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Summary

In this study, mitochondrial DNA analysis using 16S ribosomal DNA (rDNA) was performed to investigate the phylogeny
relationship of Trichiurus lepturus in the Persian Gulf compared to the other investigated area. The amplification of 16S rDNA
resulted in a product of 600 bp in all samples. The results showed that the isolated strain belongs to 7. lepturus showing 42
divergence sites among the same reported partial sequences of 16S rRNA gene from the other area (West Atlantic and Indo-Pacific
area). Phylogeny results showed that all 18 haplotypes of the species clustered into five clades with reasonably high bootstrap support
of values (>64%). Overall, the tree topology for both phylogenetic and phenetic trees for 16S rDNA was similar. Both trees exposed
two major clusters, one wholly containing the haplotypes of the T. /epturus species belonging to Indo-Pacific area with two major
sister groups including Persian Gulf specimen and the other cleared the Western Atlantic and Japan individuals clustered in another
distinct clade supporting the differentiation between the two areas. Phylogenic relationship observed between the Persian Gulf and
the other Indo-Pacific Individuals suggested homogeneity between two mentioned areas.

Key words: 16S rDNA, Mitochondrial DNA, Persian Gulf, Phylogeny, Trichiurus lepturus

Introduction

The Persian Gulf is a semi-enclosed sea located
between the Arabian Peninsula and Iran ,with an area of
260,000 km?, the Persian Gulf has a mean depth of 35 m
and a maximum depth >100 m (UNEP, 1999). It is
separated from the Gulf of Oman and the open ocean
throughout the Straits of Hormuz. Due to the diverse
environmental situations, a wide variety of marine life
can be found in the Persian Gulf.

Fig. 1: Trichiurus lepturus

The large head cutlass fish, Trichiurus lepturus (Fig.
1), is a bentho-pelagic species cached along continental
shores and islands in tropical and temperate seas,
generally between 45°S and 60°N (Nakamura and Parin,
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1993; Randall, 1995). This species is categorized as a
coastal species cached in warm waters around the world
(Raeisi et al., 2011).

The recorded worldwide catch of this species was
1345911 tonnes in 2009 (FAO, 2009).

Cutlass fish are ravenous predators (Martins and
Haimovici, 1996; Bitter and Benneditto, 2009) reported
in the Indian Ocean, particularly the Persian Gulf. The
most abundant species of cutlass fish in the Persian Gulf
is T. lepturus. Based on recent investigations, the cutlass
fish fisheries of the Persian Gulf are the most financially
stable of the fisheries located in the Persian Gulf (Raeisi
et al., 2011). Large population of this species has been
associated with low catches of important commercial
shrimps, such as Penaeus semisulcatus, Metapenaeus
stebbingi, and Metapenaeus affinis, by southern Iranian
fishermen which showed that the cutlass fish can be
considered to have a significant impact on the shrimp
stock (Raeisi et al., 2011). Despite the availability of
considerable information on special parameters and
distribution of this species in the Persian Gulf, there are
no confirmed reports in genetic differences for the
mentioned species in our territorial waters. Mito-
chondrial DNA analysis using conserved genes such as
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16S ribosomal DNA (rDNA) is a very useful tool for
molecular taxonomic studies and is a frequently used
marker in genetic studies of terrestrial and marine
vertebrates, especially at the genus and family levels
(Allard et al., 1992; Milinkovitch et al., 1993). In
addition, the 16S rRNA gene for which the substitution
rate is halfthat of the protein-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 partial sequence of 16S rDNA gene from
morphologically identified 7. Lepturus from the Persian
Gulf and compared it to that of 7. lepturus and also T.
Japonicas (reported from both Western Atlantic and
Indo-Pacific waters) in order to verify the validity of
mentioned species.

Materials and Methods

Sampling was carried out (10 sample) from Hengam
island offshore (Hormozstrait, Persian Gulf, Fig. 2) and
transported to the laboratory using alcohol 96%.
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Fig. 2: Hengam Island

Total genomic DNA extraction

Total genomic DNA was extracted from 0.1-0.2 g of
frozen muscle tissue mixed with 600 uL. DNA extraction
buffer (10 mM Tris-HCI, pH = 7.5, 100 mM EDTA, 1
pug/ml proteinase K (Sinagene, Iran) and 0.05 ug/ml
RNase Rosch, Germany) and subsequently ground using
a mortar and pestle. The homogenate was incubated for
12 h at 55°C using thermo mixer (Eppendorf, Germany).
DNA was extracted twice with phenol/chloroform/
isoamyl alcohol (25:24:1) followed by extraction with an
equal volume of chloroform/isoamyl alcohol (24:1), and
precipitated in 100% cold ethanol (Sambrook et al.,
1989).

Agarose gels (1% weight/volume) were used to
fractionate high molecular weight DNA and for
observation of the quality of extracted DNA. DNA
quantity was estimated by spectrophotometer using a
Biophotometer (Eppendorf). DNA quantity was deter-
mined by measuring the concentration of DNA by its
optical density absorption at 260 nm and 280 nm. The
reading ratio at 260 nm and 280 nm provides an

estimation of the quality of DNA with respect to the
contamination that absorbs UV (e.g. protein contami-
nants). Pure DNA has an OD,40/ODsg ratio of 1.8-2.00.

PCR amplification and DNA sequencing

Polymerase chain reaction (PCR) for amplification of
16S rDNA was conducted using universal primers L2510
(5-GCC TGT TTA ACA AAA ACA T-3") and H3059
(5'-CGG TCT GAA CTC AGA TCA CGT-3") (Miya
and Nishida, 1996). The PCR amplification was carried
out in a standard 25 or 50 uL reaction volume with 2 pL.
of total genomic DNA, 1 pmol per puL of each diluted
primer, 2.5 mM MgCl, (optimized from 1.5 mM up to
3.0 mM), 2 mM dNTPs (Promega, USA), and 5 U/uL
Taq DNA polymerase (Promega). Amplification was
performed in a PTC-200 Peltier Thermal Cycler, (MJ
Research, Watertown, MA) with a profile of precycle
denaturation at 94°C for 4.5 min, followed by 30 cycles
of 30 s at 94°C, 30 s at 56°C (optimized annealing
temperature), 1 min at 72°C (extension temperature), and
a final extension of 5 min at 72°C. Amplified DNA was
purified by using a Spin Clean Gel Extraction kit (Rosch,
Germany) (Fig. 3).

Fig. 3: PCR products of 16S rDNA gene fragment of T.
lepturus

Ten samples were sent to service provider,
(Metabion, Germany) for direct sequencing in both
directions. Resulting PCR products were purified using
ethanol precipitation and run using Automatic Sequencer
(3730x1 Applied Biosystem, Foster City, CA).

After editing the sequences, nucleotide BLAST
(Basic Local Alignment Search Tool) was performed
using NCBI blast main page and recorded (Access
number KC307770). The sequences obtained from each
sample were aligned and corrected from any ambiguities
and assembled using Bio edit program (Hall, 2005).
Trees were generated using maximum parsimony (MP),
a character-based algorithm and Neighbor-Joining (NJ),
a distance-based algorithm for phenetic analysis. The
distance matrix option of MEGA4 (Tamura et al., 2007)
was used to calculate genetic distance according to the
Kimura 2-parameter model of sequence evolution
(Kimura, 1980). For character-based method, trees were
constructed using MP. Maximum parsimony tree was
constructed with TBR (Tree Bisection and Reconnec-
tion) branch swapping and 10 random taxon addition
replicates under a heuristic search, saving no more than
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100 equally parsimonious trees per replicate. To estimate
branch support on the recovered topology, non
parametric bootstrap values were assessed with 1000
bootstrap pseudo-replicates. Similarly a NJ tree (Saito
and Nei, 1987) was constructed based on pair-wise
genetic distance using the Kimura 2-Parameter
algorithm.

Results

Phylogenetic analysis

Phylogenetic trees were constructed based on the
final consensus sequence of 495 characters. For 16S
rRNA gene, 18 haplotypes including one haplotype for
Persian Gulf were clustered into two major groups on
both trees with reasonably high bootstrap support of
values (Figs. 4 and 5). A bootstrap value of 70% or more
is generally considered a robustly supported node which
reflected slight homoplasy in the samples.

Overall the tree topology for both phylogenetic and
phenetic trees for 16S rDNA was similar. Both trees
exposed 2 major clusters, one wholly containing the
haplotypes of the T. lepturus species belonging to Indo-
Pacific area with two major sister groups including
Persian Gulf haplotype and the other cleared the Western
Atlantic and Japan individuals clustered in another
distinct clade supporting the differentiation between the
two areas.
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Fig. 4: Neighbor-Joining tree based on genetic distance
analysis of 16S rDNA sequences showing the genetic
relationships of 7. lepturus species. E. muticus was used as out
group. Scale shown refers to genetic distance based on
nucleotide substitutions. Numbers at branching points are
bootstrap support. The sample of Persian Gulf is shown by
Access number KC307770
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Fig. 5: Maximum parsimony tree based 16S rDNA sequences
showing the relationships within 7. lepturus. Individuals with
accession numbers were sequences retrieved from GenBank

Discussion

Mitochondrial DNA analysis provided a good
resolution of genetic divergence among the populations.
There is an indication of wide scale geographical
differentiation between the individuals cached from
Indo-Pacific including the Persian Gulf individuals
which clustered in one clade compared with the West
Atlantic individuals which constructed the other clade
with two sister groups and a common ancestor with the
Indo-Pacific individuals. However, within the Indo-
Pacific individuals, no spatial clustering was observed. In
this study, we showed that the varieties of distances
among haplotypes of T. lepturus were quite high (0.002-
0.081), between Pakistan and USA Atlantic individuals.
However, those within the Western Atlantic haplotypes
alone were only 0.000-0.002. On the other hand, those
between Indo-Pacificc Oman Sea (Iran) and Western
Atlantic T. lepturus were 0.066-0.074 (Table 1).

Previous morphological studies also showed that the
Indo-Pacific population of 7. lepturus differed from the
Western Atlantic population (Tokimura et al., 1995;
Yamada et al., 1995; Nakabo, 2002; Kimura and
Matsuura, 2003).

Also, the amplification of 16S rDNA resulted in a
product of 600 base pairs in all samples analyzed. The
aligned sequences resulted in a matrix of 495
unambiguous characters (Fig. 6). The obtained results
showed that the isolated strain belongs to 7. lepturus,
indicating 42 divergence sites among the same reported
of partial sequences of 16S rDNA gene from the other
area (West Atlantic and Indo-Pacific area). Within the
major West Atlantic individuals, there were two
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Fig. 6: Aligned sequences of 16S rDNA of 24 taxa including 7. lepturus from West Atlantic, Indo-Pacific and Persian Gulf. Details
of taxa are given in Table 1
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Table 1: Pairwise genetic distance based on analysis of aligned 16S rDNA sequences of 7. lepturus compared to the other
individuals reported from the other areas (West Atlantic and Indo-Pacific area) and the outgroup (E. muticus), revealed from partial

16S rRNA gene

1. KC307770 Per GULF IRAN

2. AB197142 Miy JFN 0.0
3. ABI97143 Nag JPN 0.06 0
4. AB197144 Chi. JPN o7 o0 0

5. AB197145 ChiJPN o7 o0 0 0

6. AB197146 Miy JFN .66 0 0 0 1]

7. AB197147 AL USA 007 006 005 006 006 005

5. AB197148 Mex BZL 007 005 005 005 005 007 0

9. AB197149 Off BZL 007 005 005 005 005 005 0 0

10. AB201321 AtlUSA 007 006 005 0046 006 0.05 0 0 ]

11. ABZ12875 Hat CHN ool 0.0v 00y 007 007 008 007 007 007
12, ABZ12876 Hat CHN 0oz 008 007 008 008 007 007 007 007
13. AB212877 Ha CHN ooz o 007 007 007 007 007 008 008 0.08
14. AB212878 Hat CHN ooz 007 007 007 007 007 007 007 007
15. AB212879 Jkt.IND ool 007 007 007 007 007 007 007 0.07
16 ABZ12881 Mus OMN 00z 006 006 006 006 006 007 007 0.07
17. ABZ12885 Kar PAK 0ot 008 007 003 008 007 008 008 O0.08
13. AB212883 Phu THI oot 007 00Y 007 007 007 008 007 007
19. AMTT9563 Wes TWHN 007 005 004 005 005 004 002 002 0.02
20 AY216494 CHINA 007 0.01 0 0.01 00 1] 0.06 003 005
21. DOA43036 CHINA 007 005 o004 005 005 004 001 001 001
22. DQA43036 CHINA oot 007 00éa 007 007 006 007 007 0.07
23 JN165228 CHIN A o001 007 007 007 007 007 008 007 0.07
24 B MUTICUS (AY212325) 049 02 02 02 02 02 02 02 (0.2

0.08
0.07
0.08
0.07
0.07
0.07
0.08
0.08
0.22
0.06
0.01
0.07
0.08

0.0t

0 001

0 ool 0.0t

001 002 001 001

0ol o0z 002 00z 00

001 o00d 00z 002 001 002
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007 o008 007 007 007 004 008 007 003
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0 oor oo 001 001 002 002 oM 007 007 007
o001 o0 001 001 001 002 002 001 007 007 007 0
nz2 02 02 02 018 02 02 02 018 02 018 02 018 1l

subclusters which distinctly grouped the Brazilian and
American individuals from the other samples belonging
to Japan and China individuals. Such structuring was not
observed within the Persian Gulf and the other Indo-
Pacific individuals, suggesting homogeneity between the
populations. However, at a narrower geographical scale
(including Persian Gulf and Oman Sea) the structuring is
not elucidated. This could be due to the small number of
investigated individuals and the limited amount of
information. However, if the present data achieved is a
true reflection of the genetic composition of studied
species, then several conclusions can be suggested. The
first one is that the Persian Gulf and Oman Sea
individuals are homogeneous within the range
investigated. Therefore, the most likely description for
this study is that the populations share a common gene
pool. If this is accurate, the Indo-Pacific populations,
especially the Persian Gulf and Oman Sea population
could be managed as a single management or
evolutionary unit. However, further study needs to be
performed to verify the homogeneity of the T. lepturus
populations. On the other hand, some investigations have
been carried out to study the effect of environmental
conditions including species composition, currents and
oceanographic conditions on the distribution of 7.
lepturus populations (Baik and Park, 1986; Dekun and
Cungen, 1987; Martins and Haimovici, 1996; Meriem et
al.,2011; Raeisi et al., 2011). Several currents generated
in the Oman Sea influence the movement of broodstocks
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or larvae towards the Straits of Hormoz and Persian Gulf
as well as affecting the gene flow especially between the
Oman sae and Persian Gulf (Reynolds, 1993, Fig. 7).

KUWAIT

Bottom

SAUDI Qutflow

ARABIA

Exchange with the
Gulf of Oman
OMAN

UNITED ARAB
EMIRATES

Fig. 7: Marine currents in the Persian Gulf (Reynolds, 1993)

Also mangrove forests are a feature of the intertidal
zone of the tropical and subtropical coastlines of the
world. They represent a rich and diverse living resource
(Duke, 1992) and are made up of a number of different
types of habitats. So these forests could be considered as
another factor to increase gene flow within the Persian
Gulf and the other Indo-Pacific individuals.

This study illustrates the utility of molecular studies
as an effective tool for the identification and taxonomy
of T. lepturus from the natural resources to obtain
reliable data.
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