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1 pMT-18
PCR Eppendorf PCR
11 PCR 50 uL, 2 uL DNA
( ) (50 ng/uL) 5 pL 10<LA PCR (Mg*" free,
Takara) 5 puL MgCl, (2.5 mmol/L) 8 pL ANTP (2.5
12 DNA mmol/L), 2 uL (10 pmol/L) 0.5uL
, Qiagen LA Tag DNA (5 U/uL, Takara),  25.5 uL
Tissue Extraction Kit DNA
DNA 1% ,—20 94 2 min, 94 30 s, 56~62
1.3 PCR DNA 1 min, 72 5 min( ),
(Oreochromis mossam- 35 72 10 min PCR
bicus) (GenBank 1.5% , DNA
NC _007231) 4 (Takara) ,
( 1) PCR (ABI 3730x1 DNA )
F1 BATFTIEGELERIKAEREYESY
Tab.1 Primers used to amplify the mitochondrial genome of Oreochromis aureus
(5-3) (53" /
No. amplifying area upstream primer(5'=3") downstream primer(5'~3) anneal temperature
Pl 475-4999 TGCGAAACAAACTGGGATTAGATAC  GGGAAAGTTAGTTGGGTGGAAGGT 59
P2 4892-10170 GCAGCCCTTTCAGCCCTCCTTAGCC ~ GCGGAAAGAAGGTGGGTTCGGTGA 62
P3 9835-14240 GTCTGCCCTTCTCCCTTCGCTTCT TGTGGTAGCAGGAATAGGATGTGGG 56
P4 13937-1141 ACCTCCACCTGCCGAATACATCAA  GGTTTGTTTGTTGGGAGGTGGTGT 62
1.4 ,
Phred , 14
) 20 , ; ,
Phrap [(1-12] ClustalW 2
Consed , 1
(3] rRNA (ML), PHYML
DOGMA"  BLAST  (http://www.ncbi. 2.4, (ND),
nlm.nih.gov/BLAST) MEGA 4.0 14
tRNA tRNAscan- , ( bootstrap analysis) 100 000
SE 1211
GenBank , 2
GU477630 2.1
15 16 632 bp
GenBank 12 13 22 tRNA 2 rRNA

1 D-loop ,
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2.2
, ND6 8

tRNA L ) H C(27.89%) A(25.50%) T(30.99%) G

F2 BRI FTIESSNFAEREARERARIRFR

Tab. 2 Profile of the mitochondrial genome of Oreochromis aureus

/bp
size codon ) )
gene name location nl:;(t:flzcrf)firggs strand
nucleotide amino acid start codon stop codon
tRNA-Phe 1-69 69 H
12S rRNA 70-1014 945 H
tRNA-Val 1015-1086 72 H
16S rRNA 1087-2780 1694 H
tRNA-Leu 2781-2854 74 H
NDl1 2855-3829 975 324 ATG TAG H
tRNA-Ile 3833-3902 70 +3 H
tRNA-GIn 3902-3972 71 -1 L
tRNA-Met 3972-4040 69 -1 H
ND2 4041-5087 1047 348 ATG TAA H
tRNA-Trp 5087-5158 71 -1 H
tRNA-Ala 5160-5228 69 +1 L
tRNA-Asn 5230-5302 73 +1 L
tRNA-Cys 5338-5403 66 +35 L
tRNA-Tyr 5404-5473 70 L
COXl1 5475-7070 1596 531 TGT TAA +1 H
tRNA-Ser 7071-7141 71 L
tRNA-Asp 7145-7217 73 +3 H
COX2 7223-7913 691 230 ATG T- +5 H
tRNA-Lys 7914-7987 74 H
ATP8 7989-8156 168 55 ATG TAA +1 H
ATP6 8147-8830 684 227 ATG TAA -10 H
COox3 8830-9669 840 279 ATG TAA -1 H
tRNA-Gly 9614-9685 72 -56 H
ND3 9686—10036 351 116 ATG TAG H
tRNA-Arg 10035-10103 69 -2 H
ND4L 10104-10400 297 98 ATG TAA H
ND4 10394-11774 1381 460 ATG T- -7 H
tRNA-His 11775-11843 69 H
tRNA-Ser 11844-11910 67 H
tRNA-Leu 11915-11987 73 +4 H
ND5 11988-13826 1839 612 ATG TAA H
ND6 13823-14344 522 173 ATG TAA -4 L
tRNA-Glu 14345-14413 69 L
Cytb 14418-15552 1135 378 ATG T- +4 H
tRNA-Thr 15559-15630 72 +6 H
tRNA-Pro 15631-15700 70 L
D-loop 15701-16632 931 H
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(15.62%), C , G 53.39%(A+T)>
46.61(C+G), A+T ,
A T [18]’
A+T (54.39%) SP
(54.3%) (54.18%) 4
(16 641bp); (16 632 bp),
(16 627bp) O.SP(16 626)  ( 3)
2.3
3831
AT
52.66%, , AT 52. 43%,
AT 51.68 %
53.89%
AT
3 4
3 831 , (Leu)
, 17.1%; (Ala)
, 9.1%;
(Cys)
CUC( ) ,
5.4%; AUU ( )
, 4.7%; AGA
AGG
AT , AT
, AT
KM-2006 AT ( 4
2.4
13
, 13
, 11 526 bp,
69.35%
, : ATP6  ATPS
10 ,
(9. ND4L  ND4 7
[19]
’ [1o) COX1

TGT ,

ATG ,
KM-2006 COX1
GTG ND2 COX1 ATP8
ATP6 COX3 ND4L ND5 ND6 TAA

,NDI ND3 TAG
, COX2 ND4 Cyth

, DNA
[19]’
, mRNA PolyA
[20]
25 RNA(tRNA) RNA(tRNA)

22 tRNA , 66~74 bp ,
tRNA (
Y
tRNA H L , , tRNA-
GIn tRNA-Ala tRNA-Asn tRNA-Cys tRNA-Tyr
tRNA-Ser tRNA-Glu tRNA-Pro L ,

14 H
2 rRNA ,
rRNA
16S rRNA tRNA-
Val tRNA-Leu , 12S rRNA tRNA-Phe
tRNA-Val , 1 694 bp 945 bp,
AT 54.72%  49.9%;
16SrRNA  12S rRNA AT 3
( 3
2.6
) 13 ,
1 923 bp tRNA-
Pro tRNA-Phe , 92.86%
AT 64.46%,
AT (54.41% 54.02%)

[21-22]

B
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Tab.3 Genomic characteristics of Oreochromis aureus mitochondrial genome

light-strand protein-coding 16S TRNA 125 IRNA D-loop
GenBank (A+T)I%
- ( )
spectes iir;Bsr;k len g/tt:]p (A+T)/% No.of . Codon positions Ie/r:)gpt ; (A/;)T) Ie/r:)gpth (A/0+/0T) |eng/t:p (A/‘;)T)
amino-acid :
first second third
O.aurea GU_477630 16632 53.39 3832 52.66 52.43 51.68 53.89 1694 54.72 944 49.9 931 65.09
0O.mossambicus NC_007231 16641 54.39 3839 53.91 52.45 52.85 56.43 1697 54.04 941 50.69 923 65.33
O. sp. NC_009057 16626 54.3 3816 53.67 52.89 55.49 52.62 1695 53.98 944 50.43 927 65.59
O.niloticus NC_013663 16627 54.19 3816 53.72 51.41 57.52 52.21 1699 53.56 944 50.42 924 64.07
x4 BRAUTFTIEEHNEK 12 MEAREHEFRZHDFERAER
Tab. 4 Codon usage in 13 protein-coding genes of Oreochromis aureus
1% 1% 1% 1%
amino-acid codon frequency amino-acid codon frequency amino-acid codon frequency amino-acid codon frequency
Phe Uuu 90 Ser UCuU 44 Tyr UAU 41 Cys UGuU 8
uucC 152 uccC 94 UAC 72 uGC 19
Leu UUA 62 UCA 55 UAA 0 Trp UGA 107
UuG 27 UCG 7 UAG 0 UGG 14
CuUu 147 Pro CCU 50 His CAU 26 Arg CGU 11
cucC 208 CCC 120 CAC 82 CGC 18
CUA 180 CCA 45 Gln CAA 90 CGA 40
CUG 25 CCG 7 CAG 10 CGG 6
lle AUU 164 Thr ACU 53 Asn AAU 27 Ser AGU 13
AUC 126 ACC 133 AAC 85 AGC 43
Met AUA 93 ACA 118 Lys AAA 68 AGA 0
AUG 61 ACG 4 AAG 11 AGG 0
Val GUU 58 Ala GCU 68 Asp GAU 15 Gly GGU 35
GUC 64 GCC 165 GAC 62 GGC 96
GUA 57 GCA 99 Glu GAA 87 GGA 71
GUG 22 GCG 17 GAG 16 GGG 43
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Putative secondary structures for the 22 tRNA genes of the Oreochromis aureus mitochondrial genome
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(23] AT 2.7
, > NJ ML 13
[24].
b b b b
, 2— 4 5
[25-26] 14 13
10 20 bp ML NJ
4 , ML
x5 AZ{EAENTHERMYISETIR
Tab.5 Category list of species using in the phylogenetic analysis
GenBank
species classification GenBank accession No. reference
Tropheus duboisi Tropheini; Tropheus NC_009063 Mabuchi,K et al, 2007
Neolamprologus brichardi Lamprologini; Neolamprologus NC_009062 Mabuchi,K et al, 2007
Astronotus ocellatus Astronotinae Astronotini; Astronotus NC_009058 Mabuchi,K et al, 2007
Hypselecara temporalis Cichlasomatinae; Heroini;Hypselecara NC_011168 Azuma,Y et al, 2008
Ptychochromoides katria Ptychochrominae; Ptychochromoides NC_011169 Azuma,Y et al, 2008
Paratilapia polleni Etroplinae; Paratilapia NC 011170 Azuma,Y et al, 2008
Tylochromis polylepis Tylochromini; Tylochromis NC_011171 Azuma,Y et al, 2008
Paretroplus maculatus Etroplinae; Paretroplus NC 011177 Azuma,Y et al, 2008
Etroplus maculatus Etroplinae; Etroplus NC 011179 Azuma,Y et al, 2008
Oreochromis sp. KM-2006 Tilapiini; Oreochromis NC_009057 Mabuchi,K et al, 2007
Oreochromis mossambicus Tilapiini; Oreochromis NC 007231 Chen,I.-S et al
Oreochromis niloticus Tilapiini; Oreochromis NC_013663 Yang,L et al, 2010
Oreochromis aureus Tilapiini;Oreochromis GU477624
Danio rerio Cyprinidae; Danio ACO024175 Milam,J.E et al
{ Oreochromis aureus
100 Oreochrimis niloticus
Oreochromis mossambicus
100 { Orcochromis sp. KM-2006 Africa
99 Neolamprologus brichardi
99 Tropheus duboisi
53 g
Tylochromis polylepis =
=
=
Astronotus ocellatus =
77 South America
100 Hypsclecara temporalis
Ptychochromides katria
82 Paratilapia polleni Madagascar
Parctroplus maculatus
76 Etroplus maculatus | Indo / Sri Lanka
Danio rerio | Cypriniformes (outgrop)
2

Fig. 2 Topology derived from NJ analysis of 13 concatenated mitochondrial nucleic acid data from 14 mitochondrial genomes
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Daniorerio | Cypriniformes (outgrop)

99— Etroplus maculatus | Indo / Sri Lanka
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Fig. 3 Topology derived from ML analysis of 13 concatenated mitochondrial nucleotide data from 14 mitochondrial proteincoding genes.
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Fig. 4 Topology derived from ML analysis of 13 concatenated mitochondrial nucleic acid data from 14 mitochondrial genomes
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) DNA 16S rRNA NDI-ND6 COI-COIII Cytb ) 2 rRNA (16S
rRNA  12SrRNA)
, , D-loop
KM-2006 , KM-2006  Cytb COXI1 16ST1DNA ; ,
, , 12S rDNA NDI1-ND5
, ND2 16SrRNA Cytb D-loop
3
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Complete mitochondrial genome sequence and phylogenetic analysis
of Oreochromis aureus

JIANG Zongliang" >, ZHANG Ming?, LIN Yong', ZHU Jiajie', LI Mingxing’, LUO Yongju', GAN Xi'

1. Guangxi Institute of Fisheries, Nanning 530021, China;
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Abstract: The complete mitochondrial genome of Oreochromis aureus was obtained using long amplification po-
lymerase chain reaction (LA-PCR) and sequenced. The total length of the sequence was 16 632 bp, and includes
13 protein-coding genes, two ribosomal RNA genes, 22 transfer RNA genes, and a 931 bp major non-coding re-
gion. The nucleotide composition was 27.89% (A), 25.50% (T), 15.62% (C), and 30.99% (G). The arrangement of
genes in Oreochromis aureus was identical to that of other Tilapiini. The COX1 gene uses TGT as an initiation
codon, with the remaining 12 using ATG. Nine genes have complete stop codons (TAA), and three (COX2, CYTB,
and ND4) have an incomplete T stop codon. The 22 tRNAs all have typical cloverleaf structures. Phylogenetic
analysis indicated that Oreochromis is divided from other species of cichlids and forms a monophyletic group,
among which Oreochromis aureus is closely related to other Oreochromis species, and Oreochromis mossambicus
is closely related to Oreochromis sp. KM-2006.
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