
Advances in Zoology and Botany 11(6): 426-433, 2023 http://www.hrpub.org 

DOI: 10.13189/azb.2023.110603 

Molecular Phylogeny of Venus Clams (Bivalvia: 

Veneridae) Inferred through Mitochondrial   

Genome Analyses – A Review 

Anit Annamma Mathew*, M. Ampili

Post Graduate and Research Department of Zoology, NSS Hindu College, Changanacherry, India 

Received December 28, 2022; Revised February 24, 2023; Accepted April 19, 2023 

Cite This Paper in the Following Citation Styles 

(a): [1] Anit Annamma Mathew, M. Ampili , "Molecular Phylogeny of Venus Clams (Bivalvia: Veneridae) Inferred 

through Mitochondrial Genome Analyses – A Review," Advances in Zoology and Botany, Vol. 11, No. 6, pp. 426 - 433, 

2023. DOI: 10.13189/azb.2023.110603. 

(b): Anit Annamma Mathew, M. Ampili (2023). Molecular Phylogeny of Venus Clams (Bivalvia: Veneridae) Inferred 

through Mitochondrial Genome Analyses – A Review. Advances in Zoology and Botany, 11(6), 426 - 433. DOI: 

10.13189/azb.2023.110603. 

Copyright©2023 by authors, all rights reserved. Authors agree that this article remains permanently open access under 
the terms of the Creative Commons Attribution License 4.0 International License 

Abstract  Veneridae is the morphologically diverse and 

commercially important heterodont bivalve family. 

Morphological parallelism, shell polymorphism and the 

study based on conchological characters create problems in 

the phylogeny of venus clams. Over several decades, the 

study based on external morphology became a matter of 

debate. Controversies existed in the taxonomic status of 

many members of the family Veneridae. To overcome 

these problems, mitochondrial genome study or the use of 

mitochondrial markers is widely adopted. Mitochondrial 

large ribosomal subunits 16S, 12S and mitochondrial 

cytochrome C oxidase subunit I are the most powerful tools 

currently used in phylogenetic analyses. The results were 

obtained through maximum-parsimony (MP), neighbor-

joining (NJ), minimum evolution (ME) analyses and 

Bayesian method. The complete mitochondrial genome of 

more than 30 venerid species was already analyzed. 

Current article peruses the studies that give the accurate 

taxonomic position of the members, the relatedness 

between species, genetically distant species and sequence 

divergence among different taxa. The mitogenomics 

method has become the most advanced technique to draw 

accurate conclusions in evolutionary relationship, 

population genetics and helps in species identification. 

Nowadays, a combined morphological and molecular 

methods were used to resolve the phylogenetic relationship. 

Recently, ITS2 and cytogenetic studies have gained much 

attention and they help to interpret many facts which create 

a breakthrough in the bivalve studies. This short review 

attempts to summarize the recent studies on the molecular 

phylogenetics of members of the family Veneridae on the 

basis of mitochondrial genome analyses.  

Keywords  Veneridae, Mitochondrial Markers, 

Phylogeny, Mitogenome 

1. Introduction

Veneridae (Rafinesque, 1815) belongs to the subclass 

heterodonta and is the most diverse, species-rich, widely 

distributed and large family of bivalve molluscs. They are 

also known as venus clams. This family comprises of over 

800 living species in about 170 genera [1,2]. Members of 

this family are found in freshwater and marine 

environments as burrowers in sand and mud, distributed 

globally in different climatic zones [3-5]. The well-

established classification of Keen [2] divided Veneridae 

into 12 subfamilies Chioninae, Circinae, Clementinae, 

Cyclinae, Dosininae, Gemminae, Meretricinae, Pitarinae, 

Samarangiinae, Sunettinae, Tapetinae and Venerinae. Habe 

[1] revised this family into 14 subfamilies dividing 

Pitarinae into Lioconchinae and Callistinae. Veneridae is 

exemplified by the characters such as the three cardinal 

teeth on the hinge, left valve with a single anterior tooth, 
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right valve with a depression and adductor muscle scars are 

slightly unequal sized [6]. 

They are the economically important invertebrates that 

largely contribute to aquaculture production and the coastal 

economy. Many members of Veneridae are economically 

and ecologically important such as little neck or quahog 

Mercenaria mercenaria (Linnaeus, 1758), striped venus 

clam Chamelea gallina (Linnaeus, 1758), hard clam 

Meretrix meretrix (Linnaeus, 1758), striped clam 

Ameghinomya antiqua (King, 1832), lyrate Asian hard 

clam Meretrix lyrata (Sowerby, 1851), Manila clam 

Venerupis philippinarum (Adams, Reeve, 1850). They 

form valuable resource of food, lime, manufacture of 

cement, sand-lime bricks and decorative shells. 

 

Figure 1.  Map of the mitochondrial genome of Meretrix meretrix [12] 
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Various researchers have extensively investigated the 

family Veneridae. Traditional studies were more focused 

on conchological characters. Due to their shell 

diversification among closely related species, 

morphological parallelism and shell polymorphism, the 

phylogenetic studies among venerids are complicated [7]. 

Molecular studies especially mitochondrial genome studies 

created a breakthrough in the phylogenetic analyses 

showed a deviation from the current morphology-based 

classification. The mitochondrial DNA (mtDNA) is a 

circular genome presented in metazoans composed of 12-

13 protein coding genes, two ribosomal RNA genes (rRNA) 

and 22 transfer RNA genes (tRNA), located in the 

cytoplasm and varies in length from 14 to 42 kb (Figure 1). 

In the current scenario, mtDNA has become a predominant 

and valuable tool in the molecular phylogenetic studies. 

The study of mtDNA has always been a trending field in 

molecular biology due to their absence of recombination, 

high substitution rate, faster evolution rate, lack of introns 

and maternal inheritance (doubly uniparental inheritance 

shown by Mytilidae, Unionidae, Margaritiferidae, Hyriidae, 

Donacidae, Solenidae and Veneridae) [8-11]. 

Mitochondrial sequences are widely used in species 

identification, evolutionary relationship, population 

genetics and molecular evolution. In the present, the brief 

review summarizes the studies based on mitochondrial 

sequences which create revolutionary changes in the 

molecular phylogeny of venerid clams. 

2. Mitochondrial Markers 

The study of venerids becomes problematic due to their 

complicated conchological characters and controversies in 

their taxonomy. Adopting the mitochondrial based markers 

and using them as molecular markers clarify the 

phylogenetic aspects of the family Veneridae [13,14]. 

Different types of mitochondrial markers such as 

mitochondrial large ribosomal subunit 16S, 12S and 

mitochondrial cytochrome C oxidase subunit I are widely 

used in venerids phylogenetic studies. The mitochondrial 

cytochrome C oxidase subunit I gene is the most accurate 

and standard marker which is widely used and 16S rDNA 

is the most powerful tool in phylogenetic studies. The 

morphology based current classification is questioned after 

the use of mitochondrial markers. 

3. Mitogenomics 

Mitochondrial genomes are being increasingly used 

nowadays to study the divergence and convergence among 

animal groups. Morphology alone at present cannot resolve 

the taxonomic position of Veneridae. Analyzing the 

complete mitochondrial genome generates more factual 

information, ambiguous results and also deciphers 

phylogenetic relationships between different life forms. 

The entire mitochondrial genome sequence of many 

members of the family Veneridae was studied (Table 1). 

The study of the mitochondrial genome of Meretrix lusoria 

revealed the presence of ATPase subunit 8 and a D loop 

was founded in the noncoding region with high levels of 

heteroplasmy. Compared to other Veneroida clams of the 

genus Meretrix, Meretrix lusoria contain longer large non 

coding region. Both M. lusoria and M. petechialis have 

ATP 8 gene [5]. But the study by Ren [23] said that M. 

petechialis lacks ATP 8 gene and contains one copy of trnS 

gene and a pair of trnQ gene and the gene arrangement of 

Meretrix petechialis, Venerupis philippinarum and Paphia 

euglypta are almost identical. Mitochondrial genome of 

these three shows similarities and high degree of variability 

[24]. The study of Ren [23] was supported [12]. Meretrix 

meretrix and M. petechialis are treated as junior synonym 

of M. meretrix. It shows a 99% sequence similarity, lacks 

protein coding gene ATP8 and contains only one copy of 

tRNA Ser and three duplications of tRNA Gln gene. Based 

on the mitochondrial COI gene sequence study implied that 

Meretrix lusoria, M. petechialis and M. meretrix are 

closely related species [25]. Meretrix and Saxidomus genus 

are closely related with respect to the complete 

mitochondrial genome analyses of Saxidomus purpuratus 

[19]. Identical gene arrangement, difference in genome 

length and high level of variability are seen in Paphia clams 

P. textile, P. amabilis, P. undulate and P. euglypta [16]. 

The 16S rRNA studies of different venerid species resolved 

the positions of various taxa. The close relationship 

between Callista chione with Meretrix lyrata, Paphia 

rhomboids with Tapes decussatus, and Paphia aurea with 

Venerupis pullastra were obtained as a result of maximum-

parsimony and neighbor-joining analyses [7]. 
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Table 1.  Complete mitochondrial genome of species studied with GenBank accession numbers 

Subfamily Species Genome size 
Gene number (protein-

tRNA-rRNA) 

GenBank Accession 

number 
Reference 

Tapetinae 

Macridiscus multifarious 20,171 12-22-2 MK394099.1 [15] 

Paphia amabilis 19,629 13-23-2 JF969276 [16] 

Paphia undulate 18,154 13-23-2 JF969278 [16] 

Paphia euglypta 18,643 13-22-2 GU269271 [16] 

Paphia textile 18,561 13-23-2 JF969277 [16] 

Katelysia hiantina 20,924 13-23-2 MT737373 [15] 

Ruditapes decussatus 18,995 13-22-2 KP089983 [17] 

Ruditapes philippinarum 22,089 12-22-2 KT001084.1 [15] 

Macridiscus melanaegis 20,738 12-22-2 MK394098.1 [15] 

Tapes dorsatus 19,048 13-22-2 MT737378 [15] 

Tapes belcheri 18,393 13-22-2 MT737367 [15] 

Calliistinae 

Callista chinensis 19,704 12-22-2 MT742541 [18] 

Callista erycina 20,353 13-22-2 MT737374 [15] 

Saxidomus purpuratus 19,637 12-22-2 KP419933 [19] 

Circinae 
Gafrarium pectinatum 21,132 13-22-2 MT737369 [15] 

Circe scripta 20,182 13-22-2 MT737370 [15] 

Cyclininae Cyclina sinensis 21,799 13-22-2 KU097333.1 [15] 

Venerinae 

Antigona lamellaris 17532 13-22-2 MT254059 [20] 

Periglypta puerperal 16,855 13-23-2 MT737377 [15] 

Mercenaria mercenaia 18360 13-22-2 MN233789 [21] 

Dosininae 

Dosinia altior 17,536 13-22-2 MG543473 [22] 

Dosinia japonica 17,693 13-22-2 MF401432 [22] 

Dosinia troscheli 17,229 13-22-2 MG543474 [22] 

Meretricinae 

Meretrix petechialis 19,567 12-22-2 EU145977 [23] 

Meretrix lusoria 20,268 13-22-2 GQ903339.1 [15] 

Meretrix lyrata 21,625 13-22-2 NC 022924.1 [12] 

Meretrix meretrix 19,826 12-23-2 GQ463598 [12] 

Meretrix lamarkii 21,209 13-22-2 GU071281 [15] 

Chioninae 

Placamen isabellina 18,602 13-22-2 MT737376 [15] 

Placamen foliaceum 17,789 13-24-2 MT737375 [15] 

Leukoma jedoensis 18,847 13-22-2 MT737372 [15] 

Anomalocardia Product 20,423 13-23-2 MT737371 [15] 

Anomalodiscus Squamosus 17,699 13-24-2 MT737366 [15] 
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Morphological study based on shell structure, size, 

internal features and molecular study based on COI, 16S 

rRNA show genetic divergence between Paphia 

malabarica and P. gallus. The synonyms of these two are 

invalid [26]. Arathi et al. [27] disclosed through molecular 

study using mt COI gene and morphometry supports the 

study of Sukumaran et al. [26] explained that Ashtamudi 

short neck clams Paphia malabarica validates the new 

taxonomic position as Marcia recens. Based on the internal 

transcribed spacer 2 (ITS2) and mitochondrial cytochrome 

c oxidase subunit I (COI) study divulged that striped venus 

clams Chamelea gallina and Chamelea striatula are 

separate species [28]. 

4. Phylogeny Based on Molecular Data 

Taxonomists consider molecular phylogenetics as a 

powerful test of taxonomic classification and several 

attempts have been made to address venerid systematics 

using molecular data [4,13,29-36]. Molecular phylogenies 

were brought about through maximum-parsimony (MP), 

neighbor-joining (NJ), minimum evolution (ME) analyses 

and Bayesian method [34]. Molecular phylogenetic 

analyses turned out into a helpful tool for understanding the 

relationships among venus clams. The taxonomic ranking 

of many members of the family Veneridae is facing 

numerous conflicts. Several disagreements exist in the 

validity of taxonomic status and generic placement in many 

venus members. 

While constructing the combined 18S and 28S rRNA 

phylogenetic tree of heterodont bivalve molluscs resulted 

that the family Veneridae is nonmonophylectic and using 

28s tree supported Veneridae is monophyletic [36]. 16S 

rRNA studies using maximum-parsimony and neighbor-

joining methods found that genus Tapes are polyphyletic 

and Tapes phillippinarum and Paphia undulate are distant 

species [7]. The complete mitochondrial genome of 

Dorsinia clams, D. altior and D. troscheli compared with 

D. japonica found that Dosininae and Meretricinae are 

closely related and share a common ancestor. Nuclear 

ribosomal ITS study revealed that Meretricinae also 

showed a close relationship with Cyclininae [37]. 

Phylogenetic analysis revealed that Dorsinia clams are 

monophyletic. There is a close relationship between 

Dosinia and Antigona families [20, 22]. 

Doubly uniparental inheritance identified in Meretrix 

lamarckii and its sex linked mt DNA displayed a 

phylogenetic pattern close to Venerupis philippinarum [38]. 

The subfamilies Venerinae and Chioninae are not 

synonymous. Genus Cryptonema belongs to the subfamily 

Tapetinae and Anomalodiscus into Venerinae. The study 

placed the Tigammona as a separate genus. Marcia species 

such as M. hiantina, M. japonica, M. marmorata are not 

closely related to Katelysia species [39]. The study of 

Kapper and Bieler [4] agreed with Chen et al. [39] they 

studied the mitochondrial 16S rDNA, COI, nuclear protein 

coding gene histone 3 with the help of Bayesian approach 

using Markov Chain Monte Carlo tree sampling and 

maximum parsimony methods proves that Chioninae and 

Venerinae are discrete taxa. Ruditapes aspera is 

morphologically similar to R. decussatus and R. 

philippinarum mitogenomic study shows no similarity in 

their gene arrangement and belongs to different genera [21]. 

According to the current studies, the subfamilies Circinae, 

Dosiniinae, Meretricinae and Tapetinae are valid [15]. 

5. Inconsistency and Controversy 

The family Veneridae has been facing plenty of 

molecular issues. The taxonomy and nomenclature of many 

clams aren’t fully resolved. Majority of the studies focused 

on single species or concentrated on a particular genus. 

Relationships among subfamilies and relationships within 

groups are still remaining unexplored [34,40-42]. The 

instability and inappropriateness in their taxa resulted in 

clamors. One of the primary reasons for this instability and 

inappropriateness in case of early classified species is that 

there is no referenced holotype. The controversy in the 

generic placement of Manila clams is due to that above 

mentioned reason. Currently, Manila clams belong to the 

subfamily Tapetinae. Venerupis philippinarum and 

Ruditapes philippinarum are the two accepted names [43]. 

The doubly uniparental inheritance results in complications 

in phylogeny. There is no well-defined and updated 

checklist of venerid clams. 

6. Conclusions 

Traditional classification methods based on shell 

morphology were challenged by the new molecular studies. 

Molecular studies of Veneridae using mitochondrial 

markers help to identify the exact position of the members, 

the similarities in their sequence, whether they belongs to 

same taxa or not, contradict the classification based on 

external characters, COI, 16S and 12S studies help to 

confirm whether the synonyms of two taxa are valid or 

invalid, whether they are distant or closely related, they 

share a common ancestor or not, comparing the 

mitochondrial sequences helps to identify the degree of 

variability between the species. The studies based on the 

mitochondrial genomes and using mitochondrial markers 

help to answer many of the questions and controversies. In 

the current era, mitochondrial cytochrome oxidase subunit 

I is the widely accepted and robust tool in phylogenetic 

studies. To study problematic taxa both morphological 

molecular and cytogenetic methods are necessary. 

Currently the number of available complete 

mitogenomes has increased, more than 30 venerid species 

whole mitochondrial genomes were analyzed and data have 

been published. The monophyletic origin of subfamilies 

Venerinae, Tapetine, Gemminae, Chioninae, Callistinae, 
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Sunettinae and genus Dosinia, Meretrix, and Protothaca 

were clarified [4,7,15,34,39]. According to the molecular 

studies a revision is mandatory for the following 

subfamilies Clementinae, Cyclininae, Pitarinae and 

Samarangiinae. To clarify the phylogenetic relationship 

among venerids large taxon sampling and more rapidly 

evolving molecular markers like ITS2 and H3 histone 

marker genes are needed. The application of ribosomal 

nuclear ITS markers are popular in the present studies. 

They are good species-specific molecular marker in 

phylogenetic analyses [44]. Use of different marker genes 

in a single study will enhance the accuracy of the results 

[45]. 
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