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Introduction 

The family Veneridae is a cosmopolitan and ubiquitous bivalve fam-
ily, commonly known as “Venus clams”. There are about 800 extant 
species currently ordered in to 12 subfamilies according to a mor-
phology - based classification [1]. Most of the Venerid clams are 
ecologically important and commercially valuable. Veneridae con-
tribute a significant proportion of world’s edible bivalve fishery. The 
members of the family exhibit morphological parallelism among 
evolutionary distant species and shell diversification among closely 
related species. This complicates the study of phylogenetic relation-
ship among Venerid clams. Hence, new approaches and methods 
employing molecular markers were utilised for phylogenetic study of 

Veneridae. 

The taxonomy of Veneridae was elucidated using various methodo-
logical approaches such as karyological analysis [2], radio-
immunoassay [3], enzyme electrophoresis [4], highly repetitive DNA
[5], biochemical approaches and methods based on sperm mor-
phology [6]. Venerid phylogeny was studied using the mitochondrial 
16S rRNA gene [7,8]. Several researchers employed ITS region or 
one of its spacers in different bivalve families to delineate the phylo-

genetic relationships of many bivalve species [9-17]. 

The nuclear ribosomal DNA is a cluster of repeat units consisting of 

18S, ITS1, 5.8S, ITS2 and 28S genes. In most eukaryotes the ITSs 

exist in several hundred copies in one or several loci and in one or 

several chromosomes. ITS1 and ITS2 are non coding regions locat-

ed in rDNA [18,19]. Within a genome the nuclear rDNA copies are 

highly homogenous due to concerted evolution. 

In the present study we made an attempt to sequence the nuclear 

ribosomal internal transcribed spacers in two Venerid clams Paphia 

malabarica and Meretrix casta and to study the phylogeny of Vener-

idae using the sequences generated and 19 sequences published 

earlier. 

Materials and Methods 

Sample Collection and DNA Extraction 

Live adult clam samples of Paphia malabarica and Meretrix casta 

were collected from the clam beds of Ashtamudi Lake (Kerala, In-

dia). Twenty specimens of each species were used for the DNA 

extraction and the study was completed in two years. Total genomic 

DNA was extracted from 200mg of adductor muscle using modified 

CTAB protocol [20]. 
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PCR Amplification and Sequencing 

The internal transcribed spacer region of nuclear ribosomal DNA 
was amplified using the following primers. ITS1 F (5’-GGTGAACCT 
GCGGATGGA-3’) and ITS1R (5’-GCTGGCTGCGCTCTTCAT-3’) 
are primers that annealed to the 3’end of 18S rRNA gene and the 
5.8S rRNA gene, respectively. ITS2 region was amplified using 
ITS2 F (5’-ATGAAGAGCGCAGCCAGC-3’) and ITS2R (5’-GGCTC 
TTCCCGCTTCACTC-3’) as primers that annealed to the 5.8S 
rRNA gene and the 5’ end of 28S rRNA gene. PCR were performed 
in a total reaction mixture of 50µl of the isolated genomic DNA from 
clam samples to amplify the ITS region. The PCR were performed 
with the above mentioned primer pair. The PCR mixture contained 
1µl of isolated genomic DNA (50ng) from each sample, 1 µl of each 
primer (10 pmol/µl), 2 µl 10 mM deoxyribonucleoside triphoshate, 5 
µl 10X PCR buffer containing MgCl2, and 1µ l of 5 U/µl Taq DNA 
Polymerase. The PCR reaction was conducted with the initial dena-
turation at 94°C for 2 minutes followed by denaturation at 94°C for 
45 seconds, annealing at 62°C for 60 seconds and elongation at 
72°C for 2 min. These cycles were then followed by 34 cycles of 
denaturation, Annealing and elongation followed by an extended 
final elongation step at 72°C for 10 min. The PCR products were 
electrophoresed in a 1% (w/v) agarose gel stained with ethidium 
bromide and observed on an UV transilluminator. The amplicon was 
excised from the gel and the DNA was eluted from the gel slice by 
using GeneJet Gel extraction kit (Fermentas) according to the man-
ufacturer’s specifications. Sequencing was done using the big dye 
terminator kit in ABI 3730 XL DNA analyzer. The obtained forward 
and reverse sequences were aligned to get the contig using Se-

quencher software and were analysed.  

Sequence Alignment and Phylogenetic Analysis 

The sequences obtained were identified using NCBI-BLAST [21]. 
The species name and the accession numbers of the sequences 
are given in [Table-1]. All sequences were aligned using multiple 
sequence alignment option of CLUSTALW (EMBL-EBI) and re-

checked using CLUSTALX [22]. 

The phylogenetic trees were constructed using SeaView version 4
[23] and MEGA version 5[24] in two different phylogenetic modes of 
Neighbor-Joining (NJ) and Maximum-Parsimony (MP). Kimura’s 2-
parameter distance model was employed to construct Neighbor-
Joining trees. Maximum- Parsimony tree was obtained using the 

Close-Neighbor-Interchange algorithm [25]. Complete deletion op-
tions were used for handling gaps in all analyses. The bootstrap 
values [26], indicate the robustness of nodes in Neighbor-Joining 

and Maximum- Parsimony trees, inferred from 500 replications. 

Results 

PCR Amplification and Data Analysis 

The entire ITS region was amplified from 10 individuals of the two 
clam species. In all cases PCR yielded a single band of approxi-
mately 900 base pairs in length for Paphia malabarica and 800 
base pairs in length for Meretrix casta. The sequences were regis-
tered in the GenBank and the accession numbers were given in 
[Table-1]. Using the sequence information of Arctica islandica 
(GenBank accession number AF202106), the boundaries of coding 
and spacer regions were determined. [Table-2] depicts the species 
name, total length, AT content and GC content of the PCR products 

and their ITS1, 5.8S rDNA, ITS2, and 28S rDNA of the two species. 

Table 1- Species used for the phylogenetic analysis and their Gen-

Bank accession numbers  
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Species Accession Number 

Arctica islandica haplotype TJ1 AF202106 

Paphia malabarica JX997826 

Protothaca staminea EF035084 

Protothaca jedoensis haplotype JL2 DQ220291 

Protothaca jedoensis haplotype JL1 DQ220290 

Venerupis (Ruditapes) philippinarum EF035088 

Venerupis (Ruditapes) philippinarum strain CX AY498758 

Venerupis (Ruditapes) philippinarum strain ZH AY498757 

Cyclina sinensis DQ273168 

Chamelia gallina HE965774 

Paphia amabilis isolate TaPam1 JN996783 

Mercenaria mercenaria haplotype Y1 DQ190445 

Meretrix casta KC416613 

Meretrix cf. petechialis Mpe HE965778 

Meretrix lyrata isolate MeMly JN996771 

Cyclina sinensis haplotype QD1 DQ190446 

Meretrix meretrix voucher H.L.Cheng DQ191390 

Meretrix meretrix haplotype WZ1 DQ399410 

Venerupis (Ruditapes) philippinarum EF035085 

Saxidomus purpuratus isolate CaSpu3 JN996763 

Venus verrucosa HE965801 

Table 2- Species name, total length, GC content, AT content of PCR product , their ITS1, 5.8S rDNA, ITS2 and 28S rDNA 

Species  
GenBank 

Accession 
Number  

Total  ITS1  5.8SrDNA  ITS2  28SrDNA  

Length AT GC Length AT GC Length AT GC Length AT GC Length AT GC 

(bp) (%) (%) (bp) (%) (%) (bp) (%) (%) (bp) (%) (%) (bp) (%) (%) 

Paphia malabarica JX997826 895 41 58.99 393 41.88 58.12 157 40 60 248 37 63 97 48.45 51.55 

Meretrix casta KC416613 787 35.32 64.68 309 36.25 63.75 138 38.68 61.32 240 27.94 72.06 100 49 51 

The total length of the sequence was found to be 895 base pairs in 
Paphia malabarica and 787 base pairs in Meretrix casta. The se-
quence of Paphia malabarica showed 58.99% GC content and that 
of Meretrix casta exhibited 64.68%. The ITS1 sequence consisted 
of 393 base pairs in Paphia malabarica and 309 base pairs in Mere-
trix casta. 63.75% GC content was recorded in Meretrix casta and 
58.12% in Paphia malabarica. No microsatellites were found in the 
ITS1 region of Paphia malabarica where as the ITS1 region of Mer-

etrix casta exhibited 3 dinucleotide microsatellites [Table-3]. 

Table 3- Microsatellites in the ITS1 region 

Two microsatellites (CG) with 3 repeat units from 38 to 43 base 
pairs and from 275 to 280 base pairs and one microsatellite (GA) 

Species GenBank accession No Microsatellites Location 

Paphia malabarica JX997826 - - 

Meretrix casta  

CGCGCG 38-43 

KC416613  GAGAGA 247-252 

CGCGCG 275-280 
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with 3 repeat units from 247 to 252 base pairs were observed in 
ITS1 region of Meretrix casta. Two conserved motifs were found in 
the ITS1 region [Table-4] & [Table-5]. The first conserved motif 
contained 28 base pairs and it displayed 11 polymorphic sites, two 
of that were transitions and the remaining 9 were transversions. 
The second motif was constituted by 25 base pairs and it demon-
strated 4 polymorphic sites and 3 of which were transitions and one 

was transversion.  

Table 4- First conserved motif in ITS1 region of the sequences 

Polymorphic sites seen in the first conserved motif in ITS1 region of the 

sequences are shown in RED 

Table 5- Second conserved motif in ITS1 region of the sequences 

Polymorphic sites seen in the first conserved motif in ITS1 region of the 

sequences are shown in RED 

The 5.8S rDNA region gave 157 base pairs in Paphia malabarica 
and 138 base pairs in Meretrix casta. The GC content was found to 
be 60% in Paphia malabarica and 61.32% in Meretrix casta. The 
5.8S region of Meretrix casta showed 19 deletions, 4 transitions and 

7 transversion. 

The ITS2 region produced was 248 base pairs long in Paphia mala-
barica and 240 base pairs in Meretrix casta. In the ITS2 region of 
Meretrix casta 72.06% GC content was recorded and in Paphia 
malabarica the GC content was only 63%. In the ITS2 sequence of 
both the species dinucleotide microsatellites were recorded [Table-
6]. There were three dinucleotide microsatellites in the ITS2 region 
of Paphia malabarica. The first microsatellite was formed of three 
repeat units (CG) and it was located from 564 to 569 base pairs. 
The second microsatellites formed of four repeat units (CT) were 
located from 606 to 613 base pairs. The third microsatellite formed 
of three repeat units (GC) was located from 695 to 700 base pairs. 
But in Meretrix casta there was only two dinucleotide microsatellites 
in the ITS2 region each with 3 repeat units. The first microsatellite 
(CG) was located from 460 to 465 and second (GA) from 650 to 
655. Two conserved motifs were detected in the ITS2 region [Table-
7] and [Table-8]. The first conserved motif was formed of 20 base 
pairs and it displayed a transversion polymorphic site. The second 
conserved motif with a size of 21 base pairs and it displayed a 

transversion polymorphic site. 

Table  6- Microsatellites in the ITS2 region 

97 base pairs and 100 base pairs were obtained respectively from 
Paphia malabarica and Meretrix casta in 28S rDNA region. The 

region showed 51.55% GC content in Paphia malabarica and 51% 

GC content in Meretrix casta. 

Table 7- First conserved motif in ITS2 region of the sequences 

Polymorphic sites seen in the first conserved motif in ITS1 region of the 

sequences are shown in RED 

Table 8- Second conserved motif in ITS2 region of the sequences 

Polymorphic sites seen in the first conserved motif in ITS1 region of the 

sequences are shown in RED 

Phylogenetic Analysis 

Using the sequence generated by the present study and the 19 
sequences retrieved from GenBank, the phylogenetic tree of Vener-
idae was constructed using Arctica islandica (GenBank accession 
No.202106) as an out group species with Neighbor-Joining [Fig-1] 
and Maximum-Parsimony methods [Fig-2]. The NJ and MP ap-
proaches produced trees with similar topologies. The generated 
phylogenetic trees indicated that the members were constituted by 
two well differentiated clades having three well resolved groups. 
The three groups were formed of species of Meretricinae, Veneri-

nae and Tapitinae. 

Fig. 1- Phylogenetic tree of 21 taxa inferred using Neighbor-Joining 

method 
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Species 
Location in 

ITS1 
Sequences 

Paphia malabarica 45-72 CGGCGGCGAC CGGCCGTCCA CAGAGGCG  

Meretrix casta 28-55 CGGCGGCGAT CGCGCGGCGC GAACGTGG  

Species 
Location in 

ITS1 
Sequences 

Paphia malabarica 344-368  CCGCCTGTGT TGCGCGGGCG GCAGA 

Meretrix casta 265-289  CCGCCCGTGT CGCGCGGGCG GTCGA 

Species GenBank accession No Microsatellites Location 

Paphia malabarica  JX997826  

CGCGCG 564-569 

CTCTCTCT 606-613 

GCGCGC 704-709 

Meretrix casta  
CGCGCG 460-465 

KC416613  
GAGAGA 650-655 

Species Location in ITS2 Sequences 

Paphia malabarica 552-571  GCGTTGGCGA GTCGCGCGGG  

Meretrix casta 448-467  GCGTTGGCGC GTCGCGCGGG 

Species Location in ITS2 Sequences 

Paphia malabarica 578-598  CCCGCTCGTC CGCCGAAGAA T 

Meretrix casta 481-501  CCCGCTCGTC CGCCGAAGAC T  



|| Bioinfo Publications ||  100 

 

Fig. 2- Phylogenetic tree of 21 taxa inferred using Maximum-

Parsimony method 

Discussion 

ITS region is highly variable, it can be utilised for phylogenetic anal-
ysis of closely related species and population [27, 28]. The present 
study throws light on the information about the Internal Transcribed 
Spacer (ITS) sequence of the nuclear ribosomal DNA of two Vener-

id clams Paphia malabarica and Meretrix casta. The characteristics 
and variations in their sequences were demonstrated through PCR 
amplification and sequencing. 

The lengths of ITS sequence were similar to that obtained by earlier 
researchers for Veneridae [6] and longer than Pectinidae scallop 
[12]. The length of ITS1 and ITS2 in ITS sequence varies depend-
ing on the species. Many researchers obtained ITS sequences in 
which the length of ITS2 were twice or more than that of ITS1 
[9,11,29]. The length of ITS1 similar to ITS2 or larger than ITS2 was 
reported earlier [16,30]. In the present study also the ITS1 regions 
of the two clam species were longer than the ITS2 region. 

The GC content of ITS1 (58.99% to 64.68%) and ITS2 (63% to 
72.06%) showed a little variation in both the clam species, which is 
in collaboration with the results obtained earlier [12]. The amount of 

GC content in Meretrix casta (64.68% in ITS1 and 72.06% in ITS2) 
was higher when compared to the GC content in other Veneridae 
clams reported earlier [11,16] and other bivalves [11,29]. The differ-
ence of GC content between ITS1 and ITS2 was less than 8%. 
Balance in GC content between the two spacers is a prominent 
character that occurs frequently in Veneridae species. This fact 
clearly confirms the co-evolution between the two spacers at the 
level of base compositions [31]. 

The ITS1 and ITS2 regions in family Veneridae exhibit extensive 
sequence variation and length polymorphisms. In both the spacers 
two relatively conserved motifs were found. This indicated that 
these motifs might be involved in certain nucleotide acid-related 
functions, such as in rRNA processing [12]. The microsatellites 

were absent in the ITS1 region of Paphia malabarica. The ITS2 
region of the two species exhibited microsatellites. These microsat-
ellites can serve as good markers in species identification [32].  

The Neighbor-Joining and Maximum-Parsimony trees displayed 
identical tree topology. Both trees supported the division of the fam-
ily Veneridae in to two clades. Two clades generated three well 
resolved groups. One group consisted of species of Meretricinae 
showed ancestral features such as sculpture less shell surface, 
absence of spines and characters of superficial burrowers with 
shiny periostracum. The second group was constituted by species 
of Venerinae and the third by Tapetinae. The division of Veneridae 
in to these three groups were in accordance with the morphological 
classification of the family [33]. The phylogenetic trees produced in 
the present study supported the monophyly of family Veneridae. 
Monophyly of family Veneridae was supported earlier by several 
researchers [34-40].  

Conclusion 

The members of Chioninae and Venerinae, that were considered to 
be closely related for long, fall within the same clade in both trees. 
Even though Chamelia gallina belongs to subfamily Chioninae, it 
formed sister clade with Venus verrucosa of Venerinae instead of 
grouping with other members of its subfamily. The branches were 
supported by very high bootstrap values in both trees. Members of 
Meretricinae and Cyclininae are closely related and together they 
constituted one group. Another group was constituted by members 
of Tapetinae. Thus it can be concluded that the results of the pre-
sent study is in harmony with the results of the traditional classifica-
tion. 

Conflicts of Interest: None declared. 
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