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MOLECULAR IDENTIFICATION OF PARASITES ISOLATED FROM MEDITERRANEAN 

MUSSEL (Mytilus galloprovincialis Lamarck 1819) SPECIMENS 

 

ABSTRACT  

In this study, Mediterranean mussels (Mytilus galloprovincialis 

Lamarck, 1819) were collected from the most important mussel 

distribution/fishing areas in Turkish coastal waters (Çanakkale, 

Balıkesir, İzmir). The presence of parasite was investigated based on 

molecular methods. Molecular identification of parasite species was 

established by designing parasite-specific primers for PCR 

amplification and resulting nucleotide sequences were analysed. As a 

result of this study, four parasite species were identified as 

Mytilicola intestinalis Steuer 1902, Mytilicola orientalis Mori 1935, 

Urastoma cyprinae Graff 1882, Parvatrema duboisi Dollfus 1923 

respectively.  All identified species were found in İzmir (Agean Sea) 

specimens while Urastoma cyprinae and Parvatrema duboisi were found 

only in Çanakkale (Dardanelle) and Balikesir (Marmara Sea) specimens. 

Nucleotide composition, pairwise genetic distance and phylogenetic 

trees of the detected species were given. This research takes place to 

be the first study on identifying mussel parasites by using molecular 

techniques. Also, Mytilicola orientalis is the first record from 

Turkish coastal waters. 

 Keywords: Mollusca, Mediterranean, Mytilus, Parasite, 

                Molecular Identification 

 

1. INTRODUCTION 

The mussel is commercially valuable molluscs that have been 

preferred for bivalve aquaculture for many years. Mediterranean mussel 

(Mytilus galloprovincialis) is naturally present from Northwest Spain 

in Europe to the coastal area of the Black Sea [1]. Due to high market 

value and demand, researchers have been investigating for growth, 

disease control and management of Mediterranean mussel culture. 

Especially parasitic agents are noteworthy among these. Many pathogens 

such as Mytilicola intestinalis, Mytilicola orientalis, Parvatrema 

duboisi, Urastoma cyprinae parasites from different parts of the 

Mediterranean Sea had been reported from Mediterranean mussel [2, 3, 4 

and 5]. Additionally, Marteilia refringens is a "notifiable disease" 

in the World Animal Health Organization (OIE) list [6 and 4]. Those 

parasites caused outbreaks and destructive damages in mussel culture. 
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Turbellarian parasite, Urastoma cyprinae is located in the mouth and 

gill filaments of mussels which found in many parts of the world [7]. 

This parasite causes reduced feeding capacity and tissue damages in 

infected mussels [8 and 9]. Murina and Solonchenko [10] reported that 

the infection of Urastoma cyprinae was intense during winter period in 

Caucassus coast (Black Sea). The presence of this parasite was noted 

from Black Sea, Sinop coast, Turkey [11, 12 and 5], and from Aveiro 

Lagoon, Portugal [3] in Mediterranean mussels. The trematode parasite 

Parvatrema duboisi was also reported from the gill filaments of the 

Mediterranean mussel in Black Sea, Sinop, Turkey [5]. Karagiannis et 

al. [4] conducted a study in order to understand the presence of some 

parasitic disease and mortality problems in aquaculture system. These 

researchers have reported that turbelarian Urastoma cyprinae and 

paramyxean parasite Marteilia sp. species were common, while copepod 

parasite Mytilicola intestinalis was low in Thermaikos Bay (Greece). 

Copepodids from digestive gland of Mediterranean mussel were found as 

Mytilicola intestinalis and Mytilicola orientalis in Aveiro Lagoon, 

Portugal [3]. They argued that the period when these parasites were 

most intense was summer and autumn in Portugal. According to Gresty 

[13], Mytilicola intestinalis is a common parasite of Mytilus 

galloprovincialis. This parasite occurs a red colour in the host. 

Adults may have worm-like appearances and extensions may be described 

as fairly short wolves [14]. This parasite had reduced growth rate in 

the mussels [15]. It was also noted that Mytilicola intestinalis 

caused sudden deaths of mussels in Netherlands [16] and filtration-

feeding problems were recorded by Korringa [17]. It has been suggested 

that biochemical changes occur in the tissues of parasitized mussels 

[18]. Another Mytilicolid, Mytilicola orientalis is a red copepod like 

M. intestinalis can be seen in oysters such as Ostrea lurida and 

Ostrea gigas and also in blue mussel (Mytilus edulis). Previous 

researchers claim that Mytilicola orientalis were accidentally 

contaminated from Asia to Europe and North America [19, 16, 20 and 

21]. It has been demonstrated that blue mussels are sensitive to this 

parasite [22]. On a global scale, marine bivalves are transported from 

one place to another for consumption and aquaculture purposes can 

cause the spread of parasites [23]. Mialhe et al. [24 and 25] stated 

that since the conventional parasite identification techniques are 

limited with microscopy, histology and rarely ultrastructural ways 

therefore using molecular methods are important in terms of time and 

reliability. Conventional techniques may be problematic in defining 

many pathogens by these methods [24, 26, 27, 28, 25, 29, 30, 31, 32, 6 

and 33]. With this approach, many researchers have been trying to 

develop DNA-based diagnostic techniques for mollusc pathogens [29] for 

decades.  

These techniques are defined as routinely used to determine the 

pre-disease presence of pathogens and to be used in international 

status in disease monitoring programs. It is also emphasized that the 

diagnosis of mussel diseases should be made fast, reliable and 

sensitive. In this context, Pernas et al. [31] stated that the 

identification by DNA based method for Marteilia refringens which is a 

bivalve notifiable disease agent is sensitive and applicable in 

comparison with the conventional method. DNA based molecular studies 

are limited on mussel parasites up to date. With PCR based methods, 

extraction, amplification and sequencing of DNA can be done quickly 

with a small tissue sample [34]. Therefore, this study aimed to 

investigate the presence of parasites in Mytilus galloprovincialis 

from three different fishing areas/local fish markets in Mediterranean 

region (Agean Sea: İzmir, Dardanelle: Çanakkale and the Marmara Sea: 
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Balıkesir) by using the species-level molecular identification 

approach. 

 

2. RESEARCH SIGNIFICANCE 

It is complicated to identify parasites from tissue sections by 

the conventional method. Only two species of parasites could be 

identified from histological sections. Molecular diagnostic techniques 

revealed four different species of parasites. Nucleotide composition, 

pairwise genetic distance and the phylogenetic trees of the examined 

parasites of mussels were given. In this study, mussel parasites have 

been identified using molecular techniques. And, Mytilicola orientalis 

was reported for the first time in Turkish coastal waters. 

 

3. MATERIALS AND METHODS 

3.1. Sample Collections 

Mediterranean mussels were collected from the essential natural 

mussel distribution areas of Turkish coastal waters. One hundred 

sixty-five alive mussel samples were taken from each sampling 

locations in Çanakkale (N=55, 8.27±2.03cm), Erdek-Balıkesir (N=55, 

9.14±2.30cm) and Buca-İzmir (N=55, 8.56±2.16cm) local fish markets.  

 

3.2. DNA Extraction and PCR  

The mussels were wrapped in parchment paper during 

transportation, put in plastic nets with a volume of 10 L and placed 

in cold conditions (5-7°C) were transported to the Evolutionary 

Genetic Laboratory in Ankara University, Faculty of Agriculture, 

Fisheries and Aquaculture Research and Application Unit within 24 

hours. A total of 165 mussels were pooled in 3 location groups. Each 

location groups were divided into ten pools. The samples from each 

location were fixed in 70% ethanol and were frozen with liquid 

nitrogen and homogenized by mechanically smashed with a mortar and 

pestle. Each pool was tested with seven different primers of target 

species. The samples were isolated using a commercial DNA purification 

kit (K0722, Thermo Fisher Scientific, Lithuania) according to 

manufacturer protocol. The extracted DNA samples were run on 1% 

agarose gel and samples DNA’s quality and concentration were measured 

using Colibri Microvolume Spectrometer (Titertek, Germany). After that 

DNA concentration was stored diluted to be 50 ng/μL. The primers were 

designed in accordance with the previous studies results which 

reported of the common pathogens for the mussels [1 and 25]. The 

samples were amplified by the PCR method using a new designed taxa 

specific primers (Table 1). 

 

Table 1. Species-specific designed primers 

Species Forward Reverse 

Mytilicola intestinalis 5’-TGTACTGGATGGTGACA-3’ 5’-GTTAGAACTAGGGCGGTA-3’ 

Mytilicola orientalis 5’-ACAGCCCAAGTAAGGTGA-3’ 5’-CCGCAGAGCCTAGAAGAA-3’ 

Urastoma cyprinae 5’-AGGGAGGTAGTGACGAAA-3’ 5’-TGATAGGCAGAGTCGGTA-3’ 

Parvatrema duboisi 5’-TGCTGTCGAGCTGCGAA-3’ 5’-GAGCGGCCGAAACCACTA-3’ 

Nematopsis legeri 5’-TTGGACTACCGTGGCTTTTACA-3’ 5’-CTCAGGCGTTCTCTCCGAAA-3’ 

Marteilia refringens 5’-GTTCGGTCGCCACTACGA-3’ 5’-GCGGAAAAGCGTGTGATCA-3’ 

Peniculistoma mytili 5’GGGAGGTAGTGACAAGAAATAGCA-3’ 5’-TCGAAAGCTGATAGGGCAGAAA-3’ 

 

 PCR reactions were conducted with 4.0μl from 5xFIREPol Master 

Mix, 0.5μl from each primer (10pmol/μl), 1.0μl from DNA (50ng/μl) and 

14μl from ddH2O. PCR thermal profile was set to 5 min at 95°C, 30 

cycles of 15 sec at 95°C, 45 sec at 54-66°C, 2 min at 72°C, completed 

with a final extension for 10 min at 72°C. The PCR products were 

analysed 2% agarose gel electrophoresis and the amplicon size (bp) was 

confirmed.  
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 3.3. DNA Sequencing and Phylogenetic Analysis  

The PCR products were purified with a commercial clean-up kit 

(Wizard® SV Gel and PCR Clean-Up System, Promega). The amplicons were 

sequenced (BMLabosis-Macrogen, Ankara) by using the same 

oligonucleotides. The DNA sequences were performed in the form of a 

dideoxynucleotide chain termination reaction using the Big Dye Cycle 

Sequencing Kit V.3.1 on the ABI 3130XL Genetic Analyzer platform as 

service acquisition. The obtained nucleotide sequences were aligned 

and compared to registered reference sequences in the Gene Bank and 

BOLD database and standardized for phylogenetic analysis. Afterwards 

nucleotide compositions, nucleotide pair frequency and the genetic 

distance matrix have been generated and relationship among those 

presented by neighbor joining tree using MEGA 5 software (Tamura et 

al., 2011). Afterwards, the nucleotide composition, nucleotide pair 

frequency and transcription/transversion ratio were calculated, and at 

last, genetic distance matrices were generated according to the Kimura 

2-parameter model and the relationship among these genes and neighbor 

joining trees were determined. The DNA sequences for all the samples 

were alingned by clustalW and Sequencher 5.0 software. MEGA 5 (SEQ ID 

NO: 5) with the help of reference sequences obtained from the GenBank 

database (HM775188 for Mytilicola intestinalis 18S, HM775189 for 

Mytilicola orientalis 18S, AF167422 for Urastoma cyprinae 18S and 

AB478509 for Parvatrema dubosi 5.8S) [35]. Nucleotide compositions and 

average A-T/G-C contents of the aligned DNA sequences were analyzed as 

percentages. MEGA 5 and Sequencher 5.0 software were used in the 

analysis. The codons generated by the DNA sequences were analysed and 

the codon frequencies and relative synonymous codon usage (RSCU) rates 

were determined. The RSCU ratios were calculated as the ratio of the 

observed codon frequencies to the expected codon frequencies (in the 

case of equalization of all the codons used for the same amino acid) 

[36]. Analyses were performed using MEGA 5 software. Analysis of 

genetic distance between species was carried out using MEGA 5 and 

Arlequin 3.5 software using Kimura 2-parameter model. 1000 repetitive 

bootstrap analyses were used for standard error calculations of 

distance values. MEGA 5, PAUP 4.0 (Swofford 2002) and PHYLIP [37] 

software was used in the analysis of evolutionary relationships. The 

neighbor joining (NJ) method [38] was used to evaluate the effect of 

the method used to calculate the evolutionary relationship between the 

samples. One thousand repeat bootstrap tests were used to control the 

reliability of the trees. The relationship between parasite types has 

also been evaluated via the median joining network which will be 

established with Network 4.6.1.0 [39]. 

 

4. FINDINGS AND DISCUSSIONS 

The positive PCRs were obtained from only 4 primer sets. 

Urastoma cyprinae, Parvatrema duboisi have been identified from all 

tested locations. Mytilicola intestinalis and Mytilicola orientalis 

were only detected from Buca-İzmir (Table 2). The nucleotide 

composition of the four replicated regions, the phylogenetic tree was 

also evaluated (Figure 1).  

 

Table 2. Identified parasite species and sampling locations 

Parasites/Locations Buca-İzmir Erdek-Balıkesir Çanakkale 

Mytilicola intestinalis + - - 

Mytilicola orientalis + - - 

Urastoma cyprinae + + + 

Parvatrema duboisi + + + 
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Table 3. Genetic distance matrix 

  1 2 3 

1 Mytilicola intestinalis - 0.003 0.013 

2 Mytilicola orientalis 0.012 - 0.014 

3 Urastoma cyprinae 0.246 0.240 - 

 

 

 

 

 

 

  
a 

 

 
b 

Figure 1. a: Neighbor joining phylogenetic tree, b: Median joining 

network (MINT: M. intestinalis, MORI: M. orientalis, UCYP: U. 

cyprinae, PSP: Parvatrema sp., Mutational vectors are shown in red) 

 

 Molecular analyses were performed from 18S (Mytilicola 

intestinalis, Mytilicola orientalis and Urastoma cyprinae) and 5.8S 

(Parvatrema duboisi) regions. Therefore, the Parvatrema dubosi data 

set was excluded from the genetic distance matrix (Table 3). 

The nucleotide sequences obtained were paired with BLAST search 

engine aid and clustalW, MEGA 5, and Sequencher 5.0 (SEQ ID NO:2) were 

generated using the matched reference sequences (HM775188 for 

Mytilicola intestinalis 18S, HM775189 for Mytilicola orientalis 18S, 

AF167422 for the Urastoma cyprinae 18S and AB478509 for Parvatrema 

dubosi 5.8S) aligned with software. When the nucleotide sequences were 

examined, it was determined that there was no intra-species variation. 

All four identified species were represented by a single haplotype. 

The nucleotide compositions and average A-T/G-C contents of the 

aligned DNA sequences were analysed in percentage and the average 

values are as follows: 26.2% for T, 21.7% for C, 25.0% for A and 27.0% 

for G. The highest value of G-C was Parvatrema duboisi and it was 

52.6% while the lowest value was 44.1% and it belongs to Urastoma 

cyprinae. 

Since the results of the universal primers and the protein-

coding gene, cytochrome C oxidase I, were not obtained, the codon 

usage was not calculated. Analysis of genetic distance between species 

was carried out using MEGA 5 and Arlequin 3.5 software using Kimura 2-

parameter model. 1000 repetitive bootstrap analysis were used for 

standard error calculations of distance values. The genetic distance 

between two species of Mytilicola genus is low as expected (1.2%) and 

the genetic distance between Mytilicola species and Urastoma cyprinae 

is high (24.0-24.6%). The low in-species genetic distance is related 

to the fact that the gene being analysed is not a gene encoding 

protein and thus has a low rate of evolution. For forming the 

phylogenetic tree for evolutionary relationship analysis, neighbor 

joining (NJ) method was applied with 1000 repetitive bootstrap tests 

drawn according to Kimura 2 parameter model. The generated tree is 

shown in Figure 1. 
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Since at least 4 taxa were required to be able to draw neighbour 

joining trees, the closest reference sequence (KM246856.1) for 

Parvatrema dubosi, the fourth species from GenBank, was downloaded and 

used as an outgroup in the analysis. Median joining network analysis 

has also been used to reveal the relationship between parasite 

species. As in the analysis of evolutionary relationships, the fourth 

species, Parvatrema duboisi, which is defined as working as an 

external group, has benefited from the reference nucleotide sequence 

of the nearest species (Figure 1b). Mytilicola species have a single 

mutational vector between them; 2 mutational vectors from U. cyprinae; 

Parvatrema sp. is separated by 3 mutational vectors. When evaluated 

together with phylogenetic tree and genetic distance matrix, it is 

seen that the results are consistent and all phylogenetic analyses 

have been concluded with the systematic distances. Systematic 

classifications of the parasites obtained using molecular methods were 

arranged as a chart according to Boxshall [40, 41, 42 and 43].  

165 Mediterranean mussels (M. galloprovincialis) (Çanakkale, 

BalIkesir and İzmir) were obtained alive from local fish markets of 

Turkey. Different parasites have been reported by different 

investigators before the Mediterranean mussel, which is the subject of 

conventional parasitological studies Table 5. In this study, as a 

result of the molecular analysis; the parasite species were identified 

as Mytilicola intestinalis, Mytilicola orientalis, Urastoma cyprinae 

and Parvatrema dubosi.  

 

Table 5. Reported parasites from Mytilus galloprovincialis in 

literature and in the present study 

Host 
Identified parasites in                         

the present study  
Previous studies 

 

Mytilus 

galloprovincialis 

Mytilicola intestinalis [2, 3, 4, 8, 9, 15, 17, 18, 44, 45, 46, 47] 

Mytilicola orientalis [3] 

Urastoma cyprinaei [2, 3, 9, 10, 47, 48, 49, 50, 51, 52] 

Parvatrema duboisi [5, 53, 54, 55, 56, 57] 

 

Mytilicola orientalis was first reported in Mediterranean Sea by 

Francisco et al. [3] from the Aveiro Lagoon of Portugal. The present 

study also reports Mytilicola orientalis for the first time in Turkish 

waters by molecular analysis. When we evaluate molecular results, our 

results are consistent with the Mialhe et al. [24], Le Roux et al. 

[30] results. Our results are also parallel with Pernas et al [31] who 

have reported Marteilia refringens by conventional and PCR methods. 

Additionally, the present stduy results are in correlation with Zrncic 

et al. [58] who have reported this parasite from Mytilus 

galloprovincialis by in situ hybridization using the Marteilia 

refringens probe, Lopez-Flores et al. [6] which states that Marteilia 

refringens and Marteilia maurini are identified by the molecular 

method [59]. Mytilicola intestinalis, Mytilicola orientalis, 

Parvatrema duboisi and Urastoma cyprinae were reported from Mytilus 

galloprovincialis for the first record by using molecular methods in 

the waters of Turkey.  

 

5. CONCLUSIONS AND RECOMMENDATIONS 

In this study, molecular examination results showed that there 

were four different parasites. Two of these parasites belong to the 

Rhabditophora and Trematoda classes of the Platyhelminthes phylum and 

the others belong to the Copepoda subclass of the Arthropoda phylum. 

While four parasites were detected by the molecular method in Izmir 

specimens, only two species isolated from Balikesir and Canakkale 

specimens. With this research, Mytilicola orientalis takes place to be 

the first record for the waters of Turkey in Mediterranean mussel. It 
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can be considered that using molecular methods on bio-ecology and 

pathogenesis of mussel parasites will help to understand host-para 

site interactions and disease control management for the future 

studies. 
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