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ABSTRACT: Pufferfish is known a powerful toxin in its skin and organs called 

Tetrodotoxin. Validation of food authenticity is usually based on the analysis of proteins 

or DNA sequences. DNA based methods are more effective and can also be applied to 

different food matrices. DNA barcoding is a rapidly rising global initiative in which 

species are characterized using mtDNA sequences. This is based on the premise that 

species are generally well delineated by a species-specific sequence. In this study, we 

revealed DNA barcoding of three pufferfish species Lagocephalus sceleratus, 

Sphoeroides pachygaster and Torquigener flavimaculosus using the mtDNA cytochrome 

b gene region. There were 122 variables and 266 conservative nucleotides of which 110 

were parsimony informative over 388 bp sequences. The mean nucleotides composition 

was found as %28.0 thymine (T), %30.7 cytosine (C), %24.8 adenine (A) and %16.6 

guanine (G). Twelve haplotypes were found out of 18 sequences and mean haplotype 

diversity was observed at 0.9346. This study has strongly authenticated and traceability 

the efficacy of Cty b in identifying L. sceleratus, S. pachygaster and T. flavimaculosus 

species with designated barcodes. This is the recorded of L. sceleratus, S. pachygaster 

and T. flavimaculosus cytochrome b gene sequence from the eastern Mediterranean coast 

of Turkey. 
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INTRODUCTION 

 

Pufferfishes are distributed in tropical and subtropical regions of the Atlantic, Indian, 

and Pacific oceans. Pufferfishes comprise 184 species all over the world seas within the 

family Tetraodontidae (Farrag et al. 2016), of which at least ten occur in the eastern 

Mediterranean Sea (Turan et al. 2017). Pufferfishes are represented by 8 species on the 

coast of Turkey (Turan et al. 2018). Pufferfish is used as delicious food for human 

consumption in Asian countries (Oyaizu et al. 2000). Although, most pufferfish species 

have not commercial value in other countries. 

Pufferfish is known as a powerful toxin in its skin and organs called Tetrodotoxin 

(TTX). Tetrodotoxin is a very potent neurotoxin and one of the most potent marine 

paralytic toxins (Doğdu et al. 2019, Kosker et al. 2019). The toxin has in almost every 

organ mostly in gonads, the liver has most of it (Sato et al. 2008). It is a non-protein toxin 

with a low molecular weight. TTX is soluble in water and acidic environments and there 

are no known antidotes or antitoxins (Kosker et al. 2019).  

Considering the importance of fish traceability in the global area, technological 

developments in food production and processing through a national and international 
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network (Filonzi et al. 2010, Maralit et al. 2013). Since species identification is common 

in fish, especially in products that are visually unrecognizable and morphologically 

distinguishable after processing and freezing, therefore precautions are necessary (Filonzi 

et al. 2010). Misidentifications can be so injurious to health, finances and conservation 

(Chang et al. 2016). Certain problems that may arise are health problems mainly due to 

the consumption of poisonous species from contaminated areas (Maralit et al. 2013).  

Validation of food authenticity is generally based on the analysis of proteins or DNA 

sequences. Protein-based methods include immunological assays, electrophoretic and 

chromatographic techniques such as HPLC and TLC (Galimberti et al. 2013). DNA 

methods are more effective than protein analysis methods, and they can also be applied to 

different food matrices (Mafra et al. 2008). Moreover, DNA is more illuminating than 

proteins and can be easily extracted even in the presence of small traces of organic 

material. DNA barcoding is a rapidly rising analysis in which species are characterized 

using mtDNA sequence (Turan et al. 2020). This analysis is based on that species are 

well delineated by a species-specific sequence (Hebert et al. 2003). 

In this study, we revealed DNA barcoding of three pufferfish species Lagocephalus 

sceleratus, Sphoeroides pachygaster and Torquigener flavimaculosus using the mtDNA 

cytochrome b gene region.  

 

MATERIAL AND METHODS 

 

Collection of Samples: Eighteen pufferfish waste samples were collected from the 

local fish market in Iskenderun. Samples were also cool down on ice reaching the 

laboratory for sampling. Taken tissues as muscle, bone and fin tissues were kept in 

ethanol and stored at -20°C until DNA extraction. 

DNA extraction: Total DNA extraction was performed using muscle, bone and fin 

samples using the Qiagen DNA Kit (DNeasy Blood and Tissue Kit). The manufacturer’s 

protocols were used during all steps with minor modifications. 

Polymerase Chain Reaction (PCR) Amplification: mtDNA Cytochrome b region 

has exhibits large interspecific and low intraspecific diversity. For this reason, a typical 

candidate a DNA barcode region (Galimberti et al. 2013). PCR amplification was 

performed with the following universal primers (Cantatore et al. 1994): 

Cyt b F: 5’-CGA ACG TTG ATA TGA AAA ACC ATC GTT-3’  

Cyt b R: 5’-AAA CTG CAG CCC CTC AGA ATG ATA TTT GTC CTC-3’ 

The PCRs were conducted in a 50 ml total volume with 0.4 uM of each primer, 0.2 

mM of dNTP and 1.25 µL of Taq DNA polymerase in a PCR buffer that included 20 mM 

of Tris–HCl (pH 8.0), 1.5mM of MgCl2, 15 mM of KCl and 1-2 μl template DNA. PCR 

procedures were an initial step of 30 s at 95 °C and 30 cycles of 45 s at 72°C, 30 s at 0 

°C, and 1 min at 72 °C, followed by a final extension at 72 °C for 7 min. PCR products 

were analyzed by 1.2% agarose gel electrophoresis at 160 V for 30 min. The initial 

alignments of partial Cyt b sequences were performed with the Clustal W program 

(Larkin et al. 2007) and final alignment was completed manually with BioEdit (Hall, 

1999). 

BLAST for Species Identification The Cyt b sequences was deposited in the 

Genbank database of the National Centre for Biotechnology Information (NCBI). After 
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sequencing and primer sequence removal, all sequences were identified with BLAST. 

The MEGABLAST search available in NCBI (http://blast.ncbi.nlm.nih.gov/Blast.cgi) 

was used to assign a fish DNA sequence to a specific species. 

 

RESULTS AND DISCUSSION 

 

The benefit and suitability of the mtDNA Cyt b gene to develop a DNA based method 

for the identification of waste fish samples were we evaluated this study.  

Fig. 1. Relationships among the haplotypes. 

 

There were 122 variables and 266 conservative nucleotides of which 110 were parsimony 

informative over 388 bp sequences. The mean nucleotides composition was found as 

%28.0 thymine (T), %30.7 cytosine (C), %24.8 adenine (A) and %16.6 guanine (G). 
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Twelve haplotypes were found out of 18 sequences, and there was not shared haplotype. 

Hap_1 -Hap_6 were found to belong to L. sceleratus, Hap_7 S. pachygaster and Hap_8-

Hap_12 to T. flavimaculosus (Table 1). Mean haplotype diversity was observed at 

0.9346. Variable nucleotide positions of Cyt b haplotype of pufferfish species given that 

Table 2. The minimum spanning tree (MST) showed the relationships among all 

haplotypes (Fig. 1). 

 

Table 1. Haplotype number and its distribution between the species. 

 

Haplotype 
Lagocephalus 

sceleratus 

Sphoeroides 

pachygaster 

Torquigener 

flavimaculosus 

Hap_1 1 - - 

Hap_2 2 - - 

Hap_3 4 - - 

Hap_4 1 - - 

Hap_5 1 - - 

Hap_6 1 - - 

Hap_7 - 3 - 

Hap_8 - - 1 

Hap_9 - - 1 

Hap_10 - - 1 

Hap_11 - - 1 

Hap_12 - - 1 

Total 10 3 5 

 

DNA barcodes of the mtDNA Cyt b gene region were detected for all species. The 

best method was observed as Kimura 2. The mean genetic diversity was observed at 

0.1502. The matrix of pairwise distances within species is presented in Table 3. The 

highest genetic diversity was observed in T. flavimaculosus (0.0146). The lowest genetic 

diversity is observed among L. sceleratus and S.pachgaster (0.2209) whereas the highest 

one is observed among L. sceleratus and T. flavimucolosus (0.26127). 

Neighbour Joining (NJ) and Maximum Parsimony (MP) trees resulted in similar 

topologies. In the NJ and MP trees, three nodes were detected and all species matching 

GenBank instances were scattered in separate branches (Fig. 2 and Fig. 3). 

Sea product is traded all over the world. There are possible health risks connected 

with mislabeled seafood (Tuney 2016). Trading and landing of the pufferfish are banned  

in so many countries, which is illegally or accidentally landed and consumed as seafood 

along the Mediterranean and Red Sea coasts (El-Ganainy et al. 2006). Traditional 

morphological methods are often insufficient to ensure species resolution. For this 

reason, genetic identification tools are accepted as trustworthy tools to fish species 

especially DNA barcoding (Nehal et al. 2021). Solving this problem, the region of 
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mtDNA as COI, 16s rRNA and Cyt b, and which has been studied have shown its 

efficacy in species identification (Tuney 2016, Turan et al. 2017, Ghouri et al. 2020). 

 

Table 2. Nucleotide positions of Cyt b haplotype for pufferfish species. 

 

Haplotype Nucleotide positions 

Hap_1 GTATTCACTACCACGAATGGTAATTACTCCAACATACCTAATCTGCTCACGCGCCCACCTTT
AGCCTCGCTCCCTGTCTCGGTACTACCTTCTAAACTCTCGCACAAGTTCCGACCTGCCCC 

Hap_2 GTATAAATTGCCACGAATGGTAATTACTCCAACTTACCTAATCTGCTCACGCGCCCACCTTT
AGCCTCGCTCCCTGTCTCGGTACTACCTTCTAAACTCTCGCACAAGTTCCGACCTGCCCC 

Hap_3 TTATAAATTGCCACGAATGGTAATTACTCCAACTTACCTAATCTGCTCACGCGCCCACCTTT 

AGCCTCGCTCCCTGTCTCGGTACTACCTTCTAAACTCTCGCACAAGTTCCGACCTGCCCC 

Hap_4 GTATAAATTGCCACGAGTGGAAAGTACTCCGACTTACCAAATCTGCTCACGCGCCCACCG 

TTAGCCTCGCTCCCTGTCTCGGTACTACCTTCTAAACTCTCGCACAAGTTCCGACCTGCCCC 

Hap_5 GTATAAATTGCCACGAAGGGTAATTACTCCGACTTACCTAATCTGCTCACGCGCCCACCTT 

TAGCCTCGCTCCCTGTCTCGGTACTACCTTCTAAACTCTCGCACAAGTTCCGACCTGCCCC 

Hap_6 ATATAAATTGCCACGAATGGTAATTACTCCGACTTACCTAATCTGCTCACGCGCCCACCTTT
AGCCTCGCTCCCTGTCTCGGTACTACCTTCTAAACTCTCGCACAAGTTCCGACCTGCCCC 

Hap_7 TAATAAATCACTACGAATAGTCGTCTTGTAAATTCGTCTCAGGACCCTACGCACTAAATTC 

CGACCTTAACTACTACTTCTGTACCACTCCTCACCCCTCTACATACACATTACTCTAAAAT 

Hap_8 TATAAGTTCAGACGAGATGTTAATTCCTCCACTTTACTTCCGGACACCCTAAGTCCGGTTC 

CTATAGTTCCACTCACACTATCTGCTACTCCCCCATCCGTATGACAGAATAACCTCAACCA 

Hap_9 TATTAGTTCGGAACGAATAGTAATTCCTCAAATTTACTTCCGGACACCCTGAGTCCGGTTC 

CTATAGTTCCACTCACACTATCTGCTACTCCCCCATCCGTATGACAGAATAACCTCAACCA 

Hap_10 TATTAGTTCGGAACGAATAGTAATTCCTCAAATTTACTTCCGGACACCCTAAGTCCGGTTC 

CTATAGTTCCACTCACACTATCTGCTACTCCCCCATCCGTATGACAGAATAACCTCAACCA 

Hap_11 TATTAGTTCAGAACAGATGGTAATTCCTCAAATTTACTTCCGGACACCCTAAGTCCGGTTC 

CTATAGTTCCACTCACACTATCTGCTACTCCCCCATCCGTATGACAGAATAACCTCAACCA 

Hap_12 TATAAGTTCGGAACAGATGTTAATTCCTCAAATTTACTTCCGGACACCCTAAGTCCGGTTC 

CTATAGTTCCACTCACACTATCTGCTACTCCCCCATCCGTATGACAGAATAACCTCAACCA 

 

in so many countries, which is illegally or accidentally landed and consumed as seafood 

along the Mediterranean and Red Sea coasts (El-Ganainy et al., 2006). Traditional 

morphological methods are often insufficient to ensure species resolution. For this 

reason, genetic identification tools are accepted as trustworthy tools to fish species 

especially DNA barcoding (Nehal et al., 2021). Solving this problem, the region of 

mtDNA as COI, 16s rRNA and Cyt b, and which has been studied have shown its 

efficacy in species identification (Tuney, 2016, Turan et al., 2017, Ghouri et al., 2020). 

 

Table 3. The genetic diversity and pairwise genetic distance (bold) between species 

(Fst P values significance P < 0.05). 

 

Species L. sceleratus S. pachygaster T. flavimaculosus 

L. sceleratus  0.96311* 0.95073* 

S. pachygaster 0.2209  0.95042* 

T. flavimaculosus 0.2493 0.2243  
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Fig. 2. Neighbour Joining tree based on Cyt b sequences with GenBank sample 

references. 
 

Three pufferfish species of L. sceleratus, S. pachygaster and T. flavimaculosus spread 

in the Turkish marine waters were investigated based on DNA barcoding using the Cyt b 

gene region. For the results, all species under the three genera were clearly separated in 

the NJ and MP trees with a high bootstrap value. The universal primers amplified the 

target region in all species, generating 18 Cyt b barcodes of 388 bp. Common haplotypes 

were not detected and the DNA barcode sequences separated them. All sequences 

accession numbers were obtained between MZ 512179- MZ 512196 from Genbank. 
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The results of the Lagocephalus sceleratus, the identity of Cyt b gene from Genbank 

both sequences used Cyt b showed an identity of 98.19%,98.17%, 98.16% and 98.10% 

with KP663723.1, KX017842.1, MG878891.1 and EF362414.1 from Turkey, Egypt, 

Italy and Greece, respectively (Kasapidis et al. 2007, Tuney 2016, Farrag et al. 2015, 

Giusti et al. 2018) From the blast, present ten sequences from the Mediterranean Sea 

reflected a high level of identity which was more than 98% indicating a high level of 

genetic resemblance. In general, the identity height to 98% and these results approved the 

taxonomic level of L. sceleratus. 

 

 

Fig. 3. Maximum Parsimony tree based on Cyt b sequences with GenBank sample 

references. 

 

Sphoeroides pachygaster sequences of Cyt b gene with associated from Genbank both 

sequences used Cyt b showed an identity of 98.71%, 98.45%, 98.20% and 98.66% with 

FJ434544.1, JQ681907.1, EF392642.1 and AY267358.1 from Taiwan, Italy, Spain and 

Taiwan, respectively (Hsieh et al. 2004, Bautista et al. 2006, Hsieh et al.2010, Santini et 
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al. 2013). Even for mitochondrial DNA complete genome, the identity was 98.45% with 

AP006745.1 (Yamanoue et al. 2009). Results of the blast, present three sequences from 

the Mediterranean Sea reflected a high level of identity which was more than 98% 

indicating a high level of genetic resemblance. In general, the identity height to 98% and 

these results approved the taxonomic level of S. pachygaster. 

A total of five Torquigener flavimaculosus sequences of Cyt b gene with associated 

from Genbank. In Genbank, there is only one T. flavimaculosus Cty b gene sequence 

from Italy. The results of the blast identity our five sequences identity of 97.53% with 

JQ681936.1 (Santini et al. 2013). 

The Neighbor-Joining (NJ) and Maksimum Persomoni relationship show that the 

present sequence from the Turkish coasts closer to other studies from the Mediterranean 

Sea countries. This discovery may be explained by differences in identification between 

different sequences; however, the correlation between the current study and that from 

Turkish water was 98%, suggesting that the two groups are on the same taxonomic level.  

Lessepsian migration in the Mediterranean Sea has been a continuous process since 1869. 

A potentially poisonous Lessepsian species has spread over much of the Mediterranean 

Sea in recent years, posing a real threat to public health and having a major effect on the 

environment (Akbora et al. 2020). It's crucial to figure out what distinguishes them 

morphologically and genetically (Islam et al. 2011, Guardone et al. 2020, Zhu et al. 

2021). 

 

CONCLUSIONS 

 

This study has strongly authenticated and traceability the efficacy of Cty b in 

identifying L. sceleratus, S. pachygaster and T. flavimaculosus species with designated 

barcodes. This is the recorded of L. sceleratus, S. pachygaster and T. flavimaculosus 

cytochrome b gene sequence from the eastern Mediterranean coast of Turkey. There are a 

few data of eastern Mediterranean L. sceleratus and S. pachygaster cytochrome b gene 

sequence in GenBank and also T. flavimaculosus is only one Cty b gene sequence from 

Italy. The present results also suggest that Cty b barcoding can be used as a pragmatic 

method for resolving unambiguous identification of pufferfish species in Mediterranean 

water with applications in its management and conservation. 
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