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ABSTRACT 

 
Members of the family Ostreidae, commonly referred to as true oysters, comprise four subfamilies and include several 

species of economic importance, among which Magallana cuttackensis (syn. Crassostrea gryphoides) is notable. This 

species has been reported from the coastal waters of Pakistan. Initially, M. cuttackensis and C. rivularis were 

considered distinct species based on morphological characteristics. However, later taxonomic studies suggested that 

both represent a single species, M. cuttackensis. Because morphology-based identification may sometimes lead to 

misclassification, molecular approaches are increasingly employed for accurate species determination. In present study, 

species identification was confirmed using a fragment of the mitochondrial Cytochrome Oxidase Subunit I (COX1) 

gene, a widely used molecular marker for DNA barcoding. The genetic distance between the Pakistani population and 

other global populations was found to be relatively low. Phylogenetic analysis using the Neighbor-Joining (NJ) method 

revealed three distinct clades. These results confirm the taxonomic status of M. cuttackensis from the coast of Pakistan 

and provide valuable molecular data that may support future studies in taxonomy, biodiversity assessment, and 

conservation management. 
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INTRODUCTION 

 

Pakistan possesses approximately 1,100 km long coastline extending from Sir Creek in the southeast to Jiwani 

in the southwest. Despite its relatively limited length, this coastal belt encompasses diverse habitats, including sandy 

beaches, rocky shores, and extensive mangrove forests. These environments support a rich marine biodiversity and 

play an important ecological and economic role for the country. 

The coastal waters of Pakistan host a variety of marine organisms, including several species of oysters that are 

of ecological and commercial significance. According to Siddiqui and Ahmed (2002), nine oyster species have been 

reported from coastal waters of Pakistan, among which Magallana cuttackensis is particularly noteworthy. Species 

belonging to the family Ostreidae, commonly referred to as True oysters, are widely recognized as ecosystem 

engineers because of their ability to modify and structure marine habitats (Jones et al., 1994; Jones et al., 1997; 

Grabowski and Peterson, 2007). Oyster reefs provide important ecological functions, including habitat formation, 

shoreline protection, and nutrient cycling. Several other studies have also emphasized the ecological and economic 

importance of oysters worldwide (Arkema et al., 2013; Coen and Grizzle, 2016; Bayne, 2017). 

The family Ostreidae consists of four recognized subfamilies and includes numerous species of commercial 

importance. Global oyster production exceeds million tons annually, reflecting the significant role of oysters in 

fisheries and aquaculture industries (Botta et al., 2020; Liu et al., 2021). Oysters are typically benthic organisms that 

attach to hard substrates in coastal and estuarine environments. Their shells are often highly variable in shape and 

size, displaying greater morphological plasticity than many other bivalves (Melo et al., 2010). In species of the 

genus Crassostrea, the external shell surface is generally grayish or dirty white, whereas the inner surface is white 

and chalky with a characteristic dark muscle scar that may appear indigo or sienna in color (Kay, 1979). The shells 

are usually thick and irregular in form (Kasmini and Batubara 2022.  ), making species identification based solely on 

morphology challenging. 
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Research on oysters in Pakistan dates back several decades. Early studies by Kazmi (1953) and Hasan (1960) 

provided initial observations on oyster beds along the Karachi coast. Later investigations by Ahmed (1971, 1975), 

Ansari and Ahmed (1972), Asif (1979), and Ahmed et al. (1982) examined various biological aspects of oysters, 

including reproductive biology, taxonomy, gonadal development, hermaphroditism, and sex reversal. Subsequent 

taxonomic work by Siddiqui and Ahmed (2002) documented nine oyster species from the Pakistani coastline and 

provided a detailed account of their population structure. 

In recent years, molecular techniques have become increasingly important for resolving taxonomic uncertainties 

and confirming species identity. Mitochondrial DNA markers, in particular, have proven to be valuable tools in 

phylogenetic and taxonomic studies. For example, Cordes et al. (2008) and Reece et al. (2008) applied molecular 

methods to clarify relationships among Asian Crassostrea species. Similarly, Salvi et al. (2014) used ribosomal 

RNA sequences to investigate phylogenetic relationships within the family Ostreidae. Other studies have applied 

molecular markers to examine oyster diversity, population structure, and parasite associations (Xia et al., 2014; 

Lohan et al., 2016; Li et al., 2017). 

Among mitochondrial genes, the Cytochrome Oxidase Subunit I (COX1) gene is widely used for species 

identification and phylogenetic analysis due to its relatively conserved structure and high discriminatory power 

(Folmer et al., 1994). This marker has been successfully applied in numerous studies involving mollusks and other 

marine organisms (Hsiao et al., 2016; Nowland et al., 2019; Tan et al., 2020; Liu et al., 2021). DNA barcoding 

based on the COX1 gene has therefore become a standard approach for identifying marine species and assessing 

biodiversity. 

Despite these advances, molecular data on oysters from Pakistani waters remain limited. The present study aims 

to confirm the taxonomic identity of Magallana cuttackensis collected from the Pakistani coast using mitochondrial 

DNA barcoding and to examine its phylogenetic relationship with related oyster populations reported from other 

regions. 

 

MATERIALS AND METHODS 

 

Sampling 

Oyster specimens were collected manually from intertidal mangrove habitats along the Karachi coast during 

low tide. No specific sampling pattern was applied; instead, individuals were obtained opportunistically from 

accessible locations. The collected specimens were transported to the laboratory for further examination. 

Preliminary species identification was performed based on shell morphology using established taxonomic 

descriptions. Subsequently, a small portion of adductor muscle tissue was carefully excised from each specimen and 

preserved at −20 °C until genomic DNA extraction was performed. 

 

DNA Extraction 

Approximately 2 g of muscle tissue from each specimen was washed with TAE buffer to remove contaminants 

and then homogenized in a digestion buffer. The homogenized tissue was incubated overnight at 55 °C to ensure 

complete digestion. 

Genomic DNA was subsequently extracted using the phenol–chloroform method following the protocol 

described by Sambrook et al. (1989). The extracted DNA was then stored at −20 °C until further analysis. 

 

Polymerase Chain Reaction (PCR) and Gel Electrophoresis 

A fragment of the mitochondrial Cytochrome Oxidase Subunit I (COX1) gene was amplified using universal 

primers originally described by Folmer et al. (1994): 

 

Forward Primer 

LCO1490 (5′–GGTCAACAAATCATAAAGATATTGG–3′) 

 

Reverse Primer 

HCO2198 (5′–TAAACTTCAGGGTGACCAAAAAATCA–3′) 

 

PCR amplification was carried out in a thermocycler with the following conditions: an initial denaturation at 94 

°C for 5 min, followed by 35 cycles of denaturation at 94 °C for 35 s, annealing at 50 °C for 35 s, and extension at 

72 °C for 35 s. A final extension step was performed at 72 °C for 6 min. 

The amplified PCR products were visualized on a 1.3 % agarose gel stained with ethidium bromide. Amplicons 

showing clear bands were purified and subsequently sent for Sanger sequencing. 
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Sequence Analysis 

The obtained DNA sequences were compared with existing sequences in the NCBI database using the BLAST 

algorithm to identify the closest matches. Multiple sequence alignment was performed using BIOEDIT, DNASTAR, 

and MEGA version 6 in order to detect possible insertions or deletions. 

Phylogenetic relationships were inferred using the Neighbor-Joining (NJ) method implemented in MEGA 

version 6. Genetic distances among sequences were calculated using the Kimura two-parameter (K2P) model 

following the method described by Tamura et al. (2013). 

 

RESULTS 

 

Oyster specimens were collected from mangrove-associated habitats along the Karachi coast. The diagnostic 

morphological features of the collected samples were examined in the laboratory to support preliminary species 

identification. 

DNA sequence analysis was performed on the extracted genomic DNA. The obtained sequences were carefully 

examined and edited to remove ambiguities and potential insertions or deletions. After sequence trimming and 

quality control, a 587-base-pair fragment of the mitochondrial Cytochrome Oxidase Subunit I (COX1) gene was 

retained for further analysis. 

BLAST comparison of the obtained sequences with reference sequences available in the NCBI database 

confirmed that the collected specimens corresponded to Magallana cuttackensis (syn. Crassostrea gryphoides) The 

generated sequences were deposited in the NCBI GenBank database under accession numbers OR544789, 

OR544790, and ON358104. 

Sequence similarity analysis showed a high level of correspondence with previously reported sequences of C. 

gryphoides. Genetic distance analysis revealed a value of approximately 0.05 between C. gryphoides sequences and 

the selected taxa, indicating relatively low genetic divergence. As expected, genetic distances among individuals of 

the same species were considerably lower. 

Phylogenetic relationships were reconstructed using the Neighbor-Joining method based on the aligned COX1 

sequences. The resulting phylogenetic tree resolved two major clades containing Magallana cuttackensis (syn. 

Crassostrea gryphoides) sequences, while a third clade represented the other species (Figure 1). Specimens 

collected from Pakistan clustered closely with sequences originating from other regions, suggesting a shared 

evolutionary lineage. 

 

  
Fig. 1. Neighbor-Joining phylogenetic tree of Magallana cuttackensis (Sny.Crassostrea gryphoides) based on COI 

gene sequences. Note: The above sequences were submitted under the name Crassostrea gryphoides, whereas the 

currently accepted nomenclature for this species is Magallana cuttackensis. 
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DISCUSSION 

 

Magallana cuttackensis (syn. Crassostrea gryphoides) is an edible oyster species that possesses considerable 

economic potential (Siddiqui and Ahmed, 2002). Despite its importance, reliable information regarding the 

harvesting and population status of this species in Pakistan remains limited. Although attempts were made to 

cultivate M. cuttackensis (syn. Crassostrea gryphoides)  along the Pakistani coast between 2009 and 2011 (Mahar 

and Awan, 2012), these efforts did not result in large-scale commercial production. 

Research on oysters in Pakistan began shortly after the country’s independence. One of the earliest 

investigations was conducted by Kazmi (1953), who studied oyster beds in Korangi Creek and initially assigned all 

specimens to the single genus Ostrea. This early work was followed by studies conducted by Hasan (1960). Because 

these early classifications relied primarily on shell morphology, they were subject to taxonomic limitations. 

Ahmed (1971) later refined the classification of oysters in Pakistani waters by recognizing two genera, 

Crassostrea and Ostrea. He reported six species within the genus Crassostrea, including C. rivularis, C. virginica, 

C. gryphoides, C. tuberculata, C. glomerata, and C. auerciana, along with one species (Ostrea folium) belonging to 

the genus Ostrea. Later, Asif (1975) treated C. gryphoides and C. rivularis as separate species. However, Siddiqui 

and Ahmed (2002) subsequently proposed that these two taxa represent the same species and should be classified as 

C. gryphoides (M. cuttackensis). 

The mitochondrial Cytochrome Oxidase Subunit I (COX1) gene is widely regarded as one of the most reliable 

molecular markers for species identification. Its effectiveness is largely attributed to its maternal inheritance pattern 

and relatively conserved sequence structure. In the present study, a fragment of the COX1 gene was successfully 

amplified and sequenced to confirm the identity of the oyster specimens collected from the Pakistani coast. 

The results obtained from molecular analysis confirmed that the specimens correspond to M. cuttackensis, (syn. 

Crassostrea gryphoides)  supporting the taxonomic conclusions previously proposed by Siddiqui and Ahmed 

(2002). Furthermore, the relatively low genetic distances observed among individuals from different geographic 

regions indicate a close genetic relationship among populations of this species. 

Phylogenetic analysis revealed two distinct clades within M. cuttackensis, (syn. Crassostrea gryphoides)  with 

Pakistani specimens clustering alongside sequences originating from the other regions. This clustering pattern 

suggests possible historical connectivity among populations across the broader distribution range. 

The results contribute valuable genetic information for the taxonomic identification of oyster species and 

provide a useful reference for future studies on marine biodiversity and conservation in the region.. 
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