC/16Sbar1 Moll55
Figure 59: Dendrogram tree for Harpago chiragrausing 16Sbar primersusing T92+G

model
1 2 | 3 | 4 | 5 |
1. PW426728 Harpago chiragra 165bar1 Mell72
2. PY249369 Harpago chiragra AIWC/RES/12/24,/0491 0.004
3. OR934233 Harpago rugesa HCHI MCA 1 0108 0109
4. PV395535 Lambis crocata AIWC 165Bar1 Moll52 D127 0337 0.14%
5. PY361768 Lambis lambis AIWC/165bar1 Moll35 0.144 0.155 016 0.077

Figure 60: K2P distance matrix for Harpago chiragausing 16Sbar primers
7.11.5. Order Littorinimorpha - Family Cassidae

Both the protected speci€assis cornutandCypraecassis rufaelong to the family
Cassidae During the study period, only a single specimenCafssis cornutavas

found as bycatch from the Thoothukudi Sea Harbour. In the present study, the 16S
gene ofCassis cornutavas barcoded and submitted to NCBI for the first time. Of the
three primers testedpth Fwd464 and 16Sbar successfully amplified the target region
and clearly distinguishe@assis cornutdrom other species within the genGsassis

(Fig 59-62). However, publicly available sequences for the ge@assisremain

scarce.
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MK878541 Cassis cornuta CC6
0.000

100%

0.000

——— PV799788 Cassis cornuta AIWC/RES/12/24/0479
100% 0.000

0.057

100% 002 PV366721 Cassis cornuta AIWC/Fwd464 Moll51

0.001

o117 MH581308 Cassis flammea MNHN-IM-2013-19516

o117 MH581335 Galeodea bituminata MNHN-IM-2007-33627

Figure 61: Dendrogram tree for Cassis cornutaising Fwd464 primers using HKY+G

model
|2 [ s | e | s |
1. PV366721 Cassis cornuta AIWC/ Fuwd4ed Moll51
2. MKBTE341 Cassis cornuta CCB 0.00z
3. PW799788 Cassis cornuta AIWC/RES/12/24/0479 o.onz 0.000
4. MH581335 Galeodea bituminata MMNHN-IM-2007-33627 0127 0124 0.124
5. MH521308 Cassis flammea MNHN-IM-2013-19516 0137 0134 0134 0157 [N

Figure 62: K2P distance matrix for Cassis cornutausing Fwd464 primers

0006 PV395534 Cassis cornuta AIWC 16SBarl Moll51

99%

0.054

PV730100 Cassis cornuta AIWC/RES/12/23/0479
99% 0.000

0.227

100% 0203 MH571326 Cassis flammea MNHN-IM-2013-19516

0.038

0052 MH571327 Cassis madagascariensis MNHN-IM-2013-19553

ooia MH571367 Oocorys verrilli MNHN-IM-2007-33652

Figure 63: Dendrogram tree for Cassis ornuta using 16St|)ar prime|rs using 1|'92mode|
1 2 3 4 5

1. PV395534 Cassis cornuta AIWC 165Bar] Moll31

2. PV730100 Cassis cornuta AIWC/RES/12/23/0479 0.005E5

3. MH571367 Qocorys verrillit MNHN-IM-2007-33652 027526 026713

4. MH571327 Cassis madagascariensis MNHN-IM-2013-19553 0.28508 0.27654 0.09519

5. MH571326 Cassis flammea MMHM-IM-2013-19516 0.30194 029317 0.37030 0.39:5

Figure 64: K2P distance matrix for Cassis cornutaising 16Sbar primers
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7.11.6. Order Neogastropoda- Family Babyloniidae

Babylonia spiratais a commercially important species, widely explbifer both its

meat and shell. All three designed primers successfully amplified the target regions,
and the resulting sequences matched the corresponding reference sequence. However,
the mean genetic distance betwéerspirataand other species was siarilfor both
Rev46land16Sbarprimers(Fig 63-68), indicating limited discriminatory power be-

tween closely relateBabyloniaspecies.

PV799304 Babylonia spirata AIWC/RES/03/23/0028
0.003
100%

0.003

100% 0.003 OR677020 Babylonia spirata NMNS-8720-021

0.000

100% PV335998 Babylonia spirata Fwd464 Moll03
0.000
0.004

100%

JX573172 Babylonia zeylanica KC1
0.070 0.083

MF588671 Babylonia japonica FBGN-SAU-Dhaka M1602Sb-65
0.013

OR677031 Zemiropsis papillaris NMNS-8720-032
0.157

Figure 65: Dendrogram tree for Babylonia spiratausing Fwd 464 primers using K2

model.
1 2 | 3 | 4 | 5 | &

1. PW335998 Babylonia spirata Fwd464 Moll03
2. PV799304 Babylonia spirata AIWC/RES/03/23/0028 0.00568
3. OR677020 Babylonia spirata NMNS-8720-021 0.005B8 0.00568
4. MF588671 Babylonia japonica FBGN-SAU-Dhaka M16025b-65 0.01724 0.02313 0.02313
5. JX573172 Babylonia zeylanica KC1 0.07433 0.08070 0.07433 0.0871%
6. ORBT7031 Zemiropsis papillaris NMNS-8720-032 018148 018148 018148 0.15926 0.22875

Figure 66. K2P distance matrix for Babylonia spiratausing Fwd 464 primers

0000 PV362295 Babylonia spirata AIWC/Rev461 Moll03
100%

0.000

MGO099005 Babylonia spirata SR954-SP5-CO

100% 0.000

0.000
MF588671 Babylonia japonica FBGN-SAU-Dhaka M1602Sb-65
100% 0.000
100%
0.001
0.444 L MF693399 Babylonia japonica
0.000
100%
0.019 0009 OR677023 Babylonia semipicta NMNS-8720-023
NC 028628 Babylonia lutosa
0.367
Py OR677018 Babylonia pieroangelai NMNS-8720-019
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Figure 67: Dendrogram tree for Babylonia spiratausing Rev 461 primers using T92

model.
1 2 | 3 | & | s | & | 7

1. PV362295 Babylonia spirata AIWC/Revd61 Moll03
2. MG093005 Babylonia spirata SR954-5P5-C0 0.0o0
3. ORGT7023 Babylonia semipicta NMNS-8720-023 0.008 0.008
4. MF588671 Babylonia japonica FBGM-SAU-Dhaka M16025b-65 0.000)  00oo 0.008
5. NC 028628 Babylonia lutosa 0N 0an oazo 0111
6. MFE3339% Babylonia japonica 0.000 0.000 0.008 n.000 011
7. OR677013 Babylonia pieroangelai NMMNS-8720-019 ga200 01200 01300 01200 07200 0320

Figure 68: K2P distance matrix for Babylonia spiratausing Rev 461 primers

PV793681 Babylonia spirata AIWC/Res/03/23/0028

100% | 0-000
0.001
100% o0 ORB67660.1:205-435 Babylonia spirata voucher NMNS-8720-021
0.016 ‘
100% L PV367241 Babylonia spirata AIWC 16SBar1 Moll03
0.087 0.005
100% ORB667663.1:205-435 Babylonia semipicta voucher NMNS-8720-004
0.029 0.000
01 ORB667668.1:205-435 Babylenia pieroangelai voucher NMNS-8720-019
P OR667658.1:205-435 Babylonia valentiana voucher NMNS-8720-025
99%
0.021 o OR667670.1:205-434 Babylonia areolata voucher NMNS-8720-001
9% | 0.00(
0.000

— HQ424448.1:5662-5891 Babylonia lani mitochondrial sequence
Figure 69: Dendrogram tree for Babylonia spiratausing 16Sbar primers using T92

model
1 | 2 | 3 | 4 | 5 | 8 | 7 | g

1. P¥367241 Babylonia spirata AIWC 165Bar1 Moll03
2. PV793681 Babylonia spirata AIWC/Res/03/23/0028 0.00
3. ORE67660.1:205-435 Babylonia spirata voucher NMNS-8720-021 0.00 0.00
4. ORB67663.1:205-435 Babylonia semipicta voucher NMMNS-8720-004 0.0z 0.01 0.m
5. OR667658.1:205-435 Babylonia valentiana voucher NMNS-8720-025 011 0.0 0.0 0.0%
6. OR667670.1:205-434 Babylonia areolata voucher NMNS-8720-001 003 008 008 008 D12 B
7. HO424448,1:5662-5391 Babylonia lani mitechendrial sequence 009 n.0a 0.08 008 niz 0.00
8. ORE67668.1:205-435 Babylonia pieroangelai voucher NMNS-8720-019 010 n.09 0.09 0.09 010 0.10 010

Figure 70: K2P distance matrix for Babylonia spiratausing 16Sbar primers
7.11.7.0rder NeogastropodaFamily Fasciolariidae

With 541 extant species across 51 genera worldwide (WoRMS, 2025), the family
Fasciolariidae represents a diverse group of predatory marine molluscs inhabiting
shallow to deep coastal waters, pattacly favouring softbottom habitats (Leal,
1991). In the present studyysinussp. was barcoded for the first time; however, fur-
ther taxonomic identification is required. The interspecific genetic distances within
this group were totess and as a resiyinone of the tested primers was able to effec-
tively differentiate between closely related specMarmorofusus nicobaricusas
sequenced for the first timé&mong the three primer sets tested, the Fwd464 set

showed better resolution compared to the otve. (Fig 69-80)
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PV340233 Fusinus Fwd464 Moll04

100% 0.007
0.027
———————————— PV449482 Fusinus AIWC/Res/03/23/0027
0.017
100%
0.041
—————— KT753940 Fusinus forceps MNHN:IM:2007-38235
0.014
100%
0.007
T oom KT753924 Fusinus gracillimus MNHN:IM:2013-42521
NC 045906 Fusinus longicaudus
0.078
100%
0.008 ——————— KT753917 Fusinus crassiplicatus MNHN:IM:2007-34663
0.056
100%
0.008
T om0 KT753901 Fusinus colus MNHN:IM:2007-32560

Figure 71. Dendrogram tree for Fusinus.spusing Fwd464 primers using HKY+G model

1 2 | 3 | 4 | 5 | 3 | 7 |
1. PW340233 Fusinus Fwd464 Moll04
2. PV449482 Fusinus AIWC/Res/03/23/0027 0.021
3. KT753940 Fusinus forceps MMNHMN:[M:2007-38235 0.045 0.0s2
4, KT753924 Fusinus gracillimus MRNHM:IM:2013-42521 0058 0060 0.040
5. KT753%17 Fusinus crassiplicatus MNHMN:IM:2007-34663 D075 0083 0.087 n.0gz
6. KT733301 Fusinus colus MINHM:IM: 2007-32560 0.091 0.091 0.078 0084 0076
7. MIC 045806 Fusinus longicaudus 0102 a0z 0.094 0.100 0.0s849 0.081

Figure 72: K2P distance matrix for Fusinus.spusing Fwd464 primers

—— KT754009 Fusinus sandvichensis FMNH 414020
100% | 0.007

0.016
——— KT753975 Fusinus salisburyi MNHN:IM:2007-32588
100% 0.025
0.017 . .
—— PV595850 Marmorofusus nicobaricus AIWC/Rev461 Moll30
100% | 0.059
100%
0.014
0.000 oo ONB872694 Fusinus pulchellus SZN B 3386ML228D
100% '
0.010 5000 KT753940 Fusinus forceps MNHN:IM:2007-38235
5007 KT753924 Fusinus gracillimus MNHN:IM:2013-42521
— PV355411 Fusinus AIWC/Rev461 Moll04
100% 0.000
0.009 .
————— PV449482 Fusinus AIWC/Res/03/23/0027
100% 0.084

0.012
HQ834100 Fusinus longicaudus LSGB2341301

100% | 0.046
0.042

oo KT753917 Fusinus crassiplicatus MNHN:IM:2007-34663

Figure 73: Dendrogram tree for Fusinus.spusing Rev461 primers using T92+G model
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i 2z | 3 | 4 | 5 | [ | 7 | ] | ] | 10 |
1. PV355411 Fusinus AIWC/Revd61 Moll0d
2. KT733924 Fusinus gracillimus MNHM:IM:2013-42521 0.3z
3. KT733940 Fusinus forceps MNHM:IM:2007-38235 0023 0.007
4, KT734008 Fusinus sandvichensis FMNH 414020 0.067 0.044 0.036
5. KT753975 Fusinus salisburyi MNHM:IM:2007-32588 0.0a3 0.059 0.051 0.029
6. PV449432 Fusinus AIWC/Res/03/23/0027 0087 0108 0100f 0134 0151
7. HQB34100 Fusinus longicaudus LSGB2341301 0.084 0.075 0.084 0.108 0.09z 0134
8. KT753917 Fusinus crassiplicatus MNHM:IM:2007-34663 0.075 0.083 0.091 0.099 0.083 0142 0.075
9. PY395830 Marmorofusus nicobaricus AIWC/Revd61 Moll30 0.090 0.082 0.074 n.og2 0.091 0158 0133 0.0439
10. ONBT2694 Fusinus pulchellus SZN B 3386ML228D 0090 0082 0074 0082 0074 0158 0131 .09 0.095

Figure 74: K2P distance matrix for Fusinus.spusing Rev461 primers

PV436854 Fusinus AIWC 16SBarl Moll04

97%| 0.005
0.019
—— PV738177 Fusinus AIWC/RES/03/23/0027
97% 0.000
0.053
————— KT753817 Fusinus gracillimus MNHN:IM:2013-42521
o7% | 0.033
97%
0.036
0.000 oo KT753830 Fusinus forceps MNHN:IM:2007-38235
98%
0.247 KT753811 Fusinus crassiplicatus MNHN:IM:2007-34663
0.015
o172 JN052965 Fusinus longicaudus LSGB235022
———— KT753886 Fusinus sandvichensis FMNH 414020
979 | 0.342
0.077
0.000 KT753863 Fusinus salisburyi MNHN:IM:2007-32588
Figure 75. Dendrogram tree for Fusinus.spusing 16Sbar primers using T92+G model
1 2 | 3 | 4 | 5 | 5 | 7 | & |
1. PV436854 Fusinus AIWC 165Barl Mell(4
2. PVT38177 Fusinus AIWC/RES/03/23/0027 n.005
3. KT733817 Fusinus gracillimus MNHN:IM:2013-42521 0.066 0.060
4, KT753830 Fusinus forceps MNHN:IM:2007-38235 006k 00600 0049
3. KT753886 Fusinus sandvichensis FMNH 414020 D139 0132 0133 0134
6. KT753811 Fusinus crassiplicatus MMNHM:IM:2007-34663 0060, 0054 0072 0080 0107
7. JN052965 Fusinus longicaudus LSGB235022 0135 0128 0109 0115 01400 0103
8. KT753863 Fusinus salisburyi MINHMN:IM:2007-32588 0134 03127 0128 009 0ME 0116 0142

Figure 76. K2P distance matrix for Fusinus.spusing 16Sbar primers

PV523582 Marmorofusus nicobaricus AIWC/Fwd464 Moll31

100% 0.000
0.000
PV363210 Marmorofusus nicobaricus Fwd464 Moll30
100% 0.000
0.054 : .
PV812495 Marmorofusus nicobaricus AIWC/RES/12/23/0338(1)
100% 0.000
100%
0.000
0.027 oo PV819304 Marmorofusus nicobaricus AIWC/RES/12/23/0338(2)
o108 KT753993 Fusinus agatha MZSP 53680
—— KT753975 Fusinus salisburyi MNHN:IM:2007-32588
100% 0.006
0.025
———————— KT753901 Fusinus colus MNHN:IM:2007-32560
100% 0.005
0.033
KT753917 Fusinus crassiplicatus MNHN:IM:2007-34663
100% 0.075
0.021

o077 KT753940 Fusinus forceps MNHN:IM:2007-38235
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Figure 77: Dendrogram tree for Marmorofuscus nicobaricusising Fwd464primers us-
ing T92+G model

1. PV523582 Marmorofusus nicobaricus AIWC/Fwd464 Moll31

2. PV363210 Marmorofusus nicobaricus Fwd464 Moll30

3. PV812495 Marmorofusus nicobaricus AIWC/RES/12/23/0338(1)
4, PV219304 Marmorofusus nicobaricus AIWC/RES/12/23/0338(2)
5. KT733993 Fusinus agatha MZ5P 53680

6. KT733975 Fusinus salisburyi MNHN:IM:2007-32588

7. KT733901 Fusinus colus MNHM:IM:2007-32560

8. KT733917 Fusinus crassiplicatus MNHN:IM: 2007-34663

9. KT733940 Fusinus forceps MMNHM:IM:2007-38235

1 2 | 3 | 4 | 5 | 6 | 7 | 8 | 3
0.000
0.000) 0000

0.0000 0000 @ 0.000

0.07z| 00wz 0072 0072

0.086 0086 0086 0086  0.088

0.086 0088 0085 0086 0083 0010

01000 0100 03000 0700 0097 0031 0.0&1

0102 0102 0102 0102 0702 0078 0078 0.080

Figure 78: K2P distance matrix for Marmorofuscus nicobariususing Fwd464 primers

PV595850 Marmorofusus nicobaricus AIWC/Rev461 Moll30

PV841837 Marmorofusus nicobaricus AIWC/Rev461 Moll31

PV812495 Marmorofusus nicobaricus AIWC/RES/12/23/0338(1)

PV819304 Marmorofusus nicobaricus AIWC/RES/12/23/0338(2)

KT753993 Fusinus agatha MZSP 53680

KT753996 Fusinus pulchellus MCZ:Mala:378473

KT754009 Fusinus sandvichensis FMNH 41402

100% 0.000
0.000
100% 0.000
0.066
100% 0.000
100%
0.000
0.024
0.000
0.084
0.063
100%
0.019 0.000
100%
0.035 —
100% 0.000

0.045
0.010

KT753940 Fusinus forceps MNHN:IM:2007-38235

KT753924 Fusinus gracillimus MNHN:IM:2013-42521

Figure 79: Dendrogram tree for Marmorofuscus nicobaricusising Rev461 primers us-
ing T92+G model

1. PV¥595850 Marmorofusus nicobaricus AIWC/Revdf1 Moll30

2. PWa41837 Marmorofusus nicobaricus ANWC/Revdal Moll31

3. KT753993 Fusinus agatha MZSP 53680

4, KT753940 Fusinus forceps MNHMN:IM:2007-38235

5. KT753924 Fusinus gracillimus MMNHM:IM:2013-42521

6. KT754009 Fusinus sandvichensis FMNH 41402

7. KT753996 Fusinus pulchellus MCZ:Mala: 378473

8. PV812485 Marmorofusus nicobaricus AIWC/RES/12/23/0338(1)
9, PV219304 Marmorofusus nicobaricus AIWC/RES/12/23/0338(2)

1 2 | 3 | 4 | 5 | & | 7 | B | L) |
0.000
0108 0108

0.087 0087 0118

0.096 009 0106  0.008

0.0G7 0087 00587 0034 0042

0a08 0706 0087 0078 0087  0.060

0.000, 00000 0108 0087 0096 0087 0106

0.000, 0000 0108 0087 0096 0087 0106  0.000

Figure 80: K2P distance matrix for Marmorofuscus nicobariusausing Rev461 primers
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PV839929 Marmorofusus nicobaricus AIWC/16Sbarl Moll30
98%

0.000
98% 5000 PV282443 Marmorofusus nicobaricus AIWC/RES/12/23/0338(1)
0.000 '
98% ——— PV839910 Marmorofusus nicobaricus AIWC/16Sbarl Moll31
0.000
0.017
97% . .
’ PVv282444 Marmorofusus nicobaricus AIWC/RES/12/23/0338(2)
0.028 0.010
97% . i .
KT753886 Fusinus sandvichensis FMNH 414020
0.013 0.031
0059 KT753863 Fusinus salisburyi MNHN:IM:2007-32588
KT753817 Fusinus gracillimus MNHN:IM:2013-42521
97%
0.020

KT753811 Fusinus crassiplicatus MNHN:IM:2007-34663

Figure 81: Dendrogram tree for Marmorofuscus nicobaricusising 16Sbar primersusing
T92 model

1 2 | 3 | 4 | 5 | & | F | ]

1. PV339929 Marmorofusus nicobaricus AIMC/165bar1 Moll30

2. PV282443 Marmorofusus nicobaricus AIWC/RES/12/23/0338(1) 0.01

3. PW839910 Marmorofusus nicobaricus AIWC/165bar1 Moll31 0.m 0.00

4, PY282444 Marmerofusus nicobaricus AIMWC/RES 12/23/0338(2) 0.0z 0.m 0.m

5. KT753886 Fusinus sandvichensis FIMNH 414020 0.05 0.05 0.05 0.06

6. KT733817 Fusinus gracillimus MNHMN:IM:2013-42521 013 013 013 0.4 013

7. KT753811 Fusinus crassiplicatus MNHM:IM:2007-34663 0.09 0.09 0.0g 010 0.1 n.08

8. KT753863 Fusinus salisburyi MMHN:IM:2007-32588 oig 0100 010 0 o niz 01z

Figure 82: K2P distance matrix for Marmorof uscus nicobarius using 16Sbar primers
7.11.8.0rder Neogastropodéa GenusPleuroploca trapezium

The genudlleuroplocacomprisesine extant species in the marine ecosystem. How-
ever, limited informations available on their current distribution and molecular tax-
onomy. Couto et al. (2016) revised the family Fasciolariidae through molecular phy-
logenetic analyses. As part of that study, two specime®enfroploca trapeziuni
MNHN:IM:2007-32591 from Vanuatu and MNHN:IM:20086358 from Madagascar

i were sequenced fdhe gene€COX1, 16S rRNA, 28S rRNA, andHistone H1
Specimens collected from Tamil Nadu closely matched MNHN:IM: 28601, as

well asPleuroploca ponderosavhich was independently sequenced from Tamil Na-
du. Based on the currently available data, the tgendivergence between
MNHN:IM:2007-32591 and MNHN:IM:200915358 is approximately 8%, suggesting
that they are likely distinct species. However, formal species confirmation requires a
comprehensive taxonomic revision, including the collection and seqgeoicspeci-

mens from their respective type localities. Therefore, spémiet identification
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based solely on phylogenetic tree placement is not feasible at this stage. Nonetheless,
the distance matrix indicates a high similarity between the referencersaguand

the sequencagenerated using mitarcodegFig 81- 86).

0.00

PV826619 Pleuroploca trapezium voucher AWC/RES/M 2/23/0322(2)

0.00
0.00
0.00 PVE72896 Pleuroploca trapezium voucher AIWC FWD464 Molls
0.00 0.00
. - PV366914 Pleuroploca trapezium voucher AIWC FWD464 Moll40
0.00
0.38 MT230949 Pleuroploca ponderaosa voucher G5 1
0.01
PV282423 Pleuroploca trapezium voucher AWC/RES/M 2/23/0322(1)
0.00
0.04
KT753962 Pleuroploca trapezium veucher MNHN:IM:2007-32591
0.42
KT754011 Cinctura hunteria voucher MCZ:Mala: 382637

Figure 83 Dendrogram tree for Pleuroploca trapeziunusing Fwd 464 primers using
T92+G model.

1 | 2 | s | & | s | & | 7 |
1. PVE26619 Pleuroploca trapezium voucher AIWC/RES/12/23/0322(2) ooooon) 000879 0036130 012649 0000000 0.00218
0.00879  0.03613) 012549 000000 000218

2. PV872896 Pleuroploca trapezium voucher AIWC FWD464 Moll3

0.03613) 072823 0.00879  0.0110
013934 003613 0.03545
012549 012823

0.00z21s

3. PV282423 Pleuroploca trapezium voucher AIWC/RES/12/23/0322(1)

4, KT733%62 Pleuroploca trapezium voucher MMHMN: I M: 2007-32591

3. KT734011 Cinctura hunteria voucher MCZ:Mala:382637
6. PV366914 Pleuroploca trapezium voucher AIWC FWD464 Moll40

7. MT230949 Pleuroploca ponderosa voucher G5 1

Figure 84 K2P distance matrix for Pleuropoca trapeziumusing Fwd 464 primers

T FV362622 Pleuroploca trapezium Voucher ANWC/Revd61 Moll40

9%

- PVB826619 Pleuroploca trapezium voucher AWC/RESM 2/23/10322(2)

0.000
i 0 PVB83011 Pleuroploca trapezium Voucher ANMVC/Rev461 Moll0S
0.007
.msssw 0007 PY282423 Pleuroploca trapezium AIWC/RESM2/23/0322(1)
o007 KT753962 Pleuroploca trapezium MNHM 2007-32591
053 KT754022 Hemipolygona mcgintyi voucher MZSP 36166
Figure 85. Dendrogram tree for Pleuroploca trapeziunusing Rev 461 primers using T92

model.
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Development of DNA minbarcodes for Forensic identification of Molluscs speci@sNIl Project; Feb. 2023/arch 2025;
AIWC (R, T & E), TNFD, Vandalur

i | 2 3 4 5 6
1. PV283011 Pleurcploca trapezium Voucher AIWC/Revde1 MollD3
2. PV362622 Pleurcploca trapezium Voucher AIWC/Revd61 Molldd 0.o0
3. KT733962 Pleuroploca trapezium MNHN 2007-32591 0m 0.01
4, PY282423 Pleuroploca trapezium AIWC/RES/12/23/0322(1) 0.m 0.01 0.0z
5. PY826619 Pleuroploca trapezium voucher AIWC/RES/12/23/0322(2) 0.0a 0.00 0.01 nm
6. KT754023 Hemipolygona mcgintyi voucher MZSP 36166 0.06 0.06 0.06 0.06 0.06

Figure 86. K2P distance matrix for Pleuroploca trapeziunusing Rev 461 pimers

PV367232 Pleuroploca trapezium AIWC 16SBarl Moll05

979% |  0.000
0.005
—— PV942239 Pleuroploca trapezium AIWC 16SBarl Moll40
98% 0.005
0.000
oo PV770192 Pleuroploca trapezium AIWC/RES/12/23/0322(1)
98%
98%
0.000
0.072 EEPy— PV282451 Pleuroploca trapezium AIWC/RES/12/23/0322(2)
98%
0.037 0015 KT753832 Pleuroploca trapezium MNHN:IM:2009-15358
5180 KT753840 Polygona infundibulum MNHN:IM:2013-19591
—— JQ950139 Filifusus filamentosus MNHN-IM-2007-32592
08% | 0.000

0.194

o004 KT753805 Filifusus filamentosus MNHN:IM:2013-13107

Figure 87: Dendrogram tree for Pleuroploca trapeziunusing 16Sbarprimers using
T92+G model

i 2 | 3 | 4 | 5 | & | 7 | ] |

1. PV367232 Pleuroploca trapezium AIWC 165Bar1 Moll03

2. PV942239 Pleuroploca trapezium AIWC 165Bar1 Maoll40 0.005

3. PV770192 Pleuroploca trapezium AIWC/RES/12/23/0322(1) 0005 0.0

4, PV282451 Pleuroploca trapezium AIWC/RES/12/23/0322(2) 0005 00100 0.000

5. KT733832 Pleuroploca trapezium MNHN:IM:2009-13358 0.045  0.081 0.040f 0.040

6. KT733840 Polygona infundibulum MNHM:IM:2013-19581 poss 00485 0083 0.083  0.094

7. 0450139 Filifusus filamentosus MNHMN-IM-2007-32592 D130 0138 0124 0124 0112 0.094

8. KT733205 Filifusus filamentosus MNHMN:IM:2013-13107 0136 0144 0130 01300 07118 0094 0020

Figure 88: K2P distance matrix for Pleuroploca trapeziunusing 16Sbar primers

7.11.9.0rder Neogastropoda Family Muricidae

The familyMuricidaeis one of the most morphologically diverse groups of molluscs,
comprising over 1,600 extant described species. For validation in the present study,
five different genera were tested, includi@icoreus ramosysPurpura bufo, In-
dothais lacera Rapana rapiformisand Murex sp.1. Given the commercial signifi-
cance ofC. ramosusand its considerable variation in shell morphology across growth
stages, four individuals were included. All the rdaircodes sequenced showed high
similarity to their respective reference sequences, confirming accurate species identi-
fication. However,Murex sp.includedin this study requires proper taxonomic identi-

fication. Except forMurex sp., which failed to amplify with the Fwd464 primer set,



Results and discussion

al other species were successfully amplified with all three primer sets shoveed cle

speciedevel discrimination (Fig 824.14)

100%

100%

100%

0.000

0.007

0.000

0.004

100%

0.000
100%

% PV339616 Chicoreus ramosus AIWC/Fwd464 Moll22

100%
0.000
100% 000
0.000

0.000

PV871994 Chicoreus ramosus AIWC/RES/12/23/0358(2)
PV973163 Chicoreus ramosus AIWC/RES/12/23/0358(4)
PV523569 Chicoreus ramosus AIWC/Fwd464 Moll27

0.000 m PV804124 Chicoreus ramosus AIWC/RES/03/23/0358(5)

0.011

100%

0.000

0Q449645 Chicoreus ramosus SV01

PV336037 Chicoreus ramosus Fwd464 Moll07

0.000

("’/f PV617358 Chicoreus ramosus AIWC/Fwd464 Moll23

0. OOOQ PV952730 Chicoreus ramosus AIWC/RES/12/23/0358(1)

0.089
100%

0.000

100% 0.022

0.004

0.015

100%

0.094

0.035

0.105

100%

0.010

0.109

0. 097Q 0Q690646 Chicoreus brunneus CBR2

0.079

% PQ276882 Chicoreus brunneus UMTMoll3118

MK308506 Siratus consuela MNHN-IM-2013-72893

PV523544 Chicoreus ramosus AIWC/Fwd464 Moll15
PV973314 Chicoreus ramosus AIWC/RES/12/23/0358(3)
OR252566 Chicoreus saulii MNHN-IM-2009-4905
GU575370 Chicoreus axicornis

OR252564 Chicoreus cornucervi MNHN-IM-2009-4904

Figure 89: Dendrogram tree for Chicoreus ramosusising Fwd464 primers using T92+G
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1. PV336037 Chicoreus ramosus Fwd464 Moll07

2. PV617358 Chicoreus ramosus AIWC/Fwd464 Moll23

3. PV523544 Chicoreus ramosus AIWC/Fwd464 Moll15

4, PV339616 Chicoreus ramosus AIWC/Fwdd64 Moll22

5. PV523569 Chicoreus ramosus AIWC/Fwd464 Moll27

6. PV952730 Chicoreus ramosus AIWC/RES/12/23/0358(1)
7. PV871994 Chicoreus ramosus AIWC/RES/12/23/0358(2)
8. PV973314 Chicoreus ramosus AIWC/RES/12/23/0358(3)
9. PV973163 Chicoreus ramosus AIWC/RES/12/23/0358(4)
10. PV204124 Chicoreus ramosus AIWC/RES/03/23/0358(3)
11. 00449645 Chicoreus ramosus SV01

12. PO276882 Chicoreus brunneus UMTMoll3118

13. 00690646 Chicoreus brunneus CBRZ

14. OR252564 Chicoreus cornucervi MNHN-1M-2009-4904
15. GU575370 Chicoreus axicornis

16. OR252566 Chicoreus saulii MNHN-IM-2009-4903

17. MK308506 Siratus consuela MNHN-IM-2013-72893

Figure 90: K2P distance matrix for Chicoreus ramosusising Fwd464 primers
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Development of DNA minbarcodes for Forensic identification of Molluscs speci@sNIl Project; Feb. 2023/arch 2025;
AIWC (R, T & E), TNFD, Vandalur

% PV839831 Chicoreus ramosus AIWC/Rev moll23

100% | 0.000 L pv595855 Chicoreus ramosus AIWC/Rev461 Moll27
0.000
0.000 )
100% ——— PV533986 Chicoreus ramosus AIWC/Rev461 Moll22
0.000
0.000 —— PV871994 Chicoreus ramosus AIWC/RES/12/23/0358(2)
100% 0.000
0.008 % PV973163 Chicoreus ramosus AIWC/RES/12/23/0358(4)
100% .
o114 0.000 5000 PV804124 Chicoreus ramosus AIWC/RES/03/23/0358(5)
ﬂ': PV359267 Chicoreus ramosus AIWC/Rev461 Moll15
0.000
100% | 0-008 PV973314 Chicoreus ramosus AIWC/RES/12/23/0358(3)
100% 0008 | 100 ——— PV355671 Chicoreus ramosus AIWC/Rev461 Moll07
0.000
0.064 )
0008 L PV952730 Chicoreus ramosus AIWC/RES/12/23/0358(1)
0.008
~100% [ OR252573 Chicoreus barclayi MNHN-IM-2009-4913
0.046
100% ) )
> 100% | 0-000 L MK308497 Chicoreus brevifrons MNHN-IM-2013-73102
0.079 0.000
0.150 ﬂ': NC 039164 Chicoreus torrefactus
0.000
0.294 MN793976 Chicoreus asianus
0.000
.00 OR252560 Chicoreus aculeatus MNHN-IM-2009-4900
MK308455 Siratus consuela MNHN-IM-2013-72733
0.215
Figure 91: Dendrogram tree for Chicoreus ramosusising Rev461 primers using T92+|
1 2 ‘ 3 | 4 | 5 | 1] ‘ 7 | g 9 ‘ 10 ‘ 11 | 12 | 13 ‘ 14 ‘ 15 | 16
1. PV339267 Chicoreus ramosus AIWC/Revdb1 Moll15
2. PV533986 Chicoreus ramosus AIWC/Rev461 Moll22 0.015
3. PV239831 Chicoreus ramosus AIWC/Rev moll23 0015 0.0o00
4. PV595855 Chicoreus ramosus AIWC/Rev461 Moll27 0015 0.000 0.000
3. PV3353671 Chicoreus ramosus AIWC/Revdb1 MollD7 005 0.01s 0.01s 0015
6. PV952730 Chicoreus ramosus AIWC/RES/12/23/0358(1) 0.023 0023 0023 0.023 0.008
7. PV871994 Chicoreus ramosus AIWC/RES/12/23/0358(2) 0.023 0.008 0.008 p.o0s 0023 0015
8. PV973314 Chicoreus ramosus AIWC/RES/12/23/0338(3) 0.008 0023 0023 0023 0023 0015 0015
9. PV973163 Chicoreus ramosus AIWC/RES/12/23/0358(4) 0.023 0.00g 0.00g p.o0s 0023 0015 0.oa0 0.015
10. PVB04124 Chicoreus ramosus AWC/RES/03/23/0358(5) | 0073 0008 0008 0008 0023 0015 0000 0015 0000
11. OR252573 Chicoreus barclayi MMHN-IM-2009-4913 0114 0123 0123 0123 0133 0142 0133 0423 0133 0133
12. OR252560 Chicoreus aculeatus MMHN-IM-2009-4900 0106 0085 0088 0088 0106 D115 0087 0115 0097 0037 0115
13. NC 039164 Chicoreus tomrefactus 0133 0124 0124 0124 0133 0133 0124 0133 0124 0124 0116 0123
14, MN783876 Chicareus asianus 0133 0124 0124 0124 0133 0133 0124 0133 0124 0124 0176 0123 0000
15. MK308497 Chicoreus brevifrons MNHN-IM-2013-73102 | 0,087 0.106 0006 0106 0087 0106 0015 0106 0115 0116 0031 0097 0115 0115
16. MK308455 Siratus cansuela MNHN-IM-2013-72733 0105 0123 0123 0123 0123 07132 0132 0114 0132 0132 0097 0125 0141 0141 0.09
Figure 92: K2P distance matrix for Chicoreus ramosusising Rev461 primers
97% PV404209 Chicoreus ramosus AIWC 16SBarl Moll15

97% o0 L PV282436 Chicoreus ramosus AIWC/RES/12/23/0358(4)
97% 0-000 V282425 Chicoreus ramosus AIWC/RES/12/23/0358(1)
PV282440 Chicoreus ramosus AIWC/RES/12/23/0358(5)
PV282429 Chicoreus ramosus AIWC/RES/12/23/0358(2)
PV282435 Chicoreus ramosus AIWC/RES/12/23/0358(3)
PV840023 Chicoreus ramosus AIWC/16Sbarl Moll23
PV840021 Chicoreus ramosus AIWC/16Sbarl Moll27
PV412767 Chicoreus ramosus 16Sbharl Moll22
PV392653 Chicoreus ramosus AIWC 16SBarl Moll08
GU188091 Chicoreus asianus LSGB2300601

NC 039164 Chicoreus torrefactus

0.000

97% (0.000

0.082

S OR257869 Chicoreus cornucervi MNHN-IM-2009-4904
0231186 OR257870 Chicoreus microphyllus MNHN-IM-2009-4998
OR257871 Chicoreus sauli MNHN-IM-2009-4905
o OR257874 Chicoreus barclayi MNHN-IM-2009-4913
‘ 0.02529 FN651908 Siratus pliciferoides

Figure 93: Dendrogram tree for Chicoreus ramosusising 16Sbar primers using T92+G



Results and discussion

1 1‘;|4|5|5‘ ‘S‘9|10|11‘12‘l}‘14|15|16|1‘
1. PV404209 Chicereus ramosus AIWC 165Bar1 Moll13
2. PV282436 Chicoreus ramosus AIWC/RES/12/23/0358(4) 0.000
3. PV282425 Chicoreus ramasus AIWC/RES/12/23/0358(1) 0.0o0 0.000
4. PV282440 Chicoreus ramasus AIWC/RES/12/23/0338(5) 0.0o0 0.000 0.000
5. PV282429 Chicoreus ramosus AIWC/RES/12/23/0358(2) o000 0.000  0.000  0.000
6. PV282435 Chicoreus ramosus AIWC/RES/12/23/0358(3) oooo 0000 0.0000  0.0000 0000
7. PV240023 Chicoreus ramasus AIWC/165bar1 Moll23 0.000 0.000 0.000 0.000 o.non 0.0oo
8. PVa40021 Chicoreus ramasus AIWC/165bar1 Moll27 0.000 0.000 0.000 0.000 0.0on 0.000 0.000
9. PV392653 Chicoreus ramosus AIWC 165Bar1 Moll02 0008 0006 0006 0.006 0006 0006 0006 @ 0.006
10. PV412767 Chicoreus ramosus 165barl Mell22 oooo 0000 0.000  0.000 00000 0000 0000 0000  0.006
11.GU188091 Chicoreus asianus LSGB2300601 0141 0141 0141 0141 014 0141 01 0.1 0133 0y
12. NC 039164 Chicoreus torrefactus 0141 0.141 0.141 0141 0141 0141 0141 0.1 0133 0y 0.000
13. OR257871 Chicoreus saulii MNHN-IM-2009-4305 0185 0185 0185 0185 0185 0185 0185 0185 07183 0185 0139 0133
14. OR257870 Chicoreus microphyllus MNHN-IM-2003-4993 0173 01739 0173 0179 0179 0179 0179 0179 0477 0179 0133 0133 0768
15. OR257869 Chicoreus cornucervi MNHN-IM-2009-4904 0197 0197 0197 03197 0187 0197 0197 0397 0798 0197 07700 01700 0792 0179
16. OR257874 Chicoreus barclayi MNHN-IM-2009-4913 0207 0207 0207 0207 0207 0207 0207 0207 0213 0207 07189 07189 03174 0189 0184
17. FN651908 Siratus pliciferoides 0163 0163 0163) 01649 0189 01683 0163 0163 0175 01689 01600 0160 01583 0145 02020 0114

Figure 94: K2P distance matrix for Chicoreus ramosusising 16Sbar primers
PV639643 Purpura bufo AIWC/RES/12/23/0359

100% 0.000
0.004
100% ————— HE584386 Purpura bufo NHMUK: 20080930
0.069 '
PV336010 Purpura bufo Fwd464 Moll08
100% 0.000
0.012
OK350733 Purpura marginalba AMS:C.532790
0.086
100%
0.057
0118 MW278199 Purpura dumosa UF:Invertebrate Zoology:508203
A1
KF246694 Purpura rudolphi CIFEFGB-TR-003
0.082
100%
0.104
0Q690648 Purpura persica PPE1
0.001
Figure 95: Dendrogram tree for Purpura bufousing Fwd 464 primers using HKY+G
model
1 2 | 3 | 4 | 5 | [} | 7 |
1. PV639643 Purpura bufo AIWC/RES/12/23/0359
2. HE584386 Purpura bufo NHMUK:20080830 0.000
3. PW336010 Purpura bufe Fwd464 Mell08 0.005% 0005
4, OK350733 Purpura marginalba AMS:C.532790 IRED 0191 0.188
5. MW278199 Purpura dumosa UF:Invertebrate Zoology: 508203 0227 027 0.2 0206
6. KF246694 Purpura rudelphi CIFEFGB-TR-003 0.251 0251 0.251 0.303 0.334
7. 00690648 Purpura persica PPE1 017a 0178 0173 0220 0.246 0.081

Figure 96: K2P distance matrix for Purpura bufousing Fwd 464 primers
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Development of DNA minbarcodes for Foreitsidentification of Molluscs specie$ANII Project; Feb. 2023/arch 2025;
AIWC (R, T & E), TNFD, Vandalur

— PV342508 Purpura bufo AIWC/Rev461 Moll08
100% 0.000
0.000
100% YT PV639643 Purpura bufo AIWC/RES/12/23/0359
0.093
100% 0007 KC466599 Thais bufo cc02
0.071
—— KC883656 Ocinebrina edwardsii BAU907.2
100% 0.000
100% 0.067
0.039 ——— KC883651 Ocinebrina edwardsii BAU909.13
: 0.007
—————— HM180493 Ocinebrellus inornatus NSMK:MS-000636
100% 0.000
0.124
Y HM180716 Neptunea cumingi NSMK:MS-000481
0209 EU073061 Thais haemastoma voucher SAFL1

Figure 97: Dendrogram tree for Purpura bufo using Rev461 primers using T92+I model

1 2 3 | 4 | 5 | & | 7 | & |
1. PV342508 Purpura bufo AIWC/Revd&1 Moll08
2. KC466599 Thais bufo cc02 0.ao?
3. PV639643 Purpura bufe AIWC/RES/12/23/0359 £.aon 0.007
4, KCB83656 Ocinebrina edwardsii BAU90T.2 01ee 0134 0126
5. HM180493 Ocinebrellus inornatus MSMIK:MS-000636 0174 0183 0174 0148
6. HM 180716 Neptunea cumingi NSME:MS-000481 0183 07982 0183 03157 002
7. KCB33651 Ocinebrina edwardsii BAUS09.13 0134 07143 0134 0007 01400 07148
8. EU073061 Thais haemastama voucher SAFL1 nee L1z f.e12 0.230 0.211 0221 n.2z1

Figure 98: K2P distance matrix for Purpura bufousing Rev461 primers

—————— FJ460473 Thais javanica D-1
100% 0.000
0.000
100% \———— FJ460471 Thais bronni L-1
0.000
0.000
100% 500 GU188122 Thais clavigera LSGB2300823
0.083
—————— MKB564696 Reishia clavigera QX-TC12
100% 0.000
0.000
————— MG564469 Thais luteostoma T13
0.000
0080 HE584231 Thais triangularis IBUNAM:CNMO:3101
100%
0.002 0005 PV367235 Purpura bufo AIWC 16SBarl Moll08
100% '
0.048 ———— PV793669 Purpura bufo AIWC/RES/12/23/0359
100% 0.000
0.000
oo HE584305 Thais bufo NHMUK:20080930

Figure 99: Dendrogram tree for Purpura bufousing 16Sbar primers using T92 model



. PV367235 Purpura bufo AIWC 165Bar1 Mell02

. PV793669 Purpura bufo AIWC/RES/12/23/0359

. HE384303 Thais bufo NHMUK:20080930

» HE384231 Thais triangularis IBUNAM:CNMO:3101
. MK364696 Reishia clavigera QX-TC12

. MG564469 Thais luteostoma T13

. GU188122 Thais clavigera LSGB2300823

. FJ460473 Thais javanica D-1

. F1460471 Thais bronni L-1

[T == T B I = T R ) Y= (R By T

Results and discussion

1 Z 3 | 4 | 5 3 | 7 | & | ] |
0.005

0.005  0.000

01300 07124) 0124

0129, 0123 0123 0754

0129, 0123 03123 0159 0.000

0129 0123 0123 0159 0.000 0000

0129 0123 0123 015% 00000 o000 0.000

0129, 0123 03123 0158 0.0000 0000 0000 0000

Figure 100 K2P distance matrix for Purpura bufousing 16Sbar primers

PV618250 Indothais lacera voucher AIWC/Fwd464 Moll24

PV827103 Indothais lacera AIWC/RES/12/23/0378(2)

MG520758 Indothais rufotincta P 5 INRU

NC 063940 Indothais javanica

100% 0.002
0.090
100% 0.005
0.028
100% 0.001
0.100
0.032
0.113
100%
0.024
100% 0.000
0.133
0.002

NC 063938 Indothais sacellum

KC466646 Drupella rugosa dz05

MG520743 Indothais malayensis S 20 INMA

Figure 101 Dendrogram tree for Indothais lacerausing Fwd464 primers using HKY+I

1. PVE18230 Indothais lacera voucher AWC/Fwd464 Moll24

2, PV827103 Indothais lacera AIWC/RES/12/23/0378(2)

3. MG520758 Indothais rufetincta P 5 INRU

4. NC 063940 Indothais javanica

5. MG520743 Indothais malayensis 5 20 INMA

6. MC 063932 Indothais sacellum

7. KC466646 Drupella rugosa dz05

model
1 2 | 3 4 5 (-] 7
00010
013316 013626
014521 014338 0031449
014930 014649 0.14035 015536
014910 015231 016175 0167598 012825
016211 0.15534 016486 017113 n1ine 0.00235

Figure 102 K2P distance matrix for Indothais lacerausing Fwd464 primers
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Development of DNA minbarcodes for Forensic identification of Molluscs speci@sNIl Project; Feb. 2023/arch 2025;

AIWC (R, T & E), TNFD, Vandalur

0.013

MN703085 Indothais lacera M1904SD-19

PP651700 Indothais sacellum BHKG-1607

PV362324 Indothais lacera AIWC/Rev461 Moll61

100%
0.012
100% 0.146
0.002
100%
0.000
0.070
0.122
0.000
100%
0.113
0.117

FN677411 Haustrum lacunosum

AF550490 Crepidula perforans

AF546019 Crepidula philippiana

Figure 103 Dendrogram tree for Indothais lacerausing Rev461 primers using T92+G

model
1 | 2 | 3 ‘ 4 ‘ 5 | 5

1. PV362324 Indothais lacera AIWC/Revd1 Mollgl
2. MMNT03085 Indothais lacera M130450-19 n.ozz
3. AF550480 Crepidula perforans 0103 oam
4. AF546019 Crepidula philippiana 01100 0119 0069
5. PPE51700 Indothais sacellum BHKG-1607 0034 0094 0093 053
6. FME77411 Haustrum lacunosum nioz 0.146 niz?y 0155

Figure 104 K2P distance matrix for

100% 0.000
0.006
100% 0.000
0.078
100% 0.000
100%
0.006
0.032 —
0.000
100%
0.027 0.076
0.172
0.191
100%
0.009 —
99% 0.013
0.080
0.050

Indothais lacerausing Rev461 primers
PV390994 Indothais lacera AIWC 16SBarl Moll61

PV834199 Indothais lacera AIWC/RES/03/23/0378(2)
PV282437 Indothais lacera AIWC/RES/12/23/0378(1)
PV412605 Indothais lacera AIWC 16SBarl Moll24
NC 063938 Indothais sacellum

MG582430 Indothais rufotincta P17

0OQ777115 Rapana venosa

MG582386 Indothais gradata J31 16S

HE587943 Thais malayensis NHMUK:20080835

Figure 105 Dendrogram tree for Indothais lacerausing 16Sbar primers using T92+G
model



Results and discussion

1 2 | | 4 | 5 | [ | 7 | g | 9
1. PV390994 Indothais lacera AIWC 165Bar1 Moll61
2. PY33419% Indothais lacera AIWC/RES/03/23/0378(2) p.oon
3. PV282437 Indothais lacera AIWC/RES/12/23/0378(1) n.o1n 0.010
4. PV412605 Indothais lacera AIWC 165Bar] Moll24 p.oto 0010 0.000
5. NC 063938 Indothais sacellum 0093 0.099 0.099 0.0939
6. MG582386 Indothais gradata J31 165 005 0105 0105, D05 D05
7. MG582430 Indothais rufotincta P17 01e 0116 0116 0116 01400 0140
2. HE587943 Thais malayensis NHMUK:20080835 pDag? 0a2¢ 0127 0127 00400 0045 028
9. 0Q777115 Rapana venosa 029 0129 0128 0129 0352 0116 0164 0152

Figure 106 K2P distance matrix for Indothais lacerausing 16Sbar primers

0.000
100%

0.000

100% 0.002

0.130

100%

0.002
0.069

MTO079811 Rapana rapiformis GS22

PV571731 Rapana rapiformis AIWC/RES/12/23/0375

PV422815 Rapana rapiformis AIWC FWD464 Moll43

0.076

0.168

100%

0.014

0.188

FN677421 Rapana bezoar

HE584321 Thais triangularis UCR:7790

MG520866 Reishia clavigera K 8 RECLA

Figure 107: Dendrogram tree for Rapana rapiformisusing Fwd464 primers using

HKY+| model
1 2 | 3 | 4 | 5 | [} |

1. P¥422815 Rapana rapiformis AIWC FWD464 Moll43
2. MT079811 Rapana rapiformis G522 n.0oz
3. P¥571731 Rapana rapiformis AIWC/RES/12/23/0375 0.004 n.ooz
4. FN677421 Rapana bezoar 0144 0142 0.144
5. HE584321 Thais triangularis UCR:7790 01849 0189 0192 0186
6. MG520866 Reishia clavigera K 8 RECLA n1ag 02000 0203 0a84 0211

Figure 108 K2P distance matrix for Rapana rapiformisusing Fwd464 primers

100% 0.000

0.000

100%
0.000

0.040

PV342553 Rapana rapiformis AIWC/Rev461 Moll43

PV571731 Rapana rapiformis AIWC/RES/12/23/0375

100% 0.000

0.042

0.000

100%

0.050

0.028

100% 0.000

0.121

0.000

MN703093 Rapana rapiformis M1902DoF-07

KM218674 Polystira SUR 0909021

KM218672 Polystira nobilis PAN P 0115026

MN389135 Rapana bezoar LSGB N 043

0Q828232 Rapana venosa HNWI-2246

Figure 109 Dendrogram tree for Rapana rapiformisusing Rev461 primers using T92
model
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Development of DNA minbarcodes for Forensic identification of Molluscs speci@sNIl Project; Feb. 2023/arch 2025;
AIWC (R, T & E), TNFD, Vandalur

1 2 | 3 | 4 | 5 | [ | ri
1. PV342553 Rapana rapiformis AIWC/Revdfl Molld3
2. PV571731 Rapana rapiformis AIWC/RES/12/23/0375 0.ao0a
3. MNT03093 Rapana rapiformis M1902DoF-07 p.0oo0  0.000
4, KM218674 Polystira SUR 0909021 0.088 0.088 0.088
5. KM218672 Polystira nobilis PAN P 0113026 n.11a 0110 0110 0.029
6. MMN389135 Rapana bezoar LSGB M 043 0205 0205 0205 0204 D217
7. 00828232 Rapana venosa HNWI-2246 0205 D205 0205 0204 0217 0.000

Figure 110 K2P distance matrix for Rapana rapiformisusing Rev461 primers

PV942269 Rapana rapiformis 16SbarMoll43

100% 0.005

0.005

100% T — PV282454 Rapana rapiformis AIWC/RES/12/23/(

0.044

100% Py GU188080 Rapana rapiformis LSGB2300302

0.012

KM213962 Rapana venosa
0.059

o061 GU188057 Rapana bezoar LSGB2300102

99%

0.010 Y GU188126 Thais gradata LSGB2300901
99% :

0.045

KC466679 Reishia bronni liu02
0.000

Figure 111 Dendrogram tree for Rapana rapiformisusing 16Sbar primersusing T92+G
model

1 2 | 3 ‘ 4 | 5 | [ |

1. PV942269 Rapana rapiformis 165barMoll43

2. P\V282454 Rapana rapiformis AIWC/RES/12/23/0375 0.005

3. GU188080 Rapana rapiformis LSGB2300302 0010 0.005

4, GU188126 Thais gradata LSGB2300901 0.096 0.0 0.0585

5. KC466679 Reishia bronni liu(2 0098 0.091 0.085  0.000

6. KM213962 Rapana venosa 0107 0102 0.096 0108 0.108

7. GU1B8057 Rapana bezoar L5SGB2300102 013 0126 01200 0303 0703 0.az0

Figure 112 K2P distance matrix for Rapana rapiformisusing 16Sbar primers



100%

0.028

100%

0.019

100%

0.000

0.000

Resultsand discussion

PV362495 Murex AIWC/Rev461 Moll74

PV765421 Murex AIWC/RES/09/24/0395

0.011 0.035

0.148

0.148

100%

0.011

99%

0.000

0.022

0.015

OR252572 Murex troscheli MNHN-IM-2009-5045

KU496644 Hexaplex trunculus LMBAG28-001

GU188199 Murex trapa LSGB2300405

JN088278 Murex pecten em27

OR252570 Murex africanus MNHN-IM-2007-38026

Figure 113 Dendrogram tree for Murex.spusing Rev461 primers using HKY+I model

1. PV362495 Murex AIWC/Revddl Moll74

2. PV765421 Murex AIWC/RES/09/24/0395

3. OR252572 Murex troscheli MNHN-1M-2009-5045

4, INDB327E Murex pecten em27

5. OR252570 Murex africanus MMHMN-M-2007-38026

6. GU183199 Murex trapa LSGE2300405

7. KU496644 Hexaplex trunculus LMBAG22-001

1 2 | 3 | 4 | 5 | & | 7 |
0.000

0.052  0.052

0070 0070 0077

0.071 0071 0077 0.03

0108 0108 0122 0115 0102

0110 0110 0124 0131 0104 0166

Figure 114 K2P distance matrix for Murex. spusing Rev461 primers

98%

0.081

97%

0.034

98%

0.005

0.000

PV400556 Murex AIWC 16SBarl Moll74

PV793451 Murex AIWC/RES/09/24/0395

0.042 0.032

0.037

0.109

98%

0.052

100%

0.052

0.000

0.010

Figure 115 Dendrogram tree for Murex.spusing 16Sbar primers using T92+G model

FN651903 Murex pecten

OR257873 Murex troscheli MNHN-IM-2009-5045

AM712602 Hexaplex trunculus Piedras-01

GU188087 Murex trapa LSGB2300402

MN266199 Murex tribulus
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Development of DNA minbarcodes for Forensic identification of Molluscs speci@sNIl Project; Feb. 2023/arch 2025;
AIWC (R, T & E), TNFD, Vandalur

i 2 | 3 | 4 | 5 | & | 7
1. PV400556 Murex AIWC 165Bar1 Moll74
2. PV793451 Murex AIWC/RES/09/24/0395 0.005
3. FMB531903 Murex pecten 0.07e 0.067
4, OR257873 Murex troscheli MNHN-IM-2009-5045 | 0111 0105  0.067
5. AMT12602 Hexaplex trunculus Piedras-01 0147 014 0142 0140
6. GU18808T Murex trapa LSGB2300402 01460 01400 0135 07322 07106
7. MN266199 Murex tribulus 0189 0153 0147 0134 0116  0.010
Figure 116 K2P distance matrix for Murex.spusing 16Sbarprimers
7.11.10. Order Littorinimorphai Family Cypraeidae

The genugrroneabelongs to the familfCypraeidae(cowries). Despite two rounds

of DNA extraction, PCR amplification was successful only with the Rev461 primer
set. Amplification attempts using multiplewastermix, both with and without the ad-
dition of Bovine Serum Albumin (BSA), did not yield results with other primers. The
amplified fragment did not clearly distinguish betwdemonea onyxand E.adusta

(Fig 115 & 116)

5008 PV345588 Erronea onyx AIWC/Rev461 Moll09
100% ’

0.004

100% 0,033 DQ207346 Erronea adusta Sey 1544

0.039

NC 072234 Erronea onyx
0.000

NC 072235 Erronea caurica
0.028

100%

0.013

LC814758 Erronea errones GP-1
0.056

100%

0.008

0019 MZ560483 Erronea cylindrica USNM:1467399

Figure117: Dendrogram tree for Erronea onyxusing Rev461primers using T92+G

model
1 2 | 3 | 4 | 5 | &

1. PY345588 Erronea onyx AIWC/Revdsl Moll09
2. MC 072234 Erronea onyx 0.013
3. NC 072235 Erronea caurica 0073 D.0R9
4, LC814758 Erronea errones GP-1 0073 0073 0073
5. DO207346 Erronea adusta Sey 1544 0039 0039 0302 0.073
6. MZ560483 Erronea cylindrica USMNM: 1467399 0080  D0D0EB 0033 0053 0110

Figure 118 K2P distance matrix for Erronea onyxusing Rev461 primers



Results and discussion

7.11.11. Order Neogastropoda Family Nassariidae

The Nassariidaeis a diverse family omud whelks predominantly found in tropical
wates. Using three mitochondrial and two nuclear gene markers, Galindo et al.
(2016) constructed a comprehensive molecular phylogeny that refined and expanded
the previously recognized limits of the grodghe family currently comprises about

603 valid extant specieMplluscabasg2020a) Two differentNassariusspecies were
barcoded through this project but thpeciesare yet to be identified. All the three
primer sets got successfully amplified, yet the hsi@ecies distance is below 3%,

hence cannot used for comfiing species.

| 100% [ PV339412 Nassarius Fwd464 Moll17

0| 0000 | py339765 Nassarius Fwd464 Moll19

0.003 0.000
100% v PV339538 Nassarius AIWC/Fwd464 Moll20
0.000 100% PV871895 Nassarius AIWC/RES/12/23/0355(1)
0.000 PV871502 Nassarius AIWC/RES/03/23/0355(2)
0.043 0.000
100% PV340234 Nassarius Fwd464 Moll13
100% " 0.000
0.003 PV715108 Nassarius AIWC/RES/12/23/0354(1)
0.008 0.000
NC 041546 Nassarius foveolatus
100% 0.049
NC 041310 Nassarius conoidalis
0.003 100% 0.028
MG682443 Nassarius olivaceus NAS-Silpi
0.004 100% 0.003
0.031 % PV871462 Nassarius AIWC/Fwd464 Moll36
0.000 \W PV834037 Nassarius AIWC/RES/12/23/0360
100% VOOT FJ660649 Nassarius hepaticus 11-2
0.006 GU393382 Nassarius acuminatus DJ-3

0.054

Figure 119 Dendrogram tree for Nassarius spusing Fwd464 primers using TN92+G

model
1 2 | 3 ‘ 4 ‘ 5 ‘ [ | 7 | g | 9 | 10 | 11 | 12 | 13 | 14 |
1. PV340234 Nassarius Fwd464 Moll13
2. PY339412 Nassarius Fwd464 Moll17 0.006
3. PV339765 Massarius Fwd464 Moll19 0.006 0.000
4, PV339538 Nassarius AIWC/Fwd464 Moll20 0.006  0.0000  0.000
5. PV871462 Nassarius AIWC/Fwd464 Moll36 0.0vz 0.068 0.068 0.068

6. PV715108 Massarius AIWC/RES/12/23/0354(1) 0.000 0.006 0.006 0.006 0.07z2
7. PV871895 Nassarius AIWC/RES/12/23/0355(1) 0.003 0.003 0.003 0.003 0.068 0.003
8. PV871502 Nassarius AIWC/RES/03/23/0355(2) 0.003 0.003 0.003 0.003 0.068 0.003 0.000

9. PV834037 Nassarius AIWC/RES/12/23/0360 0072 0068 0064 006G 0000 0072 0063 0.068

10. MGB82443 Nassarius olivaceus NAS-Silpi 0.075 0.0 0.0 0.0 0.003 0.07% 0.0¥2 0.0#e 0.003

11, FI660649 Nassarius hepaticus 11-2 0057 0.053 0053 0053 0047 0057 0084 0054 0047 0.050

12. NC 041310 Nassarius conoidalis 0057 0.053 0053 0053 0046 0057 0053 0053 0046 0050  0.053

13. NC 041546 Nassarius foveolatus 0.075 0071 0.071 0.071 0.0s0 0075 0.0A 0.071 0.050 0053 00684 0056

14, GU393382 Nassarius acuminatus DJ-3 0064 0064 0064 0064 0.0 0.064 0064 0064 0071 0.075  0.057 0071 0.075

Figure 120 K2P distance matrix for Nassariusspusing Fwd464 primers
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Development of DNA minbarcodes for Forensic identification of Molluscs speci@sNIl Project; Feb. 2023/arch 2025;
AIWC (R, T & E), TNFD, Vandalur

% PV359244 Nassarius AIWC/Rev461 Moll13
100% 10.000 - PV437162 Nassarius AIWC Rev461 Moll17

000

100% | 0.000 .
PV342580 Nassarius AIWC/Rev461 Moll62

0.000

100% | 0.001

PV715108 Nassarius AIWC/RES/12/23/0354(1)
1009 | 0-001 0.000

PV437583 Nassarius AIWC Rev461 Moll20

0.007 0.000

100% PV437260 Nassarius AIWC Rev461 Moll19
0.007

0.007 —— MG682443 Nassarius olivaceus NAS-Silpi
100% 0.000

100%

0.024 % PV839841 Nassarius AIWC/Rev461 Moll36

0.007 - _
100% 0000 L pvg34037 Nassarius AIWC/RES/12/23/0360
° 0.000

0.003 5000 KP253016 Nassarius siquijorensis XG-2

NC 041547 Nassarius javanus
0.056

% GU393389 Nassarius algidus WC-2

100% | 0-027 ﬁ KY 783915 Nassarius conoidalis

0.011

% NC 038169 Nassarius hepaticus
[ %% 5000 P
0.029 W FJ660657 Nassarius hepaticus 12-5

Figure 121: Dendrogram tree for Nassarius spusing Rev461 primers using TN92+G

model

1 2 | 3 | 0+ | s | e | 7 | &8 | 8 | w® | u | » | 8 | s |
1. PV359244 Nassarius AIWC/Rev461 Moll13
2. PV437162 Nassarius AIWC Revdg1 Moll17 0.000
3. PV342580 Nassarius AIWC/Revd61 Moll62 0.000 0.000
4, PV437260 Nassarius AIWC Revdg1 Moll19 0.005 0.005 0.005
5. PV437583 Nassarius AIWC Rev461 Moll20 00000 00000 00000 0.005
6. PV839841 Nassarius AIWC/Rev461 Moll36 0017, 017 00?0022 007
7. PV715108 Nassarius AIWC/RES/12/23/0354(1) 0.0000 0000 00000 0005 0 0000 07
8. PV834037 Nassarius AIWC/RES/12/23/0360 oMy  0m7? 007 0022 0.m7? 0000 0017
9. KP253016 Nassarius siquijorensis XG-2 0.005 0.005 0.005 0.011 0.005 0.0z22 0.005 002z
10. GU393389 Nassarius algidus WC-2 0045 0046 0046 0.051 0.046 0.040 0046 00400 0.040
11. MGE82443 Nassarius olivaceus NAS-Silpi 0.aivy 0oz 0oy o.ozz 007 0.000 0.m7 0.000 n.nzz 0.040
12. NC 038169 Nassarius hepaticus 00400 0040 0040 0048 0.040 0046 0040 0045 0.034 0081 0.046
13. NC 041547 Nassarius javanus 0045 0045 0045 0.051 0.045  0.051 0045 0051 0.033 0045 0051 0.057
14. FJ660657 Massarius hepaticus 12-5 00400 0040 0040 00468 0040 0046 0040 0045 0034 001 0046 0000 0067
15. K¥783915 Nassarius conoidalis 0052 0052 0052 0058 0052 0046 0052 0045 0046 0028 0046 0.046 0063 0.046

Figure 122 K2P distance matrix for Nassarius.spsing Rev461 primers



Results and discussion

% PV395537 Nassarius AIWC 16SBarl Moll62
98% | 0.000 ; PV412626 Nassarius AIWC 16SBarl Moll20
9% | 0.000 ———— PV392652 Nassarius AIWC/16Sbarl Moll19
0.000 .
98% 0000 PV404210 Nassarius AIWC 16SBarl Moll17
0.007 08% 0.000 PV282434 Nassarius AIWC/RES/12/23/0355(2)
° .
o 0.000 | 98% o000 PV282433 Nassarius AIWC/RES/12/23/0355(1)
9%% 0.000 | 9% [ PV282428 Nassarius AIWC/RES/12/23/0354(1)
0.303 0.000 ; PV282432 Nassarius AIWC/RES/12/23/0365(1)
0,096 : KY488912 Nassarius vitiensis MNHN:IM 2007-36838
98% .
AB856383 Nassarius gaudiosus NUGB-NME52
0.020 | 97% 0.021
JQ975641 Nassarius hepaticus LSGB23403B21
0.008 | 99% 0.007
KY 488849 Nassarius olivaceus MNHN:IM 2007-31897
0.008 | 98% 0.001
JQ731676 Nassarius clarus
0.014 98% 0.020
o KY 488790 Nassarius conoidalis MNHN:IM 2009-29668
0.000 % PV426264 Nassarius AIWC 16SBarl Moll36
0.056 ; PVv282448 Nassarius AIWC/RES/12/23/0360(1)
93% ﬁ PV843550 Nassarius AIWC/16Sbarl Moll13

0.416 % PV282431 Nassarius AIWC/RES/12/23/0354(2)

Figure 123 Dendrogram tree for Nassarius spsing 16Sbar primers using TN92+G

model

1 2|3|4‘E|6|7‘S|9|10‘u|12‘13‘14|15‘1€‘17|15‘
1. PV383537 Nassarius AIWC 165Bar1 Moll62
2, PV412626 Nassarius AIWC 165Bar1 Moll20 ooo
3. PV392652 Nassarius AIWC/165bar1 Moll19 0.00 0.00
4. PV242550 Nassarius AIWC/165bar1 Moll13 031 0.3 0.31
5. PV404210 Nassarius AIWC 165Bar1 Moll17 0.00 0.00 0.00 031
6. PV426264 Nassarius AIWC 165Bar] Moll36 o1 0.10 0.10 034 010
7. PV282448 Nassarius AIWC/RES/12/23/0360(1) 010 IR11) 010 034 IR11) 0.00
8. PV282431 Nassarius AIWC/RES/12/23/0354(2) o 0.3 0.31 o.oa 0.3 0.34 034
9. PV282434 Nassarius AIWC/RES/12/23/0355(2) 000 000 000 031 000 010 010 031
10. PW282433 Nassarius AIWC/RES/12/23/0355(1) ooo 0.00 0.00 031 0.00 010 010 0.1 0.oo
1. PV282428 Nassarius AIWC/RES/12/23/0354(1) 000 000 000 031 000 010 010 031 0.00 0.00
12. PY282432 Nassarius AIWC/RES/12/23/0365(1) 000 0000 000 031 000 010 01 031 0.00 ooo ooo
13. K'¥488849 Nassarius olivaceus MNHIN:IM 2007-31897 00% 005 005 031 0.05 005 005 0. 0.05 005 005 005
14. ABB56383 Nassarius gaudiosus NUGB-NME52 00s 005 008 032 005 008 009 032 00§ 005 005 00§ 0.04
15. K'Y488812 Nassarius vitiensis MNHN:IM 2007-36838 005 0.05 0.05 033 0.05 0.09 009 0.33 0.05 005 0.05 0.05 no4 0.05
16. JQ731676 Nassarius clarus 006 006 006 033 006 007 007 033 006 006 006 006 002 004 004
17.JQ975641 Nassarius hepaticus LSGB23403B21 004 004 004 029 004 007 007 029 004 004 004 004 0oz 003 005 003
18. K¥488790 Massarius conoidalis MNHN:IM 2009-29668 00s 005 005 031 0.0s 007 007 031 0.05 005 005 005 002 005 003 oo4 o003

Figure 124 K2P distance matrix for Nassarius.spsing 16Sbar primers
7.11.12. Order NeogastropodaFamily Melongenidae

Due to the limited numbef genetic studies on the family Melongenidae, the effi-
ciency of the primers could not be thoroughly evaluated, even though all three primer
sets successfully amplified sequences closely matching the available reference se-
quencgFig 123128).
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EU086523 Pugilina pugilina Ppug03
100% 0.000

0.003
100% “ooos EU086524 Pugilina pugilina Ppug04
0.000 '
100% PV804121 Pugilina pugilina AIWC/RES/12/23/0330(2)
0.000
0.023
PV523572 Pugilina pugilina AIWC/Fwd464 Moll26
100% 0.005
0.079
ool MF588670 Volegalea cochlidium FBGN-SAU-Dhaka M1602Sb-63
100%
0.059 — PV363390 Volegalea cochlidium Fwd464 Moll11
100% 0.003
0.003
5000 PV639663 Volegalea cochlidium AIWC/RES/12/23/0330(1)
LC655894 Hemifusus tuba MBL15
0.149

Figure 125 Dendrogram tree for Pugilina pugilina and Volegalea cochlidiunusing
Fwd464 primers usi|ng T92+G model

L. - - | |

1. PV363390 Volegalea cochlidium Fwddéd Moll11

2. PV639663 Volegalea cochlidium AIWC/RES/12/23/0330(1) 0.00250

3. MF388670 Volegalea cochlidium FBGN-SAU-Dhaka M16025b-63 0.01516 0.01263

4. PV204121 Pugilina pugilina AIWC/RES/12/23/0330(2) 0.06852 0.06583 0.068ES

5. EU086523 Pugilina pugilina Ppug03 0.06340 0.06571 0.06852 0.00250

6. PV523572 Pugilina pugilina AIWC/Fuwd464 Moll26 0.06865 0.07134 0.07418 0.00500 0.00752

7. EU026524 Pugilina pugilina PpugDd 0.07110 0.06840 novizz 0.00501 0.00250 0.01004

8. LC655894 Hemifusus tuba MBL15 0.13497 0.13205 013518 0.14545 014518 015165 014492

Figure 126 K2P distance matrix for Pugilina pugilina and Volegalea cochlidiunusing
Fwd464 primers

PV362282 Pugilina pugilina AIWC/Rev461 Moll26

100% 0.000
0.000
EU086523 Pugilina pugilina isolate Ppug03
0.000
100%
0.012
PQ536051 Volegalea cochlidium GTP001
0.000
100%
100 o EU086524 Pugili ilina Ppug04
ugilina pugilina Ppu
0.042 0.000 9 Pug pug
PV355677 Volegalea cochlidium AIWC/Rev461 Moll11
100% 0.000
0.013
0015 PV639663 Volegalea cochlidium AIWC/RES/12/23/0330(1)
Py HQ834069 Hemifusus tuba LSGB2330401

Figure 127: Dendrogram tree for Pugilina pugilina and Volegalea cochlidiunusing
Rev461 primers using T92 model



Results and discussion

| 2 | 3 | 4 | 5 | & | 7 |
1. PV355677 Volegalea cochlidium AIWC/Rev461 Moll11
2. PV362282 Pugilina pugilina AIWC/Revdfl Moll2& 0.025
3. EUD26523 Pugilina pugilina isolate Ppugl3 0.025 n.ooa
4. PO536051 Volegalea cochlidium GTPOOT 0025 00000 0000
5. EU026524 Pugilina pugilina Ppugld 0.025 0.aoa 0.00a 0.000
6. PV639663 Volegalea cochlidium AIWC/RES/12/23/0330(1) 0.019 0.045 0.045 0.045 0.045
7. HO23406% Hemifusus tuba LSGE2330401 na2z2 0122 0122 03122 0122 0138

Figure 128 K2P distance matrix for Pugilina pugilina and Volegalea cochlidiunusing
Rev461 primers

PV383263 Volegalea cochlidium AIWC 16SBarl Molll
98%

0.000

98% PP489226 Volegalea cochlidium

0.000

98% L PV282426 Volegalea cochlidium AIWC/RES/12/23/03:
0.024 0.000

97% PP489439 Volegalea cochlidium SR579-3
o 0.000

0.028

PV282439 Pugilina pugilina AIWC/RES/12/23/0330(2)

97%

0.035

0.009 PV426257 Pugilina pugilina AIWC 16SBarl Moll26

MN462591 Hemifusus tuba
0.073

Figure 129 Dendrogram tree for Pugilina pugilina and Volegalea cochlidiunusing
16Sbar primers using T92 model
2

: L J - 1 - [ = |

4

1. PW383263 Volegalea cochlidium AIWC 165Bar1 Moll11

2. PP483226 Volegalea cochlidium 0.000

3. PV282426 Volegalea cochlidium AIWC/RES/12/23/0330(1) 0.000 0.000

4. PP4339433 Volegalea cochlidium SR579-3 n.0ooo 0.0000  0.000

5. PW282439 Pugilina pugilina AIWC/RES/12/23/0330(2) 0.0549 0.059 0.059 0.059

6. PY426257 Pugilina pugilina AIWC 165Bar1 Moll26 00B3 0089 0063 0.089  0.0049

7. MN462591 Hemifusus tuba 0121 0121 01 0121 nazg 0139

Figure 130 K2P distance matrix for Pugilina pugilina and Volegalea cochlidiunusing
16Sbar primers
7.11.13. Order Littorinimorpha - Family Cymatiidae

Lotoria triangularis and Ranularia oboesavere sequenced and submitted to
NCBI for the first time through this study. The recent revision of the superfamily
Tonnoideaby Strong et al. (2019) pvided a modern framework for-ealuating
traditional taxonomy. Botlotoria and Ranulariawere confirmed as monophyletic
clades in their analysis, aligning with our phylogenetic findings. Due to the limited
availability of sequence data within these gex) closely related taxa from the same

family were used for comparative analysis.
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Development of DNA minbarcodes for Forensic identification of Molluscs speci@sNIl Project; Feb. 2023/arch 2025;
AIWC (R, T & E), TNFD, Vandalur

All three primer sets successfully amplifi@hnularia oboesawhereas the
Fwd464primer set failed to amplif§or Lotoria triangularis Despite this, both Max-
imum Likelihoad (ML) phylogenetic reconstruction and pairwise distance matrix
analyses clearly resolved the species included in the comp@fgo291 138). The
sequences generated using riiarcodes showed high similarity to their respective
references, supportintpeir taxonomic identity and utility for speciesvel discrimi-

nation within the familyCymatiidae

PV362509 Lotoria tnangulans AMC/Rev461 Moll28

100%

PV804128 Lotoria triangularis voucher AWGC/RES/ 2/23/0326

0.001

100% IR MHS581346 Monoplex krebsii MNHN-IM-2013-55032
0.011

MC 013247 Monoplex parthenopeus

Do PV533874 Ranularia oboesa AIWC/Rev461 Moll83

Figure 131 Dendrogram tree for Lotoria triangularis using Rev 461 primers using T92+

G model
1 2 | 3 | 4 | 5
1. PV262309 Loteria triangularis AIWC/Rev461 Moll28
2. NC 013247 Monoplex parthenopeus 0.0879062198
3. PV333974 Ranularia oboesa AIWC/Rev461 Mollg3 0.0872468017 0.0624770112
4, MH581346 Meonoplex krebsit MMHN-IM-2013-55932 0.09791 42687 00833370132 0.09791 42687
5. PVB04128 Lotoria triangularis voucher AIWC/RES/12/23/0326 [.0000000000a 00873062193 0.09724638017 0.0979142687

Figure 132 K2P distance matrix for Lotoria triangularis using Rev 461 primers

PV423072 Lotoria triangularis AWGC 16SBar1 Moll28

100%

0.010

PV282441 Lotoria tnangularis AWC/RES/12/23/0326

100%

0.005

e MH57 1364 Monoplex krebsii MNHN-IM-2013-55932

0.010

MH57 1404 Turritriton tenuiliratus
0.03%

Py MH571379 Ranularia caudata MNHN-IM-2007-33053

Figure 133 Dendrogram tree for Lotoria triangularis using 16Sbar primers using T92
model



1. PV423072 Lotoria triangularis AIWC 165Bar1 Moll28
2. PV282441 Lotoria triangularis AIWC/RES/12/23/0326
3. MH571364 Monoplex krebsii MNHMN-1M-2013-55932
4. MH371404 Turritriton tenuiliratus

5. MH571379 Ranularia caudata MNHMN-1M-2007-33053

Results and discussion

0.0000000000
0.0527437780
0.0574608991
0.0681296073

0.0527437780
0.0574608991
0.0681296073

0.0728467284
0.0941265356 0.0881812735

Figure 134 K2P distance matrix for Lotoria triangularis using 16Sbar

100%

0.015

PV499170 Ranularia oboesa AIWC FWD464 Molls3

PV392231 Ranularia ocboesa AIWC/RES/12/24/0481

0014

0.088

0.082

0.117

MH581361 Ranularia testudinaria MNHN-IM-2007-33113

MH581360 Ranularia caudata MNHN-IM-2007-33053

PVB04128 Lotoria triangularis AWC/RES/2/23/0326

Figure 135: Dendrogram tree for Ranularia oboesausing Fwd464 primers using T92
model

i

1. PV453170 Ranularia oboesa AIWC FWD4564 Mollg3

2. PY382231 Ranularia oboesa AIWC/RES/12/24/0481

0.0000000000

3. MH581361 Ranularia testudinaria MMNHMN-1M-2007-33113 0.0879349670

4. MH581360 Ranularia caudata MNHN- M- 2007-33053

01008638938

5. PV204128 Lotoria triangularis AIWC/RES/12/23/0326

01161917383

2 | 3 | 4 | 5
0.0979343610
0.10086358938 0.1134037360
01161317383 0.1285471728 01191476884

Figure 136 K2P distance matrix for Ranularia oboesaising Fwd 464 primers

100%

0.040

100%

0.001

PV533974 Ranularia oboesa AIWC/Rev461 Mollg3

0.000

PV392231 Ranularia oboesa AWC/RES/12/24/0481

0.000

0.117

100%

0.013

PV362508 Lotoria triangularis AWC/Rev461 Moll28

MH581260 Ranularia caudata MNHN-IM-2007-33053

0.045

MH581361 Ranularia testudinaria MNHN-IM-2007-33113

n4nc

Figure 137: Dendrogram tree for Ranularia oboesaising Rev461 primers using T92+G
model
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Development of DNA minbarcodes for Forensic identification of Malts speciesTANII Project; Feb. 2023/arch 2025;
AIWC (R, T & E), TNFD, Vandalur

1 2 3 4 5
1. PV¥3335974 Ranularia oboesa AIWC/Revdtl Molld3
2. PV382231 Ranularia oboesa AIWC/RES/12/24/0481 0.0000000000
3. PV362509 Lotoria triangularis AIWC/Rev461 Moll28 01022414807 01022414807
4. MH581360 Ranularia caudata MNHN-IM-2007-33053 0.0770763399 0.0770753399 0.108395294904
5. MH381361 Ranularia testudinaria MNHN-IM-2007-33113 01022414807 01022414507 01353276617 010224145807

Figure 138 K2P distance matrix for Ranularia oboesaising Rev 461 primers

MH571379 Ranularia caudata MNHN-IM-2007-33053

0.009
99%
0.015
99% ———— MH571380 Ranularia gutturnia MNHN-IM-2008-15896
° 0.039
0.019
99% PV282441 Lotoria triangularis ANWC/RES/12/23/0325
0.056
0.008
MH571381 Ranularia testudinaria MNHN-IM-2007-33113
0.041
PV834026 Ranularia oboesa 16Sbar! moll83
0.004
99%
0.079

PV793426 Ranularia oboesa AWC/RES/12/24/0481

n nnn

Figure 139 Dendrogram tree for Ranularia oboesaising 16Sbar primers using T92+G

model

1 2 | 3 | 4 | 5 | 3 |
1. PV334026 Ranularia cboesa 165barl mell23
2. PVT93426 Ranularia oboesa AIWC/RES/12/24/0481 0.00439
3. MH571379 Ranularia caudata MNHN-IM-2007-33053 0.09928 0.09409
4, MH371381 Ranularia testudinaria MNHMN-1M-2007-33113 0.09441 0.08325 0.05956
5. PV282441 Lotoria triangularis AIWC/RES/12/23/0326 010980 010451 0.06466 0.08957
6. MHS571380 Ranularia gutturnia MNHN-1M-2009-15896 011515 010380 0.04075 0.06936 0.07461

Figure 140 K2P distance matrix for Ranularia oboesaising 16Sbar primers
7.11.14. Order Neogastropoda- Family Conidae

The family Conidae has more than 360 valid extantisgeof which 60 species were
recorded fronthe coast of Tamil Nadu (Franklin et.al., 200€@onus milneedwardsi
is the protected species in this family. Althought it was recorded previous$iyaby-
lin et.al (2009), it was not recorded in the current wtlr testing the primer§o-
nus amadiswhich is commonly found in the coast of Tamil Nadu &uhus arane-
oususis only restricted t&ulf of Mannar,India. Evethough sequences from all the
three primers amplified successfully and gap distance to fgahi& species was
significantly high, the distance to discrimate within other species wasuffiatient
Among the three, Fwd464 pranset showed better resolution (Fig 13850).



Results and discussion

100% [ PV366942 Conus amadis AIWC FWD464 Moll32
°| 0.000

100% | 0000 ———— PV819348 Conus amadis AIWC/RES/12/24/0348/(1)
0.000 oY
100% PV361749 Conus amadis AIWC/RES/12/24/0348(2)
0.000 0.000
100% .
PV344187 Conus amadis Fwd464 Moll33
0.060 0.000
0Q417236 Conus amadis CNS1
0.005
100%
0.008 100% [ D008 EU812756 Conus aulicus
0.019 L MG786088 Conus lozeti MNHN-IM-2009-15557
100% 0.090
0.000 — AY588167 Conus dall
100% 0.036
0.104 100% [ 9033 EU812755 Conus ammiralis
0.012 ————— MGT786113 Conus textile MNHN-IM-2013-5215¢
KJ550249 Conus madecassinus MNHN:IM-2009-15598

Figure 141 Dendrogram tree for Conus amadisising Fwd464 primers using T92+G

model.

1 ] | 3 | 4 | 3 | 3 | 7 | ] | 3 | 10 |
1. PV366942 Conus amadis AIWC FWD464 Moll32
2, PV819348 Conus amadis AIWC/RES/12/24/0348(1) 0.0000
3. PV361749 Conus amadis AIWC/RES/12/24/0348(2) o.oooo 0.0000
4, 00417236 Conus amadis CNS1 00043 00048 00043
3. PV344187 Conus amadis Fwd464 Moll33 0.0000 0.0000 00000 0.0043
6. EU812756 Conus aulicus 00979 00979 0.0979 01036 0.0979
7. KJ550249 Conus madecassinus MMHRM:IM-2009-15598 01142 01142 01142 01199 011420 01397
8. EU812755 Conus ammiralis 01261 01261 01261 01321 01261 01261 01552
9. MG7260828 Conus lozeti MNHM-1M-2003-15557 01206 01206 01206 01265 01206 0.09a2 01515 01377
10. A¥528167 Conus dalli 020z 01202 01202 01261 0202 01144 01614 00719 01437
11, MGT86113 Conus textile MNHMN-IM-2013-52154 01144 01144 01144 01202 01144 01144 01552 00503 01561 00610

Figure 142 K2P distance matrix for Conus amadisising Fwd464 primers

PV595843 Conus amadis AIWC/Rev461 Moll32
100% 0.000

0.000
100% oo PV595851 Conus amadis AIWC/Rev461 Moll33
0.000 '
100% PV819348 Conus amadis AIWC/RES/12/24/0348(1)
0 0.000
0.001
PV361749 Conus amadis AIWC/RES/12/24/0348(2)
100% 0.000
100%
0.000
0355 ———— 0Q417236 Conus amadis
0.000
o1 KJ550393 Conus nussatella MNHN:IM-2007-30856
KJ606027 Conus thalassiarchus
100% 0.000
0.098

0379 KUB892089 Conus franciscoi MNCN:ADN: 86678
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Development of DNA minbarcodes for Forensic identification of Molluscs speci@sNIl Project; Feb. 2023/arch 2025;
AIWC (R, T & E), TNFD, Vandalur

Figure 143 Dendrogram tree for Conus amadisising Rev461 primers using T92+G

model
1 2 | 3 | 4 | s | & | 7 | 8 |

1. PV395843 Conus amadis AIWC/Revdb] Moll32
2. PV395851 Conus amadis AIWC/Revd6l Moll33 0.000
3. PV219348 Conus amadis AIWC/RES/12/24/0343(1) 0.000 Q.0o0
4. PY361749 Conus amadis AIWC/RES/12/24/0348(2) 0.000 0.000 0.000
5. 00417236 Conus amadis 0.000 0.000 0.a00 0.000
6. KI606027 Conus thalassiarchus 01&2 01582 0152 0162 016z
7. KJ550393 Conus nussatella MMHM:M-2007-30856 0.0a0 0.080 0.0a0 0.0a0 0.0a0 0,203
8. KU892089 Conus franciscoi MMNCN:ADN:86673 0.1a7? 0187 0.1a? 018y 0.1a7? 0125 nizz

Figure 144 K2P distance matrix for Conus amadisising Rev461 primers

————— PV282445 Conus amadis AIWC/RES/12/23/0348(1)
100% 0.000

0.000

————— PV282446 Conus amadis AIWC/RES/12/23/0348(2)
100% 0.000

0.002

— PV422863 Conus amadis AIWC 16SBarl Moll32
100% 0.000

100%

0.000
0.000 B 0Q415224 Conus amadis CNS1

100%

PV422872 Conus amadis AIWC 16SBarl Moll33

0.019 0.005

——— KJ550580 Conus canonicus UF:295292
100% 0.005

0.120 .
———— EU078935 Conus dalli
0.005
————————— KJ550795 Conus arenatus
0.069
100%
0.076 ————— MF491566 Conus diminutus MNCN:95049
100% 0.000

0.062
B KJ550603 Conus diminutus UMMZ:300732

Figure 145 Dendrogram tree for Conus amadisising 16Sbar primers using T92+G

model

1 2 | 3 | 4 | 5 | & | 7 | E | 9 | 10 |
1. PW282445 Conus amadis AIWC/RES/12/23/0348(1)
2. PV282446 Conus amadis AIWC/RES/12/23/0348(2) 0.00
3. PV422863 Conus amadis AIWC 1685Bar1 Moll32 0.00 0.00
4, 00415224 Conus amadis CHS1 0.ao 0.00 n.00
5. PW422872 Conus amadis AIWC 165Barl Mall33 0.00 0.00 0.00 0.00
6. KJ350380 Conus canonicus UFR295252 0.08 008 n.os n.0s 0.0s
7. EU072935 Conus dalli 0.0a n.0a n.0a 0.0a 0.0s 0o
8. KJ550795 Conus arenatus 0.08 0.08 n.oa n.0a 0.0a 01z paz
9. MF491566 Conus diminutus MNCMN:93049 0.07 pooz 0.07 p.0v7 0.0a 0.04 n.04 0.07
10. KJ550603 Conus diminutus UMMZ:300732 0.07 n.oz? 0.07 p.0v7 0.0a 0.09 n.04 0.07 0.00

Figure 146 K2P distance matix for Conus amadisising 16Sbar primers



Results and discussion

PV362829 Conus araneosus Fwd464 Moll34

PV819380 Conus araneosus AIWC/RES/12/23/0344

MW714677 Conus araneosus MW 955

EU733513 Conus dalli

KJ550137 Conus bandanus MNHN:IM-2007-30739

100% 0.000
0.000
100%
0.000
0.050
100%
0.034 0.003
0.118
0.062
100%
0.004 0.000
100%
0.148
100% 0.000
0.000
0.000

MF491528 Conus gonsaloi MNCN:95010

MF491541 Conus verdensis MNCN:95023

MF491540 Conus verdensis MNCN:95022

Figure 147. Dendrogram tree for Conus araneoususising Fwd464 primers using

T92+G model

1 2 | 3 | 4 | 5 | [} | 7 | ] |
1. PV362829 Conus araneosus Fwd464 Mell34
2. MWT714677 Conus araneosus MW 935 0.0034
3. PV819380 Conus araneosus AIWC/RES/12/23/0344 0.oooo 00034
4, K15350137 Conus bandanus MNHN:IM-2007-30739 00967 01009  0.0967
5. MF491528 Conus gonsaloi MMNCMN:95010 01158 01116 01158 01205
6. MF491541 Conus verdensis MMNCMN:95023 01158 01116 0311658 01205 0.0000
7. MF491540 Conus verdensis MNCMN:95022 01158 01116 031158 01205 00000 0.0000
8. EU733513 Conus dalli 00960 07000 009600 01078 01197 01197 01197

Figure 148 K2P distance matrix for Conus araneoususising Fwd464 primers

0.000
100%

100%

100%

0.013

0.004

0.063

0.000

PV819380 Conus araneosus AIWC/RES/12/23/0344

0.023

0.00e
100%

0.049

0.011

0Q417237 Conus araneosus CNS2

PV839827 Conus araneosus Rev461 Moll34

EU733517 Conus marmoreus

n AN
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KJ549868 Conus bandanus UMMZ:301577

EU812755 Conus ammiralis



Development of DNA minbarcodes for Forensic identification of Molluscs speci@sNIl Project; Feb. 2023/arch 2025;
AIWC (R, T & E), TNFD, Vandalur

Figure 149 Dendrogram tree for Conus araneoususising Rev461 primers using HKY

model
1 z | 3 | 4 | 5 | &

1. PV839827 Conus araneosus Revdsl Moll34
2. EU733517 Conus marmoreus 0.079
3. PV219380 Conus araneosus AIWC/RES/12/23/0344 0.086 0121
4, EU812755 Conus ammiralis 0111 0132 0.154
5. KJ549868 Conus bandanus UMMZ:301577 0.086 0017 0128 n11a
6. 00417237 Conus araneosus CHS2 0.086 014 0.000 0154 n1za

Figure 150 K2P distance matrix for Conus araneoususising Rev461 primers

T oo0 PV426262 Conus araneosus AIWC 16SBarl Moll34
100% )

0.020

100% ——— PV282447 Conus araneosus AIWC/RES/12/23/0344
0.000

0.006

AY726446 Conus cuneolus
0.053

EU781489 Conus immelmani
0.050

99%

0.009 T oo 0Q415250 Conus marmoreus

100%

0.013

T oom KJ550803 Conus bandanus MNHN:IM-2007-30668

Figure 151 Dendrogram tree for Conus araneoususising 16Sbar primers using T92+G

model
1 2 | 3 | 4 | 5 | [

1. PV426262 Conus aranecsus AIWC 165Bar1 Mall34
2. PV282447 Conus araneosus AIWC/RES/12/23/0344 0.0a0
3. 00415250 Conus marmoreus 0.052 0.052
4. KJ550803 Conus bandanus MMNHM:IM-2007-30668 0.082) 0062 0028
5. EU721439 Conus immelmani 0.078 0078 0067  0.0G7
6. AYT26446 Conus cuneolus 0.067 0.067 n.0¥: 0.0493 0.093

Figure 152 K2P distance matrix for Conus araneoususising 16Sbar primers
7.11.15. Order Neogastropoda- Family Volutidae

The genus Harpulina, belonging to ttaenily Volutidae,comprise four extant spe-

cies. In this study, sequences from this genus were generated and submitted for the
first time. As no reference sequences are currently available in public databases, com-
parative analyses could not be perfornied) 151 -154) Theefore, the efficacy of

the primers (both Rev641 and 16Sbar) cannot be determined.



100%

100%

100%

0.000

0.055

0.031

0.024

100%

0.000

0.078

0.052

0.073

Results and discussion

PV961628 Harpulina lapponica AIWC/REV461 Moll39

PV362633 Harpulina lapponica AIWC/RES/12/23/0360(2)

MW278334 Vexillum piceum UF508307

KC970029 Casmaria erinaceus MNHN-IM-2007-33621

0.084

0.076

MZ539805 Engina astricta PNG1112

AB066221 Acanthopleura gaimardi

Figure 153 Dendrogram tree for Harpulina lapponicausing Rev461 primers using
T92+G

1. PY961628 Harpulina lapponica AIWC/REVAET Moll39

2. PV362633 Harpulina lapponica AIWC/RES 1 2/23/0360(2)

3. ABOEE221 Acanthopleura gaimardi

4, MZ539805 Engina astricta PNG1112

5. MW278334 Vexillum piceurn UF308307

&, KIC970029 Casmaria erinaceus MMNHMN-IM-2007-33621

1 2 | 3 | 4 | 5 | [

0.000

0146 0146

0118 0118 0136

0137 0137 02183 0145

0133 0139 03157 0163 0302

Figure 154 K2P distance matrix for Harpulina lapponicausing Rev461 primers

99% 0.000
0.170
98% 0.000
0.000
98% 0.021
98% 0.012
0.001 0.037
98% 98% 0.016
0.001 0.035
0.105
0.081
0.011

PV524734 Harpulina lapponica AIWC/16Sbar1 Moll39

PV282450 Harpulina lapponica AIWC/RES/12/23/0360(2)

ORO085335 Bullia perlucida

KY 488735 Bullia natalensis MNHN:IM 2009-22718

OR085336 Bullia diluta

PV798757 Bullia melanoides SNCK BH BM 001

MH918577 Cominella alertae M12

ORO085337 Bullia cataphracta

Figure 155 Dendrogram tree for Harpulina lapponicausing 16Sbar primers using
T92+G
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Developnent of DNA minibarcodes for Forensic identification of Molluscs speci@sNll Project; Feb. 2023/arch 2025;
AIWC (R, T & E), TNFD, Vandalur

1. PV524734 Harpulina lapponica AIWC/165barl Moll39

2. PV282450 Harpulina lapponica AIWC/RES/12/23/0360(2) 0.00000

3. OR0B5337 Bullia cataphracta 009012 0090z

4. OR085335 Bullia perlucida 0.08123 008123 003541

5. OR085336 Bullia diluta 0.09078 0.09078 004433 0.05368

6. KY488735 Bullia natalensis MNHM:IM 2008-22718 010992 00932 004428 004467 0.05368

7. PW788757 Bullia melanoides SNCK BH BM 001 013049 03043 00176 007271 0.07308 009166

8. MH918577 Cominella alertae M12 011139 011133 006337 007427 008376 0.09308) 01343

Figure 156 K2P distance matrix for Harpulina lapponicausing 16Sbar primers
7.11.16. Order Neogastropoda- Family Olividae

The genusAgaronia,belonging to the family Olividaegomprises 24 extant species.

In this study, sequences from Agaronia gibbessegenerated using Rev461 primers
and submitted for the first tiem As no reference sequences are currently available in
public databases, comparative analyses could not be perfofimaefore the effica-

cy of Rev641 primers cannot be determifieidy 155 & 156)

o068 PV342527 Agaronia gibbosa AIWC/Rev461 Moll37
99%

0.072

99% o131 EU685615 Oxymeris chlorata MNHN:IM:200730490

0.076

————————————————————— PV342511 Paratectonatica tigrina AIWC/Rev461 Moll16
99% 0.046

28.240

7900 0Z222382 Naticarius stercusmuscarum
99%

0.012

Py ON926806 Naticarius stercusmuscarum SZN B 460ML18D

KY451254 Nassarius acuticostus MNHN:IM:2007-31698

8.883

Figure 157: Dendrogram tree far Agaronia gibbosausing Rev461 primers using T92+G

1 2 3 4 | 5 | [

1. PV342527 Agarcnia gibbosa AIWC/Revdel Mell37

2. PW342511 Paratectonatica tigrina AIWC/Revdtl Moll16 0135

3. 02222382 Maticarius stercusmuscarum 0162 010z

4, ONS926806 Maticarius stercusmuscarum 5ZN B 460ML12D 0162 ninz n.o0a

5. EU683615 Owymeris chlorata MMNHM:IM: 200730430 0156 03169 0177 01

6. K'¥451254 Massarius acuticostus MNHMN:IM:2007-31698 1.498 1.158 1.087 1.087 1.468
Figure 158 K2P distance matrix for Agaronia gibbosausing Rev461 primers
7.11.17. Order Neogastropoda- Family Harpidae

Integrated taxonomic studies on the fanigrpidae remain poony explored. Alt-

hough the genudarpa comprises 14 recognized species, reference sequences are cur-
rently available only foHarpa harpa The species collected in the present study re-
quires further identification. Both the Fwd464 and 16Sbar primer setssstudbe
amplified the target region, and the resulting sequences were identical to the available

reference sequence Bfarpassp (Fig 1571 160). However, given the limited studies



Results and discussion

available orHarpa species, additional morphological and molecular analysegec-

essary to confirm the species identity.

100%

100% | 0.000

100%

0.009

PV362803 Harpa davidis Fwd464 Moll42

0.012

0.000
0.000
100%
0.024 0.003
9
100% 0.000
0.115
100% | 0.031
0.000
0.066
0.062

nna7

0Q828206 Harpa HNWI-2220

Harpa sp AIWC/RES/12/23/0329(2)

PV960913 Harpa sp AIWC/RES/12/23/0329(1)

PV523727 Harpa major AIWC/Fwd464 Moll41

MN322437 Harpa harpa MNHN-IM-2013-51800

KT753917 Fusinus crassiplicatus MNHN:IM:2007-34663

ON166821 Aegeofusinus rolani BAU-3615.4

Figure 159 Dendrogram tree for Harpa.spl &2using Fwd464 primers using T92+G

. PVY523727 Harpa major AIWC/Fwd4e4 Molld1

. 00828206 Harpa HNWI-2220

. PV860913 Harpa sp AIWC/RES/12/23/0329(1)

. Harpa sp AIWC/RES/12/23/0329(2)

. PV362803 Harpa davidis Fwd464 Moll42

. MMN322437 Harpa harpa MNHMN-IM-2013-51300 0.074

e | en | || o | —

. OM166821 Aegeofusinus rolani BAU-3615.4

model
1 2 3 4 5 | 13 | 7 | 8 |
0.04a
n.0os 0.0s7
n.0os 0.0s7 0.000
0003 0.051 0.011 0.01m
n.ogz 0.085 0.085 0.0a2
0130 0134 0.140 0.140 0130 0.161
0130 0140 0740 0134 0147 0.093

KT733917 Fusinus crassiplicatus MNHMN:IM:2007-34663 0134
Figure 160 K2P distance matrix for Harpa.spl & 2using Fwd464 primers

PV416837 Harpa major AIWC/16Sbarl Moll41

ooy | 0000
0.000
29%
0.000
0.000
99%
5.000 0.000
99% 0.000
848.353
oov | 0-050
0.069
0.129
848.551

PV405788 Harpa davidis AIWC/16Sbarl Moll42

PV282453 Harpa davidis AIWC/RES/12/23/0329(2)

PV282452 Harpa major AIWC/RES/12/23/0329(1)

EU685783 Harpa NP-2008 MNHN:40569

MN320407 Harpa harpa MNHN-IM-2013-51800

HE584312 Thalessa NHMUK 20060263
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Figure 161 Dendrogram tree for Harpa.spl &2using 16Sbar primers using T92+G

. PV416837 Harpa major AIWC/165bar1 Molld1

. PV405738 Harpa davidis AIWC/165bar1 Moll42

. PV282453 Harpa davidis AIWC/RES/12/23/0329(2)

model

1 2 ‘ 3 ‘ 4 | 5 | [ | 7
0.000
0.000  0.000

. PV282452 Harpa major AIWC/RES/12/23/0329(1)

0.0000 00000 0.000

. EUBB5783 Harpa NP-2008 MMNHM:40569

0.064 0064 0064  0.064

. MMN320407 Harpa harpa MMNHN-IM-2013-51300

ga0¢ 0107 0107 0307 0078

=g lEn | wn | b | | P | —

. HE384312 Thalessa NHMUK 20060263

0.233) 0233 0233 0233 0267 0275

Figure 162 K2P distance matrix for Harpa.spl & 2using 16Sbar primers
7.11.18. Order Nudibranchia - Family Glaucidae

The family Glaucidaeincludes pelagic nudibranchs known for their vivid coloration

and they remain underrepresented in molecular and taxonomic studies (Churchill et

al., 2013)Glaucus atlanticuss the only representative of the gel@laucus which

exhibiteda sufficient barcode gap to clearly distinct it from closely related species. In

this study, both Fwd464 and

Rev461 primer sets successfully amplified the target re-

gion, enabling relidle speciedevel identification (Fig 161.64).

0.000
100%

0.000

100% 0.000

0.192

100%

0.002
0.356

100%

0.000 0.270

0.000

0.007

PV523586 Glaucus atlanticus AIWC/Fwd464 Moll35

PV793619 Glaucus atlanticus AIWC/RES/12/23/0342

JQ699602 Glaucus atlanticus 29

KJ940480 Cratena peregrina ZSM:Mol:20100125

MW940344 Dermatobranchus gonatophorus CAS:1Z:217188

KY 128906 Catriona columbiana CAS185195

Figure 163 Dendrogram tree for Glaucus atlanticususing Fwd464 primers using

HKY+G
1 2 | 3 | 4 | 5 | &
1. P¥523586 Glaucus atlanticus AIWC/Fwd4e4 Mell35
2. PVT793619 Glaucus atlanticus AIWC/RES/1.2/23/0342 0.o00
3. J0699602 Glaucus atlanticus 29 p.oo2 0.o0z2

4, KJ340480 Cratena peregrina ZSM:Mol:20100125

0.243 0243 0.246

5. MW940344 Dermatobranchus gonatophorus CAS:(Z:217188 0.247 0.247 0.250 0257

6. KY128906 Catriona columbiana CAS185195

0.2600 02600 0264 0254  0.007

Figure 164 K2P distance matrix for Glaucus atlanticususing Fwd464 primers
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5900 KJ522459 Glaucus atlanticus Ga-PF1

100%

0.000

100% PV793619 Glaucus atlanticus AIWC/RES/12/23/0342
0.000

0.030

100% S — PV342599 Glaucus atlanticus AIWC/Rev461 Moll35
0.186 i

100%

KU950185 Hermissenda emurai TL184

0.048 0550

0400 JX944804 Philine confusa ZMBN 87081

oo KR733277 Spiniphiline persei MNHN-IM-2013-52190

Figure 165 Dendrogram tree for Glaucusatlanticususing Rev461 primers using T92+G

1 2 | 3 | 4 | 5 | [
1. PY3425%9 Glaucus atlanticus AWC/Revd&l Moll35
2. K1522458 Glaucus atlanticus Ga-PF1 0.000
3. PV793619 Glaucus atlanticus AIWC/RES/12/23/0342 0.oan 0.000
4. 1¥944204 Philine confusa ZMBM 87081 0192 0142 0192
5. KUJ950185 Hermissenda emurai TL184 n.1az n.1az 0.1a2 0235
6. KR733277 Spiniphiline persei MNHM-IM-2013-52190 0194 0194 0794 0217 0.247

Figure 166 K2P distance matrix for Glaucus atlanticususing Rev461 primers
7.11.19. Order Patellogastropoda- Family Nacellidae

Limpets are very primitive taxonomical group and compriseetgenerd Cellana

H Adams, 1869, Naccula Iredale, 1924 and Nacella Schumacher, 1817 (WoRMS Edi-
torial Board, 2025). The genus Cellana, comprising over 37 species, exhibits a re-
markable distribution across the InBacific OceanLindberg and Hickman 1986).

To date, the presence of five species of Cella@arota, C.radiata, C.karachiensis,
C.consilata and C.cylindricshave been reported throughout the mainland India
(Vakani et al 2020). All the three primers successfully amplified and showed clear
distancebetween the speciéBig 165-170).
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100% [~ PV554967 Cellana AIWC/Fwd464 Moll63
°| 0.000

1005 | 0090 ———— PV656052 Cellana RM-2025 AIWC/RES/03/23/0026(2)
0.000 )
100%
PV340232 Cellana Fwd464 Moll02
0.000 0.000
100%
PV719643 Cellana RM-2025 AIWC/RES/03/23/0026(3)
0.000 0.000
100%
PV714751 Cellana AIWC/RES/03/23/0026(1)
0.078 0.006
100%
PV584113 Cellana AIWC/Fwd464 Moll64
0.236 0.003
5000 KR132914 Cellana toreuma CTISYO03
o291 0Q690215 Cellana tramoserica CTR1
100% ’
0013 oA PV790055 Cellana nigrlineata CN Korl
100% :
0.184 100% [ 057 0Q690214 Cellana grata CGR1

0.066

——— PV785948 Cellana grata CG KorlG
0.033

Figure 167: Dendrogram tree for Cellana.spusing Fwd464 primers using TN92+I model

1 2 | 3 | 4 | 5 | [ | 7 | B | 9 | 10 | 11 |
1. PV340232 Cellana Fwd454 Moll02
2. PV384113 Cellana AIWC/Fwd464 Moll64 0.003
3. PV554967 Cellana AIWC/Fwd464 Mollg3 0000 0.003
4. V714751 Cellana AIWC/RES/03/23/0026(1) 0.005 0008 0008

5. PV656052 Cellana RM-2025 AIWC/RES/03/23/0026(2) 0.000 0.003 0.00a 0.005
6. PV719643 Cellana RM-2025 AIWC/RES/03/23/0026(3) 0.00o0 0.003 n.00o 0.005 0.000

7. KR132914 Cellana toreuma CTISY03 0.062 0.065 0.062 0.068 0.062 0.062

8. 00690214 Cellana grata CGR1 0196 0200 0186 0186 0198 0195 0195

9. 0QB90215 Cellana tramoserica CTR1 0170 0174 navo 0177 070 070 0.161 n.1a9

10. PYT790055 Cellana nigrlineata CN Korl 0183 0185 0183 0186 0183 0189 0182 0129 0164

11, PV785948 Cellana grata CG KeorlG 0207 0204 0207 0215 0207 0207 0185 0071 0.7 nnz

Figure 168 K2P distance matrix for Cellanaspusing Fwd464 primers

PV714751 Cellana RM-2025 AIWC/RES/03/23/0026(1)

100% | 0,000
100 | 0000 ————— PV656052 Cellana RM-2025 AIWC/RES/03/23/0026/(2)
5 0.000
100% PV719643 Cellana RM-2025 AIWC/RES/03/23/0026(3)
0.000 0.000
100% — PV362626 Cellana AIWC/Rev461 Moll64
0.109
1000 [ PV437073 Cellana AIWC Rev461 Moll63
100% 0.000
0.389 0.000 " PV436948 Cellana AIWC Rev461 Moll02
KR132887 Cellana toreuma CTIKS30
0.000
013 0Q690215 Cellana tramoserica CTR1
100% ’
0.362 0Q690214 Cellana grata CGR1
B 100% 0.087
0.049 100% [ 000 PV785948 Cellana grata CG KorlG

0.000 oo PV790055 Cellana nigrlineata CN Korl

Figure 169 Dendrogram tree for Cellana.spusing Rev461 primers using TN92+G mod-
el
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1 2 | 3 | 4 | 5 | [ | 7 | B | 9 | 10 | 11 |
1. PV437073 Cellana AIWC Rev461 Moll63
2. PV436048 Cellana AIWC Revd61 Moll02 0.00
3. PV362626 Cellana AIWC/Rev461 Moll64 000 000

4. PV719643 Cellana RM-2025 AIWC/RES/03/23/0026(3) 0.0o0 0.00 0.0o0
5. PV714751 Cellana RM-2025 AIWC/RES/03/23/0026(1) n.oa n.oo n.oa 0.00
6. PV656052 Cellana RM-2025 AIWC/RES/03/23/0026(2) 0.0o0 0.00 0.0o0 0.00 0.00

7. KR132887 Cellana toreuma CTIKS30 n.0s n.0g 0.08 0.08 0.08 0.08

8. 00690214 Cellana grata CGR1 0.21 nel 0.21 nel 0.21 0.21 0.23

9. PV785948 Cellana grata CG Kor1G 019 019 019 019 019 019 021 010

10. PY790055 Cellana nigrlineata CM Korl 02z nzz2 02z nzz2 022 0.2z 0.23 010 0.09

11. 00690215 Cellana tramoserica CTR1 017 0y 017 0y 0z 0y 0z 014 0.1 013

Figure 170 K2P distance matrix for Cellana.spusing Rev461 primers

ﬂ@ PV395536 Cellana AIWC 16SBarl Moll63
99% | 0.000 . PV388526 Cellana AIWC 16SBarl Moll02

99% | 0.000 000
PV600641 Cellana AIWC/16Sbarl Moll64
999 | 0.000 0.000
PV738176 Cellana AIWC/RES/03/23/0026(3)
999 | 0-000 0.000
PV738175 Cellana AIWC/RES/03/23/0026(2)
0.005 0.000
99% P PV738174 Cellana RM-2025 AIWC/RES/03/23/0026(1)
0.023 :
99% KR132805 Cellana toreuma CTSMRO05
29% 0.000
0.005 L AB263722 Cellana radiata NUGB-L693
0.002 0.005
100% Moo AB238414 Cellana denticulata NUGB-L575
0.036 ﬁ JNO007916 Cellana strigilis Snar15
100% o000 GQ455914 Cellana grata J39
100% 0.000 5000 GQ455915 Cellana mazatlandica Z6
0.044 ———— GQ455924 Cellana sandwicensis H350
100% 0.010

0.005 % GQ455928 Cellana talcosa H363
0.010 005 GQ455931 Cellana talcosa K41

Figure 171 Dendrogram tree for Cellana.spusing 16Sbar primers using TN92+G model

1 3 | 3 | 4 ‘ 5 | 13 | 7 ‘ k-3 | Ll | 0 ‘ u | | 13 | 4 ‘ 15

1. PV395536 Cellana AIWC 165Bar1 Moll63

2. PV388526 Cellana AIWC 165Bar1 Moll02 0.000

3. PVB00641 Cellana AIWC/165bar1 Moll6d 0.000 0.000

4., PVT38176 Cellana AIWC/RES/03/23/0026(3) 0.000 0.000 0.000

5. PV738174 Cellana RM-2023 AIWC/RES/03/23/0026(1) o.ooo 0.ooo 0.000 0.000

6. PV738175 Cellana AIWC/RES/03/23/0026(2) 0.oo0 0.oo0o 0.000 0.000 0.0a0

7. KR132805 Cellana toreuma CTSMROS oot ooiop o 00io 0010 0010 0ol

8. AB263722 Cellana radiata NUGB-L693 0015 0015 0015 0015 0015 00165 0.005

9. GQ455914 Cellana grata 139 0.068 0.068 0.068 0.068 0.068 0.068 0.068 0.073

10. GO455915 Cellana mazatlandica Z6 0069 0063 0069 0069 0063 0069 0069 0075 0000

11. GO455928 Cellana talcosa H363 0073 0073 0073 0073 0073 0074 0088 0073 0015 0.015

12. GO455931 Cellana talcosa K41 0079 0079 0073 0073 0073 0073 0073 0079 0020 0020 0.005

13. GQ455924 Cellana sandwicensis H350 0.073 0.073 0.073 0.073 0.073 0.074 0.073 0.079 0.015 0.015 0.0z0 0.025

14. AB238414 Cellana denticulata NUGB-L575 0084 0084 0084 0084 0084 0085 0084 0090 07100 0101 0111 0117 000
15. JNOOT916 Cellana strigilis Snarl5 0073 0073 0073 0073 0073 0074 0073 0079 0089 0090 01000 01060 0.089 0040

Figure 172 K2P distance matrix for Cellana.spusing 16Sbar primers

7.11.20. Order Octopoda’i Family Octopodidae
Integrated taxonoraistudies oAmphioctopusre limited from India. Norman (2000)
have acknowledged the presence of species complex in the SepigoctopusFor

the study Amphioctopus aeginaas used for validation. All the three primer sets suc-

cessfully validated the spies, however Fwd464 primers showed better resolution

than other twoA kagoshimensiandA.fangsiaogot clearly separated in two different
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clades in the previous study by Vargheese.et. al (2022) but in the current study they
were resolved as single cladeherefore,the source of sequence needs to be re-
checked for further confirmatioffrig 171:176)

— PP389429 Amphioctopus aegina ZSI/SRC CP-1140
100% 0.000

0.000

100% oo PV362735 Amphioctopus aegina AIWC/RES/12/24/0484

0.017 '
PV563779 Amphioctopus aegina AIWC/Fwd464 Moll80
100% 0.002
0.027
Py KY019104 Amphioctopus marginatus AmphioctBa48

100% '

0.014 —————— PP951797 Amphioctopus kagoshimensis ZSI/SRC CP-1219
100% 0.002

0.026

—— LC121540 Amphioctopus fangsiao
0.002

5070 MN989953 Amphioctopus kagoshimensis

Figure 173 Dendrogram tree for Amphioctopus aeginaising Fwd464 primers using T92

modelT92
1 2 | 3 | o« | s | & | 7

1. PV36377% Amphioctopus aegina AIWC/Fwd484 Moll20
2. PP389429 Amphioctopus aegina ZSI/SRC CP-1140 0.o02
3. PV362735 Amphioctopus aegina AIWC/RES/12/24/0484 p.0oz  0.000
4, KY019104 Amphicctopus marginatus AmphioctBadd 0.057 0.054 0.054
5. PP931797 Amphioctopus kagoshimensis ZSI/SRC CP-1219 0062  0.060  0.06D 0.054
&. LC121540 Amphioctopus fangsiao 0062 0060  0.06D 0.054  0.005
7. MIN933953 Amphioctopus kagoshimensis o004 0107 030¥ 0133 0119 DB

Figure 174 K2P distance matrix for Amphioctopus aeginaising Fwd464 primers

PV362361 Amphioctopus aegina AIWC/Rev461 Moll80
100%

0.000
100% 5000 PV362735 Amphioctopus aegina AIWC/RES/12/24/0484
0.015 '
——— PP727492 Amphioctopus aegina ZSI/SRC CP-1184
100% 0.000 P P g
0.073
PP951797 Amphioctopus kagoshimensis ZSI/SRC CP-1219
100% | 0.000
100%
0.013
0.163 LC121540 Amphioctopus fangsiao
100%
0.018 0082 KF489433 Amphioctopus marginatus
5000 MT080811 Amphioctopus neglectus

5272 JN790685 Hapalochlaena fasciata
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Figure 175 Dendrogram tree for Amphioctopus aeginaising Rev461primers using

T92+G model
1 2 | 3 | 4 | 5 | [ | 7 | E |

1. PV362361 Amphioctopus aegina AIWC/Revd61 Moll20
2. PV362735 Amphioctopus aegina AIWC/RES/12/24/0484 0.o0oa
3. PP727492 Amphioctopus aegina Z5I/SRC CP-1184 0.000  0.o00
4. PP9531797 Amphioctopus kageshimensis Z5I/SRC CP-1219 n.0zz 0022 0022
5. LC121540 Amphioctopus fangsiao 0.oev? p.oz? 0.027 0.005
6. KF489433 Amphioctopus marginatus 0.080 p.oan 0.0en 0093 0.099
7. MT0202811 Amphiectopus neglectus 0111 0Imn 0111 n11a 0D.118 011z
8. IN790685 Hapalochlaena fasciata n1ez 12z 01ez 0135 0.135 0.135 0130

Figure 176 K2P distance matrix for Amphioctopus aeginausing Rev461 primers

PV400540 Amphioctopus aegina AIWC 16SBarl Moll80

07% 0.000
0.000
97% Iy — PV793442 Amphioctopus aegina AIWC/RES/12/24/0484
0.052
9% 0Q256822 Amphioctopus aegina TNO5
0.014 0-000
pyyes GQ900708 Amphioctopus arenicola AmphAren74
Py OK135745 Hapalochlaena fasciata HF4
97%
0.007 ———— HQ846063 Amphioctopus ovulum SP4-4
95% 0.051
0.012
o0n LC121046 Amphioctopus membranaceus Ve03

Figure 177: Dendrogram tree for Amphioctopus aeginaising 16Sbar primers using

T92+G model
i 2 | 3 | 4 | 5 | & | 7 |
1. 00256822 Amphioctopus aegina TNO5
2. PV400540 Amphicctopus aegina AIWC 165Bar1 Moll20 0.000
3. PV793442 Amphioctopus aegina AIWC/RES/12/24/0484 0.000 0000
4, HO246063 Amphioctopus ovulum SP4-4 o100 01000 0700
5. GOO00708 Amphioctopus arenicola Amphirenid 0.094 0.094 0.094 0.049
8. LC121046 Amphicctopus membranaceus Yel3 0.076 0.075 0.076 0.070 0.0495
7. OK135745 Hapalochlaena fasciata HF4 0111 0 0111 nioo 03113 0096
Figure 178 K2P distance matrix for Amphioctopus aeginaising 16Sbar primers
7.11.21. Order Sepiida- Family Sepiidae

The genusSepiellacomprises seven species of cuttlefishes globally and are commer-
cially important marine biwesource. In Indian waterSepia pharaonisSepia acule-

ata, Sepia ellipticaSepia prashadiSepia brevimanaandSepiella inermisare among

the commonly landed cuttlefish species (Meiyappan and Mohamed, 2003; Silas et al.,
1982). Sepiella inermidgs widely distributed along both the east and west coasts of

India and is predominantly harvested using trawl nets (MahHadetaal., 2023). At
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presentS. inermiss listed as Data Deficient on the IUCN Red List (Barratt and All-
cock, 2012). In the current study, all three primer sets successfully amplified and
identifiedS. inermigFig.177-182). However, the genetic distambetween other two
Sepiella- S. japonicaand S. maindronwere found to béow, limiting the ability to

distinguish between these two species based orutihent primers.

T ooz PV570380 Sepiella inermis AIWC/Fwd464 Moll81
96% '
0.000
. ——— PV833936 Sepiella inermis AIWC/RES/12/24/0482
96% 0.000
0.034
o0 PP727480 Sepiella inermis ZSI/SRC CP-1154
KC900386 Sepiella japonica H7
0.000
96%
0.023 ————— NC 028731 Sepiella maindroni
0.003
96%
0.003
———— AF359555 Sepia pharaonis
0.009

Figure 179 Dendrogram tree for Sepiella inermisusing Fwd464 primers using HKY
model
1 z | 3 | 4 | 5 | [ |

1. PV570320 Sepiella inermis AIWC/Fwd464 Mellg1

2. PV833936 Sepiella inermis AIWC/RES/12/24/0482 0.o0

3. PP727480 Sepiella inermis Z5I/5RC CP-1154 0.o0 0.00

4, KIC300386 Sepiella japonica HT 0.06 0.06 0.06

5. WNC 028731 Sepiella maindroni 0.06 0.0 0.0& 0.0

6. AF359555 Sepia pharacnis 0.ov 0.0v¢ n.o? 0.01 0.0

Figure 180 K2P distance matrix for Sepiella inermisusing Fwd464 primers

PV833936 Sepiella inermis AIWC/RES/12/24/0482

100% 0.000

0.000

100% oo PV362360 Sepiella inermis AIWC/Rev461 Mollg1

0.009

PP951792 Sepiella inermis ZSI/SRC CP-1151

100% 0.006

0.018

KC900394 Sepiella japonica H15
0.000

100%

0.020 —— NC 028731 Sepiella maindroni
100% 0.000

0.006

AF359555 Sepia pharaonis
0.000

MN977158 Sepia bertheloti SBER2
0.044
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Figure 181 Dendrogram tree for Sepiella inermisusing Rev461 primers using T92 model

1 2 | 3 | 4 ‘ 5 | & | 7
1. PVB33936 Sepiella inermis AIWC/RES/12/24/0482
2. PPG51792 Sepiella inermis Z51/5RC CP-1151 0.006
3. PV362360 Sepiella inermis AIWC/Revd61 Mollg1 0000 0.008
4, KC900394 Sepiella japonica H15 noz2e 0034 0028
5. MC 028731 Sepiella maindroni 0034 0040 0034 0.006
6. AF359555 Sepia pharaonis 0034 0.0400 0034 0006  0.000
7. MINS77158 Sepia bertheloti SBER2 0070 0078 0070 0076 0032 0082

Figure 182 K2P distance matrix for Sepiella inermisusing Rev461 primers

™ oo0 OP851638 Sepiella inermis ZRC.MOL.3205
94% :

0.001

PV793439 Sepiella inermis AIWC/RES/12/24/0482

04% 0.000

0.000
KP699644 Sepiella japonica H2

95% 0.000

94%
0.047

0.050 ——— EU234590 Sepiella maindroni
0.000

93%

0.003 0004 PV400435 Sepiella inermis AIWC 16SBarl Moll81

OP851637 Sepia vermiculata SA50
0.060

0100 OP851611 Sepia limata AM.C.456687

Figure 183 Dendrogram tree for Sepiella inermisusing 16Sbar primers using T92 mod-

el
1 4 | 3 | 4 | 5 | [ | 7
1. PV400435 Sepiella inermis AIWC 165Bar1 Moll81
2. OPB51638 Sepiella inermis ZRC.MOL.3205 0.005
3. PVT93433 Sepiella inermis AIWC/RES/12/24,/0482 0.005 0000
4, KP699644 Sepiella japonica H2 0.051 0.046 0.046
5. EU234590 Sepiella maindroni 0.051 0.046 0.046 0.ana
6. OPB51637 Sepia vermiculata SA50 D08 01030 07103 0151 0151
7. 0P851611 Sepia limata AM.C.456687 0.135 0141 0.141 0181 0181 0.4y
Figure 184 K2P distance madrix for Sepiella inermisusing 16Sbar primers
7.11.22. Order Myopsida - Family Loliginidae

The genudJroteuthisincludes several species of neritic squids snalidely distrib-
uted in tropical and subtropical waters. This getmsstitutesof many economically
important species for cephalopod fishery. In Indian watérsteuthis duvauceljiU.
bengalensisU.singhalensis andUroteuthis siboga@are commonly reported species
(Ramakrishna & Dey, 201Mey & Ramakrishna, 2007Jera & Gopalakrishnan,
2012. Among trese,U. duvauceliis the most abundant aadeextensively harvested
along both the east and west coasts, primarily through trawl andamobine fisher-

ies. The species is a major contributor to cephalopod landings in(J&sia & Gopa-
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lakrishnan, 2012)In the present study, all three primer sets successfully amplified
and identifiedU. duvaucelii(Fig.183 - 188). However, the genetic distance between
U. edulisandU. singhalensisvas observed to be low, making it difficult to reliably
distinguish betwen the two species using the current primer sets.

Uroteuthis duvaucelii OP388427 (COX1)

0.0 —————— Uroteuthis environmental isolate AZ483 (COI) KY438808

o 00
0.0 Uroteuthis environmental KY438808 AZ483 (COl)

Urotethis duvaucelii MK03084 (COI)

Uroteuthis duvaucelii voucher AWC RES 12 24 0483 (COX1) PV362638

23 0.0

Uroteuthis duvaucelii Moll78 (COX1) PV436809

Uroteuthis sibogae voucher US-12 (COI) KY771102

Loliolus sumatrensis mitochondrial COI LC121562

Figure 185 Dendrogram tree for Uroteuthis duvauceliusing Fwd464 primers using T92

model
1] 23] 4] 5| 6] 7] 8]

1. Uroteuthis duvaucelii Moll78 (COX1) PV436809

2. Uroteuthis duvaucelii voucher AIWC RES 12 24 0483 (COX1) PY362638 | 0.005

3. Uroteuthis duvaucelii MK03084 (CO0) 0.005) 0.000

4, Uroteuthis environmental KY438808 47483 (COI) 0,005 0000 0.000

5. Uroteuthis duvaucelii OP388427 (COX1) 0.005| 0.000) 0.000 0.000

6. Loliolus sumatrensis mitochondrial COI LC121582 2.572| 2477 2.569| 2.569| 2.569

7. Urcteuthis envircnmental isclate AZ483 (COI) Ky4382808 0,005 0.000 0000 0.000 0.000 2569

8. Uroteuthis sibogae voucher US-12 (COI) KY771102 0,150 0143 0144 0144 D.144m 0.144

Figure 186: K2P distance matrix for Uroteuthis duvauceliiusing Fwd464 primers

0.0 Uroteuthis duvaucelii voucher AIWC RES 12 24 0483 (COX1) PV362638

Uroteuthis duvaucelii MK03084 (COl)

Uroteuthis environmental isolate AZ483 (COI) KY438808

Uroteuthis duvaucelii OP388427 (COX1)

0.0 0.1

Uroteuthis sibogae voucher US-12 (COI) KY771102
14 0.0

Uroteuthis environmental KY438808 AZ483 (COl)

0.0

Uroteuthis duvauceli voucher AWC Rev461 Mollg2 (COX1) PV362358

Loliolus sumatrensis mitochondrial COI LC121582

Figure 187. Dendrogram tree for Uroteuthis duvauceliusing Rev461 primers using
T92+1 model



Results and discussion

1. Uroteuthis duvaucelii voucher AIMC Revdfl Mollg2 (COX1) PYV362358

2. Uroteuthis duvauceli voucher ANWC RES 12 24 0483 (COX1) PV3I&2e38 | 0.016

3. Uroteuthis duvaucelii MED3084 (COI) 0.014) 0.000

4, Uroteuthis environmental KY438808 AZ483 (COI) 0.013) 0.000 0.000

5. Uroteuthis duvaucelii OP388427 (COX1) 0.013| 0.000 0.000| 0.000

6. Loliolus sumatrensis mitochondrnal COI LC121582 0,765 0956 0.943| 0927 0.94

7. Uroteuthis environmental isolate A7483 (COI) KY438808 0.013 0.000 0000 0000 0000 0927

8. Uroteuthis sibogae voucher U5-12 (COI) KY771102 0.087 0123 0128 0130 0132 04979 0130

Figure 188 K2P distance matrix for Uroteuthis duvauceliiusing Rev461 primers

Figure 189 Dendrogram tree for Uroteuthis duvauceliusing 16Sbar primers using
T92+I model

Figure 190 K2P distance matrix for Uroteuthis duvauceliusing 16Sbar primers
7.11.23. Order Venerida - Family Veneridae

Protags gallus is one of the common Bivalvia in the coast of Tamil Nadu. Even
though all the three primer sets got amplified, the igparcies gap between was not suffi-

cient enough to distinguish between the spgéies1891 194)
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