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Abstract
Apple snails (Ampullariidae) belong to a
diversified freshwater family which occurs in pantropical habitats. The Indian apple snail, Pila
globosa and other operculate snails are grouped
in Architaenioglossa which also includes
Viviparidae and Cyclophoridae. In our study, a
concise relationship of Ampullariidae with
Viviparidae and Cyclophoridae has been elucidated
by using partial nucleotide sequence of
cytochrome b gene. Pila globosa was collected
from freshwater habitats of Berhampore (West
Bengal) and its morphometric analysis is
determined as an addendum to its phylogeny. The
multiple sequence alignment is performed in
MEGA v5.2 to reconstruct molecular affinities
within the family, Ampullariidae. The phylogenetic
tree is constructed with 1000 bootstrap
replications in RAxML software. The outgroup
species considered for the analysis in our study
is chosen from Heterobranchia as it is a sister
group to the clade Caenogastropoda. It is observed
that family Ampullariidae formed a nested cluster
and showed a polyphyletic affinity with Viviparidae
and Cyclophoridae.
Keywords: - Pila globosa, Morphometry,
Cytochrome b gene, RAxML , MEGA-v5.2
Introduction
The Phylum Mollusca is an extensive group
of unsegmented and soft-bodied coelomates
which have a prominent ventral foot and dorsal
visceral mass (1). Phylum Mollusca consists of

seven classes, among which class Gastropoda
belongs to large assemblage of soft bodied
invertebrates such as slugs and hard shelled snails
which are adapted to varied habitats in comparison
to rest of the representatives of molluscs (2). The
genera of class Gastropoda, represented in all
realms as their habitat varies namely benthic,
epifaunal, burrowers, pelagic drifters, active
swimmers, detritus, sedentary and suspension
feeders (3). Gastropods are commercially
exploited due to ornamental, edible and medicinal
value and thus there is a risk for their sustainability
(4). The clade Caenogastropoda as mentioned in
taxonomic classification of Bouchet and Rocroi
2005 is the largest and most diverse among the
living snails which consist of 136 extant, 65 extinct
and 41 superfamilies. Caenogastropoda includes
a) Architaenioglossa (Cyclophoridae - a major
group of operculate land snails) and b) freshwater
families – Ampullariidae and Viviparidae (5). The
taxonomic history, affinities and systematic
positions within the families namely Ampullariidae,
Viviparidae and Cyclophoridae were studied to
reconstruct the phylogenetic affinities (6). Thus,
the morphology and phylogeny related study would
give an insight into the deeper aspects of these
families. The evolutionary hypothesis for major
groups within the phylum is controversial due to
varied habitats adaptability and extreme diversity
of the phylum. A recent insight into the correlation
and taxonomic identity of the studied genera with
the existing findings on caenogastropods by
Ponder and Linderberg (1997), Simone (2001,
2004, 2005) and Strong (2002) had been deduced
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within this article (7). Ampullariids are freshwater
amphibious snails of tropics and sub-tropics of
Africa, America and Asian continents, where they
are found as major native freshwater molluscan
fauna. Our study is based on the characterisation
of morphological features which includes
morphometric analysis of Pila globosa
(Ampullariidae) and construction of its
phylogenetic affinities using partial nucleotide
sequence of cytochrome b, which is a highly
conserved representative of mitochondrial
enzymes. The MT-Cyb gene provides the
necessary instructions to make a protein called
cytochrome b. There are 11 components forming
group of proteins called complex III among which
cytochrome b is one among the 11 components.
Complex III performs a step of a process known
as oxidative phosphorylation in mitochondria
where oxygen and sugars are used in synthesis
of adenosine triphosphate (ATP), cells main
energy source. During oxidative phosphorylation,
the protein complexes which include complex III,
carries the production of ATP through a step-bystep transfer of negatively charged particles called
electrons. Cytochrome b is mainly involved in the
transfer of these negatively charged particles
through complex III. In complex III cytochrome b
is the only component which is produced from a
gene found in the mitochondrial DNA (8).
Materials and methodology
A) Collection of Samples : Pila globosa, also
known as apple snails, are freshwater dwelling
animals habituated in ponds, streams, lakes, rice
fields and in rivers. They are collected by skimming
from the riverine areas of Berhampore, West
Bengal. A total size of ten samples is procured in
the months of the monsoon from June to August
2016 because of their abundance in freshwater
habitats. The coordinates for the study area are
Lat. 24.098 N and Long 88.267 E for specific
taxonomical identifications.
B) Maintenance of the samples prior to study :
The procured snails after collection from the river
site are taken to the laboratory, washed properly
to remove the dirt and greenish algae attached to
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its shell, kept in tubs with water and fed them
with lettuce and green leaves available from the
market (9).The snails are kept for observation for
a week to check for their mortality rates. To
maintain the health of snails it is appropriate to
change the water in the tubs daily.
C) Morphometric Study : The cleaned snails are
kept aside over a bed of filter papers separately
for 24 hours to remove the excess water. The
colouration of P.globosa shell is generally pale to
dark brownish with a globose shape in appearance.
The collected Pila specimens are medium, large
adults in size, body whorls are 5-6 in number.
Morphologically the specimens’ shells are
transverse with oblique suture, sculpture coarser
and less regular. The size and weight of snails
are recorded on the live samples and it varied
externally (10). The height, width of the P.globosa
is measured using Vernier callipers to 0.1 mm
precision as shown in Fig.1. The shell height (H),
shell breadth (B), length of the operculum (LO)
and breadth of operculum (BO) of Pila globosa
are measured. The measurement of length and
breadth of operculum provided information on the
shell shape and hence the calculated values are
determined from the ratio given in Table 1 whether
any variation in shape existed within the species
of snails which is not possible to visualize by
apparent vision. The operculum of Pila is hard,
concentric and calcareous. Also, the
morphometric analysis might give an insight to
the characters to be explored for further studies
with large sample size. These studies may give
the possibility to identify the cryptic species, which
are morphologically identical can be hidden in a
same species without proper taxonomical
classification but literally belonging to different
species and cannot interbreed among themselves
within a particular geographical region (11).
D) DNA extraction by phenol- chloroform : The
snails before dissected are kept aside separately
and the snails are narcotized to isolate 0.5 g foot
muscle tissue for genomic DNA extraction.
Genomic DNA of good quality is vital as it is
significant in deciphering the information which
can be required to study evolutionary
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interrelationships among taxa. There has been a
recent study that developed a new methodology
to generate high quality genomic DNA from
terrestrial gastropod Achatina fulica (12). In our
study, we followed the total genomic DNA
extraction by the well known phenol-chloroform
method (13). The purity of the extracted genomic
DNA is checked and it is found to be 1.68 ng/ml
respectively. The samples are loaded to 0.8%
agarose gel prepared in 0.5 X TBE (Tris-BorateEDTA) buffer which contained 0.5 mg/ml ethidium
bromide. The gels are visualized in a UV
transilluminator (Genei) and the image is captured
under UV light using Gel documentation system
(Bio-Rad). For PCR amplification, the 100 ng
template DNA is taken (14).
E) PCR amplification : PCR is performed in a 20
μl reaction volume which contained 100 ng
template DNA, 5 pmol of each specific primers,
0.2 mM of each dNTPs, 1.0 U Taq DNA
polymerase and 1X PCR buffer contained 1.5 mM
of MgCl2. The PCR is driven for 40 cycles in a
Thermal Cycler (Effendorf, Germany). The partial
cyt b gene is amplified using the template DNA
with reported universal primers (15).The PCR
products are run on 1.2% agarose gel prepared in
0.5X TBE buffer containing 0.5 mg /ml ethidium
bromide against a DNA ladder. The gel is
visualised in UV transilluminator (Genei) and the
image is captured under UV light using the gel
documentation system (Bio-Rad). The size of
amplicon of cytochrome b is found to be 490 bp
(Fig.2).
F) Phylogenetic Analysis : The PCR product of
cytb (Fig.2) is eluted. The sequencing of the eluted
gene is carried by Big Dye Terminator 3.1 v
sequencing kit to acquire partial nucleotide
sequences of cytb in P.globosa. The sequences
obtained are annotated and submitted to NCBI.
The sequence is given the accession number viz.,
KR297240. The BLAST analysis is performed to
check the similarity and match identity of the
species, after which the alignment is done with
default parameters in Clustal W algorithm using
MEGA v5.2 (16). Regions of excess gaps and
lengthy inserts are exempted during the alignment
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analysis in MEGA. The FASTA format generated
is uploaded in ALTER (Alignment Transformation
Environment), to be used in RAxML software. The
software package RAxML GUI V 1.3 is used in
the construction of phylogenetic tree for maximum
likelihood analysis. This method is based on a
firm statistical principles and is most powerful in
recovering correct tree topologies by computer
simulation studies. The unpartitioned nucleotide
sequences are subjected to ML phylogenetic
analysis through RAxML GUI v1.3 software
package supported with 1000 bootstrap
replications (17). The bipartition file obtained from
RAxML is opened in Fig Tree v4 software to obtain
the final cladogram.
Results and Discussion
The morphological parameters of P.globosa
such as weight, colour and shape of shell are

Fig.1 Measurement of height of shell of Pila
globosa (H) using a Vernier Callipers.

Fig.2. PCR amplification of partial Cyt b gene
with an amplicon stretch of 490 bp in 1.2%
agarose gel electrophoresis.
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given in Table 1. The shell of the P.globosa is
globose shaped like an apple and hence
commonly known as ‘Indian Apple snail’. Analyses
using morphological and molecular approaches
invariably highlight the phylogenetic affinities
among the genera of Ampullariidae, Viviparidae
and Cyclophoridae (18). The morphometric
analysis of snails collected is studied to check
whether any unusual variation exists among the
population from the Berhampore region. In the
present study, 11 species of Architaenioglossa
are retrieved based on the available closest
sequences of species obtained from GenBank.
The representative species of families namely
Ampullariidae, Cyclophoridae and Viviparidae are
selected to derive phylogenetic affinities. Maximum
likelihood (ML) phylogenetic analysis of 12 genera
including
P.globosa
belonging
to
Architaenioglossa is shown in Fig.3 and the
derived tree using RAxML tool is rooted on the
outgroup taxon namely Anguispira (19).The tree
does not show nodal support to the genera,
Pomacea and Pila though both of them belong to
Ampullariidae and the same might be in
compliance with their divergent habitats due to
their geographical location. This result also
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indicated that the ampullariids are polyphyletic
within Architaenioglossa as they are clustered
with the species of Cyclophoridae and Viviparidae.
Our focal taxa, P. globosa formed a tertiary cluster
with the genera of Viviparidae. Thus, the Maximum
Likelihood tree reconstructed with the species of
families, Ampullariidae, Viviparidae and
Cyclophoridae within the Architaenioglossa is in
synchronicity with Ponder and Lindberg’s (1997)
based topology which is also strongly supported
by taxonomical classifications of Bouchet and
Rocroi 2005. The bootstrap values of the
cladogram supported the clustering of the chosen
genera of families of Ampullariidae and
Cyclophoridae despite their divergent habitats
(20). It is further reported by Healy (1988) that
Ampullariidae and Cyclophoridae shared a few
specialized features namely eusperm and
parasperm (21).
Conclusion
Understanding, the freshwater fauna of
gastropods is essential as India has a peculiar
diverse biota of invertebrate species which
encompasses greater than 99 % animal
biodiversity (22). The freshwater gastropods
species are representative of Caenogastropoda

Fig.3. Maximum Likelihood cladogram based on RaXML analysis of the full concatenated dataset
on the nucleotide sequence of partial gene, cytochrome b of the chosen gastropod taxa with 1000
bootstrap replications.
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and pulmonate heterobranchs. In India, phylogeny
studies of Pila globosa (Ampullariidae) along with
other sister taxa families of Cyclophoridae and
Viviparidae have not been done previously. In this
study, it was found that Ampullariidae is found to
be polyphyletic and showed a sister taxon
relationship both with Cyclophoridae and
Viviparidae although there is no apparent variation
among the morphometric study done using the
snails from Berhampore West Bengal.
Nevertheless, an increase in number of Pila
globosa from diverse areas is required which
needs to be considered to deduce a definitive
conclusion. To find out the diversity of
Ampullariidae species, which can add to the
evolutionary relationships in the reconstruction of
phylogeny tree for Indian Apple snails, it is
necessary to identify and locate these species
through a scaling up process which explores the
conservation stragies of freshwater gastropod
species in a holistic way.
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