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Abstract
Members of the Phylum Mollusca can be used as model animals to study the reproductive barriers, for evolution and
gamete recognition proteins for which they must be correctly identified and classified. Phenotypic plasticity results
in changes in shell morphology, leading to the development of synonyms and homonyms of species, which
necessitates molecular characterization. Fifteen species of molluscs collected from different agro-ecosystems of
Faisalabad were characterized using polymorphic RAPD dacamers. Total of 114 fragments amplified and only 90
were found polymorphic showing 78.94% polymorphism. The range of amplified RAPD fragments was from 7 to 9
with an average of 7.6 per primer. The overall mean band frequency ranged between 0.27 – 0.68 with an average
value of 0.41. Analysis of molecular variance revealed that the variance component among and within populations
was 11% and 89% respectively, which is significantly different at probability less than 0.001. Close association was
observed among the species of genus Ariophanta and Oxychilus draparnaudi, Monacha catiana and these species
were found to be closely clustered in one group while the species Zooctecus insularis is distantly related with rest of
the species in this group showing it to be genetically distant from the same group. The cluster analysis shows that
Juvenile Zooctecus insularis lies separately in cladogram, as it might be a new species.
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Introduction

The major reason for the success of RAPD analysis is

In marine invertebrates, the members belonging to

the gain of a large number of genetic markers that

Phylum Molluscs are considered to be the best that have

require small amounts of DNA without the need of a

been studied genetically. There is a great potential for

molecular characterization of the genome of the taxa

combining genetic and paleontological approaches as

under

molluscs have an excellent fossil record as stated by

characterized using such markers include oyster

(Collins et al., 1996). As the shells can be readily

genera Crassostrea, Saccostrea, and Striostrea

collected and studied so the attention of alpha

(Klinbunga et al., 2000), amphipods (Gammarus:

taxonomists of gastropods has been attracted to them

Costa et al., 2004) and the tropical abalones

since long time. There are many descriptions of the

Haliotis asinina, Haliotis ovina and Haliotis varia

shells which are available in the past literature; however,

(Klinbunga et al., 2004).

mostly

the

phenotypic

plasticity

resulting

study.

The

species

which

have

been

into

differences in shell morphology leads to cases of

In animals like arthropods and spiders, the genitalia

synonymy or homonymy of species, when compared

show a great deal of structural detail and is an

with the other invertebrate phyla. The differences in the

important

shell morphology (or other characters), which are of

identification. However, at times single species is

taxonomic importance can be understood with the help

found to have a great deal of variation among its

of genetic data (Johnson and Cumming, 1995). While in

members or sometimes members of different species

the case of allopatric species there arises confusion as the

may have indistinguishable characters (Mayr, 1991).

diagonostic

character

for

species

shell variability may be due to the genetic differences
and environmental pressures. Besides this, large amount

Although the genital differences in Zonitoides nitidus

of genetic differentiation or very low amount of genetic

and Zonitoides excavatus, are not clearly found yet

difference can be observed in the comparison of

there are clear differences in the shell morphology. A

members of the species in the same geographic domain

great variation has been revealed by using (RAPD)

and, sometimes, this difference can be found even in
same genus as previously stated by (Adamkewicz and
Harasewych, 1996).

markers

between

Zonitoides

excavates

and

Zonitoides nitidus. Sperm transfer has not been
observed to be completely absent. The species status

The use of molecular markers has proved to be a

of both taxa is supported by the strong genetic

useful tool for complex taxonomic identification

differentiation suggested by allozyme and RAPD data

where morphological characteristics are ambiguous

(Jordaens et al., 2003). Due to this it has become

or cryptic (Douek et al., 2002; Westheide et al., 2003;

extremely important to use molecular techniques so

Miura et al., 2005; Park et al., 2005). Random

that the species can be identified with more accuracy.

amplified

chain

Histone gene primers have been developed for land

reaction (RAPD-PCR) technique is relatively simple

snails and it has been observed that land snails and

and cheap method capable of differentiating taxa

bivalves seem to differ in their histone gene

without the need to know their genomes as stated by

organization.

(Welsh and McClelland, 1990; Williams et al., 1990).

significant importance to understand phylogenetic

RAPD markers are dominant and result from the use

and systematic relationship among different species

of

short

polymorphic

(10

bases

DNA-polymerase

long)

primers

(synthetic

oligonucleotides) of random sequence that can
amplify multiple segments of genomic DNA by PCR.
The number of segments depends on the number of
sites of the genome recognized by a particular primer.

Nucleotide

polymorphism

is

of

and genera. Thus, if adequately used and interpreted,
the RAPD method is an informative modern tool for
studying genetic diversity of species in nature
(Armbruster, 2005).
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Most of the studies on the land snails have been

Genomic DNA extraction

carried out approximately a century before in the

Genomic DNA was extracted from all the samples of

Indian subcontinent. Hutton (1849) collected and

snails

studied the land snails nearby Bolan pass, Suliman

Bromide) method (Doyle et al., 1990). The snail

range and the hills of south laying west to Indus.

samples of 0.3-0.5 g were ground to a homogeneous

According to Blanford and Godwin, (1908) in the

paste by using 2 ml of 2×CTAB and transferred into

areas of Swat, Dir or Chitral no terrestrial snails have

50 ml falcon tubes. After that, 15 ml of hot (65 ˚C)

been observed except Petraeus snails, while in the

2×CTAB was added to the sample tube and mix gently

Kuram valley only very few species were found. They

by inverting the tube for several times and incubated

worked chiefly on the conchological side of the

at 65 ˚C for half an hour.

families Testacellidae and Zonitidae of Indian

isoamylalcohol at the ratio of 24:1 were added and

subcontinent. Recently 329 specimens of snails were

mixed

collected by Ali, (2005) from sugarcane fields of

centrifugation at 10,000 g for 10 min at room

village Gutti Faisalabad pertaining to 6 families and 9

temperature. The aqueous phase was transferred to

genera belonging to order Pulmonata. Pokryszko et

another tube and repeated this step by adding 15 ml

al., (2009) collected 3500 dry shells and described 22

chloroform: isoamylalcohol (24:1) in eppendorf tube.

species out of which 12 were new species from 77

To the aqueous phase, 0.6 volume of isopropanol

localities. The shell variations in most species were

were added, precipitated the genomic DNA and

described and nine species were illustrated with

centrifuged at 1000 rounds/minute for 5 minutes and

figures of detailed reproductive system. In the

discarded the supernatant solution. Genomic DNA

Northern area of Pakistan there is highest diversity of

was then washed three times with 70% ethanol, air

Pupilliods due to wetter climate and wider altitudinal

dried and resuspended in 0.5 ml 0.1×TE buffer. The

range. Ten out of twenty two species have been found

supernatant was treated with 5 µl of RNAse and

to be endemic to Pakistan, the distribution of the rest

incubated for one hour at 37 ˚C followed by addition

of species was extended to other regions i.e. Asia,

of equal volume of chloroform: isoamylalcohol (24:1).

Europe and Holarctic. Pupilloid fauna showed great

Thereafter the genomic DNA was centrifuged at

diversity due to Palaearctic/Holarctic influence in

13000 rpm for 10 minutes and transferred aqueous

general.

phase in a new eppendorf tube followed by

by

CTAB

by

(Cetyl

inverting

for

Trimethyl

Ammonium

15 ml of chloroform
30

sec

followed

by

precipitation by adding of 1/10th of 3 M sodium
So we can say that the studies related to the faunal

chloride and 2 volume of ethanol and collected by

distribution of snails have been ignored in Pakistan

centrifugation at 13,000 rpm for 10 minutes at room

and due to this there is a scanty and scattered

temperature.

knowledge about the snails in this part of the world.

resuspended in 0.1× TE buffer and measured the

The goal of the present study was to obtain species-

concentration of the DNA by loading in a 0.8%

specific

could

agarose gel with DNA Quant 200 fluorometer. The

distinguish between fifteen species of snails along

DNA quality evaluation was verified on 1% agarose

with their diversity and distribution in different fields

gels stained with ethidium bromide and visualized

of Faisalabad.

under ultraviolet light. Genomic DNA concentration

RAPD

molecular

markers

that

pellet

was

air

dried

and

of samples of snails was quantified with a IMPLEN

Materials and method

Nano PhotometerTM. The optical density (OD) of each

Collection of molluscs
Fifteen species of molluscs (Table 1) were used for
molecular analysis. The samples were collected from
different agricultural fields in Faisalabad region,
tagged and immediately stored in 70% ethanol for
further analysis.

The

sample was calculated and the working dilutions of all
the DNA samples were made by diluting each DNA
sample to a uniform concentration of 15 ng ml-1 with
double distilled deionized water and used for RAPD
(PCR) reactions.
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RAPD (PCR) analysis

Results

Oligonucleotide RAPD primers of different series

Molecular characterization of snail species

were custom synthesized from Genelink Co. USA

Optimization of the RAPD-PCR conditions was done

were used in this study. Total of 15 RAPD decamers

due to the sensitivity and reproducibility of the RAPD

were

markers. Different concentrations of genomic DNA,

selected,

which

were

polymorphic

amplification profile. The PCR

thermal

in

cycler

(Eppendorf AG No. 533300839, Germany) was used
for the RAPD-PCR amplification and with initially
optimized concentration of template DNA, 10× PCR
buffer, MgCl2, dNTPs, primer and Taq DNA
polymerase (MBI, Ferments, Vinius, Lithuania). The
temperature for DNA amplification was fixed at 94˚C
for the period of 5 min as initial denaturation, then 40
cycles with same temperature for 1 minute followed
by 36˚C for 1 min, 72˚C for 2 min and 72˚C for 10
min as extension temperature. The PCR product was
run on 1.2% (w/v) agarose gel stained with Ethidium
bromide at 100 V for 2 hrs, checked under UV transilluminator at 300nm and photographed in a gel doc
system (Syn Gen, Synoptics Ltd,UK).
Data analysis
The RAPD (PCR) products were run on 1.2 % agarose
gel and stained with ethidium bromide. The robust
and visible RAPD fragments were scored as (1) if
present or (0) if absent except those fragments with
low amplification and that could not be clearly
distinguished. The fingerprints were examined under
ultra violet Transilluminator and photographed using
SyneGene Gel Documentation System. The data
generated

from

the

detection

of

polymorphic

10X PCR buffer, MgCl2, dNTPs, and Taq DNA
polymerase were tested for efficient and reliable
amplification.
Table 1. Accession number and Order of the species.
Accession Number

Species

1

Ariophanta bistrialis ceylanica

2

Ariophanta bistrialis cyix

3

Ariophanta bristrialis taprobanensis

4

Ariophanta bristrialis

5

Ariophanta solata

6

Ariophanta belangeri bombayana

7

Oxychilus draparnaudi

8

Monacha catiana

9

Cernuella virgata

10

Pupoides albilabris

11

Physa fontinalis

12

Zooctecus insularis

13

Juvenile Zooctecus insularis

14

Cecilioides acicula

15

Oxyloma elegans

Three different concentrations of template DNA of
snails (5, 10, 15, nguL-1) were tested and it was
observed that 10 ng µL-1 was found optimum for best

fragments were analyzed using popgen 32 software

amplification. Whereas it was found that 3 mM

(Ver. 1.44) as stated by (Yeh et al., 2000) whereas

concentration of MgCl2 and 1.0 unit Taq polymerase

calculation of principal component analysis and

also found optimum for good amplification in a final

analysis of molecular variance (AMOVA) was done

volume of 25 µl of reaction mixture. It was also found

using

Polymorphic

that higher concentration of Taq and MgCl2 gave

Information Content value of each RAPD primer was

smear and lower concentrations resulted in light PCR

calculated using the equation developed by Anderson

fragments.

the

PAST

software.

et al. (1993). PICi = 1 - ∑P2ij

The

(pij

is

the

frequency of the jth allele for locus i). The genetic

Genetic characterization of 15 snail species were done

similarity between 15 snail species was estimated

by using 23 RAPD primers and out of which 15 RAPD

according to the method developed by Nei, (1973).

primers

Based on similarity data, an un-weighted pair group

amplification whereas the remaining 8 primers

method of arithmetic averages (UPGMA) cluster
analysis was used to assess genetic diversity among
the snail species.

(Table

2)

produced

polymorphic

produced monomorphic banding pattern and thus
were
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excluded

from

the

study.
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Table 2. RAPD primers with sequence, number of polymorphic bands (NBP), and mean band frequency (MBF).
Sr. No.

Primer Code

Sequence

TNB

NPB

MBF

1
2
3
4
5
6
7
8
9
10
11
12
13
14

GL DecamerL-07
GL DecamerL-08
GL DecamerK-08
GL DecamerK-12
GL DecamerK-19
GL DecamerK-20
GL DecamerL-12
GL DecamerI-02
GL DecamerK-07
GL DecamerL-04
GL DecamerL-01
GL DecamerK-16
GL DecamerB-07
GL DecamerB-15

CAGGCCCTTC
AGTCAGCCAC
AGGGGTCTTG
GAAACGGGTG
TTCCGAACCC
GGTGACGCAG
CTGCTGGGAC
GTGAGGCGTC
GGGGGTCTTT
AAAGCTGCGG
GACGGATCAG
GTTGCCAGCC
ACTTCGCCAC
AGCGCCATTG

08
08
09
07
07
07
09
08
07
07
07
09
07
07

07
05
07
07
05
06
08
06
05
06
04
07
06
05

0.43
0.51
0.46
0.68
0.36
0.45
0.39
0.40
0.43
0.36
0.31
0.41
0.33
0.27

15

GL DecamerL-15

CAGAAGCCCA

07

06

0.29

Total of 114 fragments were amplified and 90 were

produced maximum number of bands i.e. 9; The

found polymorphic that is 78.94% polymorphism.

Primer GLD-12 produced maximum number of

The range of amplified RAPD fragments was found to

polymorphic bands (8) and the lowest number of

be 7 to 9 with an average of 7.6 per primer. Three

polymorphic RAPD fragments was produced by

RAPD

GLL-1 (4).

primers

GLK-08, GLL-12

and

GLK-09

Table 3. Genetic similarity matrix of 15 snail species based on Nei's genetic identity.
Pop ID 1
1
2
3
4
5
6
7

2

3

4

5

6

7

8

9

10

11

12

13

14

15

**** 0.6140 0.6842 0.6140 0.6140 0.6842 0.5877 0.6316 0.6140 0.6491 0.5965 0.6491 0.6491 0.6316 0.5614
**** 0.6842 0.6316 0.6316 0.6667 0.7281 0.7018 0.5263 0.6140 0.6316 0.6667 0.5789 0.6140 0.5965
**** 0.6491 0.6491 0.7368 0.6930 0.7368 0.6316 0.7193 0.6491 0.6842 0.6140 0.6667 0.6140
**** 0.6140 0.6491 0.6579 0.6842 0.5439 0.6140 0.6491
**** 0.7368 0.6053 0.6842 0.5614 0.7193 0.6140
**** 0.6404 0.6667 0.6140 0.6842 0.6491
**** 0.7105 0.5877 0.6404 0.6053

8
9
10
11
12

0.6667
0.6140
0.6667
0.7281

**** 0.5614 0.6842 0.6491 0.7018
**** 0.5965 0.6491 0.6140
**** 0.6491 0.6667
**** 0.6842
****

13
14
15

0.6140 0.6667 0.6140
0.6316 0.6491 0.5965
0.6140 0.6842 0.6491
0.6228 0.6754 0.6228
0.5965 0.6140
0.5789 0.5614
0.5789 0.6491
0.5965 0.6316
0.6316 0.6491
****

0.5614
****

0.6842
0.5965
0.6667
0.6491
0.6667
0.6316
0.5789
****

The overall mean band frequency ranged between

Genetic similarity among snail species

0.27 – 0.68 with an average value of 0.41 (Table 2).

Genetic similarity estimated by Nei’s genetic

Analysis of molecular variance revealed that the variance
component among and within populations was 11% and

similarity indices ranged from 0.5 to 0.74. Results
depicted that the narrow genetic base was observed

89% respectively. Both values are significant at

among most of the species studies which is more

probability less than 0.001 (Table 3, Fig. 1).

than 50%.
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Maximum genetic similarity was found between

Ariophanta solata. Minimum genetic similarity based

Ariophanta belangeri bombayana and Ariophanta

on Nei’s genetic indices was observed among

bristrialis taprobanensis as well as Ariophanta

Cernuella virgata and Ariophanta bistrialis cyix

belangeri bombayana and

(Table 4).

Table 4. Analysis of Molecular Variance Among and Within Populations of Snail Species.
Source

Df

SS

MS

Est. Var.

%

Among Pops

4

5.300

1.325

0.116

11%

Within Pops

10

9.833

0.983

0.983

89%

Total

14

15.133

1.100

100%

Genetic relationship among snail species

among the species Ariophanta bistrialis ceylanica,

Genetic relationship among fifteen snail species were

Ariophanta bistrialis cyix, Ariophanta bristrialis

estimated using cluster analysis by the unweighted

taprobanensis, Ariophanta bristrialis, Ariophanta

pair group method of arithmetic means (UPGMA)

solata, Ariophanta belangeri bombayana, Oxychilus

which showed that the two distinct cluster (Fig. 2)

draparnaudi, Monacha catiana and these species

First

Ariophanta

closely clustered in one group while the species

bistrialis cyix, Ariophanta bristrialis taprobanensis,

Zooctecus insularis also present at some distance

Ariophanta

solata,

with rest of the species in this group showing that

Oxychilus

Juvenile Zooctecus insularis might belong to a

cluster

Ariophanta

includes

the

bristrialis,
belangeri

species

Ariophanta
bombayana,

draparnaudi, Monacha catiana.

separate species. The other rest of the species were

The most closely related species were Ariophanta
bristrialis

taprobanensis,

Ariophanta

bistrialis

ceylanica, Ariophanta bristrialis and Ariophanta
solata, followed by species Ariophanta bistrialis cyix
where

as

the

species

Ariophanta

belangeri

bombayana, Oxychilus draparnaudi and Monacha
catiana also showed close relationship among the
members of this group. The most distinct species
were found to be Cernuella virgata and Juvenile
Zooctecus insularis which remains unclustered. The
other species like Zooctecus insularis, Pupoides
albilabris, Physa fontinalis, Oxyloma elegans and
Cecilioides acicula were found to cluster in the second
group and linked with each other at some distances.
Considering the Zooctecus insularis and Juvenile
Zooctecus insularis they are quite distant from each
other in the cluster, it is expected that might belong to
some new species, which need further investigations.

found scattered into three other groups (Table 4).
Discussion
The

fresh

water

gastropods

are

of

extreme

conservation concern for example hydrobiid and
pleurocerid freshwater gastropods as they are lacking
in dispersing capabilities due to which they are found
in isolated populations while in general freshwater
pulmonate

gastropods

typically

are

excellent

dispersers.
The major problem which comes in the way of species
classification of the gastropods is the correct
recognition of the differences between the species at
the population level as previously stated by (Edwards
and Beerli, 2000; Wiens and Penkrot, 2002;
Maddison and Knowles, 2006). The molecular
taxonomy is quite effective at this point of time as
systematic relationship present in the sister taxa is

The genetic association among the 15 snail species

there even after millions of year and, can be studied

were also detected by principal component analysis

with the help of the genetic signatures (Thomaz et al.,

and it was found that close association was observed

1996;
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Arbogast

et

al.,

2002).
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Fig. 1. Dendrogram showing relationship among 15 snail species.
The processes occurring at the population level must

as stated by Thomaz et al., (1996) much older than

be considered when taxonomies of recently diverged

the coalescence times expected from mutation rate

taxa are being studied. The perception of isolation has

and population size. In hydrobiid and pleurocerid

been supported by the molecular data to some degree.

groups of the gastropods the mutation rates may be

Considering the distributional patterns there have

elevated up to 8 to 14 base pairs per million years as

been very few records of pleurocerid or hydrobiid

stated by (Thacker and Hadfield, 2000; Holland and

lineages that are found across unconnected water

Hadfield, 2002; Rundell et al., 2004). There may be

drainages systems as previously stated by (Minton

an effect of the founder events on the genetic diversity

and Lydeard, 2003; Perez et al., 2005; Sides, 2005),

of the closely related species events may include local

and documentation of the level to which there is an

extinction, and random genetic drift, adaptive genetic

exchange in the genes of the upstream and
downstream populations. There is an indication of the
deep divergence by molecular analyses of intraspecific
mitochondrial lineages of freshwater gastropod
species as previously stated by (Dillon and Frankis,
2004; Lee et al., 2007). The genetic variation due
geographical

isolation

increases

the

effective

population size as previously stated by (Wright, 1943;
Wakeley, 2000). The long term retention of ancient
mitochondrial alleles, 20 million years, is due to an
increase in effective population size

change (Goodacre et al., 2006). The interpretation of
high level of population subdivision that produce a
pattern of reciprocal monophyly as differences at the
species level due the fact that sampling is done from
restricted localities (Arbogast et al., 2002). These
problems are resolved when dense population-level
and geographic sampling are combined with use of
the appropriate molecular markers do mitigate but
taxa whose ranges are reduced by the human actions,
the

aforesaid
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might

be

unavoidable.
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Fig. 2. Principal component analysis of 15 snail species based on molecular data.
This misleading pattern is particularly likely when

Ali RA. 2005. A Study on the Occurrence of Some

data consist solely of mitochondrial DNA sequences

Mollusca Species in Sugarcane Fields. M-Phil Thesis,

because of the smaller effective population size of the

Department of Zoology and Fisheries, University of

mitochondrial genome. A final complication that
must be considered is the status of populations that
are in the process of speciation, before or after
reproductive isolation has evolved. Historical gene
flow in recently diverged species is hard to
disentangle from recent contact if introgression is

Agriculture, Faisalabad.
Anderson JA, Churchill GA, Autroque JE,
Tanksley SD,

Swells

ME.1993. Optimising

selection for plant linkage map. Genome 36, 181-186

possible as previously stated by (Wakeley, 1996;
Armbruster GF, Böhme M, Bernhard D,

Rosenberg and Feldman, 2002).

Schlegel M. 2005. The H3/H4 histone gene cluster
Conclusion
This study is extremely important in the recognition
of the effective markers to identify the gastropod
species to further extend our research to find species

of land
TS/TV

snails (Gastropoda:
ratio,

GC3

drive

Stylommatophora):
and

signals

in

stylommatophoran phylogeny. Journal of Molluscan

specific markers.

Studies, 71, 339-348.

Acknowledgement

Arbogast BS, Edwards SV, Wakeley J, Beerli

The authors would like to thank, Faculty of Centre of
Agricultural

Biochemistry

and

Biotechnology,

University of Agriculture, Faisalabad in terms of lab
facilities and technical support.

P, Slowinski JB. 2002. Estimating divergence
times from molecular data on phylogenetic and
population genetic timescales. Annual Review of
Ecology and Systematics 707-740 p.

References
Adamkewicz

SL,

Harasewych

MG.

1996.

Blandford FRS, Auston- Godwin HH. 1908. The

Systematics and biogeography of the genus Donax

Fauna of British India (Mollusca). Taylor and Francis,

(Bivalvia: Donacidae) in eastern North America.
American Malacological Bulletin 13, 97-103.

Red Lion Court, Fleet Street, London. 1-303.

33 | Altaf et al.

J. Bio. Env. Sci. 2017
Collins TM, Frazer K, Palmer AR, Vermeij GJ,

Hutton, T. 1849. Notices of some land and

Brown WM. 1996. Evolutionary history of northern

freshwater shells occurring in Afghanisthan. Journal

hemisphere

Nucella

of the Asiatic Society of Bengal.18, 556-561.

molecular,

morphological,

(Gastropoda,

Muricidae):

ecological,

and

paleontological evidence. Evolution 50, 2287-2304.
Costa

FO,

Cunha

MR,

Neuparth

Johnson MS, Cumming RL. 1995. Genetic

T,

Theodorakis CW, Costa MH, Shugart LR. 2004.
Application

of

RAPD

DNA

fingerprinting

in

taxonomic identification of amphipods: a case-study
with

Gammarus

Amphipoda). Journal

species
of

the

(Crustacea:

Marine

Biological

Association of the UK, 84, 171-178.

distinctness of three widespread and morphologically
variable

species

of

Drupella

(Gastropoda,

Muricidae). Coral Reefs 14, 71-78.
Jordaens K, VanRiel P,

Backeljau T. 2003.

Molecular and morphological discrimination between
the pulmonate land snails Zonitoides nitidus and Z.
excavates. Journal of Molluscan Studies 69, 295-300.

Dillon RT, Frankis, RC. 2004. High levels of
mitochondrial DNA sequence divergence in isolated

Klinbunga S, Amparyup P, Leelatanawit R,

populations of freshwater snails of the genus

Tassanakajon A, Hirono I, Aoki T. Menasveta

Goniobasis

P. 2004. Species identification of the tropical abalone

Lea,

1862. American

Malacological

(Haliotis asinina, Haliotis ovina, and Haliotis varia)

Bulletin 19, 69-77.

in Thailand using RAPD and SCAR markers. Journal
Douek J, Barki Y, Gateno D, Rinkevich B.

of Biochemistry and Molecular Biology 37, 213-222.

2002. Possible cryptic speciation within the sea
anemone Actinia equina complex detected by AFLP

Klinbunga S, Ampayup P, Tassanakajon A,

markers. Zoological Journal of the Linnean Society

Jarayabhand P. Yoosukh W. 2000. Development

136, 315-320.

of species-specific markers of the tropical oyster

Doyle JJ, Doyle JL, Brown AHD. 1990. A
chloroplast-DNA phylogeny of the wild perennial
relatives of soybean (Glycine subgenus Glycine):
congruence

with

morphological

and

crossing

groups. Evolution 371-389.

(Crassostrea

belcheri)

in

Thailand. Marine

Biotechnology 2, 476-484.
Lee T, Hong HC, Kim JJ.Ó, Foighil D. 2007.
Phylogenetic and taxonomic incongruence involving
nuclear and mitochondrial markers in Korean

Edwards S, Beerli, P. 2000. Perspective: gene

populations

divergence, population divergence, and the variance

Semisulcospira

in coalescence time in phylogeographic studies.

Pleuroceridae). Molecular

Evolution 54, 1839-1854.

Evolution 43, 386-397.

Goodacre SL, Thomaz D, Davies EK. 2006.

Maddison WP, Knowles LL. 2006. Inferring

Mitochondrial gene diversity in Cepaea–population
structure, history and positive selection. Biological
Journal of the Linnean Society 87, 167-184.
Holland BS, Hadfield MG. 2002. Islands within
an island: phylogeography and conservation genetics
of the endangered Hawaiian tree snail Achatinella
mustelina. Molecular Ecology, 11, 365-375.

of

phylogeny

the

freshwater

snail

genus

(Cerithioidea:

despite

Phylogenetics

and

incomplete

lineage

sorting. Systematic Biology 55, 21-30.
Minton

RL,

Lydeard

C.

2003.

Phylogeny,

taxonomy, genetics and global heritage ranks of an
imperilled,

freshwater

snail

genus

Lithasia

(Pleuroceridae). Molecular Ecology 12, 75-87.

34 | Altaf et al.

J. Bio. Env. Sci. 2017
Miura O, Kuris AM, Torchin ME, Hechinger

Thacker RW, Hadfield MG. 2000. Mitochondrial

RF, Dunham EJ, Chiba S. 2005. Molecular-

phylogeny

genetic analyses reveal cryptic species of trematodes

(Achatinellinae). Molecular

in the intertidal gastropod, Batillaria cumingi

Evolution 16, 263-270.

of

extant

Hawaiian

tree

snails

Phylogenetics

and

(Crosse). International Journal of Parasitology 35,
Thomaz D, Guiller A, Clarke B. 1996. Extreme

793-801.

divergence of mitochondrial DNA within species of
Nei M. 1973. Analysis of gene diversity in subdivided

pulmonate land snails. Proceedings of the Royal

populations. Proceedings of the National Academy of

Society of London. 263, 363-368.

Sciences 70, 3321-3323.
Park KI, Park JK, Lee J, Choi KS. 2005. Use of
molecular markers for species identification of
Korean Perkinsus sp. isolated from Manila clams
Ruditapes

philippinarum. Diseases

of

aquatic

organisms 66, 255.

C.

2005.

Molecular

phylogeny

and

biogeography of spring-associated hydrobiid snails of
the Great Artesian Basin, Australia. Molecular
Phylogenetics and Evolution 34, 545-556.

Naggs F. 2009. Pupilloidea of Pakistan (Gastropoda:
Truncatellininae,

Vertigininae,

Gastrocoptinae, Pupillinae. Annales Zoologici 59,
423-458.

Wakeley J. 2000. The effects of subdivision on the
divergence

of

populations

and

species. Evolution 54, 1092-1101.
Westheide W, Schmidt H. 2003. Cosmopolitan
versus cryptic meiofaunal polychaete species: an
approach to a molecular taxonomy. Helgoland Marine

Welsh J. McClelland M. 1990. Fingerprinting
genomes using PCR with arbitrary primers. Nucleic
Acids Res 19, 5275–5279.
Wiens JJ, Penkrot TA. 2002. Delimiting species

Rosenberg

NA, Feldman MW.

Relationship

between

Coalescence

Divergence

Times

Population

Genetics 75, 81-89.

Research 57, 1-6.

Pokryszko BM, Auffenberg K, Hlavac JC.
Pulmonata):

general model of population subdivision. Journal of

genetic

Perez KE, Ponder WF, Colgan DJ, Clark SA,
Lydeard

Wakeley J. 1996. Pairwise differences under a

2002. The
Times

In:

and

Modern

Developments in Theoretical Population Genetics,
130-164. Oxford: Oxford University Press.

using

DNA

discordant

and
species

morphological
limits

in

variation
spiny

and

lizards

(Sceloporus). Systematic Biology 51, 69–91.
Williams JG, Kubelik AR, Livak KJ, Rafalski
JA,

Tingey

SV.

1990.

DNA

polymorphisms

Rundell RJ, Cowie RH. 2004. Preservation of

amplified by arbitrary primers are useful as genetic

species diversity and abundances in Pacific island

markers. Nucleic Acids Res 18, 6531-6535.

land snail death assemblages. Journal of Conchology
Wright S. 1943. Isolation by distance. Genetics 28,

38, 155.

114-138.
Sides JD. 2005. The Systematics of Freshwater
Snails

of

the

Genus

Pleurocera

(Gastropoda:

Yeh X, Al-Babili S, Klöti A, Zhang J, Lucca P,

Pleuroceridae) From the Mobile River Basin. PhD

Beyer

Dissertation, University of Alabama, Tuscaloosa,

provitamin A (β-carotene) biosynthetic pathway into

Alabama.

(Carotenoid free) rice endosperm. Science 287, 303-305.

35 | Altaf et al.

P, Potrykus I. 2000. Engineering the

