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Fig. 1 Gene organization and sequencing strategy for the L. bengalensis and L. kasmira mitochondrial genome
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Primers shown above and below figure are for L and H strand amplification, respectively. Two pairs of long PCR primers ([1] and [2]) am-
plify two segments that cover the vast majority of mitochondrial genome. Relative positions of other primers are shown by small arrows with
numerals designated in Tab. 1
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Tab. 1 List of PCR primers for mtDNA complete genome
No. Upper prime (5'-3") Lower primer (5'-3")
Long PCR primers:
LAL L2508-16S H1065-12S
CTCGGCAAACATAAGCCTCGCCTGTTTACCAAAAAC GGCATAGTGGGGTATCTAATCCCAGTTTGT
LA2 L12321-Leu S-LA-16SH
GGTCTTAGGAACCAAAAACTCTTGGTGCAA TGCACCATTRGGATGTCCTGATCCAACATC
PCR and sequencing primers:
1 12SL ACAAAGCATAGCACTGAAGATG 12SH TTTGCATGGATGTCTTCTCG
2 L1085-12S CAAACTAGGATTAGATACCC H1478-128 GAGAGTGACGGGCGATGTGT
3 L1340-12S ACGTCAGGTCGAGGTGTAGC H1999-16S CAACCAGCTATAACTAGGCTCGGT
4 L1854-16S AAACCTCGTACCTTTTGCAT H2933-16S GGATTGCGCTGTTATCCC
5 L2510-16S CGCCTGTTTACCAAAAACAT H3084-16S AGATAGAAACTGACCTGGAT
6 L3074-16S CCTACGTGATCTGAGTTCAG H3718-ND1 ACTTCGTATGAAATWGTTTG
7 L3483-ND1 GAYGGTGTAAAATTSTTTATTAARGAA H3976-ND1 ATGTTGGCGTATTCKGCKAGGAA
8 L3737-ND1 CAAACWATTTCSTATGAAGT H4432-Met TTTAACCGWCATGTTCGGGGTATG
9 L4166-ND1 CGATATGATCAACTMATKCA H4866-ND2 AAKGGKGCKAGTTTTTGTCA

24
25

26
27
28
29
30
31
32

L4633-ND2 CACCACCCWCGAGCAGTTGA
L5260-ND2 CTGGSTTTATGCCMAARTG
L5644-Ala  GCAAMTCAGACACTTTAATTAA
L6199-CO1 GCCTTCCCWCGAATAAATAA
L6730-CO1 TATATAGGAATRGTMTGAGC
L7255-CO1 GATGCCTACACMCTGTGAAA

L7863-CO2 ATAGACGAAATTAATGACCC

L8343-Lys
AGCGTTGGCCTTTTAAGCTAAWGATWGGTG

Lut-ATP-Lb CTAGGACTGCTTCCCTACAC
L9514-CO3 TTCTGAGCCTTCTAYCA
L9916-CO3 CACCATTTTGGCTTTGAAGC
L10267-ND3 TTTGAYCTAGAAATYGC

L10681-ND4M  GCKTTTTCKGCKTGTGAAGC

L11424-ND4
TGACTTCCWAAAGCCCATGTAGA

L11895-ND4 CCTAACCTWATGGGRGAACT

L12321-Leu
GGTCTTAGGAACCAAAAACTCTTGGTGCAA

L12936-ND5 AACTCMTGGGAGATTCAACAA

L13553-ND5 AACACMTCTTAYCTWAACGC

L13940-ND5
TTCTTTCCKACTATTATWCACCG

L14504-ND6 GCCAAWGCTGCWGAATAMGCAAA
L14734-Glu  AACCACCGTTGTTATTCAACT
L15369-CYB ACAGGMTCAAAYAACCC C
L15777-CYB TGA ATT GGC GGC ATA CCW GTA GA

H5334-ND2M CGKAGRTAGAAGTAKAGGCT

H5934-CO1 GGGTGCCAATGTCTTTGTGGTT
H6371-CO1 TTGATTGCCCCKAGGATWGA
H6855-CO1 AGTCAGCTGAAKACTTTTAC
H7480-Ser ATGTGGYTGGCTTGAAA
H8168-CO2 CCGCAGATTTCWGAGCATTG
H8589-ATP AAGCTTAKTGTCATGGTCAGT
H9076-ATP GGGCGGATAAAKAGGCTAAT
H9639-CO3 CTGTGGTGAGCYCAKGT
H10035-Gly CTTTCCTTGGGKTTTAACCAAG
H10433-Arg AACCACAATTTTTTGAGCCGAAAT

H10970-ND4  GATTATWAGKGGGAGWAGTCA

H11618-ND4 TGGCTGACKGAKGAGTAGGC

H12293-Leu
TTGCACCAAGAGTTTTTGGTTCCTAAGACC

H12632-ND5 GATCAGGTTACGTAKAGKGC

H13069-ND5
GTGCTGGAGTGKAGTAGGGC

H13727-ND5  GCGATKATGCTTCCTCAGGC

H14080-ND5  AGGTAKGTTTTGATTAKKCC

H15149-CYB
GGTGGCKCCTCAGAAGGACATTTGKCCTCA

H15560-CYB TAGGCRAATAGGAARTATCA
H15915-Thr  ACCTCCGATCTYCGGATTACAAGAC
H16498-CR  CCTGAAGTAGGAACCAGATG
H690-12S GCG GAG GCT TGC ATG TGT A

Note: Positions with mixed bases are lab

IUB :R AorGY CorT, K

ND2 s
GenBank  filt (Coryphaenidae)
(Nematistiidae) (Echeneidae)

GorT,M
eled with their IUB codes: R indicates Aor G; Y, Cor T; K, Gor T; M,AorC; S,GorC; W,Aor T

AorC,S GorC,W AorT

E

fil; (Takifugu rubripes
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Fig. 3 The phylogenetic tree derived from mitogenomic data
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THE COMPLETE MITOCHONDRIAL DNA OF COBIA (RACHYCENTRON
CANADUM) AND PHYLOGENETICS OF CARANGOID

WANG Zhong-Duo', GUO Yu-Song', LIU Chu-Wu'? and LIU Yun?

(1. Key Laboratory of Aquaculture in South China Sea for Aquatic Economic Animal of Guangdong Higher Education Institutes,
Fisheries College, Zhanjiang Ocean University, Zhanjiang 524025; 2. College of Life Science, Hunan Normal University,
Changsha 410081)

Abstract: Cobia Rachycentron canadum is the only species of Rachycentridae distributing widely in subtropical and
tropical oceans and seasonally in temperate waters. Cobia has the qualities that define an excellent candidate and
emerging global potential for mariculture. Numerous comparative studies have been conducted in attempt to resolve the
relationship (to be monophyletic) between Rachycentridae and the other teleosts using anatomical and behavioral
methods. The Coryphaenidae and the Rachycentridae and Echeneidae were thought to form a monophyletic group, with
Coryphaenidae being the sister group to the clade of Rachycentridae and Echeneidae. Nematistiidae and Carangidae
were also hypothesized to be part of a clade with these three families, perhaps forming a trichotomy. However, molecu-
lar research regarding the evolutionary relationship of these families remained scarce. Adequate resolution of relation-
ships in any organisms required longer DNA sequences. In this study, the whole mitogenome sequence was determined
for cobia, using an approach that employs a long polymerase chain reaction technique and primer walking. It was the
first complete mtDNA sequence of cobia (Accession No. FJ154956 and NC_011219, 16758 bp) in GenBank. The mito-
chondrial genomic sequence contained the same 37 mitochondrial structural genes (two ribosomal RNA, 22 transfer
RNA, and 13 protein-coding genes) as found in other vertebrates, with the gene order identical to that in typical verte-
brates. All following analyses were based on two datasets. Dataset 1 consisted of highly similar DNA sequences of mi-
togenomes (score=10055-30213) from GenBank; and dataset 2 included the 20 ND2 gene complete sequences of the
representative species within Coryphaenidae, Nematistiidae, Echeneidae and all branches with high support values in the
trees based on dataset 1. The phylogenetic relationship among cobia and other teleost were reconstructed using maxi-
mum parsimony (MP), neighbor-joining (NJ), and maximum likelihood (ML) with dataset 1. MP bootstrap scores were
much lower than those of NJ or ML, and the MP resolution among higher-level classification were also the lowest.
While the NJ and ML analyses provided strong support for a sister group relationship between two clades of Perciformes,
in which one clade contained cobia, Carangidae (Carangoides armatus, Trachurus japonicas, and T. trachurus), Istio-
phoridae (Makaira indica, Istiophorus platypterus)and Xiphiidae (Xiphias gladius) (bootstrap=78 and 97). Unexpect-
edly, another clade was composed of the other taxa of order Perciformes and two typical species(Ostracion immaculatus
and triacanthodes anomalus)of order Tetraodontiformes. The origin time of cobia was estimated by Bayesian analysis of
the dataset 2 under the GTR+G+I+relaxed model for 8.0x10° generations resulted in a posterior probability distribution
containing 1000 samples per analysis. The results support that: (1) the relative between cobia and dolphinfish is the
closest (posterior probability=0.997), and identical with the period of first occurrence of cobia fossil, their most recent
common ancestor (MRCA) lived in 56 million years ago (Ma), i.e. Thanetian. (2) Rachycentridae, Coryphaenidae and
Echeneidae of the superfamily Echeneoidea proposed by Johnson (1984) cluster in a monophyletic group with low pos-
terior probability(0.593). However, Nematistiidae and Carangidae are placed in clusters of scombridae and Tetraodonti-

dae, repectively. Conclusively, Carangoid lineage is not a monophyly.
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