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WE.AARXETHOAETKTHFNEIE TA 10 B+ 40 # £ %, X A PCR Y 3 Xl 7 # A k%
Bt % # 5 16S TRNA.COl £ EH ¥ 2 )77, FIA R AN K EWEREH MM HF 0. FRKH: 40 F &
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5k, & 16STRNA £ H F 5| &tk COLE D, TR NRF ., WHENRFIHMM L, ERFR
WEEE TR I0NEY, BRI RFS, L THMAEH, 6 HEMRFERR —NEZR;
WHERBENREBXARL, AHERN - NI HRBHH NN TEREE SRS B, 4
e BHHAMRALERS, CTHAHTR, PRAANTFT 2L, EREHREBEHAERBERR - &
FREYE SHE . TEEE LEYEREAYBEN AR B LAX, MEE A B MHER
E-R,ETHEFHMEBRARIANELXR, o TR a0 BN L,
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1 BT 4 3V B} (Epinephelinae ) 1 25 5 J& 64 H (Per-
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BE A0 B oy A R B . AR Z 2
7K 28 U5 S50 RN, WP 3 2 AN, JE 110G 3R AN B
ANASLFE i) AR A1 BE £ 47 o (1 T A DA 0 B 5 R
W25 T & Rl BT 3 58 a1 P R )
BB A0S QR T R Y B R T IR R Ak

AR, B oy T BRI R R, /7 F G br
ICTE O 7 45 08 R G853 2545 BBk B2 (1
N, ZRE AR DNA AN [R) J BB 7 25 | € 9% 30 1E vl A
FIARFE, JE L B2 1 R AAR L, e TR
0532 K R G A A 019, 16S rRNA JE K i 1k
RN ORSE, TR L EASFEERE, JE B ol i &
G EBFSE . AN E C ALY I 1 3K (coD) ik
et e S A e NG L7/ R [ R 7 5 SR 01 T
57ui— B 648 bp 1Y B, TRAVE N 48 K28
R YR DNA SIS, GE7E 5> F /K F k2l
XAr#Fh . B2k DNA fric b T A BE 0 ) R 50
Sy 2805, BT E A A DG A e, A K Y
A BE A BL RS 2 A0 X R £, T8 B B = 56T COl
S AT IR R . EAh Craig 250 8 5 X0 4R K K
VU R VY VE 5310 1 A0 BE A0 RT3 R r Fr 28
WEFE, 0 HL i = B0 EE PH CFVE A BEA AT 2E . AFSR
5T 16S IRNA ., COL HE A R B, Xf 434 T8 KA
BE R 10 J@ 40 Fhfa 384T R G LR A AG £, 43
B AR [R Fh & (0] 1 RGE 5 KRR, it — b 58 38 A B
0O 2 53 A TSR A3 K

2 MREINE

2.1 ##mRES DNA HIREL

AU AP EERE T AR g, i
S5 UT A O B K R T 3 M it s S Sk R AR A
40 Pl B 28, SR8 T A BE AR 10 N8 . RERR
AP (P EARRERR)D (BB ARE)Y,
(Grouper of the World)!" 4§ 3= B 73 BT RL 17 9] L T8
U E, FERBUIL A B8 5%, T 95% R b [ e,
] 52 55 %8 —20°C VKA PR A7, JH T )5 01 2E I 4 DNA 42
W, REFEAFRILZE 1.
2.2 BEFEH DNA BRE

B2y 50~ 80 mg Y A i 2 21, F H 3 i) 44 4
DNA #2 B 5] & (R AR A LB HCA IR 7)), 4%
UL B TR, $RIRAY SIE N 2H DNA JH 100 pL
KR K ATV A, B W R M PR VKRG DNA 42 BT
i, 20°C RAFE .
2.3 PCR ¥ i&FNF

AT 5T 4G 09 3 KA Bl 168 rRNA K COI 3

M. 2% M0k, sEEY 1 16S rRNA LK 1514
M 16S -F1: 5'- CGC CTG TTT ATC AAA AAC AT -3’
H116S-R1:5-CCG GTC TGA ACT CAGATC ACG -3,
P15 COL A A v By 51 ¥ i COI-F1: 5°- TCA ACY
AAT CAY AAA GAT ATY GGC AC -3"Fl COI-R1: 5'-
ACT TCY GGG TGR CCR AAR AAT CA -3'™7,
PCR J W 1 22 SR FLN 50 pL, H P45 PCR K2 TR
AW 25 ul, LHEK 21 uL, E #5144 1 uL, DNA
FEAh 2 uLo PCR W25 94°C FiAEE 5 min, 94°C 78
PE 30 s, 55°C 3B k 30 s, 72°C ZE i 1 min, % & 35~38
MEIR, 5 72°C FEEEAH 5 min, PCR ™9 ] 1% 3%
I R R R DK A 0 3 4 R 3k BT R B T A A
JH PCR 7=y 2l Ak 350 & gl Ak S, 36 R — 5 A
WIH AR BR S w) AT I )T o
24 HBBEHWAHIE

W7 BT A 04 7 91) e 2R 36 B AR D HR A5 B
# .0 ( National Center of Biotechnology Information,
NCBI) 9 Blast T. E #17 AHRIPER: 2, 30 0E 7 51 R 1F
1% COl FE A 31 . Iy 13 51 Al Clustal WED 2k 4
HEATHE T LT, B XHE T, 245 8 WA i A B0 00 S0 A%
JP 9, 43 38 —BUP 54T 5 2250 B . B MEGAS.02
BB 0 B R 2 B L i B A L DR SF AT
S L SRR IR SRR . RGN R B K
RISRYE, LASHTE AR5 R R0 6 e ) B B 4R 9 6 A
S G s 1% ) R A Sy PRI AR A, AR SR
T & AR 53 #T (Bootstrap Analysis) 1000 7K A4 7 5 K6 56
E S AR =i

3 45

31 EEFISH

S I 45 40 B A7 BE A 16S rRNA JE K g 580~
610 bp, JF A AEFERR LA A SO, 516 AN EBE
T R K B BE AR R )y 31 — 2 4 BT, 48 Clustal
W HES X, K0T 81, 154 ) 566 bp — T4,
FH MEGA 5.0 8B 47 40 1 o 25 5R 3R W1, )P 91 AL
T. G. CHg 5134 & 5 70 5 0 29.2%. 23.6%. 22.8%.
24.4%, Horfr A+T 5 HE(52.8% )M T G+C #1E(47.2% ).
9 22 AR 5 BE, 18 57 AL 05 394 4 (69.6%), 78 S AL o5,
172 1~ (30.4%), fa] 29 VEAR B 07 58 140 1 (24.7%) . 5%
RN ER A LU AR M 3.269, e K T B

COI 5 [ Lt Xf 43 #7115 2] — BT 51 4 651 bp, i h
272 N H IR . I AL T, G, CHRE & &4
WA 24.1%, 30.0%. 18.3%. 27.6%, H o A+T & &
(54.1%) W& & T G+C % 5 (45.9%) . W E 1 s, 16
651 bp COI F& K 4 55 77 51 v, 5 65 7565 1 o 4 B 5k



639 R HBAF: BT 168 rRNA 5 COI A 40 Ff £y 5 IE R 4 285 T R G AL R 11
F 1 RWARE R ERIR
Table 1 Species and sources of experimental materials
& i SR A Bk

L1541 )& (Epinephelus) 5 A B (Epinephelu akaara) TRATHL B 5
S A4 B ( Epinephelus areolatus) JRAT ML I 3

#1191 (Epinephelus awoara) TR BRI ST 5

547 KE 411 ( Epinephelus bilobatus) WA 1

A B AT B4 ( Epinephelus bleekeri) JARAR BRYL 4

W BEA( Epinephelus bruneus) JAREA I 3

%2 15 4 B0 (Epinephelus coeruleopunctatus) ik 2

R ATBE . Epinephelus coioides) JAB G PR 4

W45 55 #1. ( Epinephelus corallicola) JTRAT M 3

4l 55 47 K01 ( Epinephelus cyanopodus) FiRti 2

/NS A B ( Epinephelus epistictus) tEEER AR L 1

055 41 B £ ( Epinephelus fasciatomaculosus) T HRAR BT, 4 5

18 15 A1 BE 0. Epinephelus fuscoguttatus) JURATM 3

I\ B (Epinephelus latifasciatus) AR 3

A B (Epinephelus maculatus) AT M )

TyRr P A B ( Epinephelus malabaricus) JUARA M 2

BE A (Epinephelus moara) A A L 4

A BE AL Epinephelus morrhua) fEEEA AR L 2

WA Bt ( Epinephelus multinotatus) Tk 3

HCFE A B0 ( Epinephelus quoyanus) JUARA BT Wk 4

=BEA BE (Epinephelus trimaculatus) I ARATMN B 3

85l 1% 8 (Plectropomus) W S B RS ( Plectropomus areolatus) JRAET M 2
BESE L ( Plectropomus maculatus) JURAETM 3

BEBEHE A (Plectropomus laevis) TR BN, A 2

SIS MBS (Plectropomus leopardus) IR B 4

S (Plectropomus oligacanthus) e 1

IR BB IR ( Plectropomus pessuliferus) JEHEE 2

JUBS R ( Cephalopholis) HHE IS ( Cephalopholis boenak) JARBTIN VL 4
T B JLI# (Cephalopholis miniata) SR 2

ANBEIUIES ( Cephalopholis sexmaculabus ) JREA I 2

L1 U ( Cephalopholis sonnerati) THRAT ML B 3

BEOLI ( Cephalopholis urodeta) I AR 3

M 2F i) (Variola) FAM A (Variola albimarginata) I ARAGII 3
M ZF i (Variola louti) TR TIN5 4

B 58 (Cromileptes) L5 i ( Cromileptes altivelis) T RAT M 3
SR8 (Promicrops) FEAB (Promicrops lanceolatus) IHREBGIN. %4 4
T 24518 (Hyporthodus) L 5 (Hyporthodus septemfasciatus) A A N 3
eI )& (Anyperodon) R IEIEG (Anyperodon leucogrammicus) TR 2
1R )% (dethaloperca) H#% (Aethaloperca rogaa) ik 2
SA8JE (Triso) B ( Triso dermopterus) tad E ] 1

SR
PR IF ] e BB (Lethrinus nebulosus) IR BRI 2
{5} HH 8 (Rhabdosargus sarba) T RAE T 2
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Fig. 1 Base composition of the 1st, 2nd and 3rd codon posi-
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tion of COI gene in Epinephelinae

2SR, M R AR G-1(31.1%); % 10 75
20, T-2 F o (41.0%) fe i, OF B T A 3 P
BREE; RS A 3 A A3 SR AR (31.9%), G-3
R (8.3%), I MR G (K 1), 7
GH+C &, %5 1 i G+C & (56.1%) = T
552 IS 3 (43.8%, 37.8%). MeAh, 7K K 651 bp
JE B 2L ANERE, PRSF A7 AL 408 1 (62.7%), 22 5
A7 A5 243 4~ (37.3%), T 29 PEAF B A A 227 1~(34.9% ).
SR ER e OR300, 5 R T B e
32 MESEEZEEAES

£ F Kimura 2-Parameter 1 %1 ] F§ MEGAS.0 112
4% FP 2 [6] 16S rRNA LA K COI Y 38t 15 B (i T
iR 2, RABREIRER, IO AE IR — DUTH R, X B
ARFIH ). #E 16S rRNA JE K, [ K AN HE, 40 Fhf1
BE £ 25 Tl P 3845 BB O 0~0.003, SF- 23815 B R
0.001; P ] 5% 1% 5 25 115 5] 7 0.002~0.168, -3 i5t f%
2554 0.090, He Hp 54 230 L ' 5 05 2 R B a5kt 4% R
B/ (0.002), HKOEHEFAREMA S S AK6, &

U B0 545 A BEA, Y52k 0.007; i BE 6B 55 7 R
JUSR | 7S BE LR 5 4% B B K, 3895k 0.168, ik
A B R 1 5 T R LA RE L, O 0.167; FE A1 BE R
PR ) 38t 4% B v, 210 oy B £ 2 50 A5 I S Y
Fil & 0.007~0.067, fe /N2 U A B0 5 48 05 A B
£11.(0.007), FLUR S AR i G BT A0 5 75 4 BE A, LU 41 A5
AR S WA A B (0.011); xR EBHARAE
WRIE A1 B 10 (0.067), FL U AL A5 A1 B 1 5 1 FF A1 BE
1.(0.063). £ 6 Tl L i v, 5 S0 LA B 5 0 4 LR
fiyi F5 /1N (0.002), i 8 i 55 A5 0 R o, L) R A
8 f 5 o T LR 9 £ K (0.050), 5 R L B e R
JUB S 55 75 B U 51N (0.015), BT UGS 5 75
B Ui 55 K (0.086)

FE COI 3k A rh, 40 F 7 BE B Py 38t 14 B 5
0~ 0.006, ~F- 34 35t % 11 B & 0.003; Fif 6] 35 1% HE 25 3 ]
4 0.016~0.245, -5 38 {4 1 25 24 0.172, A A1 COI 3
K 91 2% S M 1 16S rRNA Bk, B ik 78 S5 5 H o
2o oA I B e R I R R A ) O s, 5% R
B IR/ R s S0 BE 5 A B 7E B R
B, 21 Fho A7 B 0 Jm f0 28 35 4% B B 90 [ O 0.030~
0.192, I5 /M & 25 80 BE £ 5548 4 BE£4.(0.030), HAk
JERN A BE A5 TR A BE A0 (0.036); B K HE R
1545 A A BE A (0.192), R A B
WERE AR (0.181), 7E 6 Ff BRI b, 5 20 6 b 15
05T 248 5L 5 05 /N (0.016), 557 2k 858 00 £ 15 F A0 s
K (0.123), 5 Fl LI 75 5 U85 5 7S BRE L 7 d
/N(0.043), BT LIS 5 55 B LIS K (0.180),

[l A, FRATTIC R T A B R 10 48 Jis T 1 g
% BE B YU (R 2, 3 3). 7E 16S rRNA 1, it {5 1 %

F*2 ETFKimura2 BEARET R & RKEZEE 16S rRNA FHEEEE

Table 2 Pairwise distances among genera of Epinephelinae for 16S rRNA sequences based on Kimura-2 model

AP )T ol JUR S W2 ) GpibhhE  EARGSE  FOSMRIE OGIENUR NBNE SRR
GEfJE  0.007~0.168
HEERETE  0.129~0.167  0.002~0.050
JUBS R 0.072~0.125  0.147~0.168  0.015~0.086
&8 0.104~0.134  0.108~0.131  0.126~0.142 0.032
YR 0.044~0.071  0.138~0.149  0.095~0.118  0.126~0.131
VeHHE  0.039~0.075  0.136~0.147  0.087~0.116  0.106~0.115 0.059
TfEE  0.036~0.061  0.134~0.143  0.072~0.102  0.100~0.100 0.067 0.052
JISE  0.037~0.067  0.140~0.152  0.081~0.118  0.127~0.129 0.076 0.053 0.056
JHBE  0.076~0.098  0.133~0.152  0.071~0.090  0.143~0.145 0.100 0.098 0.079 0.079
HHRE  0.036~0.054  0.134~0.145  0.076~0.107  0.100~0.102 0.056 0.048 0.036 0.054 0.087
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#3 ET Kimura2 ERAHETH &K KEHE COI F7iEFHER

Table 3 Pairwise distances among genera of Epinephelinae for COI sequences based on Kimura-2 model

apZsa il L o JUBS ) ) 24 iy R TEAENR TEERIE OtEtE MeE  SEEE
AR 0.030~0.192
SRR 0.173~0235  0.016~0.123
JUBSSE 0.157~0.213  0.191~0.235  0.043~0.180
- esE  0.180~0.241  0.205~0.237  0.191~0.219 0.086
WAFHE  0.101~0.176  0.199~0.212  0.173~0.193  0.216~0.238
TEASTE  0.123~0.195  0.212~0.238  0.192~0.219  0.208~0.245 0.174
TE8E  0.108~0.170  0.205~0.234  0.169~0.197  0.190~0.206 0.128 0.173
HIETE  0.104~0.178  0.183~0.208  0.178~0.204  0.193~0.228 0.126 0.148 0.135
iR ' 0.151~0.195  0.204~0.228  0.134~0.179  0.178~0.205 0.178 0.172 0.146 0.178
HgIE 0.142~0.203  0.218~0.232  0.186~0.205  0.217~0.226 0.168 0.184 0.128 0.172 0.190

91 [ B KR B B R 5 LB & (0.147~0.168), 1M
A IR 5 5 AR 8 15t IR B Y R /)N (0.036~0.054);
TM7E COT PR v, 5t 2 I 5 3 ] A K2 M 2 B e 5 B
& (0.216~0.238), 1Mii 5t 1% FF 25 1 il S /N J2: A B
)8 5385 558 (0.101~0.176), 73 4b, 5T )& 8] 8
TR R B LA K B, 53 8 5 A B 0@ st 15 R S AR L
BN, BN T B AR 8 N ) 8 43 st A% R R
(A B 0 P & J P4 A () 352 4% R B3 43 01l O 16S rRNA:
0.007~ 0.168, COL: 0.030~ 0.192), &1 %¢ ¥ % J& ( 16S
rRNA: 0.044~ 0.071, COI: 0.101~0.176) . F 3£ f5 )%
(16S rRNA: 0.036~0.061, COI: 0.108~0.170). It
J& (16S rRNA: 0.037~0.067, COL: 0.104~0.178)., 55
J& (16S rRNA: 0.036~0.054, COI: 0.142~0.203). F& %
% J& (16S rRNA: 0.039~0.075, COL: 0.123~ 0.195) %
SR 5 A0 g 09815 FE B AR AR X/, s X 4 )8
SOAET A R RS LR
33 ARATREXFIERSFREN

F:F 16S rRNA, COI LA & 16S rRNA+COI # 4 7
G, LB 0 S B B Sk S S, A B R ALR
ARG . W 2 EE 4 TR, 3 FRBEE A
WM g M 22 AR K, Hirb 16S rRNA+COI B4 8 51 5
A COLFE [H 0 #3193 48 W 45 1 JE AR — 3L, 16S
rRINA S5 [ A) 2 A0 8 350 43 P o T 1) SR 28 06 3R 55 i
BHADEZES . SR L, [FR A BN [ AR g
BHRAE R, BRR RS TR
Z, AR BT —— R, AR RHUR R 40 R
BEAOTRMS PR ERISCR . X B FZ5T 16S rRNA+COI
RGP IR R G IR . BR RN SERE, 4 B

B 10 4@ REOE B4 0 30, s 1A E R IP 32
Hi 21 R Bt £ 028 5 58 6w | S B | v
fipiJg . T SRR M SRR 6 R L, AL T LR
T, A1 BE A A0 T ARIEIEL ZR 00 50 1% LN
SO RS, e T L6 A2 0 0 B4R, S B
55 10 Fa BEAA R S 58T 6 s | el B E | S0
J& . T REE | SRR AL A ERE 0 AR
HEE A B =B BEARSE 11 b B s (2 2
2 73 32 U By e S R e LR B 3 Sk 0 2 B
JE WA B2 LR Fi i — 3R BRI 1 6 D FRISIE
JGH B, A3 T E AR B B

4 THE

41 AHAETHNFIHFEREEESSN

R P 16S rRNA 2 COI 3 K J3° 51 R AiE 43 #r , A4
28 H 7 BE A0 T R0 2 16S rRNA K COT 35 [H Bl R 45 AE
55 Ho At £ S AL, A8 AL AN KU 224 B PR S 24 3
o FIAT A LU AR 3 KT 2, )5 5 3 8 A8 1 A ik 21
M, AT TEMARRRE . BEEsh, &T
COI F [F A7 Bif 10 7B} 28 P 35 4% 7 25 (0~ 0.006)
JNTF e /N A] 38 L S (0.016), T 1 16S rRNA JE K]
Hh T 2R R 5 A 0 B R 5 1 ) e TR gt A B R
(0.002) H1/INFA~ 551 4 i 19 b P 35 1% BE 25 (0~ 0.003),
7 0 24 B B A 5 5 SR B 16S rRNA JE R 7K
S A3 o ASBIF ST v i 2 R g SR 4 ) PSS
1A, 59 SC BT 4 A A48, (E T B b F o 35t 4L R
B Ry 0, AR A R AR A5 S, T 4 L 5 5 %) S
S B A TR AR AR, R ot 359 SR 2T 8, (T R £ 1R 3 BRE 2
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H& I A. leucogrammicus R 658 Hyporthodus
R B E. coioides .

79

g T. dermopterus

& LM RS H. septemfasciatus

95

100
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WA E. bruneus

EEAPEA E. moara

4'_7 B A B E. morrhua
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BEEULI C. boenak
— REULi C. urodeta

LIRSS C. sonnerati
Tr—'jﬁﬂfﬂﬁﬁ C. sexmaculata
85 FHEIUB C. miniata

SRS P. oligacanthus
TEBEER e P. laevis
35 BHEHET P. maculatus

64 SIGURR S P. leopardus

m P. pessuliferus

BEHE B Triso

Wi g Aethaloperca
"

JUJE Cephalopholis
L

Iﬂﬂﬂﬂ:ﬁ}% Variola

W5 RS P. areolatus 8 & Plectropomus

80 |7
100 ||
43
_| SBBEUFE L. nebulosus
96 W S. sarba
0.02

Bl 2 40 A3 B £ S0 R AL T 16S rRNA J3 51 ) B R ABL AR 1244 2 14 537 3R e AL AR
Fig. 2 Molecular phylogenetic trees of 40 Epinephelinae fish based on 16S rRNA sequences constructed by maximum likelihood method

EL Y Gk 2 ), T 2 S 5 A 3 A 5 8 [ BRE A5 LA %
S %R ) B, T 5 0 R 85 A IR 5 1 v R B
R UE R AR AT X A R 02, B T O P 16S
rRNA J7 9 W 23T, A 0] GBS PO FP A 5 fa e [ AR A
FEAER A TR B 5, B rT BB/ 16S rRNA 751 A<
SrEdE b I AR SE, T G R 2 H) 25 SRR DN, TP
G AR AL AR R BT B0, ASBIF 9 R 4 1Y e 4 B i BT 5
PSR TR, ST R A 22 F B3, 16S IRNA
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Fig. 3 Molecular phylogenetic trees of 40 Epinephelinae fish based on COI sequences constructed by maximum likelihood method
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Fig. 4 Molecular phylogenetic trees of 40 Epinephelinae fish based on combined 16S rRNA and COI sequences constructed by maximum
likelihood method
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Molecular phylogenetic relationships of 40 species of Epinephelinae based
on the partial sequences of 16S rRNA and COI genes
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(1. College of Animal Science and Technology, Zhongai University of Agriculture and Engineering, Guangzhou 510225, China; 2. Guang-
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3. Guangzhou Key Laboratory of Aquatic Animal Diseases and Waterfowl Breeding, Guangzhou 510225, China; 4. Shenzhen Levi Fresh
Technology Development Co., Ltd., Shenzhen 518052, China)

Abstract: In this study, 40 groupers belonging to 10 genera of the subfamily Epinephelinae from Western Pacific
were collected, and partial sequences of 16S rRNA gene and COI gene were amplified and determined. The molecu-
lar phylogenetic relationships were constructed and analyzed using maximum likelihood method. The results
showed that the length of COI gene was 651 bp, encoding 227 amino acids. While the consensus sequences of 16S
rRNA gene were 566 bp, with certain base insertion and deletion. The sequences of 16S rRNA gene were more con-
served than those of COI gene. The phylogenetic tree of the 10 genera of the subfamily Epinephelinae was construc-
ted and the results showed that Plectropomus was first separated and rooted at the base of the tree, indicating its
evolutionary status was most primitive. 6 species from Plectropomus were clustered as a monophyletic group.
Aethaloperca was close to Cephalopholis, which tightly clustered together. Variola was located between Plectro-
pomus and Cephalopholis. Epinephelus was located at the top of the tree, indicating its advanced evolutionary
status. The species from Epinephelus in the tree were clustered as two parallel branches, instead of a monophyletic
group; Cromileptes, Triso, Hyporthodus, Anyperodon and Promicrops could not form an independent branch but
cluster together with species from Epinephelus, indicating their close relationship within Epinephelus and some spe-

cies might belong to Epinephelus.
Key words: Epinephelinae; 16S rRNA gene; COI gene; Phylogeny
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