
Zoological Studies 45(3): 419-427 (2006)

419

* To whom correspondence and reprint requests should be addressed.  Tel: 81-985-58-7222.  Fax: 81-985-58-2884.
E-mail: kga303u@student.miyazaki-u.ac.jp

Trichiurus lepturus japonicus Temminck and
Schlegel, 1844 was originally described as a sub-
species from Nagasaki, Japan, but subsequent
workers have long treated T. japonicus as a valid
species distinctly different from T. lepturus
Linneaus, 1758 based on morphometric and
meristic characters (Bleeker 1854, 1879, Jordan et
al. 1913, Fowler 1936, Lin 1936, Boeseman 1947,
Matsubara 1955, Lee et al. 1977, Li 1992, Nakabo
2002).  According to Tucker (1956), the Atlantic
population of the genus Trichiurus is recognized
as T. lepturus (Linneaus 1758), while the Indo-
Pacific population is recognized as T. haumela
(Forsskål 1775).  However, in a recent worldwide

review of the Trichiuridae for the Food and
Agricultural Organization (FAO), Nakamura and
Parin (1993) recognized only T. lepturus as a valid
circum-global species with comments on T. japoni-
cus as a presumably valid species.  While T.
japonicus has been recognized at the species
level in contemporary publications (Li 1992,
Nakabo 2002), not only are there any comments
on some nominal species and an examination of
type specimens of Trichiurus, but also no compar-
ative genetic information has been provided
between T. japonicus and specimens of T. lep-
turus from the Western Atlantic and Indo-Pacific
regions.  Accordingly, the taxonomic identity of T.
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japonicus remains uncertain, no proper classifica-
tion of this species has been made.

Mitochondrial DNA analysis using conserved
genes like 16S ribosomal RNA (rRNA) is a very
useful tool for molecular taxonomic studies and is
a frequently used marker in genetic studies (Allard
et al. 1992, Milinkovitch et al. 1993) of terrestrial
and marine vertebrates, especially at the genus
and family levels.  In addition, the 16S rRNA gene
for which the substitution rate is 1/2 that of the pro-
tein-coding gene (Brown et al. 1982) is utilized to
better identify species (Bourdy et al. 2003, Lam
and Morton 2003).  In this study, we analyzed par-
tial sequences of the16S rRNA gene from morpho-
logically identified T. japonicus and compared it to
that of T. lepturus (obtained from both Western
Atlantic and Indo-Pacific waters) in order to verify
the validity of T. japonicus as a separate species.
The study aims were to (1) to genetically identify T.
lepturus and T. japonicus by targeting species spe-
cific nucleotide positions using RFLP analysis and
(2) provide information on the mtDNA sequence
polymorphism or variation. 

MATERIALS AND METHODS

Fish samples

In this study, 10 samples of T. japonicus
(obtained from 3 localities in southern Japan) and
63 samples of T. lepturus were used for the genet-
ic analysis.  Trichiurus lepturus tissues were
obtained from 15 individual specimens from the
Western Atlantic coast of the USA (around the
type locality of T. lepturus) and Brazil, to constitute
the Western Atlantic samples, while 48 samples of
T. lepturus tissues were obtained from China (15),
Indonesia (6), Oman (15), Pakistan (10) and
Thailand (2), to constitute the Indo-Pacific sam-
ples.  Details of the samples, indicating the collec-
tion dates and localities, are given in table 1 and
figure 1.

DNA extraction

Total DNA was extracted from muscle tissues
using a DNeasy Tissue kit (QIAGEN K.K., Tokyo,
Japan) according to the manufacturer

,
s protocol.

Table 1. Specimens used for phylogenetic analysis, with date of collection and localities

Specimens Localities/date of collection

Trichiurus japonicus 1) MUFS 22246, Miyazaki, Japan, 28th Oct.  2002
2) MUFS 18237, Nagasaki, Japan,18th Oct. 1999
3) MUFS 18240, Nagasaki, Japan,18th Oct. 1999
4) MUFS 18242, Nagasaki, Japan,18th Oct. 1999
5) MUFS 18245, Nagasaki, Japan,18th Oct. 1999
6) MUFS 20254, Chiba, Japan, 20th, Aug. 2002
7) MUFS 20255, Chiba, Japan, 20th, Aug. 2002
8) MUFS 20256, Chiba, Japan, 20th, Aug. 2002
9) MUFS 18397, Nagasaki, Japan,18th Oct. 1999

10) MUFS 22093, Miyazaki, Japan, 7th Dec. 2002

Trichiurus lepturus From Western Atlantic 1) KU 1206, off Atlantic coast, USA, 12th Sept. 1994
2) KU 1224, off Atlantic coast, USA, 12th Sept. 1994 
3) KU 1529, off Atlantic coast, USA, 10th Mar. 1995 
4) KU 3900, off Pascagoula, Gulf of Mexico, USA, 16th Nov. 2001 
5) KU 5078, off Brownsville, Gulf of Mexico, Texas, USA, 17th June 2002

6-15) MUFS 01-10, off Brazil, South America, 28th Oct. 2004

Trichiurus lepturus From Indo-Pacific 1-15) MUFS 11-25, off  Hainan Island, China, 16th Dec. 2003
16-21) MUFS 26-31, off Jakarta, Indonesia, 13th Oct. 2003
22-36) MUFS 32-46, off Muskat, Oman, 21st Oct. 2003
37-46) MUFS 47-56, off Karachi, Pakistan, 24th Feb. 2004
47-48) MUFS 57-58, off Phuket Island, Thailand, 1st Mar. 2004

MUFS, Miyazaki Univ. Fisheries Sciences, Japan; KU, Kansas Univ., USA. 
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In the case of T. japonicus both fresh and ethanol-
preserved (99%) tissues were used while frozen
preserved (-80°C) tissues were used for T. lep-
turus. 

PCR amplification and sequencing

Polymerase chain reaction (PCR) amplifica-
tion of the partial 16S rRNA gene (of ~ 600bp) was
carried out using the following primers: L2510 (5'-
GCCTGTTTAACAAAAACAT-3') and H3059 (5'-
CGGTCTGAACTCAGATCACGT- 3') (Miya and
Nishida 1996).  The PCR was carried out in a 25 µl
reaction volume containing 1x Gene Taq buffer
(Wako, Japan), 5 µM of each dNTP (Wako, Tokyo,
Japan), 0.40 µM of each primer, 0.125 µl of 5 U
Taq polymerase (Wako) and 2 µl of  a DNA tem-
plate in a Techgene thermocycler (TC 312,
Techne, Devon, UK).  The thermal cycle profile
was as follows: 94°C for 5 mins followed by 35
cycles of denaturation at 94°C for 30 s, annealing
at 55°C for 30 s, and extension at 72°C for 1 min
with final extension for 5 min at 72°C.  The PCR
products were electrophoresed on a 1.0% agarose
gel, stained with ethidium bromide (0.5 µg/ml), and
visualized under a UV transilluminator in a Digi
Doc-It System (UVP, BioImaging system, Upland,
CA, USA).

Double-stranded PCR products were purified
by Microcon 100 (Millipore, Bedford, MA, USA)
and then used for direct cycle sequencing using a
Big Dye Terminator v 3.1 Cycle Sequencing Kit
(Applied Biosystems, Foster City, CA, USA) follow-
ing the manufacturer

,
s instructions.  Primers used

were the same as those for PCR.  The products
were then analyzed on an ABI Prism 310 Genetic
Analyzer (Applied Biosystems).  Sequences

obtained in this study were submitted to DDBJ
(DNA Data Bank of Japan, Mishima, Japan) and
can be accessed under the accession numbers
AB197142-AB197149 and AB212875-AB212888.

Data analysis

The partial 16S rRNA sequences were edited
using BioEdit (Hall 1999) and aligned with
CLUSTAL W (Thompson et al. 1994) as imple-
mented in the BioEdit program.  The partial
sequence of the 16S rRNA gene from
Eupleurogrammus muticus (AY212325, Meng et
al. unpubl. data) was used as an outgroup for the
phylogenetic analysis.  Pairwise evolutionary dis-
tances among the haplotypes were calculated fol-
lowing Kimura

,
s 2-parameter (K2P) model (Kimura

1980) and were used to obtain a Neighbor-joining
(NJ) phylogenetic tree (Saitou and Nei 1987) with
MEGA version 2.1 (Kumar et al. 2001).  Bootstrap
values, indicating the robustness of the internal
nodes of the NJ trees, were set at 1000 replica-
tions (Felsentein 1985).

RFLP analysis

Restriction digestion of the PCR products was
carried out in a 10µl reaction mixture containing 1x
buffer R+ (Fermentas, Hanover, MD, USA), 5 µl of
unpurified PCR product and 5 units of Hinf I
(Fermentas) at 37°C for 1 h.  Five microlitres of
the reactant was run on a 2.0% agarose gel and
visualized as described above.  Since there was
no mutation within the T. japonicus and T. lepturus
specimens with respect to the Hinf I recognition
site, only the haplotypes of each species were
used for the RFLP analysis.  Five haplotypes of T.
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Fig. 1. Map indicating sampling locations of Trichiurus japonicus (■) and T. lepturus (●)
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japonicus obtained from 3 different regions of
Japan (Fig. 1) and 17 haplotypes of T. lepturus
obtained from 3 different locations in the Western
Atlantic and 5 locations in the Indo-Pacific (Fig. 1)
were used for the RFLP analysis.    

RESULTS

MtDNA sequence variation

The sequence analysis of the partial 16S
rRNA gene (~600 bp) revealed a total of 22 haplo-
types, 5 in T. japonicus (JH 1-5), and 17 in T. lep-
turus (LH1-17).  Out of 17 haplotypes from T. lep-
turus, samples from the Western Atlantic revealed
3 haplotypes (LH 1-3) while the Indo-Pacific sam-
ples showed 14 haplotypes (LH 4-17).  Haplotypes
within T. japonicus differed in 1 to 5 nucleotide
positions (2 C/T changes, 2 G/T changes and 1
C/G change), while the haplotypes from the
Western Atlantic T. lepturus differed in only 2
nucleotide positions (two C/T changes).  On the
other hand, haplotypes of T. lepturus from the
Indo-Pacific samples differed in 24 nucleotide posi-
tions (5 A/G changes, 5 A/T changes, 7 C/T
changes, 3 A/C changes, 3 G/T changes, and 1
G/C change).  In total, 55 variable nucleotide sites
were found between haplotypes of T. japonicus,
and T. lepturus from Western Atlantic and T. lep-
turus from Indo-Pacific (Fig. 2), 30 of which dif-
fered by transitional substitutions, 18 by transver-

sional changes and 7 mutation sites exhibited mul-
tiple substitutions (Fig. 2).  Transitional changes
occurred more frequently than transversional
changes as is typical of animal mitochondrial
genomes (Li 1997). 

Sequence divergence of the partial 16S rRNA
gene between the two species (interspecific) was
quite high at 4.8%-7.0% but within species
(intraspecific) divergence values ranged from
0.60%-1.0% and 0.2%-3.0% for T. japonicus and
T. lepturus, respectively.  The K2P distance among
haplotypes of T. japonicus ranged from 0.002 to
0.008 with an average of 0.003 ± 0.002, while in
the case of T. lepturus, it ranged from 0.002 to
0.078 with an average of 0.029 ± 0.005.  Between
the 2 species, interspecific genetic distances
ranged from 0.042 to 0.072 with a mean distance
of 0.058 ± 0.010.  

Phylogenetic analysis 

The aligned sequences of the partial 16S
rRNA gene from all haplotypes were used to con-
struct a phylogenetic tree by the NJ method (Fig.
3).  The NJ tree formed 2 major groups, one exclu-
sively containing haplotypes of T. lepturus from the
Indo-Pacific, supported by a high bootstrap value
of 100%, while the other (with a bootstrap value of
80%) containing 2 subgroups, one with the haplo-
types of T. japonicus (99%) and the other with the
haplotypes of T. lepturus from the Western Atlantic
(100%).  Although the haplotypes of T. japonicus

          

Fig. 2. Summary of nucleotide variations found in the partial 16S rRNA of Trichiurus japonicus, and T. lepturus.  Only variable sites are
shown.  Haplotypes are named by letters referring to the species and a number.  JH, T. japonicus haplotype; LH, T. lepturus haplotype.
Dots indicate identity with the JH 1 haplotype sequence.
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formed nested subclusters ( with a bootstrap value
of 64%), within each subgroup, the clustering of
the haplotypes did not correspond to specific geo-
graphical locations.  However, the cluster of T. lep-
turus from the Indo-Pacific formed 3 subgroups
corresponding to specific geographic locations.
Haplotypes from Indonesia (LH 8 and LH 9),
Thailand (LH 17) and Pakistan (LH 14, LH 15 and
LH 16) clustered in the same group (with a boot-
strap value of 81%), with the haplotypes of
Pakistan forming a separate cluster (50%), while
the haplotypes from China (LH 4-7) and Oman (LH
10-13) formed separate subgroups with respective
bootstrap values of 55% and 70%.

RFLP analysis

Comparisons of aligned sequences of the
partial 16S rRNA gene between T. japonicus and
T. lepturus showed a unique restriction site of the
Hinf I enzyme that enabled the identification of
these 2 species as indicated in figure 4.  The
restriction enzyme, Hinf I, produced 2 fragments of

378 and 222 bp from the PCR products of T. lep-
turus, whereas no restriction sites were present in
T. japonicus.  Hence, using Hinf I, 2 fragments and
1 fragment would be theoretically generated for T.
lepturus and T. japonicus.  Among the 22 haplo-
types of T . lepturus and T. japonicus , no
nucleotide mutation was observed at the recog-
nized site of the Hinf I enzyme. 

Direct digestion of the PCR products with
Hinf I generated reproducible species-specific
restriction patterns (Fig. 5).  They corresponded to
the expected profiles as described above, and 2
fragments of around 378 and 222 bp were found in
T. lepturus while 1 uncut fragment (of ~600 bp)
was seen in T. japonicus.  In addition, T. japonicus
samples obtained from 3 different regions of Japan
and T. lepturus samples from 3 different locations
in the Western Atlantic and 5 locations in the Indo-
Pacific showed consistent banding patterns.

DISCUSSION

This is the first comprehensive study of
mtDNA sequences of T. japonicus to address its
taxonomic status in comparison with T. lepturus.
The present results obtained from the partial
sequences of the 16S rRNA gene and practical
PCR-RFLP analysis indicate that T. japonicus and
T. lepturus are genetically distinct species thus
eliminating any doubt as to the synonymy of these
2 species as suggested in the most recent review
by the FAO for the family Trichiuridae (Nakamura
and Parin 1993).    

Although the FAO review (Nakamura and
Parin 1993) recognized only T. lepturus Linnaeus,
1758 (type locality: South Carolina, North America)
as a valid circum-global species within larger con-
geners which grow to around 1.5 m in total length,
the review was not based on sufficient global spec-
imens including type specimens.  Moreover, differ-
ent taxonomic ideas of this species also appeared
in the literature before and after the FAO review
(Tucker 1956, Nakabo 1993, Li 1992, Burhanuddin
2003, Burhanuddin et al. 2002).  Hence the taxo-
nomic classification of T. lepturus and T. japonicus
has remained controversial to the present. 

Morphometric studies have shown that T.
japonicus varies from T. lepturus in having a small-
er head (Boeseman 1947, Li 1992) and longer
caudal peduncle length (Temminck and Schlegel
1844, Burhanuddin 2003), and these are sufficient-
ly different to consider them as separate species in
addition to other subtle morphological and meristic

 

Fig. 3. Neighbor-joining phylogenetic tree based on the partial
16S rRNA gene for the haplotypes of Trichiurus japonicus and
T. lepturus with Eupleurogrammus muticus (Trichiuridae) as the
outgroup taxon.  Numbers above the branches indicate boot-
strap values based on 1000 replications.  Only values of >50%
values are indicated.  JH1, 2, 3, 4, 5: T. japonicus haplotypes
1to 5; LH 1-17: T. lepturus haplotypes 1 to17.
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differences.  Our study also shows that T. japoni-
cus and T. lepturus exhibit significant differences
of 4.8%-7.0% in the 16S rRNA genes between
them considering the conserved nature of 16S
rRNA among species (Brown et al. 1982).  The
degree of sequence divergence between these 2
species is comparable to those of other well-
accepted and valid fish species.  Among the
species of Trachurus, for example, the interspecific
16S rRNA divergence between Trachurus mediter-
raneus and T. trachurus was found to be 1.46%
and that between T. mediterraneus and T. pictatus
was 1.83% (Karaiskou et al. 2003).  According to
Mabuchi et al. (2003), the 16S rRNA sequence
divergence between the cardinal f ishes
(Apogonidae), Apogon cynosoma and A. prope-
ruptus, was found to be around 5.4%. 

The present phylogenetic analysis revealed 2
major clusters, one exclusively containing the hap-
lotypes of the Indo-Pacific T. lepturus with the
other containing 2 subgroups, one with haplotypes
of T. japonicus and the other with the haplotypes
of T. lepturus from the Western Atlantic with no
sharing or overlap of the haplotypes.  The fact that

no haplotypes were shared among the species
suggests an interruption of gene flow for an effi-
cient number of generations.  Lineage sorting of
the haplotypes of T. lepturus from the Indo-Pacific
and Western Atlantic into separate clusters indi-
cates that T. lepturus populations from 2 geo-
graphic locations are genetically distinct.  In this
study, we saw that the ranges of sequence diver-
gences and K2P distances among haplotypes of T.
lepturus were quite high (0.2% -3.0% and 0.002-
0.078, respectively).  However, those within the
Western Atlantic haplotypes alone were only 0.2%
-0.8% and 0.000-0.002, respectively.  On the other
hand, those between Indo-Pacific and Western
Atlantic T. lepturus were 5.9% - 6.9% and 0.058-
0.078, respectively.  Previous morphological stud-
ies also showed that the Indo-Pacific population of
T. lepturus (historically treated as T. haumela
Forsskål, 1775) differed from the Western Atlantic
population based on the yellow coloration of the
dorsal fin in the former and the absence of such
coloration in the latter (Day 1865, Tokimura et al.
1995, Yamada et al. 1995, Nakabo 2002, Kimura
and Matsuura 2003).  In this study, we noted that

Fig. 4. CLUSTAL W alignment of the partial DNA sequences of the mitochondrial 16S rRNA gene from Trichiurus japonicus and T. lep-
turus.  The Hinf I restriction site is shadowed and shown in a box.  Dots indicate identity with the 1st sequence.
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the samples of T. lepturus obtained from China,
Indonesia, Oman, Pakistan, and Thailand had the
yellow coloration of the dorsal fin, while samples
from the Western Atlantic coast showed a dusky,
not yellow, coloration.  The genetic results
obtained in this study clearly show that the 2
regional populations of T. lepturus (Western
Atlantic and Indo-Pacific) are represented by at
least 2 species.  The clustering of the T. japonicus
lineage with T. lepturus haplotypes from the
Western Atlantic (Fig. 3) indicates a closer rela-
tionship of T. japonicus to the Western Atlantic
population of T. lepturus than to the Indo-Pacific
population.  Morphologically, T. japonicus is most
similar to T. lepturus from the Western Atlantic (by
the absence of the yellow dorsal fin) and other
meristic characters when compared to T. lepturus
from the Indo-Pacific.    

The PCR-RFLP method has been used for
species identification of many closely related
species of fish (Chow et al. 1993, Quinteiro et al.
1998, Aranishi 2005a, b, Aranishi et al. 2005a b).
Likewise in this study, RFLP analysis revealed that
T. japonicus and T. lepturus have different restric-
tion patterns as evident from the species - specific
restriction pattern obtained for each species (Fig.
5).  Haplotypes of T. lepturus from both the
Western Atlantic and Indo-Pacific possessed the
restriction site for Hinf I, while those of T. japonicus
did not posses the Hinf I site.  Thus, PCR-RFLP
analysis using Hinf I restriction enzymes easily and
effectively identified the 2 species with no need to

conduct sequencing or phylogenetic analysis.  
The database shows 3 partial 16S rRNA

sequences (AY216492, AY216493 and AY216494)
which were submitted as T. lepturus haplotypes
(Meng et al., unpubl. data).  However, sequence
alignment (BLAST) of these 3 sequences and
comparison with our sequences obtained in this
study showed a 99% homology with T. japonicus
haplotypes, while the extent of homology with the
Indo-Pacific T. lepturus and Western Atlantic T.
lepturus was 94%.  In addition, the restriction pat-
terns for these 3 submitted sequences (AY216492,
AY216493 and AY216494) were identical to those
of T. japonicus used in this study (by the absence
of the Hinf I site).  The high homology and identical
restriction patterns of these 3 submitted
sequences with T. japonicus sequences obtained
in this study proves that these submitted
sequences are indeed from T. japonicus, and not
from T. lepturus, although there is no information
on their collection localities.  In reviewing the
recorded distribution of T. japonicus, Lin (1936) as
well as our current  observations found that T.
japonicus inhabits Chinese and Japanese coastal
waters and is not known to live beyond the Asiatic
continental shelf or southward to the Indian Ocean.  

Trichiurus lepturus has been considered a sin-
gle species (Tucker 1956, Nakamura and Parin
1993) with a very broad geographic distribution
covering the Indo-Pacific, the Eastern Pacific, the
West Atlantic, and the West Africa although there
are different views as discussed above.  Further

Fig. 5. PCR-RFLP analysis of the mitochondrial 16S rRNA gene from Trichiurus japonicus and T. lep-
turus.  Lane M, molecular weight marker (100-bp ladder); TjM, T. japonicus from Meitsu; TjC, T. japoni-
cus from Chiba; TjN, T. japonicus from Nagasaki; TlW, T. lepturus from the Western Atlantic coast; TlP,
T. lepturus from the Indo-Pacific.  PCR amplification and RFLP analysis refer to the PCR products and
those after Hinf I digestion, respectively.
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studies, using morphological and meristic data are
required in order to achieve a correct taxonomic
classification of the Atlantic and Indo-Pacific popu-
lations of T. lepturus.  However, in this study, T.
japonicus was at least confirmed to be genetically
distinct from both the Western Atlantic and Indo-
Pacific populations of T. lepturus, and proven to be
a valid species.  
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