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DTFREHAUKRER
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3. AR K shrBlef2a e )& I 510642)

fAE. # PCRY MRKF T F B oy 8 # (Carangidae)8 & 9 i iy & kL& 16S rRNA 771
Jr B % 598 bp i Fk . 45 & & B GenBank #7 3 M F & K A8 N f B 751 OF LA SR B 85 4 4
B ERBERARE T F I . Al MEGA version 3. 0 3k tF 4 4 & 7] B 5 2L 40 ., 2
RESAER/ HREE NARAFAEZMGEINRREH., ERET . (DEH & XN
16S rRNA F 7| i Bt £ R Wy R 71 B e X LA B A W45 N Fuik K, 36/ 146 bp B R L K,
Be/MBEH 2. 17T RALEBEFFINREARAE W REFHERN 822X QD XFHBHT
ROUANEA(SBER TR ESTH . GBTHONTHL2ERZAEQBIHEETTER
TRBAENT; DRKEBEWATSFLX RE,16S rRNA F7 F BRERA 107008

ER7 REB B AT

FESES. S917 XEFRIREG: A

% Fl ( Carangidae) J& 5 12 H ( Perciformes) ,
REEMERKEF M, ZoAEHEN=
KO CENBE P R 3E  R P ) o 0 2 il 5k
WA B . HAT, 280 #F N i R a5 A
o LA E AL (5 7B B 65 0 R R A
WEEETEARL) .32 JB 2 140 U2, hE S A A 21
J& 58 " A H N A T4 R, BTIEE
MR GE 53 26 5 3L T 4 F 3ot % 7K P-4 2 1 65 1 g
PR R G R RAFAEF U, R 6250
K FRIFFZMFRFAORRLEZL, W,
Bk @t 6% | n i 65 45 65 B 028 1Y i Fh oy 26 5%
Z ) LR A AR R A S H i BB R R S
LR Z (8] B J Fl 22 8] 9 5= 458 6 AT AS B 4 [
SO EERI 3 43 2 B FR G2 0K AR 1A i W T
jﬁm?ayllf}.lz'l-ﬂo

WA, 2007-09-22

Bl BRAR 43 1 A W o B R o kR
PAT PR AL AR e B R B RS
HEARR o] DL A% Gt 43 24 4 44t T 2244 HE DA K £ B
Fo & IF. £k k7 {& DNA (mitochondrial DNA,
mtDNA) 1l 43 Fhiic € B 43 F R G458
g 15190 3 mtDNA (1 16S rRNA J 51 /2
Akt 8 = Ak N . T R A2 S T g Y Y ik
FEFE 15w A 4 X & A 9 A8 S ok oo
RAR N Z mtDNA B4k 3 I 5 K T 41 i #%
DNA., Pt 1) JH 28 i 4k rRNA J¥ 51 (] 95 1 b 4%
WEFE ) Fh E) 1Y R e i1k 26 R B A — % 09 (i
PEO A2, 2Bk 16S rRNA JE 31 gl )
ZHTHEARFEHITCHREEREXRS 2, &
WFFE il 1 40 A F 3% A9 9 R sl fa 2119 16S
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Fp SRl AR o S S BE K BE A 65 (Pomadasys
maculates) ] 16S rRNA J@ 3 kW i Bt b 47 1 L
BEGY BT, FEIE FH B K TR 293 (MP) €l gk (NDD
KD T RGN, LA BRI 8 R 0 209 7 F
RGKE .

1 MRSk

1.1 #H#

WF9E ELEEIE T h E R 2809 8 J& 9 Fif .
IH-454 M GenBank F#% 3 fhis 9 16S rRNA
FPEAR L B, SIEIE R 10 & 12 Fpisflfa 2k —
EHEAT AT - LAIRL R 853 E A 658 09 K BE £ 51
HINERE(E D,

1.2 HiE

A H4 DNA 2 4= PCR ¥ 3% Fe K4

DNA MARAFET 9524 Z B9 L P BE & 4R L, R
A/ A5tk . HT PCR Y A58
1 16SAR(5’ = GCC TGT TTA TCA AAA ACA
T - 3") fil 16SBR (5' - CCG GTC TGA ACT
CAG ATC ACG T -3")™7, PCR J Ji i 854k
DNA #4100 ng. 2 W (& R S A TN 50 pl, H
110 X Ex Taq Buffer 5 L, dNTPs 2 uL (4%
2.5 mmolL™ 1), 51945 1 pL.(20 pmol+L" 1) ,Ex
Taq M 0.3 p1.(2 U), PCR 404 :94 °C i
A5 4 min; 94 ‘CA5E 45 5,52 “Ci & 45 5,72 C
FEH 1 min, 34 PMEFF, fJ5 72 ‘C ZEH 10 min,
BRI R A B DNA BB 0925 0 B, 3 1%
PEIZE 106 RS TR AR BB B L TR

F 1 SHEEMRIEERR
Tab. 1 The origins of tissue samples of Carangidae fishes and DNA data

TR I T s
subfamilies genera species GenBank Accession
i 24 T o) 24 fis: DaE =
Caranginae Alectis A. indica. Riippell ERGI00

B2 i Bk g . 3
Alepes A.djedaba, Forsskal EF615269
1 -5 M :
A. Kleinii, Bloch ERlae64
i it w APO04445
Caranx C. melampygus, Cuvier
%&%Jﬁ . Hj#@ . AP004444
Carangoides C, armatus. Riippell
i Fey .
C. chrvsophrys, Cuvier Ehlaast
[64] 8% iy i (o % T
Deca pterus D. maruadsi, Temminck and Schlegel L
185 s BT s T
Selaroides S. leptolepis. Cuvier BRI
e fi e fa
Trachurus T. japonicus, Temminck and Schlegel ARG
W R S ey g s
Seriolinae Zonichthys Z. nigrofasciata. Riippell ErpL2n
BREs L R % 03 ]
Trachinotinae Trachinotus T. blochii, Lacepéde RuloA0
WS T W5 I g
Chorineminas Sooberoldes commersonianus Lacepede EF613268
Fay ar s 15 ) K BEA i e
Pomadasyidae Pomadasys P. maculates, Bloch AFZ47443

T« AT F

Notes; # The sequences were sequenced in this study
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FROCHH » 5 - 2T 168 rRNA ¥ 41 Fe 3R 12 FhEs Rl 2000 0 F KRG X R 849

PCR 749 B K 1 J6¢ 171 45 » FH ¥ e 2 16 3K 70) &
CEHFHAR 4lifk. 5 pUCM-T ik (LA T) 3%
12 FeALIRSZ 5 A i DH S 9 0 BH A 5 B 7, $2
v R kL, FH M3 51 954E E 2l 7 { (Applied
Biosystems 3730, | ¥ 322 ) 1F 52 X ) I 7 o LAAR
TE BT I 37 A B 1

Falar WFEERYTEE L MBRS14 E3 .
Y GenBank F# 7 5]—&EH Clustal W HEJF,
HERHE R G R E BT R . A MEGA
version 3. 0 #4387 Fy 51 1) B B 21 B A 25 5 FT
Vi A S VS SN ESEERSRUASE 8 12 I8 TEI S
ARG oW A K R 203 (MP) fMéB 4 (ND . &
Gi o B 5 o F 2 4k oy B 0 8K 4 PAUP
Version 4. 0 b10™*, e K il 243 (MP) 43 B
& % A48 F (heuristic search) » 2% H 7.1 000
random stepwise addition sequence replicates. ¥4
B 51 % J tree bisection reconnection( TBR),
FITA B0 R A, 4B 4332 4 B f A Kimura 2-
parameter, FRGEH 43 3 19 B {5 BE SR FH E & b R
47 (Bootstrap analysis) 19 . 35 & i EE A9 IK
Bk 1000 K

2 4R

2.1 #sflf % 16S rRNA FF5I4S4E

16S rRNA 514 PCR ¥4 . [n1fic | 52 f& , A
SO 5E (4 9 SRl fa 2545 24K 598 bp (17
J¥5]. 5 GenBank T ZR 119 3 Fp 2 Fl 35 16S
rRNA J75 —i# i A Clustal W i fEF , Al fit
G E ST Y 50 R b e 5K 3R R 608
bp R H M A AE A A R BN S, T B4R h 7E
245~280 bp F1 370~380 bp B4~ K i , A A
146 bp 728 5 s Hop e 2015 S48k 78 4~ bp.
FrigEIRY 16S rRNA JF5H T.CL A G A4
SRR 23.4%.26.1%.28.6%.21.9% ., K
FA+THERGLIWEBTFG+C &R
(48.0%0) AH A B AL i 22 5 A K,
BXFE L a2t B 2%

BRZHIERE, B 4t i 85 B f 2R AL 25 7
1.07%~14.00%.F#H % HF N 8.22%. Hh Rk
KR 62 5 85 2 ) B 25 e e, HOfS
1. 07% , NFE 2 v FRATT 0T LAFE it 63 0 ) 32 [
o165 15 H fih 65 B} 0 24 i gk 25 AR K.

®2 BRFINER 16S RNA B FINEEZER AL (T=R) MER/MR(E=/m)

Tab.2 Percentage divergence(below diagonal) and number of transitions /transversions

(above diagonal) for partial 16S rRNA sequences in Carangidae and the outgroup

1 2 3 4 5 6 7 8 9 10 11 12 13
1 20/8 19/8 23/8 17/4 19/1 16/6 26/11 14/10  29/22  26/19  36/29 42/33
2 5.13 6/0 18/4 27/12 27/9 21/10 22/5 20/10  29/22  32/19  42/27  40/27
3 4.94 1. 07 16/4 26/12 27/9 23/10 23/5 20/10  30/22  27/19  39/27 41/27
4 5.71 4. 01 3. 63 23/10 19/9 19/12 21/5 20/12  36/22  28/19  38/27  40/29
5 3.82 7.26 7.06 6. 09 9/5 20/8 27/13 2012 27/22  27/17  36/25  48/33
6 3. 64 6. 68 6. 68 5.12 2.51 23/7 22/10 24/9 23/23  29/20  34/28 43/34
7 4. 00 5.70 6. 09 5.69 5.13 5.52 29/13 8/6 32/20 30/19  41/29 41/31
8 6. 87 4,95 5.15 4,76 7.45 5. 89 7.85 33/11 28/23  28/18  41/26  39/30
9 4. 36 5.50 5.50 5.88 5. 88 6. 09 2.51 8. 27 36/18  33/17  41/25  44/29
10 9. 61 9. 61 9.81 11. 06 9.20 8.59 9.83 9. 60 10. 26 39/17  43/29  46/31
11 8. 41 9. 63 8. 61 8. 81 8.22 9.21 9. 22 8. 62 9.44 10. 69 38/22  48/26
12 12.48  13.37 12.72 12,50 11.67 1185 13.56 12.95 12.74 14.00  11.49 37/38
13 14.62  12.93 13. 15 13. 35 15.97  15.05 13.98  13.34 14, 23 15.09 14,49 14, 57

Codes 1-13; A. indica, A. djedaba, A. kleinii, C. melampygus, C. armatus, C. chrysophrys, D. maruadsis S, leptolepis. T.

Japonicus. Z. nigrofasciata. T. blochii.S. commersonianus, P. maculates

J 51 o i e e B S LL RO 3R 22, B 4t/ 1 6
(Ts/Tv) b H F ¥ N 2.17 ( Kimura 2-

parameter) GEFIA N Ts/Tv KT 2.0 Bf. HEH
P30 i 2878 A SR IR AT



Ko % R

2%

2.2 REZRBHH

BT RISy 16S rRNA #4375l Bt .
PARBEAT 5 0 S0 R REXS 85 BT R R E 5047
M MPEMET A FRAEEBEXZMUE D,
B AMR R 334, CT =0.6437,R I =
0.4893. H] 1000 X Bootstrap(BP) R4 it47
BT I A2 S SR 4 B HOBUE RS TR S
Ffl. BERMAE 53 Y 52 . 65 R} 65 AL | B 62
WAL G SR X USRI Z A RN .

39

SR 8B A IR (BP = 41) , 81657 B}

@Jﬁo

78— Carangoides armmatus

50

— Carangoides chrysophrys

Alectis indica

41

69
50

65

94— Trachurus japonicus
L Decapterus maruadsi

65 Caranx melampygus

L Selaroides Ieptolepis
92— Alepes kieinii

L— Alepes djedaba

Zonichthys nigrofasciata

Trachinotus blochii

-

Bl 1 TSR 28 16S r(RNA #8437 51 i i 5 K AT 293540 /A9 70 F RGER (B 807 MP B FEEED

Fig. 1 Molecular phylogenetic tree on the partial 16S rRNA sequences of Carangidae fishes constructed

Pomadasys maculates

Caranginae

| Seriolinae
| Trachinotinae

Scomberoides commersonianus | Chorineminae

by MP method of PAUP Version 4. 0 b 10 with Bootstrap Test (1 000 replications). The values of

bootstrap confidence level (BCL) of nodes are indicated above the branch

79

97— Carangoides armatus

81

L Carangoides chrysophiys
Alectis indica

99— Trachurus japonicus

87

82
43

78

Decapterus maruadsi

577 Camox melampygus

Selaroides leptolepis
oo Alepes kieinii

Alepes djedaba

Zonichthys nigrofasciata

Trachinotus blochii

:

Pormadasys maculates

Caranginae

| Seriolinae
| Trachinotinae

Scomberoides commersonianus | Chorineminae

[# 2 STesRHa2s 16S rRNA #4055 ad S04 s #0407 RGP OB 80 NI B S E(ED
Fig. 2 Molecular phylogenetic tree on partial 16S rRNA sequences of Carangidae fishes constructed
by Neighbor-Joining method of PAUP Version 4. 0 b 10 with Bootstrap Test (1 000 replications).

The values of bootstrap confidence level (BCL) of nodes are indicated above the branch

PSR AE—& (BP = 50) . i % 7 Bl 4b T 655}
RBEAY FEFR, 5 i = AR AE — i (BP =
65) . BEMLRMB I N =037 (A) 2288 R BB R 5
By % fa )& . 88 )8 (O) 888 . 4165 J& . @ it

HT NI R0 RER G S5
MP it iy R G AR R R E S MP
WA AR (F 2) .



6 1 FROCHH » 5 - 2T 168 rRNA ¥ 41 Fe 3R 12 FhEs Rl 2000 0 F KRG X R 851

3 it

3.1 #3R & ETREHX ZREE

AWFFELE R MP fil NJ RGEW 1990 Hh S5 H4
A — 2 BB R Ay U A - 65 L | i
TR 8565 WA} 6% TR . 5 YR i 2 2 ()
B 7R - 85 A5 0 R A A B85 TR
PSR A — i, B 68 WAL 5 A0 =4 AR
fE—ild, AR S a5l i Cyt b HE R4 31 (19 2 Bt
AR T AR A EER X 5 [ A3 A ok
] 23 (MP) (e KSR 2 (ML) L & Bayesian J7
AR T IR0 AL T Cyt b 275 7 T
F Y BT B A 25 AR XS4 B e — e 72
JE G FoKE % W f 30 T S5 AR E R .
M- SRS RA BRI A IR [E 2
FHINABSFHR R AL S T AHERE.RES
RS RL A IR B 5 5 65 R R — DY,
[ S 2f: 5 25 A T AR 20 A DA Ry 665 S0 R Al W 7
R — A RHIRTE | 10 65 65 W0 B 65 7 B} 2 [ 71 0%
ZR LA B 25 G A R I B 6 2R A
Gushiken™ TA Ay 5 57 A&} i1 6l TR} 55 2% % 28 A T
R RHIRARE o B8 657 B A 6 55 W B SR 2% G R AHIE N
WHERRE . 7EEBRHO A KEF WD, hFE
JE A bt % A K it A AR K AR AR TRl —Fh fa fE 4N
00T A7 B 53] DRI 33X T s 26 T 245 5 e 7R e
B BOERI R . BT TS S50 F
LT WENSBR TR RERELREA—
B, SEAR TR EE B H AR FH R 45
B FABERHeE . (BWRM 2B oo it G
BEXTR R EZ SR TN B — i
A MP B NT B 14 DU K 43 32 B 3 43 R P9 K
BLRBE LA RAHSESCHRY 7y T R L & P &S
SRIEAR B LR T 8R4 A R H A
NTER AR . e, A SC 5 3 o2 E D % —
BRI RL FIR WA 2K R G
3.2 BUTH&ERNEEXREH

AW B T 05 Rk fa 2 T8 i R T
FLAEF R G0 kA A 1 Tot i » £ 3 45 B i {6 i
HAMRER P RN — TR, BTRME
ZRMAIE 1 2 TE S S HIRME 1 H R Gk b ¢
REARAWG.

7R K R R 65 R L IR E A
H oy B N 88 W R (Citula) | B W 2 T )R

(Uraspis) . 45 85 W J& ( Carangoides) . 5 ¥ g
(Caranx) . " 8 W J& (Atule) . K W) 5 W )5
(Longirostrum) 75V J& . (HAEARME G T L
WRIB B AN [F] W& 9 S A R AE AR R (19 3 | PRy
s KW #5524 658 (Alectis) T EE A
32, MR L5 W 85 Bk R 62 2 5 40 65 s
(Selaroides) FIFN S AE C 3Z I, DA 5 AT & W
0K 65 SR T R B A —B. TS 5
HBrIepl R AR AN KR 43 SCHR™ 2282 J
¥ RSB E Y BRI BRI R SR Sk HAR
53 30 T AR B4 J + X 85 A< SC b 85 7RI [] K
- AB.C = RAELRATW R R FIH 168
rRNA 853 755 i 2 i 85 R R 40 i Ak 56 R 1 HF
Y85 @ v 53 )8 53 50 T R FE L F 2 AR A
3.3 WMEE 5 Rk EIM e FE L

[l Zent- 62 | 15 65 i 1 Jm F o 24 O &
RY AL WO 65 8 Alepes 76 1839 4
Swaison B JEHE . 1658 Arule T 1922 4 i
Jordan fir 44 {5 24P I [R] Ff 57 44 5 30N 44 3
e | AT U 85
Jag e 8 i 5 0 J 8 Bk W 854 S Bk it i
Atule djeddaba s S5 Atule kalla —iFIT A
I BS VIR (Atule) . {HLDUTRSF HE LK 28 FIOAS 7
P R 0 5 i 65 0 R TR 65 R [ - 65
Atule kalla J5 V7 g 1 8% J& F . 42 Je 3k &) mt 65
Alepes djedaba JAAB| @I -5 8] Alepes LA A
FO -5 I3 B AR 6% )8 (Shrimp scad)™!, Lin
and Shao™ | ¥ tH A 2500 DL K Smith-Vaniz
(20000130141 Ko 3K @l w65 41 i o 65 45 U5 A%
RINH2)E Alepes AT BB 272 0  Alepes
kleinii . 1 W 2% % Bl http://www. itis. gov/
servlet/SingleRpt/SingleRpt? search _ topic =
TSN&.sear ch_value = 621130 11 1A Alepes
kleinii RMHM SBG T4 . Fak R85 (Alepes
diedaba ) 1y B B 7 & th A 8 £. Alepes
djeddaba . Atule djeddaba, Caranx ( Atule)
djeddaba %5 A FF N R LA LT TR WL
http://fishdb. sinica. edu. tw/2001new/fishpic.
asp? gen= Alepes&.spe = djedaba) ,

ML AT B 2 5 Rk R 2 1 3 25 0 R
(7] 28 A iR A S ik . MBS TS G4
SCHYEE SR T LR B i ety i A2 - | e, WES |
AL RIS E A 117, 802 B R0 w62 o
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W, Ea 1~2 47, sR4narik . Faiik 1~3
A7 » FLSS 305 6 R0 8 B 1) I )5 B R S R 00 S /N
AR, R SRR 2 S s AR AR, FLKE 2R 90 3% A9 il
M5 1R A H 3 B, 5 SR i S G R A
{4, T -5 SCHKTS 3R 9 25 A AL R SOk
YR85 15 4iai ik 1 %1, Fat 1-2 %1,
ASIEEEE 3 41 A TEIR BB S S bR AR I 2 SCHR AR
R AR Y A BTN BB S R B A i
i) i A BN B /INEEIR VP BRS: . BB,
A5 T RS0 A 05 R B SC A e . e s S R
-5 Jg 1Y SR RIS TE 8 T 2 AL AL s A
AV BT 5 i 1 B G ik B 6 PR 22 2 s AR
V5] 665 ey o 4 L ; Pl R Bt L IR 1 5 B
w5 G E A — A BRBE, T ELS T 6 R g
(o B A A RN B /NEEAR L S A A
i S IE ARI-68 R AT BN RIS . B TR
RIRARE HHS AT A7 250 28 s 1 [ S, ] A S0 i 26
ARSI EE R A TR ZARA AT K,
Mo FIKF-F AEA S MP AL NJ A e, 4408 SC
ik 20 e Y R e 5 T 114 Bk ) o5 R i 465 1Y)
A 5 AR 5 8 S 35 % (MP - BP = 92, NJ - BP
=100) HHRRE B MEMEESRA
1. 07 % . th 3 K F 65 B 45 J& 8] ) B 3L 7 1 22 5=
(8. 22%0) s WAk B ik @l v 2 S R854 cyt b J¥ 51
AL 22 57 B 12, 03% . K T 65 R1 45 Ja 8] i) il
SO 225 (22.19%) 5 F) eyt b FF /Y
B R ERGSE 5 % A8 ZH R
14. 8264 . ph I T -6 A K sk ) -8 T
v 1) NS NGRS

LG4 ERIE B FRKER TSR Bk
65 5 88 23 2% 00 FR AT P A 25 SR IR GK
)5 J@ K, HEDZ R — @ B A SRR, Y6 F
AT FEZRE S R 65 T R Y AR A
AR5 I EUCK I -5 A v S SOk R
-5 (Alepes kleinii)”,

S ik
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Molecular phylogenetic relationship of Carangidae based on partial
sequence of mitochondrial 16S ribosomal RNA gene
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YANG Ying-chun'*, SHEN Xi-quan'
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Ningbo University, Ningbo 315211, China;
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Abstract: The classification and evolutionary relationship of Carangidae have remained much
controversy between conventional morphological studies and molecular phylogenetic studies. In this
study. the 16S ribosomal RNA partial sequences of 9 species of 8 genera from Carangidae in China sea
were amplified using PCR technique. Approximately, 598 bp gene fragments were obtained. The
resulting data were combined with Pomadasys maculates designed outgroup and additional
homologous sequences of 3 species from Carangidae downloaded from GenBank to form the analysis
matrix. Nucleotide composition frequencies. Kimura-2 parameter genetic distance and transition/
transversion ratios were analyzed with the MEGA 3.0 software, Molecular phylogenetic trees were
constructed by maximum parsimony (MP) and neighbor-joining (N]) methods. The results were as
follows: (1) There were insertions and deletions of base pairs in the aligned base pairs. 146 bp
variable sites were found in the the analysis matrix. The average ts/tv ratio among all pairwise
comparisons was 2.17, suggesting that the sequences had not reached saturation. The average
percentage divergence was 8.22%; (2) Fish classification system of Carangidae classified four
subfamilies as Caranginae, Seriolinae, Trachinotinae, Chorineminae was acceptable. according to the
partial sequence of mitochondrial 16S ribosomal RNA gene; (3) It's improper to define subgenus in
Caranx of Caranginae; (4) Alepes djeddaba and Alepes kleinii had a close relationship, and should
belong to the same Alepes genus. as the difference of partial 16S ribosomal RNA gene between them
was only 1. 07 %,

Key words: Carangidae; mitochondrial DNA ( mtDNA); 16S ribosomal RNA (16S rRNA );
molecular phylogeny



