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INTRODUCTION

ABSTRACT
Random amplified polymorphic deoxyribonucleic acid-
polymerase chain reaction (RAPD-PCR) is considered as one
of the simple and quick methods that are used to resolve
the genetic relationship among species of taxa that are
difficult to identify on the basis of morphological characters.
Bivalves show great morphological variations that couple
with relatively few constant characters rendering them
a systematically difficult group, and many of them have
numerous subspecies and several synonyms. Due to the
high degree of morphological variability within Order
Unionoida, four species: Mutela dubia, M. rostrata,
Chambardia rubens, and C. letourneuxi were collected from
Benha region (Qaluobiya Governorate, Egypt) to resolve
their degree of genetic similarity depending on RAPD-PCR
technique. Out of six primers used, only five primers
“UBC476, UBC477, UBC478, UBC483, and UBC486”
worked successfully. The study revealed that C. rubens and
C. letourneuxi are very closely related species, as they

showed closely similar bands on using the primers
UBC477, UBC483, and UBC486.
affect these characters’®. In Egypt, the

Recent molecular approaches in taxonomy
have led to a steady increase in the
identification of cryptic species. Prior to
molecular techniques, evolutionary relation-
ships among bivalves were determined
using morphological species conceptst™.
The advent of molecular techniques has
revealed that some morphological characters,
such as shell structures in bivalves, are
highly polymorphic and any change due to
environmental and population density can

species of family Mutelidae have showed
so variable shell morphology due to
environmental changes and geographical
distribution leading to confusion in their
nomenclature and classification®®. Ibrahim
et al.”! reported that within Mutelidae there
are only two genera found in Egypt
namely, Mutela and Chambardia. Mutela
was reported to have three species; Mutela
dubia, M. rostrata, and M. singularis;
while genus Chambardia has two species,
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Chambardia rubens and C. letourneuxi.
On the other hand, Harper et al.’! and
El-Assal et al.® have separated each of
Mutela and Chambardia into only two
species. Based on the morphological
characters, shells of Mutela spp. devoid
the umbonal sculpture, while Chambardia
spp. have shells with umbonal sculpture.
Shells of M. dubia and C. rubens are ovate-
elongate, while those of M. rostrata and
C. letourneuxi are elongate. In addition, shell
of M. dubia has posterior dorsal margin
showing the largest height, while M. rostrata
has dorsal and ventral margins that are
almost parallel. On the other hand, C. rubens
has shell length/height (L/H) ratio equals
to 1.6, while that of C. letourneuxi has L/H
ratio measuring 1.8-2.05!,

One of the DNA features that were used
to analyse the population genetic diversity
is random amplified polymorphic DNA-
polymerase chain reaction (RAPD-PCR)
technique. RAPD-PCR standard method
uses short-single oligonucleotide (10-12
bases) with the random order as a primer
to amplify DNA genes in nanograms in
low annealing temperature!®. Therefore, the
present study aimed to use RAPD-PCR
method to determine the degree of
genetic similarity and evaluate the genetic
relationship among the four mutelid species,
M. dubia, M. rostrata, C. rubens, and
C. letourneuxi from the River Nile in Egypt.

MATERIAL AND METHODS

Collection of samples

Samples of the four mutelid species,
M. dubia, M. rostrata, C. rubens, and
C. letourneuxi (n = 5, for each species)
were collected from Benha (Qaluobiya
Governorate) along River Nile in Egypt
(Figure 1) using a special net made of
hard metallic frame. Mussels were collected
during spring 2017 and transferred to
the laboratory of Invertebrates. Sorting
and maintenance of samples were done
under the standard conditions of food
and temperature. ldentification of mussels
followed the keys of Ibrahim et al.’! and
Graf and Cummingst”.

Extraction of DNA and RAPD-PCR
technique

The four samples under investigation were
dissected and preservation of their soft
parts was carried out in absolute ethanol
at —20°C until utilization. The extraction of
total genomic DNA from frozen alcohol-
preserved foot was achieved using Qiagen
DNeasy tissue kit (Valencia, Santa Clarita,
CA, USA) following the manufacturer’s
instruction. Six primers were used in the
present investigation in RAPD-PCRE:
476: 5-TTGAGGCCCT-3', 477: 5-TGTT
GTGCCC-3', 478: 5-CGAGCTGGTC-3,,
479: 5-CTCATACGCG-3", 483: 5-GCA
CTAAGAC-3’, 486: 5-CCAGCATCAG-3’
(Midland  Certified Reagent Company,
Midland, TX, USA).

In the preliminary experiments, only
five primers worked successfully “UBC476,
UBC477, UBC478, UBC483, and UBC486”.
Amplifications were practiced following
Williams et al.'? with some modifications.
PCR mixture (50 pL) contained 2.0 pL
sample DNA, 1.0 pL primer, 25 puL master
mix and 22 pL distilled water (PCR
MyTaq™ HS Red Mix, Bioline, Memphis,
TN, USA). By utilization of each primer,
each amplification reaction was repeated
three times to verify band autosimilarity™?.
Amplifications were produced in T-personal
thermal cycler (TC-3000G, Techne Inc.,
Burlington, NJ, USA), programmed for
45 cycles of 94°C for 1.0 minute, 35°C
for 1.0 minute, and 72°C for 1.0 minute.
An initial denaturation step for 3.0 minutes
at 94°C and a final extension holding for
10 minutes at 72°C were included in
the first and last cycles, respectively.
The reaction products (10 pL) were resolved
by 2.0% agarose gel electrophoresis at 85 V
in 1.0x Tris-acetate-EDTA (TAE) buffer.
The gel was visualized using ethidium
bromide stain and then photographed
with gel documentation system (SynGene,
GeneTools - File version: 4.02.03, France).
Species-specific fragments were revealed
using GeneRuler 1.0 kb Plus DNA Ladder
(Fisher Scientific, Toronto, Canada) to
compare the amplified products.
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Figure 1: Photographs showing the morphology of external shell surface of the four
mutelid species: (a) Mutela dubia shell; (b) M. rostrata shell; (c) Chambardia rubens shell;
(d) C. letourneuxi shell. GA: growth annuli, PS: posterior slope, U: umbo. Scale bar = 2 cm.

Molecular data analysis and estimation of similarity index (D-value)
Molecular analysis was executed using gel of each primer among the studied mutelid
documentation system for the dendogram  species. RAPD-PCR amplification products
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took the score 1/0 for presence/absence
of homologous bands*¥ and analyses
were accomplished using the NTSYSpc
2.2 software™. For RAPD markers,
similarity coefficient matrix was calculated
using Jaccard similarity algorithm!*®!,
Construction of dendograms was done
using the unweighed pair-group method
with  arithmetical algorithms averages
(UPGMA)M. Genetic diversity was also
revealed as the percentage of polymorphic
bands. The percentage of polymorphism
was calculated for each species, as well

C. rubens
C. letourneuxi

s
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as the mean and overall value for all
species and each primer.

RESULTS

DNA was successfully extracted from
the foot of the four studied species;
Mutela dubia, M. rostrata, Chambardia
rubens, and C. letourneuxi. RAPD-PCR was
carried out using six primers of which,
primer (UBC 479) gave no reproducibility
for all studied species, while the other
five primers provided strongly amplified
fragments (Figures 2-6).

M. dubia

M. rostrata

C. rubens

C. letourneuxi

Figure 2: RAPD-PCR profile of the mutelid species using UBC476 primer. (a) Gel
electrophoresis showing amplification profile of samples, M: 1.0 kb DNA marker,
(b) dendrogram of UBC476 primer demonstrating the relationships of the species under study.
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Figure 3: RAPD-PCR profile of the mutelid species using UBC477 primer. (a) Gel
electrophoresis showing amplification profile of samples, M: 1.0 kb DNA marker,
(b) dendrogram of UBC477 primer demonstrating the relationships of the species under study.
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Figure 4: RAPD-PCR profile of the mutelid species using UBC478 primer. (a) Gel
electrophoresis showing amplification profile of samples, M: 1.0 kb DNA marker,
(b) dendrogram of UBC478 primer demonstrating the relationships of the species under study.
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Figure 5: RAPD-PCR profile of the mutelid species using UBC483 primer. (a) Gel
electrophoresis showing amplification profile of samples, M: 1.0 kb DNA marker,
(b) dendrogram of UBC483 primer demonstrating the relationships of the species under study.
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Figure 6: RAPD-PCR profile of the mutelid species using UBC486 primer. (a) Gel
electrophoresis showing amplification profile of samples, M: 1.0 kb DNA marker,
(b) dendrogram of UBC486 primer demonstrating the relationships of the species under study.
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Each primer produced 3-6 polymorphic
bands (Table 1). The number of amplified
bands (monomorphic, polymorphic, and
unique) of the DNA of each species with
different primers is given, and the genetic
diversity is also given as the percentage of
the polymorphic bands for each primer

(Table 1). Some RAPD-PCR fragments were
found to be unique; four unique bands in M.
dubia, one unique band in M. rostrata, one
unique band in C. rubens, and six unique
bands in C. letourneuxi, while the total
polymorphic bands were found to be 90%
among the four studied species (Table 2).

Table 1: Total number of bands (monomorphic and polymorphic) and the percentage of
polymorphism of each primer in samples under investigation.

Monomorphic  Polymorphic  Polymorphism (%)

Primers  Total bands number

UBCA476 6 0
UBC477 3 0
UBCA478 5 0
UBC483 5 0
UBC486 4 0

100 %
100 %
100 %
100 %
100 %

A 01 O W O

Table 2: Total number of bands for all studied primers (monomorphic, polymorphic, and
unique) and the percentage of polymorphism revealed by RAPD markers among the four

mutelid species.

Bands M. dubia M. rostrata C. rubens C. letourneuxi Total
Amplified 6 6 11 16 39
Monomorphic 1 1 1 1 4
Polymorphic 5 5 10 15 35
Unique 4 1 1 6 12
Polymorphism (%) 83% 83% 90% 94% 90%

By running PCR products of the studied
samples on agarose gel, the genetic
variability was observed among the studied
Mutela and Chambardia species. The
RAPD-PCR analysis was based on the
number of bands that were different between
any given pair of species (Figures 2-6).
Analysis showed natural differences or
polymorphism among the studied Mutela
and Chambardia species under investigation.
Results of RAPD-PCR using UBCA477,
UBC483, and UBC486 primers indicated
that C. rubens and C. letourneuxi showed
bands at about the similar base pairs on
using the same primers (Figures 3a, 5a, and

6a). No differences between the four studied
species were shown using the primers
UBC476 and UBC478 (Figures 2a and 4a).
In addition, the dendrogram analysis using
the primers UBC477, UBC483, and
UBC486 (Figures 3b, 5b, and 6b) confirmed
the results obtained with the RAPD-PCR
profile and those of the D-values, where
C. rubens and C. letourneuxi are the closest
species, while M. dubia and M. rostrata are
distinct ones.

D-values of the studied species is
presented in Table “3”. Species are
considered similar when the D-value

between two species is equal or close to 1.0.
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Table 3: Similarity indices (D-values) of the studied species using the current five primers.

Species M. dubia M. rostrata C. rubens C. letourneuxi

UBCA476

M. dubia 1

M. rostrata 0

C. rubens 0 1

C. letourneuxi 0 0 1
UBCA477

M. dubia 1

M. rostrata 0

C. rubens 0 1

C. letourneuxi 0 1 1
UBCA478

M. dubia 1

M. rostrata

C. rubens 0 1

C. letourneuxi 0.2 0 1
UBC483

M. dubia 1

M. rostrata 0 1

C. rubens 0 0.33 1

C. letourneuxi 0 0.33 1 1
UBC486

M. dubia 1

M. rostrata 0

C. rubens 0 1

C. letourneuxi 0 0.8 1

On the other hand, when D-value is distant
from 1.0, the two species are considered
as separate species. D-values between
C. rubens and C. letourneuxi using the
primers UBC477, UBC483, and UBC486
was found to be close to 1.0, while it was
distant from 1.0 for these two species and
the other studied species using the primers
UBC476 and UBC478 indicating no close
relationship (Table 3). As a result, C. rubens
and C. letourneuxi were found to be the

closest species. The similarity coefficient
matrix of all primers showed that the highest
D-value (0.75) was found between C. rubens
and C. letourneuxi, while the lowest D-value
(0.12) was obtained between M. dubia
and C. letourneuxi (Table 4). Moreover,
the UPGMA dendrogram of all primers
(Figure 7) revealed that C. rubens and
C. letourneuxi are the most closely
associated species, while M. dubia and
M. rostrata are distinct ones.
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Table 4: Similarity coefficient matrix of all primers calculated by NTSys of the studied

mutelid species.

Species M. dubia M. rostrata C. rubens C. letourneuxi
M. dubia 1
M. rostrata 0.56
C. rubens 0.37 0.43 1
C. letourneuxi 0.12 0.31 0.75 1

M. dubia

M. rostrata

| C. rubens

I C. letourneuxi

: R
Cact e

Figure 7: Dendrogram of cluster analysis for the four studied species according to RAPD-
PCR data obtained using Jaccard coefficient and unweighed pair-group method with

arithmetical algorithms averages (UPGMA).

DISCUSSION

The importance of taxonomy by using
DNA analyses contrasts with morphological
studies in biodiversity research’®. The
exclusive reliance on one or other method
may fail to detect variations. Comprehensive
studies including morphometrics and
molecular analyses may provide a more
accurate approach to species discrimination.
The genetic analyses of bivalve species
identifications have been used to correct
mislabelling™?%. Species determination by
means of molecular techniques could bypass
the problems of interspecific convergence
and intraspecific variability, often impeding
accurate  morphological identification of
freshwater mussels*?l. RAPD-PCRs are
commonly used as markers to discriminate
between particular taxa by the presence or
absence of certain diagnostic RAPD-PCR
bands™. In addition, the molecular data have
been confirmed as an effective tool for

studying species with variable phenotypic
plasticity®*®!.

In molluscs, many previous results were
obtained by different research groups?®%’!
indicated that RAPD-PCR was an adequate
techniqgue and a good initial approach
for distinguishing between morphologically
close species and even among the different
populations within the same species.
In addition, Bin Dajem et al.B” and
Oliveira et al.®¥ amplified the genomic
DNA and the extracted PCR products from
Biomphalaria spp. and reported a fingerprint
pattern unique to these snails. They analysed
RAPD-PCR products using agarose gel as
good, easy, rapid, and cheap method,
while other groups of researchers used
the alternative polyacrylamide gel electro-
phoresis method(?>%#34],

RAPD-PCR method was successfully
used to determine genetic relationships
among molluscs. Adult specimens of the
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two common freshwater bivalves, Caelatura
companyoi and Caelatura prasidens
belonging to family Unionidae were
described by some authors as one species®®,
while Ibrahim et al.®! separated them as
two different species. RAPD-PCR markers
were used and confirmed that the two
specimens should be actually separated
as two different species!”. RAPD-PCR
carried out to solve the problem of
confusion between Coelatura species and
showed that the five distinct morpho-
logically species of Coelatura, may be only
three different species namely Coelatura
aegyptiaca, C. canopicus, C. parreyssit*Y.
Therefore, the determination of genetic
similarity degree for some of the species is
necessary, using technique like RAPD-PCR.

As far as is known, no previous RAPD-
PCR analysis has been so far carried out on
the freshwater bivalves family Iridinidae
species found in Egypt. The current study
presents a degree of genetic convergence for
the mutelid species inhabiting the River
Nile in Egypt, facilitating quick, low-cost,
accurate, and reliable determination of adult
specimens. RAPD-PCR analysis showed
natural differences or polymorphism among
mutelid species under investigation. In
addition, dendrograms and D-values showed
that there are differences among the four
studied species, using the five primers:
UBC476, UBCA477, UBC478, UBC483, and
UBCA486. Genetic diversity was measured as
the percentage of polymorphic bands, 90%
of the bands were polymorphic among the
four studied species. Some RAPD-PCR
fragments were found to be unique to
a particular species; four unique bands were
found in M. dubia, one unique band was
found in M. rostrata and C. rubens, and six
unique bands were found in C. letourneuxi.
These results were similar to the study of
Thaewnon-ngiw® who found that all scored
RAPD-PCR bands generated by different
primers across overall species of Pila apple
snails in Thailand were polymorphic. So,
this suggested the potential of RAPD-PCR
analysis for determination of inter- and intra-
specific genetic differences of apple snails

in Thailand. Similar observations on high
genetic polymorphism were detected by
RAPD-PCR analysis across investigated
species in the mud crabs “Scylla serrata,
S. oceanic, and S. tranquebarica”®” and
the cupped oysters of genera Saccostrea
“S. cucullata, and S. forskali”” and Striostrea
“Striostrea (Parastriostrea)” mytiloides®.

Some authors used morphological
characters based-taxonomy and reported
that genus Chambardia contained two
species in E?ypt; C. rubens and
C. letourneuxi®”. However, the similarity
coefficient matrix and the UPGMA
dendrogram obtained in the present study
of all primers could confirm that C. rubens
is clearly very close to C. letourneuxi.
Similarly, Yoon®® succeeded to differentiate
between Korean scallop populations and
Chinese scallop populations from different
localities by using RAPD-PCR. The genetic
distance between individuals approved the
existence of close relatedness in the Korean
scallop population. In addition, the hierarchical
dendrogram of Euclidean genetic distances
individuals of Korean scallop population were
fairly distantly related to that of Chinese
scallop populations. Thus, it was suggested
that the PCR fragments revealed might be
valuable as a DNA marker to discriminate
between the two geographical populations®.

In conclusion, the current study revealed
that C. rubens and C. letourneuxi are very
closely related species, as they showed
similar bands on using the primers UBC477,
UBC483, and UBCA486. Using of low
number of specimens per each species may
be attributed to current study limitations.
However, further studies are needed in the
future aiming to use larger number of each
species to verify inter- and intra-specific
genetic variation within populations of
mutelid species.
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