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Abstract

The tuna species from Xincun Harbour, Hainan Province,
China were identified in this study. The mitochondrial DNA
control region (mtDNA CR) fragments of the tuna samples
were amplified and sequenced. The phylogenetic trees were
constructed using the amplified control region sequences
to identify species of the samples, included Thunnus
and Euthynnus genera. The result showed that using
mitochondrial DNA control region as marker accurately
distinguish tuna species. Our results indicate that fish of
Thunnus and Euthynnus genera from the sea area near Xincun
Harbour were mainly longtail tuna (Thunnus tonggol) and
Kawakawa (Euthynuus affinis). The identification of tuna
species in the sea near Xincun Harbour with an accurate and
efficient method could provide a good basis for standardizing
and promoting the local trade of tuna.
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Introduction

Fish of Scombridae family, which are the basis of
worldwide commercial and recreational fisheries [1], is one
of the most important groups of commercial fishes, including
genera of Thunnus, Euthynnus, and Bonito [2]. Thunnus, the

largest genera in the Scombridae family [3], is one of the
most important and most commercially valuable trade fish
in the world [4]. There are eight species of the Thunnus,
including Atlantic bluefin tuna (Thunnus thynnus), Pacific
bluefin tuna (Thunnus orientalis), Southern bluefin tuna
(Thunnus maccoyii), yellowfin tuna (Thunnus albacares),
albacore (Thunnus alalunga), bigeye tuna (Thunnus obesus),
blackfin tuna (Thunnus atlanticus) and longtail tuna
(Thunnus tonggol). The individual species various from
geographic distribution, in terms of their commercial value,
especially albacore is greatly popular among consumers [1].
Although morphological features can be used to identify
different tunas, the morphologies of some tuna species are
similar that most of people cannot identify these different
tuna species clearly in trading. Moreover, identification
of commercial processed tuna products which have not kept
enough characteristic morphological features is difficult [2,5].

Identification of species is playing a significant role in
the food safety [2,6], and molecular identification methods
provide an efficient tool for the species identification. For
tuna species, it is essential to choose appropriate genes
as molecular markers to make an identification. Previous
studies have shown that mitochondrial genes have been
preferred over nuclear genes as molecular markers of tuna
species as the mitochondrial DNA (mtDNA) is maternally
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inherited and has arelatively fast mutation rate [2,7,8]. While
the mitochondrial genome which is haploid, it is present in
a high copy number in the cell. Usually, the mitochondrial
cytochrome oxidase subunit I (COI) gene, cytochrome b (Cyt
b) gene, 16S rRNA and D-loop region (control region, CR)
are used in tuna species identification. However, using Cyt
b as genetic marker cannot distinguish some albacore and
Pacific bluefin tuna because they are so close genetically
[9]. Although COI has been proved that it is a good choice
for species identification, some studies have shown that COI
cannot successfully differentiate all tuna species [5,10]. The
mitochondrial DNA control region, which is a non-coding
stretch of DNA that shows high levels of genetic variation,
has been proved that it is more accurate than other markers.
It has found that the differences in CR gene fragments were
the highest when these mitochondrial DNA genes are used
as markers to identify tuna species [7]. Using CR genes as
markers can distinguish most tuna or tuna-like fishes, except
the occurrence of gene introgression [2,5,11,12].

Xincun Harbour, located in the southeast of Xincun town,
Lingshui county, Hainan province, is a natural harbor with
unique advantages. There are 45 kinds of commercial fish,
while tuna is one of the most important trad fish in Xincun
Harbour. In recent years, some studies on tuna in the south
China sea have been conducted [13,14], but there are few
reports on tuna in the sea area around Xincun Harbour,
such as the identification of tuna species. Therefore, this
experiment is designed for identification of tuna species in
Xincun Harbour, Hainan province, China, using mitochondrial
DNA control region as markers, in order to make sure the
main tuna species in the sea near Xincun Harbour and to
provide a good basis for regulating and promoting the local
trade of tuna.

Materials and Methods

Sample collection

A total of 15 Thunnus and 15 Euthynnus were collected
from the sea area (18°22’55.35” N, 109°58°20.23"E, (Figure 1)

near Xincun Harbour, Xincun town, Lingshui county, Hainan
province, while the preliminary morphological identification
was performed to distinguish genera. The tail fins of three
Thunnus and three Euthynnus were collected respectively as
samples for DNA extraction, storing in 95% alcohol and at
4°C.

Primer design

The control region (CR) gene was selected as the
marker for species identification of tuna species of
Thunnus genera and Euthynnus genera, primers referring
to the design of Alvarado et al. (Forward primer: 5’-
TACCCCAAACTCCCAAAGCTA -3’ and Reverse primer: 5'-
TACCCCAAACTCCCAAAGCTA -3’) for PCR amplification [15].

DNA extraction and PCR amplifications

DNA of all samples was extracted from the tail fins using
the TIANamp Genomic DNA Kit (TIANGEN BIOTECH, Beijing
City, China). Their lengths were estimated by 2% agarose gel
electrophoresis. The PCR amplification for the CR was carried
out in 20 ml volumes, containing 1.0 pL. DNA template, 10.0
uL Taq qPCR Probe Master Mix II, 0.5 pL forward primers
and 0.5 pL reverse primers, and 8 pL. ddH20, and under the
thermal cycles conditions: initial denaturation at 94 °C for 5
min; 30 cycles of denaturing at 94 °C for 45 s, annealing at 50
°C for 45 s, and extension at 72 °C for 1 minute.
Sequencing and phylogenetic analysis

The PCR products were checked on 2% agarose gel and
then sequenced in one direction on an ABI 3730 automated
sequencer after purifying. Then the phylogenetic tree based
on CR sequences was constructed with MEGA 5.2 software,
using the maximum likelihood (ML) method [16], while all
sequences aligning with ClustalW, the Kimura two-parameter
distance method for calculating the genetic divergence,
non-parametric bootstrap analysis with 1000 iterations for
evaluating the robustness of the tree [17]. In addition to
the sample sequences obtained in this experiment, the CR
sequences of Thunnus thynnus (GenBank Accession number

Figure 1: The sea area (18°22°55.35”* N, 109°58°20.23”’E) near Xincun
Harbour, Xincun town, Lingshui county, Hainan province, collected samples
of tunas or tuna-like species.
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Figure 2: PCR amplification of control region (CR) from the sample of tuna or tuna-like species.
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AY650409-AY650414), Thunnus
Accession number AB185022, KF906721, LC377898,
NC008455), Thunnus maccoyii (GenBank Accession
number GU256523, JN086150, KF925362, NC014101),
Thunnus albacares (GenBank Accession number AY899520-
AY899524), Thunnus alalonga (GenBank Accession
number AF390331, AF390353-AF390354, HQ853210-
HQ853210), Thunnus obesus (GenBank Accession number
AY640302-AY640303), Thunnus atlanticus (GenBank
Accession number KU955343-KU955344), Thunnus tonggol
(GenBank Accession number MF593022, MF593043-
MF593044, MF593048), Euthynuus affinis (GenBank
Accession number AP012946, HQ630700, KM651783,
NC025934) and Euthynuus alletteratus (GenBank Accession
number AB099716, KY446419-KY446420, NC004530)
were retrieved from the National Center for Biotechnology
Information (NCBI) database.

Results and discussion
PCR amplification and sequencing results

orientalis  (GenBank

Estimated by agarose gel electrophoresis, the CR fragment
of all sample of tuna or tuna-like species was successfully
amplified (Figure 2). The lengths of PCR products were
among 400-450 bp, which was consistent with the expected
results.

M, DNA Marker;

J1 (al-a3), the first sample of genus Thunnus;

]2 (b1-b3), the second sample of genus Thunnus;
]3 (c1-c3), the third sample of genus Thunnus;

P1-1 (d1-d3) and P1-2 (e1-e3), the first sample of genus
Euthynnus;

P2-1 (f1-f3) and P2-2 (gl-g3), the second sample of
genus Euthynnus;

P3 (h1-h3), the third sample of genus Euthynnus.

Species identification

Species identification was performed for three samples
of Thunnus and three sample of Euthynnus. Through the
construction of phylogenetic tree, CR gene could accurately
distinguish different species of tuna, with bootstrap supports
of more than 75%. The result showed that the samples of
Thunnus, collected from the sea area near Xincun Harbour,
were clustered into the group of Thunnus tonggol, with
bootstrap supports of 94% (Figure 3). And Thunnus orientalis
and Thunnus alalonga could be accurately distinguished,
with bootstrap supports of 90% and 94%, while they seemed
to have a closely relationship [18]. The samples of Euthynnus
were grouped together with Euthynuus affinis (Figure 4).
The study of Zhang et al. has also proved that there is a high
catch rate of Euthynuus affinis in the south China sea in the
fishing ground of large-scale light falling-net fisheries [19].

However, some studies consider that the CR fragment
was not suitable for distinguishing tuna at the genus level
[7,20]. Using the ribosomal DNA first internal transcribed
spacer (ITS1) for an additional analysis can be conducive to
identify the tuna species which are closely related [5,11].

Conclusion

Using mitochondrial DNA to study the relationship
between species and phylogenetic analysis, which can
effectively avoid the errors caused by morphological
characteristics observation and different geographic
populations, is very necessary for species identification. For
the identification of various tuna species, itis a good choice to
construct phylogenetic tree with CR gene. The identification
of tuna species in the sea near Xincun Harbour with an
accurate and efficient method can provide a good basis for
standardizing and promoting the local trade of tuna.
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Figure 3. Maximum likelihood tree based on phylogenetic analysis of the fragments of CR genes, showing the relationships of tuna species of genus
Thunnus. Numbers at nodes indicate bootstrap values. J1, J2, and J3, the sample of Thunnus, with mark “%”.
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Figure 4 Maximum likelihood tree based on phylogenetic analysis of the fragments of CR genes, showing the relationships of tuna species of
genus Euthynnus. Numbers at nodes indicate bootstrap values. P1-2, P2-1 (f1-£3) and P3, the sample of Euthynnus, with mark “*”.
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