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Abstract  Veneridae, the heterodont bivalve family, 
comprises commercially valuable species. The economic 
significance of the family members has rendered them a 
subject of dispute among researchers. Relative to other 
bivalve families, the chromosomal features of Veneridae 
are poorly understood, with the predominant chromosome 
number being 2n = 38. This paper reviews studies on 
bivalve chromosomes to consolidate existing data and 
highlight recent advancements in the field, focusing on 
chromosome number, karyotypes, morphology, 
characteristics, ribosomal gene locations, histone genes, 
microsatellites, and telomeric sequences in Veneridae and 
briefly explains the fluorescence in situ hybridisation 
studies and chromosome manipulations. According to the 
data obtained for the current investigation, less than twenty 
species have karyological information available. 5S rDNA 
and 45S rDNA loci were delineated in ten species. Histone 
genes were delineated in eleven species. Telomeric 
sequences from eight vertebrate species were discovered. 
Microsatellites were identified in six species. Fluorescence 
in situ hybridisation (FISH) techniques were employed in 
over thirteen species. The restriction enzyme banding 
approach and polyploidization gained prominence. 
Chromosomal traits facilitate evolutionary research. Future 
studies must address chromosome morphology, sexual 
dimorphism in chromosomes, the organisation of histone 
genes (core histones and linker histone), satellite DNA, 
karyotype evolution, venerid chromosome anomalies, and 
cost-effective methods to ascertain ploidy levels.

Keywords  Veneridae, FISH, Polyploidy, 
Chromosomes, Cytogenetics, Karyotypes 

1. Introduction
The representatives of the family Veneridae gained 

much attention in various research due to their economic 
importance in aquaculture and fisheries. Not only the 
family Veneridae but the entire phyla was explored very 
well from the beginning. The most studied bivalve family 
in terms of cytogenetics is Mytilidae and Ostreidae, and the 
well-discussed species is Crassostrea virginica [1]. 
Compared to other bivalve families, little is known about 
the chromosomal characteristics of Veneridae. 
Chromosomes of Veneridae are not well studied. Less than 
20 species karyological data are available. Most of the 
studies were focused on karyotypes and chromosomal 
numbers. The first venerid species to have their 
chromosome number studied were Tapes japonica and 
Tapes philippinarum by Nishikawa and Hisatomi in 1959 
[2]. From 1960 onwards, there has been an increase in 
cytogenetic studies, including Mercenaria campechiensis 
by Menzel and Menzel in 1965 [3], Saxidomus nuttali and 
Saxidomus giganteus by Ahmed and Sparks in 1967 [4], 
and Chione cancellata by Menzel in 1968 [5]. During the 
1960s and the 1970s, most of the studies were focused on 
chromosome numbers. Later, karyotypes, chromosomal 
measurements, banding techniques, mapping of DNA 
sequences, restriction endonuclease banding and induction 
of polyploid species were revealed. The most studied 
venerid clam is the commercially crucial northern quahog, 
Mercenaria mercenaria. Members of the family Tapetinae, 
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such as Ruditapes philippinarum and Ruditapes decussatus, 
are also well-explored in various cytogenetic studies. 

Most cytogenetic studies were carried out in 
commercially important venerid members to enhance 
aquaculture production and stock value. According to the 
world production of major aquaculture species FAO 2022 
report, the production of Ruditapes philippinarum 
increased by 24% compared to the 2015 report [6]. So the 
chromosomal characteristics of a single species became a 
hot topic for researchers. In classical studies, staining 
(Giemsa) techniques were used to visualize the 
chromosomes. Now, the use of FISH is widely applied in 
venerid cytogenetics. More than 13 species ribosomal 
genes and histone genes were mapped using FISH. In this 
short review, we addressed the chromosome number, 
karyotypes and chromosome length of different members, 
studies based on the location of ribosomal and histone 
genes, presence of telomeric sequence, identified 
microsatellites, details of banding studies, especially FISH 
and methods to induce ploidy were reviewed. We gathered 
most of the available data about venerid cytogenetics and 
tried to figure out the progress and new methods involved 
in this field. 

2. Chromosome Number and
Karyotypes

Chromosomes are structures that carry genetic 
information. The number varies in different species. In the 
class Bivalvia and the family Veneridae, the most common 
chromosome number is 2n = 38 (Table 1). Studies 
indicated that most venerid clams are characterized by 
metacentric or submetacentric chromosomes. Gonads or 
gills of the clams were used to obtain the appearance of 
chromosomes. Different steps involved in cytogenetic 
studies are represented in the flow chart (Fig. 1) [7, 8, 9, 
10]. 

An earlier study conducted by Rosotto et al. [11] 
concluded that Chamelea gallina has a haploid 
chromosome number of 15. Later, the karyological 
examination done on Chamelea gallina indicated the 
haploid chromosome number as 19, which is 2n = 38 [12]. 
Mercenaria mercenaria, Circa scripta, Paphia vernicosa 
and Venerupis aurea are some of the other members of 
Veneridae having 38 chromosomes [9, 13, 14], with the 
exception of Venus gallina 2n = 30 and Tapes 
philippinarum 2n = 28. Detailed data are given in Table 1. 
Not many cytogenetic studies were performed in venerid 
clams besides chromosome number determination. 

Figure 1.  The flowchart shows the different steps involved in cytogenetic studies 
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Table 1.  Cytogenetic data of the family Veneridae 

S. No. Species 2n Karyotype Chromosome length (μm) References 

1 Mercenaria mercenaria 38 7M,4M/SM,7SM, 1SM/ST 2.82-7.57 [14] 

2 Mercenaria campechiensis 38   [3] 

3 Mercenaria lateralis 38   [14] 

4 Venerupis aurea 38 19M/SM 1.5 – 3.6 [13] 

5 Venerupis pullastra (=V. corrugata) 38 3M,8SM,8ST 3.59-7.07 [15] 

6 Venerupis(=Tapes) rhomboids 38 4M,8SM,4ST,3T 2.77-7.25 [15] 

7 Ruditapes (=Venerupis) philippinarum 38 9M,10SM 1.5 – 2.5 [13] 

8 Circe scripta 38 6M,6SM,4ST,3T 1.4 - 4.1 [9] 

9 Ruditapes (=Venerupis)decussatus 38 6M,5SM,3ST,5T 1.10-0.50 [16] 

10 Ruditapes aureus 38 17M/SM,2ST/T  [17] 

11 Venus verrucosa 38 7M,4SM,4ST,4T 1.90-0.46 [16] 

12 Venus gallina 30   [11] 

13 Irus mitis 38 15M,4SM 1.1-4.9 [9] 

14 Meretrix lusoria 38 5M,10SM,2ST,2T 4.10-5.55 [18] 

15 Meretrix petechialis 38 5M,9SM,3ST,2T 4.03-5.55 [18] 

16 Meretrix meretrix 38   [18] 

17 Gomphina(Macridiscus) veneriformis 38 3M,16SM/ST 3.12 – 1.85 [19] 

18 Chamelea gallina 38 7M,6M/SM,2SM,4ST 1.8 – 4.6 [12] 

19 Chamelea striatula 38 7M,6M/SM,2SM,4ST  [12] 

20 Paphia vernicosa 38 19M/SM 1.1-1.8 [9] 

21 Tapes philippinarum 28   [2] 

22 Saxidomus giganteus 38   [4] 

23 Saxidomus nuttali 38   [4] 

24 Chione cancellata 38   [5] 

25 Dosinia exoleta 38 11M,8SM  [20] 

26 Pitaria chione 38   [11] 

27 Polititapes aureus 38 19M/SM  [13] 

28 Protothaca(=Leukoma) staminea 38   [21] 

29 Anomalocardia brasiliana  14   [22] 

30 Tapes semidecussatus 38   [23] 

M- metacentric, SM- submetacentric, ST- subtelocentric, T- telocentric 

3. Chromosome Marker Genes 
The ribosomal RNA genes and the histone genes are 

widely used in chromosomal studies. A highly conserved 
chromosomal marker among invertebrates is the histone 
H3 gene. 

3.1. Ribosomal RNA Genes 

To determine the location of ribosomal RNA gene 
clusters, major rDNA (18S, 5.8S and 28S rRNA) and 

minor rDNA clusters (5S rRNA) were mapped using FISH 
(Table 2). Single 5S rDNA cluster sequences were mapped 
in Venerupis corrugata, Clausinella fasciata, Venus casina, 
Dosinia lupines and Venus verrucosa. Two in Ruditapes 
philippinarum, Ruditapes decussatus, Chamelea gallina 
and Dosinia exoleta. Three Petricola litophaga. A single 
45S rDNA cluster was found in Venerupis corrugata, 
Clausinella fasciata, Venus casina, V. verrucosa, Dosinia 
lupines, D. exoleta, Ruditapes philippinarum, R. 
decussatus, Chamelea gallina and Petricola litophaga 
[24]. 
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Table 2.  Chromosomal location of rDNA clusters and histone gene in venerid clams 

Sl.No. Species Major rDNA 5s rDNA Histone genes References 

1. Venerupis corrugata 10Q IC (M) 9Q ST (TC) 2Q ST (M) 
4Q ST (SM) 

[25] 

2. Clausinella fasciata 10Q SC(SM) 10Q SC 10Q ST (M) 
12P ST (SM) 

[25] 

3. Venus verrucosa 12P ST (SM) 9Q IC (M) 13Q ST (M) [25, 26] 

4. Polititapes aurea 5P IC (M) 17Q ST (TC) 8Q ST (M) 
3Q ST (M) 
2Q ST (M) 
2Q ST (M) 

[25] 

5. Venus casina 16Q ST (SC) 6P IC (SM) 13Q ST (M) [25] 

6. Dosinia lupines 3Q ST (M) 14QST (SM) 9Q IC (M) [25] 

7. Polititapes rhomboides 17Q ST (TC) 9P ST (M) 5Q ST (TC) [25] 

8. Ruditapes philippinarum 8P ST (M) 5Q IC (TC) 4Q ST (M) [25, 26] 

9. Ruditapes decussatus 3Q IC (SM) 3Q IC (SM) 
8Q ST (TC) 

4P SC (TC) [25, 26] 

10. Chamelea gallina 13P SC (SM) 5P IC (SM) 
9Q IC (M) 

15Q ST (M) 
18Q ST (TC) 

[24] 

11. Dosinia exoleta 3Q ST (M) 13Q IC (SM) 
15P ST (SM) 

2Q IC (M) [25, 26] 

12. Petricola litophaga 3P ST (M) 14Q ST (M) 9Q IC (M) [24] 

13. Mercenaria mercenaria 10Q IC (SM) 
12P ST (TC) 

- - [24] 

P-short arm, Q-long arm, SC-subcentromeric, IC-intercalar, ST-subterminal, M-metacentric, SM-submetacentric, TC-subtelocentric, 

3.2. Histone Genes 

The location of chromosomal histone H3 gene clusters 
was studied in different venerids (Table 2) and a difference 
in location and number of histone genes was found in the 
family Veneridae. H3 gene cluster is found on a single 
locus in Ruditapes philippinarum, Ruditapes decussatus, 
Venus verrucosa, Venus casina, Dosinia exoleta, and 
Dosinia lupines. Two clusters in Venerupis corrugata, 
Clausinella fasciata, Venerupis aurea [25], Chamelea 
gallina, and Petricola litophaga [24]. 

3.3. Telomeric Sequences 

Telomeres are the protein DNA sequence (5-10 bp in 
length) present at the terminal end of all chromosomes. 
Telomeres protect the DNA from degradation, 
rearrangements and chromosome loss [27, 28, 29]. 
Vertebrate telomeric sequence (TTAGGG) n repeat was 
found in Ruditapes philippinarum, R. decussatus [30], 
Venerupis aurea, R. rhomboides [25], Dosinia exoleta [20], 
Mercenaria mercenaria [31], Venerupis corrugata, and 
Venerupis verrucosa [24] chromosome ends. 

3.4. Microsatellites 

They are tandem repeats of short DNA sequences used 

in genome mapping. They are highly reproducible, 
codominant and variable [32, 33]. Highly polymorphic 13 
microsatellites were identified in Ruditapes philippinarum 
and R. variegate [34], 20 in Cyclina sinensis [35], 29 in 
Mercenaria mercenaria [31], and 12 in Venerupis 
pullastra [36]. 

4. Banding Techniques 
Banding techniques like C, R, G-banding, fluorochrome 

staining and Argyrophilic Nucleolar Organizer Region 
(AgNOR) staining help the visualization of the entire 
chromosome or the specific parts of the chromosome. 
These banding techniques became classical after the 
successful application of in situ techniques like restriction 
enzyme (RE) banding and FISH [1, 37]. Restriction 
enzyme banding is a recent technique compatible with 
FISH adopted in chromosome analyses [38]. RE technique 
was first used in the chromosomes of Ruditapes decussatus. 
Compared to other banding techniques, RE banding 
provides more accurate information and helps identify 
probes, individual chromosomes and chromosome carriers 
[39]. Fluorochrome banding is used to detect the AT and 
GC regions in Venerupis aurea and Tapes rhomboides. 
Chromomycin A3 (CMA), 4, 6-diamidino-2-phenylindole 
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(DAPI) and propidium iodide (PI) were used in 
fluorochrome staining [25]. Meiotic chromosomes of 
Dosinia exoleta were studied using silver and DAPI/PI 
staining of the surface spread synaptonemal complexes 
(SCs) [20]. 

4.1. Fluorescence in Situ Hybridization Studies 

FISH is one of the most accurate, versatile, valuable and 
powerful techniques used in genetic analysis. In this 
technique, hybridization of a directly (fluorescent 
nucleotides) or indirectly (reporter molecules) labelled 
DNA probe to the complementary sequence of the 
chromosome and the probes were detected by fluorescent 
molecules or affinity molecules further visualized in situ 
by microscopy [40]. It helps in the mapping of genes, 
chromosome identification, detection of aneuploidy and 
chromosomal deletion, determination of linkage order and 
genomic hybridization [27, 41, 42, 43, 44, 45]. The 
application of FISH is increasingly used nowadays. FISH 
has been used to map ribosomal genes, histone genes and 
telomeric sequences in Veneridae. Ribosomal genes were 
mapped by FISH in Mercenaria mercenaria [14], 
Venerupis corrugata, Venus verrucosa, Ruditapes 
philippinarum, Ruditapes decussatus [24], Dosinia exoleta 
[20], Venerupis aurea, Venerupis rhomboides [25], 
Chamelea gallina, Chamelea striatula [46], Dosinia 
lupines, Petricola litophaga, and Venus casina [23]. H3 
histone genes in Chamelea gallina, Chamelea striatula 
[46], Venerupis aurea, Venerupis rhomboides [24], 
Ruditapes philippinarum, Ruditapes decussatus, Dosinia 
lupines, Dosinia exoleta, Petricola litophaga, Venus 
casina, Venus verrucosa and Venerupis corrugata [24] and 
telomeric sequences in Dosinia exoleta [20], Venerupis 
aurea, and Venerupis rhomboides [25]. 

Identical morphological features of Ruditapes 
philippinaram and Ruditapes decussatus became a tough 
job for researchers to separate from the same clam bed. 
Employing FISH to map the ITS and 5 S rDNA sequences 
helps in finding the length difference in the ITS regions and 
the difference in location of these sequences between 
species [30]. Using FISH, the karyotype and chromosomal 
location of major rRNA genes of M. mercenaria were 
analyzed. They have two rRNA loci. One rRNA locus is on 
chromosome 10 and the other is on chromosome 12. 
Karyotype with seven metacentric (7M), seven 
submetacentric (7SM), four metacentric or submetacentric 
(4M/SM) and one submetacentric or subtelocentric 
(1SM/ST) [14]. An uncertainty existed in the taxonomic 
status of striped venus clams Chamelea gallina and 
Chamelea striatula, the only living members of the genus 
Chamelea. The taxonomic position of this taxa has been a 
controversial matter for several years. A combined 
molecular cytogenetic study conducted by Garcia-souto et 
al. [46] mapped the H3 histone gene and ribosomal DNA 
(rDNA) by FISH which generated mapping differences in 
histone gene cluster and ribosomal RNA on chromosomes. 

This proved that both of them are separate species. 

5. Chromosome Manipulation 
Chromosome manipulation is beneficial for aquaculture. 

Manipulating the chromosomes leads to the production of 
triploid, tetraploid and aneuploid species, which are 
commercially advantageous. The polyploid species have 
high meat quality, low mortality and faster growth rates. 
Diploids and triploids of Mercenaria mercenaria were 
produced by Hua et al. [47]. Normal fertilized eggs 
developed as diploids and inhibiting the release of the 
second polar body by the treatment of 6- 
dimethylaminopurine (6-DMAP) produces triploids [47]. 
Polyploids were induced by 6-DMAP, cytochalasin B, heat 
shock, temperature, salinity, pressure shock and cold shock. 
Cytochalasin B was used to induce triploidy in Tapes 
philippinarum [48], Tapes dorsatus [49] and Tapes 
semidecussatus [50]. Thermal shock induces triploidy in 
Manila clam Tapes semidecussatus [51]. Tetraploid Tapes 
philippinarum were induced by cytochalasin B [52]. 
Aneuploidy means the loss or gain of an individual 
chromosome, resulting in an abnormal chromosome 
number occurring due to the nondisjunction of 
chromosomes during mitosis or meiosis [53]. In the case of 
carpet shell Ruditapes decussatus, there is a relation 
between growth and level of somatic aneuploidy. A 
negative correlation was reported between the growth and 
somatic aneuploidy, and a nonrandom chromosome loss 
was also found in 4 out of 19 chromosome pairs (1, 11, 16, 
20) in R. decussatus. Fast-growing clams show lower 
levels of aneuploidy, while slow growers show high 
somatic aneuploidy [22, 54]. The karyological technique 
[10], Microfluorimetry [55], flow cytometry [56], 
measuring cell nucleus diameter [48] and image analysis 
[57] are the techniques used to determine the ploidy levels 
in Veneridae. 

6. Reasons for Countable 
Chromosomal Studies 

In bivalvia, chromosome length ranges from 1.0 to 4.0 
µm, which is small in size, so it is challenging to perform 
banding [58]. FISH helps to overcome this issue to some 
extent, but the availability of chromosome-specific probes 
is less in number [24]. In Mercenaria mercenaria, 
chromosome preparations are with gonads, embryos and 
adult gills. They didn’t produce transparent metaphase 
plates and meiotic pairing resulted in a tangled 
chromosome. Chromosome preparation with trochophore 
larvae gives better results. To perform the genome analyses 
of M. mercenaria, a large number of genetic markers are 
needed; currently, only a few are available [47, 59]. 
Population genetic studies are less due to the lack of 
molecular markers [36]. 



92 Erudition on Veneridae (Bivalvia: Heterodonta) through Cytogenetics - A Review  
 

7. Conclusions 
Veneridae comprises 14 subfamilies with 800 living 

species. Of these 800 living species, less than 20 species of 
karyological data are available. Of these 20 species, 
chromosome number, karyotypes and very few 
chromosome lengths were reported. Arm ratio, 
centromeric index and length of short arms and long arms 
are not reported in many of these species. The karyotypes 
and genes of the remaining members are still unknown. 
The members of the subfamily Tapetinae and Venerinae 
are repeatedly explored in many studies. Subfamily 
Meretricinae contains the genus Meretrix, an important 
commercial species that is also least attractive to 
researchers. The basic karyological details of most of the 
subfamilies are undivulged. 5S rDNA and 45S rDNA loci 
were delineated in ten species. Histone genes were 
delineated in eleven species. Telomeric sequences from 
eight vertebrate species were discovered. Microsatellites 
were identified in six species. Veneridae require a 
computerized index system that provides information 
about chromosome number, fundamental number and 
chromosome size. Before that comprehensive 
documentation of the karyology of each member is 
mandatory. 

Since 1960, there has been much progress made in 
venerid cytogenetics. While making an analogy between 
the classical studies, more sophisticated techniques like 
FISH and restriction enzyme banding became apparent 
today. Polyploidization, mapping of ribosomal and histone 
genes rise to prominence. There is a need for cheap 
techniques to determine the ploidy levels. Deciphering 
chromosomal characteristics helps in evolutionary studies. 
Chromosome morphology, sexual dimorphism in 
chromosomes, organization of histone genes (core histones 
+ linker histone), satellite DNA, karyotype evolution and 
abnormalities in venerid chromosomes need to be 
discussed in forthcoming studies. 
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