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Tab. 1 The information of Trichiurus fishes used in this study
species sampling site GenBank access. no. B0 reference
Trichiurus margarites ~ Western Hair(lan Island (Baimajing, Yir)lggehai, Sanya), China IN165226-IN165229 Tm this study
Miyazaki, Okinawa, Japan AB125746, AB20990 Tsp2-IP [9]
T.sp-2 Eastern Hainan Islands AB212875-AB212878  Tsp2- IP [13-14]
Jakara, Indonesia AB212879-AB212880  Tsp2- IP [13-14]
Muscat, Oman AB212881-AB212884  Tsp2- IP [13-14]
Karachi, Pakistan AB212885-AB212887  Tsp2- IP [13-14]
Phuket Island, Thailand AB212888 Tsp2- IP [13-14]
Western Atlantic AB197147-AB197149 Tl [14]
T lepturus West African AB198977-AB198982 Tl [14]
Sanya, Hainan Island JN012087 Tl [17]
Western Taiwan AM779561-AM779563  TI-WT (1]
Southern Taiwan AM779564-AM779565  TI-ST [1]
Kyushu, Honshu, Japan AB197142-AB197146 T [14]
T. japonicus 1

Taiwan, Taiwan Strait

AM779552-AM779560

Tj
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Tab. 2 Pairwise net genetic distance with the Kimura-2 parameter model (below diagonal) and the divergence times (above
diagonal, Unit: 10° years before the present) among groups of Trichiurus fishes based on the haplotypes of 16S rRNA gene

Tm Tsz—JP Tsz—IP TI-ST TI-WT Tl TJ genetic distance
group within group
Tm 0.0 0.8x10% 0.4x10% 12.2x10% 12.2x10% 9.8x10% 0.003
Tsp2-JP 0.000 1.0x10% 0.6x10% 12.0x10% 12.2x10% 9.8x10% 0.000
Tsp2-IP 0.004 0.005 1.2x10% 12.0x10% 12.0x10% 10.2x10% 0.009
TI-ST 0.002 0.003 0.006 11.6x10% 12.2x10% 9.2x10% 0.003
TI-WT 0.061 0.060 0.060 0.058 2.6x10%v  7.0x10% 0.000
Tl 0.061 0.061 0.060 0.061 0.013 7.4x10% 0.011
Tj 0.049 0.049 0.051 0.046 0.035 0.037 0.004
:Tm Tsp2-JP Tsp2-IP TI-ST TI-WT Tl Tj 1.
Note: the grouping of Tm, Tsp2-JP, Tsp2-1P, TI-ST, TI-WT, TI, Tj is shown in table 1.
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Fig. 1 NJ and ML phylogenetic trees of Trichiurus fishes based on the haplotypes of 16S rRNA gene
Numbers above the branches indicate bootstrap values based on 1 000 replications for NJ/ML (only values over 70% are shown).

T. sp.2 , , T. sp.2

, (sensu Nakabo, 2002) (T. margarites Li,



378 19
1992) ,
Tokimura ! ,
: ( ) ] 3
, (T. lepturus , (291
complex)[“’ 26] )
[11, 25]
Hsu " GenBank (
5 16SrRNA 100 ) — )
AM779561-AM779565 (D
, AM7T79561- AM779562 (30-321
T. sp.2, AM779563-AM779565 ,
AM779561-AM779563( TI-WT)
, AM779564— AM7T79565(
TI-ST) , Chakraborty (131
Chakraborty ¥ - 14 ,
T. sp.2 (.17 > (7
3.2 , 16S rRNA
Lil® B3l
, : 0.0~120 ) , ,
Nakabo!®! T. sp.2
DNA (AFLP)
Chakraborty ~ '*!  Chakraborty
[14]
T SE 30K
$p.2 B . [1] Nakamura I, Parin N V. FAO species catalogue. Vol 15.
p- ’ 16] Snake mackerels and cutlassfishes of the world (Families
> Li Gempylidae and Trichiuridae)[M]. Rome: FAO Fish Synop,
, 1993: 61-107.
( )[6, 8]; [2] , . [I1.
( )[17] , 1986, 10(4): 339-350.
(3] , - M].
> 3 , 1987: 415-416.
) (4] , , . Trichiurus
haumela (Forsskal) . , 1965, 2(4):
11-23.
16S rRNA
(5] , ,
980 1140 [Cy/ .

, (Miocene) ,

,1981: 181-194.



3 Trichiurus sp.2 379
[6] Li C S. Hairtail fishes from Chinese coastal waters (Trichi- 1997, 25(24): 4876-4882.
uridae)[J]. Mar Sci, 1992, 4(3): 212-219. [21] Tamura K, Peterson D, Peterson N, et al. MEGAS: Molecular
[71 Tokimura M, Yamada U, Trie T. Comments on taxonomy and evolutionary genetics analysis using maximum likelihood,
distributions of the species of Thrichiurus in the East China evolutionary distance, and maximum parsimony methods[J].
and Yellow Seas and adjacent waters[J]. Seikaiku Suisan Mole Biol Evol, 2011, 28(10): 2731-2739.
Kenkyusho News, 1995, 80: 12—-14. [22] R N , . 8
[8] Nakabo T. Fishes of Japan with pictorial keys to the spe- 16S rRNA [J7.
cies[M]. Tokyo: Tokai University Press, 2002: 1345. , 2004, 14(5): 514-521.
[9] Chakraborty A, Aranishi F, Iwantsuki Y. Genteic differences [23] R s s (Lutjanus)
among three species of the genus Trichiurus (Perciformes: 16S rRNA . s
Trichiurdae) based on mitochondrial DNA analysis[J]. Ich- 2009, 40(5): 563-571.
thyol Res, 2006, 50(3): 270-275. [24] , , s DNA
[10] , , s 16S rDNA 1. , 2011, 36(2): 332-340.
30 [J]. [25] Meng Z N, Zhuang Z M, Jin X S, et al. Analysis of RAPD
, 2006, 52(3): 504-513. and mitochondrial 16S rRNA gene sequences from Trichiu-
[11] Hsu K C, Shih N T, Ni I H, et al. Speciation and population rus lepturus and Eupleurogrammus muticus in the Yellow
structure of three Trichiurus species based on mitochondrial Sea[J]. Prog Nat Sci, 2004, 14(2): 125-131.
DNAT[J]. Zool Stud, 2009, 48(6): 851-865. [26] Burhanuddin A I, Iwatsuki Y, Yoshino T, et al. Small and
[12] s , , COlI valid species of Trichiurus brevis Wang and You, 1992 and
DNA (Sciaenidae) T.russelli Dutt and Thankam, 1966, defined as the “T.russelli
[J]. , 2010, 4(2): 223-232. complex” (Perciformes: Trichiuridae)[J]. Ichthyol Res, 2002,
[13] Chakraborty A, Aranishi F, Iwantsuki Y. Genteic differentia- 49: 211-223.
tion of Trichiurus japonicus and T. lepturus (Perciformes: [27] Tucker D W. Studies on the trichiuroid fishes a preliminary
Trichiurdae) based on mitochondrial DNA analysis[J]. Ich- revision of the family Trichiuridae[J]. Bull Brit Mus Nat Hist
thyol Res, 2006, 45(3): 419—427. Zool, 1956, 4: 73-103.
[14] Chakraborty A, Iwantsuki Y. Genteic variaition at mitochon- [28] James P S B R. The ribbon-Fishes of the family Trichiuridae
drial 16S rRNA gene among Trichiurus lepturus (Percifor- of India[M]. Mandapam Camp India: Marine Biological As-
mes: Trichiurdae) from various localities: preliminary evi- sociation of India, 1967: 1-226.
dence of a new species from West coast of Africa[J]. Hydro- [29] Ennyu A. Middle Miocene climate evolution in the Pacific
biologia, 2006, 563: 501-513. realm[D]. Pennsylvania State Univ, University Park PA,
[15] Sambrook J, Russell D W. Molecular cloning: a laboratory 2003: 1-219.
manual[M]. New York: Cold Spring Harbor Laboratory Press, [30] Liul X, Gao T X, Yokogawa K, et al. Differential population
2001: 1-372. structuring and demographic history of two closely related
[16] Palumbi S. Nucleic acids II: the polymerase chain reac- fish species, Japanese sea bass (Latolabrax japonicus) and
tion[M]. Massachusetts: Sinauer Associates, 1996: 205— spotted sea bass (Lateolabrax maculatus) in Northwestern
247. Pacific[J]. Mol Phylogenet Evol, 2006, 39: 799-811.
[17] R s [31] LiulJ X, Gao T X, Wu S F, et al. Pleistocene isolation in the
[J]. , 2011, 36(3): 648-655. marginal ocean basins and limited dispersal in a marine fish,
[18] Burland T G. DNASTAR’s lasergene sequence analysis Chelon haematocheilus (Temminck & Schlegel, 1845)[J].
software[J]. Methods Mol Biol, 2000, 132: 71-91. Mol Ecol, 2007, 16: 275-288.
[19] Rozas J, Sanchez-Delbarrio J C, Messeguer X, et al. DnaSP, [32] R s .. Cyt b
DNA polymorphism analysis by the coalescent and other (Larimichthys polyactis)
methods[J]. Bioinformatics, 2003, 19(8): 2496-2497. M]. , 2009, 19(9): 924-930.
[20] Thompson J D, Gibson T J, Plewnia F. The Clustal X win- [33] Orti G, Petry P, Porto J I R, et al. Patterns of nucleotide

dows interface: flexible strategies for multiple sequences

alignment aided by quality analysis tools[J]. Nucl Acid Res,

change in mitochondrial ribosomal RNA genes and the phy-
logeny of piranhas[J]. Mol Evol, 1996, 42: 169-182.



380 19

Molecular phylogenetic relationship between Trichiurus margarites Li,
1992 and Trichiurus sp.2 (sensu Nakabo, 2002) (Perciformes: Trichi-
uridae) based on mitochondrial 16S rRNA sequence analysis

GUO Liujunl, WU Renxiel, LIUJ ing2

1. College of Fisheries, Guangdong Ocean University, Zhanjiang 524025, China;
2. Institute of Oceanology, Chinese Academy of Sciences, Qingdao 266071, China

Abstract: The taxonomic identification of the genus Trichiurus (Trichiuridae) has historically been challenging
because of the morphological similarities between the species. As a result, Trichiurus lepturus Linnaeus, 1758 was
recognized as a monotypic cosmopolitan species of Trichiurus prior to 1990. In 1992, Li proposed the new species
T. margarites Li, 1992, based on morphological differences in the skull patterns and dorsal fin coloration, i.e. su-
praoccipital bone with a hard knob and yellow dorsal fin respectively. Subsequently, Yamada et al. described a
species of Trichiurus with a yellow dorsal fin from the Ryukyu Islands and East China Sea coast of Kyushu, Japan.
This species is very similar to T. margarites, but shows some variation in the size of a pair of knobs on the su-
praoccipital crest. Accordingly, the yellow dorsal fin species of Trichiurus from Japan was provisionally called
Trichiurus sp. 2 by Nakabo. There remains no molecular evidence that elucidates the genetic differences between T.
margarites and T. sp. 2 (sensu Nakabo, 2002). Thus, the phylogenetic relationship and taxonomic status of these
two species remain unresolved.

In this study we examined the mitochondrial 16S rRNA gene sequence from 11 T. margarites individuals
collected from the coast of western Hainan Island (Baimajing, Yinggehai and Sanya), South China Sea, China
which is the type locality of T. margarites. The 16S rRNA genes were amplified using PCR techniques. Homolo-
gous sequences from T.sp. 2 and closely-related species from previous studies were also included in the compara-
tive analysis. Genetic information indexes, including base composition, sequence variation, and Kimura-2 pa-
rameter net genetic distance were examined. Phylogenetic analysis using neighbor-joining (NJ) and maxi-
mum-likelihood (ML) methods were conducted using Eupleurogrammus muticus as the outgroup.

There was evidence of insertion or deletion of base pairs in the 435 bp sequence alignment, with 63 variable
sites, 48 parsimony informative sites, and 15 singleton sites. The net genetic distances between T. margarites
(from western Hainan Island) and T. sp. 2 (from Japan, eastern Hainan Island, and Indian Ocean) ranged from
0.000 to 0.006. These values were much lower than those found for interspecific 16S rRNA comparisons in some
species of Trichiurus (0.037-0.061), and for intraspecies comparisons between populations of T. lepturus
(0.010-0.016). Moreover, the haplotypes of T. margarites and T. sp. 2 did not form reciprocal monophyletic clades
in the phylogenetic trees (NJ, ML), and the close relationship of the haplotypes of these two species was supported
by high confidence levels (NJ 100%, ML 99%). These results indicated that the genetic distance between T. mar-
garites and T. sp. 2 was at the intraspecific level, and the species T. sp. 2 (sensu Nakabo, 2002) from Japan should
be classified as T. margarites Li, 1992. It has been suggested that T. margarites is widely distributed from the In-
dian Ocean to the western Pacific, and not merely limited to the South China Sea, Taiwan Strait, and Taiwan
coastal waters. Based on coalescent estimates of divergence times among species, the origin and evolution of T.
margarites are primarily discussed in this study.

Key words: Trichiurus margarites Li, 1992; Trichiurus sp.2; 16S rRNA; molecular phylogeny; taxonomic status
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