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Abstract Over the past few decades, biologists from
many disciplines have turned to phylogenetic analyses to
interpret variation in biological systems. Phylogenetic
relationships with a high potential in the absence of
sufficient morphological characters can be resolved by
molecular phylogenetic techniques according to coded
characters. A number of mtDNA genes have been targeted
in marine gastropods for phylogenetic purpose; these
include the ribosomal RNA genes 288, 18S, 16S and 128,
Cytochrome oxidase I (COI) and cytochrome b (Cyt-b). In
the present study, SSU rRNA in Turbo brunneus, 18S
rRNA in Cypraea annulus and COI gene in Babylonia
spirata were successfully amplified and sequenced.
Phylogenetic tree of the three species were constructed by
using neighbor-joining tree. The optimal tree with the sum
of branch length = 1.47445020 was observed. Turbo
brunneus was phylogenetically closer to the clade of
Cypraea annulus than that of Babylonia spirata. The
mitochondrial genomes are informative for mollusc
phylogeny, which give a proper phylogenetic approach.
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1. Introduction

Marine bioresource is known to be one of the richest
among all the living ecosystems. Life originated in the sea
and in terms of evolution and biodiversity the sea appears
to be superior to the terrestrial ecosystem [1]. As marine
species comprise approximately a half of the global
biodiversity, they are offering a vast source from which
useful therapeutics can be discovered. Ocean exploration
often leads to new ideas, new theories and discoveries,
including new medicines. The phylum mollusca has a long

geological history and their presence on planet earth since
the Paleozoic era 600 million years ago has been proved
beyond doubt. The class gastropoda is known to have
originated during the Jurassic era. Among the invertebrates,
Phylum Mollusca is the second largest groups next to
Arthropoda [2].

The phylum Mollusca encompasses seven classes,
namely Gastropoda, Polyplacophora, Cephalopoda,
Bivalvia, Scaphopoda, Aplacophora and Monoplacophora
[3]. Among the seven classes, gastropods are highly
diversified in shape, coloration, distribution, habitat and
show tremendous adaptive radiation. Species of gastropoda
with their ornamental shell and succulent meat have been
harvested since time immemorial [4]. The majority of the
gastropods belong to the subclass prosobranchia that
includes all the gastropods that respire by means of gills
and in which the mantle cavity, gill and anus are located at
the anterior of the body. Also, most carnivorous gastropods
are marine prosobranchs. The three orders which make up
this subclass of prosobranchia are the oldest
archaeogastropoda, the least specialized mesogastropoda,
and the largest order, with particularly diverse in mode of
life, and the specialized carnivores, the neogastropoda.
Increased awareness and importance of chank genetic
resources has turned attention back to the speciation and
need to have scientific data on the genetic diversity of
selected gastropod for species description and planning
their conservation and management [5]. Shells of
gastropod contain a rich source of taxonomic information
that can be used to interpret evolutionary relationships
among taxa [6]. However, literatures pertaining to
economic characters and genetics on marine molluscs are
scanty [7].

The progressive information have diverted the attention
of the genetic workers to the techniques based on genomic
as well as mitochondrial DNA. Nowadays DNA barcoding
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is an established technique that involves sequencing gene
segments and comparing the results with orthologous
reference sequences in public database [8].

The goal of DNA barcoding is to identify the sample
species by sequencing a single gene that is universally
amplified across metazoans using as template genetic
materials isolated from a small portion of organisms in any
state of their life unique barcode sequence, or by a tight
cluster of very similar sequences [9].

DNA barcoding can be applied to several fields,
including biodiversity monitoring (e.g. taxonomic,
ecological and conservation studies) and forensic science.
Additionally, it can be used to identify organisms that lack
distinctive morphological features in the larval stage [10]
or because of homoplasty and phenotypic plasticity of a
given diagnostic character to environmental factors [11].
Moreover, DNA barcodig could be used to monitor the
illegal trade of wildlife, such as protected or endangered
species to identify the species origin of commercially
processed foods [12].

Phylogenetic relationships among different organisms
are of fundamental importance in biology and one of the
prime objectives of DNA sequence analysis in phylogeny
reconstruction for understanding evolutionary history of
living organisms [13]. Unfortunately, the early hope that
molecular data would provide the final word in vetting
phylogenetic relationships has not yet been realized for
many diverse, conspicuous and well-studied groups,
including mollusca. This phylum represents a unique
challenge in understanding the relatedness of several
equally disparate clades and this topology therefore
remains unresolved. Mitochondrial gene arrangements of
gastropods exhibit high levels of variability are apparently
rich in characters and may provide invaluable information
for phylogenetic reconstruction. At present, the taxonomic
status and the phylogenetic relationships of these species
are still in dispute. More and more molecular markers are
used to infer phylogenetic relationships among the
gastropoda (Mollusca) based on DNA and RNA sequences
[14]. Phylogenetic relationships with a high potential in the
absence of sufficient morphological characters can be
resolved by molecular phylogenetic techniques according
to coded characters [15]. The nucleotide divergence
between sequences of one gene or a portion of gene from
the mitochondrial or nuclear genome can be analyzed
phylogenetically.

Despite the increasing use of molecular methods to
determine evolutionary relationships among taxa, only few
molecular sequences data have been used to assess the
relationship among the gastropods. A new type of
information provided by molecular tool can now be used to
clarify the relationships among the gastropods. Hence an
attempt has been made to study the molecular phylogenetic
analysis of the three marine gastropods Turbo brunneus,
Cypraea annulus and Babylonia spirata.

2. Materials and Methods

In the present study the gastropods Turbo brunneus,
Cypraea annulus and Babylonia spirata were collected
from the Gulf of Mannar coastal region of Thoothukudi.
The freshly collected samples were brought to the
laboratory, cleaned and washed with fresh sea water to
remove all impurities. The shells were broken, tissues were
removed and then preserved in 95% Ethanol.

2.1. DNA Isolation, Amplification and Sequencing

Ethanol - preserved samples of 7. brunneus, C. annulus
and B. spirata were re-hydrated in sterile double filtered
water for atleast 2 h before extraction. 1 gm of tissue
sample was ground with mortar and pestle using 1ml of
extraction buffer. 0.5 ml of 10% SDS and 200 ul of 5 M
NaCl were added and mixed well and incubated at 50°C for
half an hour. To the mixture 250 pl of phenol, 240 pl of
chloroform and 10 pl of isoamyl alcohol at the ratio of
250 : 240 : 10 were added. Mixed well and centrifuged at
12,000 rpm for 10 minutes at 4°C. The aqueous phase was
collected in new eppendorf tubes and 0.2 volume of 1 M
ammonium acetate and 2 volume of ethanol were added
and mixed well. The mixture was centrifuged at 10,000
rpm for 10 minutes at 4°C and pellets were collected. To
the pellet 700 pl of 70% ethanol was added, mixed well and
it was centrifuged for 5000 rpm for 5minutes at 4°C. The
pellets were air dired and 50 pl of 1X TE buffer was added
and stored at -20°C. DNA quality and quantity were
determined by 0.8% agarose gel electrophoresis. DNA
fragments were visualized by exposing the gel to
ultraviolet light in a Transilluminator. The partial region of
the genes SSU rRNA in Turbo brunneus, 18S rRNA in
Cypraea annulus and cytochrome ¢ oxidase subunit I (COI)
gene in Babylonia spirata were amplified by PCR. The
primers used for amplification of the SSU rRNA gene were
5-CTGGTTGATCCTGCCAGT-3' [16] and 5'-
TAATGATCCTTCCGCAGGTTCACCT-3' [17]. The
primers used for the amplification of the gene 18S rRNA
were  5-CCTGGTTGATCCTGCCAG-3' and 5'-
TAATGATCCTTCCGCAGGTTA-3' [18]. The primers
used for the amplification of the gene COI were
5-GGTCAACAAATCATAAAGATATTGG-3' and 5'-
TAAACTTCAGGGTGACCAAAAAATCA-3'[19]. A 1.0
pl of sample DNA (approximately 100 ng/ul) was added to
PCR reaction mixture containing 100 mM Tris HCI (pH
8.3), 500 mM KCI (pH 8.3), 2.0 ul MgCl, (25 mM), 2.0 pl
dNTP’s (2.5 mM), 1.0ul forward and reverse primers (each
of 10 pm/ul),1 u/pl of Taq DNA polymerase and 25 pl
nuclease free water. The PCR was performed in ABI Veriti
96 Well-Thermal Cycler (Applied Biosystems). PCR
amplification condition consisted of an initial denaturation
at 95°C for 2 min, followed by 35 cycles: denaturation at
95°C for 30 sec, annealing at 56°C for 30 sec, extension at
72°C for 40 sec and a final extension at 72°C for 5 min. An
additional extension step at 72°C for 1min was added. The
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PCR products were separated by electrophoresis in 2%
agarose gel containing ethidium bromide (1 ug ml™). The
correct size band was excised from 2% low melting point
agarose in TAE buffer. The amplified products were
visualized under ultra-violet light in a transilluminator and
documented. PCR products were purified with QIAquick
PCR Purification Kit and sequenced using ABI 3130
Genetic Analyzer with BigDye Terminator Cycle
Sequencing Kit v3.1 (Applied Biosystems). The sequence
data generated was initially analyzed by using Sequencing
Analysis (Applied Biosystems) Software for further use.

2.2. Sequence Analysis

Multiple sequence alignment and pairwise sequence
alignment were performed using Clustal W program
implemented in MEGA 6.0 in all the sequences. The
amplified sequences belonging to DNA barcode region of
SSU rRNA in T. brunneus, 18S rRNA in C. annulus and
COl in B. spirata were confirmed by percent similarity in
the NCBI’s BLAST program. Higher percentage similarity
(95-100%) against the reference sequence was used to
confirm the identity of the species. All the sequences were
submitted to the NCBI’s Genbank through Banklt
according to NCBI’s procedure with required information.

2.3. Phylogenetic Tree Construction Using MEGA

The phylogenetic trees were constructed using the
neighbor-joining method [20] in MEGAG6 [21]. The data
were bootstrapped 500 times to estimate the internal
stability of each node. For the analysis of the phylogenetic
relationships, sequences of representatives of the
Turbinidae, Cypraeidae and Babyloniidae were obtained
from GenBank.
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Lane 3 — Babylonia spirata

Figure 1.
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3. Results

DNA barcoding region of SSU rRNA in Turbo brunneus,
18S rRNA in Cypraea annulus and COI gene in Babylonia
spirata were successfully amplified. The bands of size
250bp and 700bp were observed in T. brunneus, 300bp and
560bp were observed in C. annulus and 290bp and 650bp
were observed in B. spirata (Figure 1). The sequences of
about 906 bases were observed in T. brunneus, 312 bases
were reported in C. annulus and 549 bases were observed
in B. spirata. In T. brunneus, C. annulus and B. spirata
samples of about 9, 5 and 8 sequences showed significant
alignments of which the maximum identity ranged from
99% to 100%, 98% to 100% and 96% to 100%. The
maximum score ranged from 1674 to 1561 in T. brunneus,
577 to 536 in C. annulus and 1014 to 904 in B. spirata
respectively. The query coverage was found to be 100% in
T. brunneus, C. annulus and B. spirata respectively. All the
submitted sequences were assigned accession numbers by
Genbank. The accession numbers are KY766259,
KU665620 and KU665621.

Phylogenetic tree of the three species were constructed
by using neighbor-joining tree. The optimal tree with the
sum of branch length = 1.47445020 is shown in Figure 2.
Topologically two major clades were formed, one major
clade comprising 13 species and the next clade comprising
of only one species. Turbo brunneus was phylogenetically
closer to the clade of Cypraea annulus than that of
Babylonia spirata. The genus and species level
discrimination can be ascertained by strong bootstrap
support of over 99%. Throughout the tree, several clades
have moderate (>50%) to high (>70%) levels of bootstrap
support.

Lane 2

Lane 3

Agarose gel electrophoresis image of PCR product
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Figure 2. Neighbor-Joining phylogenetic tree with branch lengths and bootstrap value

4. Discussion

Molecular identification of species through the analysis
of a small fragment of the genome represents a more
promising approach for species identification, and is
already accepted among scientists. The approach consists
of amplification and sequencing of a specified ‘barcode
region’, followed by comparison of the recovered sequence
to available genetic databases to determine species identity
[8]. The utility of barcodes can be limited by overlap of
genetic variation between closely related species [22,23]
and by the lack of reference sequences in existing genetic
databases [24]. New approaches to accelerate the
taxonomic analysis of molluscan samples are critically
needed and DNA barcoding provides a number of
particular advantages and opportunities. To date, most
marine barcoding studies have been designed to
discriminate species of a particular taxonomic group [25].
Costa et al. [26] showed that the mtCOI barcode region was
95% successful in classifying species to the correct order.
Remigio and Hebert [27] found evidence of resolution of
the recognized subclasses of gastropod molluscs using
mtCOL

In the present study DNA barcoding region of SSU
rRNA in Turbo brunneus, 18S rRNA in Cypraea annulus
and COI gene in Babylonia spirata were successfully
amplified. 18S rRNA is very conservative gene and has

therefore been suggested as a phylogenetic marker to trace
the relationships among distantly related taxa [18]. COI
sequence analysis (termed DNA barcoding) has been
suggested as a tool for the identification of species [28] and
holds potential to aid in the discrimination of new species
[29]. Kaneko et al. [30] reported the sequence divergence
of shallow water octopuses at the COI and COII loci.
Wilding et al. [31] determined partial mtDNA sequences
of the prosobranch gastropod Littorina saxatilis, and they
demonstrated that mitochondrial gene arrangements are
highly variable not only among different molluscan classes,
but also within the class gastropoda. Kurabayashi and
Ueshima [32] described the complete sequence 14,189bp
of the mtDNA of opisthobranch gastropod Pupa strigosa.
The mitochondrial gene arrangement of Pupa strigosa is
almost identical to those of pulmonate land snails but is
different from those of the prosobranch gastropod Littorina
saxatilis and other molluscs. As the gene arrangement of
opisthobranch and pulmonate gastropods are lying closer
these species are showing close phylogenetic affinity. The
present study agrees well with the above findings. The
bands of size 250bp and 700bp were observed in T.
brunneus, 300bp and 560bp were observed in C. annulus
and 290bp and 650bp were observed in B. spirata.
Matsumoto and Hayami [33] reported the genetic
relationship among S. broughtonii, S. satowi, S. subcrenata,
Diluvarca tricenicosta and Tegillarca granosa in Japan, A.
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antiquata in Philippine and T. nodifera in China based on
302 amino acid sequences of the mtDNA COI gene. The
neighbor-joining tree formed a monophyletic clade with
Scapharca, Diluvarca, Anadara and Tegillarca. Yasunori
Kano et al. [34] analyzed the nucleotide sequences and
large ribosomal molecule (28S rRNA) of eight neritopsine
species and three outgroup species. The ingroup species
were drawn from all the six extant families of the
superorder recognized by Ponder [35] i.e. Neritopsidae,
Titiscaniidae, Hydrocenidae, Helicinidae,
Phaenacolepadidae and Neritidae as well as from
Neritiliidae, the family regarded as a distinct clade by
recent morphological studies [36]. Similarly, Lee and Kim
[37] reported genetic differentiation among the bivalves S.
broughtonii, S. satowi and S. subcrenata based on a 599bp
portion of the mtDNA COI gene. In the present
investigation the sequences of about 906 bases were
observed in 7. brunneus, 312 bases were reported in C.
annulus and 549 bases were observed in B. spirata.
Aranishi and Okimoto [38] studied nucleotide sequence
polymorphism in a 641bp novel major noncoding region of

mitochondrial DNA of the Pacific oyster Crassostrea gigas.

The phylogenetic studies were performed for wild and
cultured populations of C. gigas by PCR-RFLP analysis of
the cytochrome oxidase ¢ subunit I gene [39] and by
nucleotide sequence analysis of both the COI and 16S
rRNA genes [40]. Aguilera et al. [41] noticed the Japanese
abalone H. discus hannai is closely related to the California
abalone species (H. fulgens, H. corrugata and H.
cracherodii). Additionally, Oliverio et al. [42] analyzed
ITS2 sequences in distinct gastropod species and the genus
Stramotina and Concholepas (Rapaninae) are found to be
closely related to Nucella (Ocenebrinae). Remigio and
Hebert [43] reported a phylogenetic analysis using COI
sequences with different gastropod species, concluding
that the Thais genus is evolutionarily close to the Nucella
genus. This work supports the findings of the present study.
Turbo brunneus was phylogenetically closer to the clade of
Cypraea annulus than that of Babylonia spirata.

Xiangzhi et al. [44] described the phylogeny of the cuttle
fishes based on mitochondrial COI and 16S rRNA gene
sequence data. NJ trees of COI and amino acid of COI gene
supported that sepiolidae and sepiidae belong to the sister
groups, the bootstrap values were all below 50%. Very
similar to the present study Liana Jannotti-Passos et al. [45]
studied the phylogenetic analysis of Biomphalaria
tenagophila. B. tenagophila and B. glabrata were located
in the same branch. However, both are more closely related
with opisthobranchia than with other pulmonata, supported
by high bootstrap values (98% and 100%). Tanaka and
Aranishi [46] showed a monophyletic clade including
Scapharca, Anadara and  Tegillarca using a
neighbor-joining tree. The nucleotide and amino acid
sequences of the mtDNA COI gene indicated a
monophyletic clade of closely related genera that belong to
Anadarinae. Journey et al. [47] reported the phylogenetic
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tree with 13-protein encoding mt gene sequences of
Physella acuta. Tony Kess et al. [48] described the DNA
extraction and sequences from a family of ten Littorina
saxatilis. Uribe et al. [49] studied the phylogenetic
relationships of four extant superfamilies Neritopsoidea,
Hydrocenoidea, Helicinoidea and Neritoidea. In the
present study, the phylogenetic tree derived from SSU
rRNA, 18S rRNA and COI gene sequences showed that the
genus Turbo had a closer relationship with the genus
Cypraea.

5. Conclusions

Molluscs represent an important and highly diverse
group of animals. Many species are of particular interest to
humans as food and medicine. The inclusion of molluscs in
the burgeoning field of comparative genomics is therefore
prudent from both practical and evolutionary perspectives.
The results of the present study, reveals that phylogenetic
relationship of Turbo brunneus was closer to the clade of
Cypraea annulus than that of Babylonia spirata. Two
decades ago, phylogenetic methods were rarely used
except by systematists with a basic interest in the
evolutionary history of life. Today, those methods are
widely used in biomedical applications, in molecular
investigations of genome organization, gene structure and
in all fields.
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