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Summary

Specimens of veneridae clams were collected from Lake Timsah (Suez Canal). These specimens
were classified by morphological investigation to seven species, six genera and four subfamilies.
Some specimens had shell abnormalities (about 5-7% out of the collected specimens) as response to
contaminants exposure in their habitat. Random amplified polymorphic DNA (RAPD) markers were
used to determine the genetic similarities between the collected species. 13 out of 21 RAPD primers
generated 368 RAPD markers ranged from 130 to 2073 bp. The genetic similarity index values
revealed non-significant differences in the genetic diversity between species (the value between each
two species was above 0.5) The high values of similarity proved that, the collected species must be
actually monophylogenetics. The similarity value between some species was higher than the others;
despite these species follow different subfamilies. On the other hand, although two species follow
the same genus, their similarity value was lower than that of them and the rest of the species. The
unweighted pair group method using arithmetic average (UPGMA) dendrogram based on the
genetic similarity index comprised two main clusters, one of which nested large cluster including six
species, and the other included only one species.

Keywords: Clams; Veneridae; DNA; Genetic diversity; RAPD-PCR; UPGMA

1. Introduction

Veneridae is a cosmopolitan marine bivalve family that distributed along many Egyptian coasts,
lives in sandy-site or muddy-gravel sediments. Veneridaec members are filter feeders and thoroughly
exposed to the local water. They extract contaminants with extracting oxygen and food and
accumulate them in their bodies in a much higher concentration than in the surrounding sea water
[1, 2, and 3]. The shell can be an important site of metals bioaccumulation and may act as a “toxic
waste sink” to facilitate the removal of pollutants from the more metabolically active soft tissues.
Metals may be either adsorbed onto the surface of the shell relatively non-specifically or integrated
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(sequestrated) into the shell matrix. Sometimes pollution cause change in shell structure and color
[2]. Recent works synonymies some Veneridae subfamilies with each other due to their overall
morphological similarity. The use of traditional shell-based characters alone, however, is
questionable for resolving phylogenetic relationships of this family. Seilacher [4] stated that
morphology is controlled not only by evolutionary heritage and necessities of adaptation to specific
environments, but also by morphogenetic programs. In other words, morphology is a product of
combined phylogenetic, adaptive, and constructional factors. Stanley [5] emphasized that shell
cross-sectional shape, lateral profile, thickness, and surface features are related to burrowing
behavior. The use of RAPD analysis in phylogenetic studies and population genetics has been
observed in a wide variety of organisms [6, 7, 8 and 9]. In aquatic shellfish, this technique has
successfully analyzed genetic polymorphisms at the interspecies level of bivalves, such as mussel
[10], intraspecies level of scallop [11], abalone [12] and oyster [13, 14 and 15]. De Wolf et al. [16]
concluded that, RAPDs are not only useful to infer genotoxic related population genetic effects by
considering band intensity differences or gain/loss of RAPD bands, but they may also provide
information on the overall genetic diversity and structure of populations.

Morphological characters of both Venerinae and Chioninae (Veneridae) subfamilies were evaluated
by mapping them onto the resultant phylogenetic tree [17]. This study showed that, despite a high
amount of homoplasy in the morphological characters, a specific subset of those characters can be
used to distinguish between members of the two subfamilies. Recently, to clarify the systematic and
phylogeny of Veneridae, a portion of nucleotide sequence of the gene encoding the large subunit of
mitochondrial ribosomal RNA was analyzed by Ai-hui et al. [18] in 14 species representative of 10
genera belonging to 6 different subfamilies. The results indicated that the current placement of the
genera into subfamilies does not always reflect a natural subdivision that based on morphological
characters. In addition, the six species of Tapetinae, though confirmed to be a monophyletic clad,
do not exhibit a correct attribution at the genus level. Canapa et al. [19] determined 400 base pair
long portion of 16S rRNA gene sequence for many species of venerid clams and concluded that
neighbor-joining and maximum parsimony trees support the rest of traditional morphological
classification method at the level of the subfamilies.

Timsah Lake lies in a half-way of the Suez Canal. Although its water is salty, fresh water is coming
from the Nile through Ismailia Canal, reduces its salinity and its pH value. The aim of this work
was to assess the genetic diversity of venerid species collected from Lake Timsah in order to
formulate hypotheses regarding the underlying mechanism that is responsible for the species genetic
structure of this family.

2. Materials and methods

2.1- Samples collection and preparation:

Samples of water, sediment and venerid specimens were collected from Lake Timsah in October
(2008). Small portions of the adductor and foot muscles were excised nondestructively and flash-
frozen in liquid nitrogen before stored in a -800C freezer until further DNA analysis. In the
laboratory, all specimens were morphologically identified and photographed. Whole soft tissues of
the common clam were frozen till used for heavy metals determination.

2.2. Ecological investigations:
Physicochemical parameters determination:

Water temperature, hydrogen ion concentration, and dissolved oxygen were measured in situ, while
salinity was measured at the laboratory by using conductivity salinometer.
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Heavy metals determination:

Heavy metals including Cd, Co, Cu, Fe, Mn, Ni, Pb and Zn were analyzed using the Atomic
Absorption Spectrophotometer (AAS) (Perkin- Elmer Model 2380) in surface sea water, sediment
[20], common clam whole soft tissues [21] and common clam shell [22].

Total petroleum hydrocarbons determination (TPHS):
TPHs were analyzed in surface sea water by capillary gas chromatography (GC) followed by high
performance liquid chromatography (HPLC) with fluorescence detection.

2.3. Genomic DNA extraction and purification:

For each specimen, genomic DNA was isolated and purified from 30-35mg of adductor and foot
muscles using Wizard Genomic DNA Purification Kit (Promega), according to the manufacturer’s
instructions. Whole genomic DNA was then quantified using a spectrophotometer and diluted to a
standard concentration of 20ng/ul.

A set of 21 RAPD primers comprising unique decamer nucleotides with high G+C contents ranging
from 60-70% (Tm = 32 - 34 °C) were used to amplify genomic DNA for the collected samples. The
sequence of the primers (5" — 3") is represented in Table (1). Amplification was conducted in 25 pl
volumes consisting of 2.5 pl of 10x buffer (20 mM Tris- HCI, 100 mM KCL, 0.1 mM DDT, 50%
Glycerol, 0.5% Tween 20 and 0.5% NP-40), 0.5 ul dNTPs mixture (25 mM each), 1.5 pl MgCI2
(25 mM), 1 ul BioReady Tag DNA polymerase (BioFlux) (2.5 U/ul), 1 ul DNA template (100 ng) ,
2 ul of primer and up to 25 ul by ddH20. Negative controls, all the components with no DNA using
distilled water instead, were used to detect possible contaminations. PCR amplifications were
carried out in a Gene Amplification PCR system (Perkin Elmer Model 2400) using the following
conditions: Initial denaturation at 940C (2 min.), followed by 45 cycles of 940C (30 s), 380C (30 s)
and 720C (60 s) with a final extension at 720C (5 min.).

Table 1: List of arbitrary primers sequences and their G+C contents. Show only the primers
sequences that gave amplification in all species

Code | Sequence 5 to 3" G+C% | Code | Sequence5’ to 3" G+C%
1 GTAGACCCGT |60 12 | TGC GCC CTT C 70
2 GGA CCCTTAC |60 13 TTC GCA CGG G 70
3 GTC GCCGTCA |70 14 GTG AGG CGT C 70
4 GGT CCCTGAC |70 15 CAA ACG TCG G 60
5 TGG ACC GGTG | 70 16 CTG CTG GGA C 70
6 AGG GGTCTTG | 60 17 GTG ACG TAG G 60
7 TTC CCCCGCT |70 18 CCA CAG CAG T 60
8 TTC CCCCCAG |70 19 | TGA GCG GAC A 60
9 ACTTCGCCAC |60 20 GTG AGG CGT C 70
10 |CAATCGCCGT |60 21 CCA GGA GGA C 70
11 | AGGGAACGAG |60
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Amplified products were separated on 1.5% polyacrylamide gels using TBE buffer at 80V for 1.5
hours. Gels were developed in ethidium bromide baths for 15 minutes. Visualization was done with
a FluorChem 8800 Imaging System (Alpha Innotech Corporation) under UV lighting and DNA
bands were scored.

2.4. Statistical analysis:

Two-way ANOVA were employed to find the variances in the ecological analysis by using
MSTAT-C program (MSTAT-C V.2.10). All results were significant at a probability level equal or
less than 0.05 [23].Variation detected by RAPD—PCR amplification was analyzed for the presence
versus absence bands. Cluster analysis of pair wise genetic similarity of different species was
performed using unweighted pair group method with the arithmetic mean (UPGMA). The
calculations and dendrogram were performed by using the NTSYS-pc version 2.02 software
packages (Numerical Taxonomy System, Exeter Software).

3. Results

3.1. Classification according to the morphometric characters:

The collected specimens were classified into seven species as follows:

1- Callista florida Lamarck, 1818 (Subfamily: Pitarinae Stewart, 1930)

2- Dosinia radiata Reeve, 1850 (Subfamily: Dosiniinae Deshayes, 1853)
3-Gafrarium pectinatum Linnaeus, 1758 (Subfamily: Circinae Dall, 1896)
4-Paphia undulata Born, 1778 (Subfamily: Tapetinae H. & A. Adams, 1857)
5-Tapes decussatus Linnaeus, 1758 (Tapetinae)

6-Venerupis aureus Gmelin, 1791 (Tapetinae)

7-Venerupis pullastra Montagu, 1803 (Tapetinae)

According to the morphological investigation some collected specimens had shell abnormalities
(about 5-7% out of the collected specimens) as shown in Figurel.

Venerupis aureus

Venerupis pullasira

FPap/liia undu/sls

Fig. 1: Venerid clams showing normal (on the left side) and abnormal shells (on the right side) indicated by
arrows heads. Scale bar = 3 cm.
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3.2- Ecological investigations:

Table 2: Physicochemical parameters values of Lake Timsah surface sea water.
(Mean + standard error of 6 determinations).

Parameters

Salinity (%o ) DO (mg/l)
M+ SE 26.200 + 1.550 8.360 +0.067 40.354 + 0.281 5.497 +0.184

The physicochemical parameters of surface sea water are illustrated in Table (2). ANOVA revealed
highly significant differences (P< 0.01) in heavy metals values between water, sediment, soft tissues
and shells. The sequence of heavy metals concentrations followed the pattern; water < shell <
sediment < soft tissues for all metals except for Cd, which gave the following pattern; water <
sediment < shell < soft tissues as detailed in Table (3). TPHs concentration in surface sea water was
0.31 mg/l.
Table 3: Heavy metals concentrations in surface sea water (ug/ml) and sediment, common clam
(Tapes decussatus) whole soft tissues and shell (ug/g dry weight) of Lake Timsah.
( each mean + standard error for 6 determinations).

Metals Parameters

Cd 0.480+0.011  4.953 +£0.246 6.593 +0.460 5.309 +£0.302
Co 1.118 £0.133  2.917 £ 0.296 12.543 + 0.570 1.984 +0.218
Cu 4.093 +£0.096 10.232 +0.824 60.887 +3.944 4.206 +0.434
Fe 11.290 + 0.201 305.528 +£5.923 2182.250+ 88.172 143.849 + 6.122
Mn 2.077+£0.185  33.365 +2.758 79.660 +2.034 24.710 + 1.963
Ni 2.165+0.097 24.904 + 1.399 33.084 +1.950 17.305 + 1.250
Pb 3.175+0.230  45.161 +1.862 47.550 +1.724 43.810 +1.688
Zn 12.186 + 0.886 47.223 £2.265  108.768 +4.280  22.639+ 0.299

3.3- RAPD-PCR analysis:

A total of 368 RAPD markers ranging from 130 to 2073 bp in size were clearly identified from PCR
amplification using 13 primers for each venerid species (Figure 2A and B). The greatest number of
PCR bands was found with primer 12 (61 bands) while the smallest number was obtained with
primer 11 (only 9 bands).

Table 4: Genetic similarity matrix index calculated by pairwise comparison of seven species of venerid
clams collected from Lake Timsah. Cf, Callista florida; Dr, Dosinia radiata; Gp, Gafrarium pectinatum; Pu,
Paphia undulata; Td, Tapes decussatus; Va, Venerupis aureus and Vp, Venerupis pullastra.

Cf Gp Td Va Vp Pu Dr

Cf 1 0.691 0.683 0.638 0.528 0.695 0.671
Gp 1 0.789 0.679 0.545 0.703 0.679
Td 1 0.679 0.602 0.695 0.663

Va 1 0.549 0.650 0.634

Vp 1 0.630 0.549

Pu 1 0.740

Dr 1
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Fig. 2 (A and B): Bands generated by PCR using RAPD primers for the seven species of venerid
clams collected from Lake Timsah. bp, molecular weight in base pairs; Cf, Callista florida; Dr,
Dosinia radiata; Gp, Gafrarium pectinatum; M, DNA marker; P, primer; Pu, Paphia undulata; Td,
Tapes decussatus; Va, Venerupis aureus and Vp, Venerupis pullastra.
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The genetic similarity index values were calculated by pairwise comparison in the RAPD-PCR
amplification profiles of any two species (Table 4). It is noteworthy that there are no significant
differences in the genetic diversity between them; the results between each two species were above
0.5. The high values of similarity proved that, the seven species must be actually
monophylogenetics. The similarity value between Gafrarium pectinatum and Tapes decussatus was
higher than the others, despite the two species follow different subfamilies, also the value between
Paphia undulata and Dosinia radiata was high despite the two species follow different subfamilies.
On the other hand, although, Venerupis aureus and V. pullastra follow the same genus, the
similarity value between them was lower than that of them and most other species. The unweighted
pair group method using arithmetic average (UPGMA) dendrogram based on the genetic similarity
index comprised two main clusters, one of which was a nested large cluster including six species,
and the other included one species (Figure 3).

cf

N I

Gp

\
.

| — Py

Dr

Va

Vp

0.57 0.62 0.68 0.73 0.79
UPGMA Coefficient

Fig. 3: Unweighted pair group method using arithmetic average (UPGMA) dendrogram based on
genetic similarity index values calculated from data of 13 arbitrary primers for seven species of
venerid clams collected from Lake Timsah. Cf, Callista florida; Dr, Dosinia radiata; Gp,
Gafrarium pectinatum; Pu, Paphia undulata; Td, Tapes decussatus; Va, Venerupis aureus and Vp,
Venerupis pullastra.
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4. Discussion

The higher concentration of heavy metals and TPHs in Lake Timsah is due to the passage of ships
through Suez Canal which increases the pollution of water [24]. By comparing the measured heavy
metals concentrations in water, sediment, soft tissues and shell, it was found that, the highest metal
concentrations were in soft parts, followed by shell, sediment and finally in the water. This pattern
of concentration gradient was proved for all investigated metals except for Cd, which accumulated
in the shell in higher values than in sediment. These results agree with other reports [1, 2, 3 and 25]
and attributed to the fact that clams are biomonitoring, accumulate contaminants in their bodies in
levels much higher than in the surrounding environment.

The metals concentration was much lower in the shell than in the soft tissues similar to those
observed in other molluscs [26, 27, 28, 29, 30, 31, 32 and 33]. These phenomena is in accordance
with the fact that metal variability in the shells is less associated with weight, size, season,
physiological condition, etc. than in the soft tissues [34]. In other molluscs, higher iron
concentrations were found in the shells rather than in the soft tissues as observed by Ireland &
Wootton [35] and Szefer & Szefer [36 and 37]. These differences may be due to the cleaning
process applied prior to analysis in the shells was inadequate as stated by Cravo et al. [25].

The presence of contaminants may affect the integrity of some collected shells. Black et al. [38]
revealed that shell can be an important site of metal bioaccumulation and may act as a toxic waste
sink to facilitate removal of pollutants from the soft tissues, which are adsorbed on the surface of
the shells and may be integrated into the shell matrix. Once metals are trapped in the shell matrix,
little metal release is possible unless breakdown of the shell matrix occurs. The detected
abnormalities may affect the complete closing of valves while clams can tolerate long periods of
unsuitable conditions by closing their valves as stated by Eversol [39] In the current study, RAPD-
PCR technique was used to evaluate the classical identification and genetic variations among the
examined venerid species [40, 41 and 9]. RAPDs are commonly used as markers to discriminate
particular taxa by the presence/absence of certain diagnostic bands as mentioned by Barman et al.
[42]. Aranishi & Okimoto [15] revealed that, polymorphisms derived from priming sites, which are
randomly distributed throughout a genome, are inherited in a Mendelian fashion and result in
differing amplification products useful as genetic markers. Out of the examined 21 arbitrary primers
comprising unique decamer nucleotides, only 5 different primers gave positive results with the
seven clams’ species and produced 1-10 amplified bands with total 187 bands. Other 8 primers
produced 1-11 amplified bands with total 181 bands, but were not reproducible with some species.
An optimized RAPD-PCR amplification program with the thirteen primers allowed us to identify a
total of 368 RAPD markers for each species. The differences of resulting DNA profiles among
species as mentioned by Fritsch & Rieseberg [43] depending on the (1) presence/absence of priming
sites, (2) priming complementary completeness/ incompleteness or (3) distance between priming
sites. The genetic similarity index values were calculated by pairwise comparison in the RAPD-
PCR amplification profiles of any two of seven venerid species revealed that, the seven species
must be actually monophylogenetics. These data support the morphological studies which grouped
these species in one family (Veneridae). The genetic similarity value between Gafrarium
pectinatum and Tapes decussatus was higher than the others despite the two species follow different
subfamilies; also the value between Paphia undulata and Dosinia radiata was high despite the two
species follow different subfamilies. On the other hand, although, Venerupis aureus and V.
pullastra follow the same genus, the similarity value between them was lower than that of them and
most other species. From these genetics data, the morphological characters could be used in the
classification until the families' level. Also the present results showed that, RAPD is useful
technique for phylogenetic analysis among closely related individuals than morphological
investigations. This agrees with Andre et al. [44], Futoshi & Takane [45], Baozhong et al. [7] and
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Ibrahim et al. [46]. Seilacher [4] stated that morphology is controlled not only by evolutionary
heritage and necessities of adaptation to specific environments, but also by morphogenetic
programs. In other words, morphology is a product of combined phylogenetic, adaptive, and
constructional factors.
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