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WE: VARTRTPUAERERE T ERERELEMREE S HF BRI, XA PCR ¥ ¥ K7
TRFPHEREDNA BHXHEER A&, FXHEATUEE 2N, EREF,EKE N 451 bp
AR ERES X B, R EEA LA Z(0.540 £0.067 ~0.815 £0.021) ¥ & 1K T %
K (0.883 £0.053 ~0.944 £0.028) , T # T % % £ & (0.001 £0.001 ~0.007 +0.004) 5
2 AR (0.004 £0.003 ~0.007 £0.004) 48 = F K ,3# th LA HEAKFH KK, 52 HNEFR
BORBEBRMNE 12, A6 N BEA L H A BERE T, BERNE &G SIS AMOVA
AMERL T, AR B A B R Z ] DLROIRTE AR 2 1] B 3 R Ok, T B A AR AR
TR FPEAN,AFENRESURNETEF (D= -0.013;P>0.05), B 1A K /5K
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REST A ALY Fam e Yy, & A S H B, AT R4 (A7, R [E) )Rk A

kifik DNA ( mitochondrial DNA ) E h #% 4 i 4% W)

B, BA SR R e — B R LT RA
AL S R R O H e A B R

FRL I 22 25 0 45 T 2 1 L TR A 11 3 £ g L E )
TR 1T 3 40 B UK 381 G5 R R R 5 R
PR Lk ik DNA Xl T = gAY
PEFE J1 71 He oA H B (I Cyt b, COT %) A7 o
e Ak ok 25 TR O 7 B 7K T i £ 7 S o
AT 0 A A g 2 3 A
TSR 8 R T = b 5 B S U )
R LRI DNA 310 4 AR X 1 FC O fil 37 5 1
I A B VAT 3 (22 BRI O A 5230 R
£R Tk DNA Pl K45 — 2528 K5 90 40 07 7 0 2
FAE 4 A F BRI 8 15 ZREHER DL, 3E 5 6 4
W A R URSIEAT LE 3, DLW Oy 14 G OF B o R U8 A
30 5 A R AT R L R R U A B O 5
fr ) 2 4 LS K A

bRk

1.1 HRRE

AR 4 A FRIE AR A 6 AR
X AR AT IR A A, 28 AR IR (TH) f) 2% £k

*1

K, A8 ZE[H] Y3 0K B 7 B A H IR, A9 42 JH] 1453
R FH AR, 4 A HEAR L 155 AR HLAKE
anfE B 1o IURE ALY T 95 % 15K Hh ] 72 PR AT
SRR 5125 [ GenBank , 4045 K% | gl
B B ERBMHATR6 AR D),

ﬁm FRIBE IR
cultured populations
BABE
40° wild populations
39°; W oAb o
Bohai Sea
380-
YT (HE) e AWH (B
370.
36|  China  AQD (¥
ARZ (HED 420
35 g —
ALYG CGEZRM#) 1o Yoo B
] w JHE
3304 390 Japan
139° 140° 141° 142°

118° 119° 120° 121° 122° 123° 124° 125° 126° E

Bl FREshREMDS

Fig.1 Sampling sites of S. schlegelii

XEATRFHERHREHE WS HERIAFIERS

Tab.1 Sample information of S. schlegelii including sample quantity ,sampling sites,

date of collection,and GenBank accession number

RN it S R YR BOR A 3 A R A 1] 2 1 Fr o) % 55
population quantity  broodstock source or sampling site sampling date longitude (E) latitude(N)  GenBank accession number

TH 37 & . H B Qingdao, Rizhao 2012.10

A7 34 £ 1% Changdao 2013.05 NS

A8 35 N HﬁgQingdao,Rizhao 2013.07 12174671 857 377211751 this study

A9 49 H IR %€ % Rizhao,Rongcheng 2013.07

DL 22 K% Dalian 2009.03 121°38'45.94" 38°50'43.19" JX254693-JX254714
WH 24 B Weihai 2008. 05 122°12'17. 88" 37°31'34.80" JX254841-JX254864
QD 21 # % Qingdao 2009. 04 120°22'48.55" 36°02'36.77" JX254778-JX254798
RZ 20 H B% Rizhao 2008.12 119°35'16. 12" 35°24'30.86" JX254821-JX254840
LYG 22 i# =& Lianyungang 2009.01 119°36'16. 00" 34°42'23.06" IX254756-JX254777
AM 22 H % Aomori 2008. 06 140°46'14.20" 40°53'36. 82" JX254799-JX254820

1.2 DNA $2HU R PCR F 5§ i

WL L2 4 26 (Bl K WS40 )5, 4 REAR ey -
AR IR BGE RN 4] DNA I T 4 CHRA7E. RA
5|4 5'-CCC ACC ACT AAC TCC CAA AGC-3’
(DL-S) ,5'-CTG GAA AGA ACG CCC GGC ATG-
3'(DL-R) " 3 i (G P i 28 B 4K DNA #55H] [X 25
X, PCR RWAKFR K 50 wL, Wil H &4 1.25
U Tag DNA % 4 i} (TaKaRa, K% 5 £ YA BRA

7)) .20 ng DNA T AE W 1E J= 17 5] ¥ 4% 200 nmol/
L.200 pmol/L {45 # dNTP 10 mmol/L Tris ( pH
8.3) .50 mmol/L KCI /2 1.5 mmol/L MgCl,, PCR
SN AE Biometra SAJRFRY_F 58 1, S0 A 194 C
P 3 min, B 5 AT 35 ANE B, A6 B AL 4R
94 TP 45 5,50 CTIB k45 5,72 T iEfd1 45 s, 58
UG 72 CAEME 10 min, 37384 2lifl )5 3% LS
Je A R A R w4 T Xm0
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1.3 BIEHH

JI 4% ¥ 51 # th Dnastar %% 4 {2 ( DNASTAR,
Inc. ,Madison, USA) # 17 4 8 F1 HE 77, - 47 A
TR G EIRCH 2 A A8 R R e A
AN/ 5 F 22 75 V45 B il ARLEQUIN %%
T AT S AR R (h) TR
L5 (m) M 4% Nei™ /4 30t i ARLEQUIN %k
it4 . R MEGA 5.2 (™' HHH R %Lk &
T T T 0 38 % BE 85, OF LU R JE F- il ( Sebastes
capensis ) ( J¥ %] 51 H GenBank, % F =
GU136695. 1) g #h Bf 14 £ 51 4% AU A9 48 3 ¢ R
B R GER AT SRR SR AT 1 000 YT ilRE BEA
i I NETWORK %5 {4 #y g 8 4% 700 45 /N 85 3
o R ARLEQUIN 4 3E17 86 U] P &5, -1t
B T B R D A AL A R A S (FL) Tl i
10 000 Y T Jl FF A6 56 15 19 FE 1A (] F {19 38 35 1 o
57 EC T il 51 43 g 37 58 B AR ( TH A7 A8 | A9)
FIEFAEBEA (DL WH QD \RZ LYG Il AM)2 4>
BEHEAT AMOVA 312, LA I 5 58 4 1A i 2
FERER 22 1B (3815 25 5

2 45

2.1 ETEHIRRFRAOFIISH

AWFFE 4 D FRFREA I 155 AP R
AR H AR BERBE Y 498 bp, Hoh 45 K
427 bp 1) tRNA-Pro #4351 5 17 bp f42 1l X
PRAY X380, 2 BEF 51 9 3 o AL 57007 8 o

W TR 1A 5 B A TR P 51 0 47 R X, I
451 bp [P BOH T LB M FERREE AL L, 57
BELVHF AR R B R R A R X R AT
(69.16% ;69.07% ), FEHAFEIR 155 &35 4t 13

AL, b KPS K R 2.88% , Horbi 4
F 1A 40 0 0.2 A A0 A6 a5, B 4 04 LE Oy
5.5: 15 MM BF A B 131 507 9 dk 44 A2
LR R E KRR 9. 75% , Hidh a5 1 M
ABIAT 1 A1 A B3 i LA B 5 A B 48 07 45, 5
Wity 8.2: 1(F%2) o P BHIARIL 45 22540
RO ESLT 52 AR AL 40 ANl A RS Y (B
AR N 34 A4S I FRFERE IR 6 A, H A7 F[EAS
B R phAT B ) L 12 A L2 SRR (6 AN FRLAGT
FRPAREAR 55 B A R T 52, L A0 6 de 5 1) B A% Y
Hap. 01 F1 Hap.07 Jy 8 PMRHARTILE) (R 3),

FRBE A 1) BT R Z2 B D (0. 540 +0. 067 ~
0.815 +0.021) , {25 /)N T BF A= FF AR 19 5005 7 2 4
Ji£(0.883 +0.053 ~0.944 +0.028) , {H F5 5t BE 1k
R EE BR £ K BE R0 B 3 22 5 8k (0. 001 =
0.001 ~0.007 £0.004,0.594 +0.487 ~3.042 =
1.623) 5 B A4 #E 14 (0. 004 + 0. 003 ~ 0. 007 =+
0.004,1.814 +1.086 ~3.301 =1.758) & KK,
WA, P 9] Bk 2 S A v B AR R A
(3301 = 1. 758) , 1 76 77 58 #F 1A A7 v 5 A%
(0.594 £0.487) (£2).

2.2 ETEFARFEBENBEESEEEOREERS
X%

i A5 o A B 5 25 2R R, 3R B B R (A
DL 55 GE R OR R0 B A BE R Z W FOE R K, &
Bonferroni i{ IEZ JG I N EZEREF (P <0.05) (F
4) o BRI AN [R]RE AR 43 Ry SR A RN BT A 2 KA
BEREAT 00 705 2510t (AMOVA) 45 R R A
T2 50 - 1.31% , 41 BF P BEAR ] 35 1% 25 %
ii 16.28% FEUR 514 73 Ak ik 85.04% 21 #F [H]
wE SN NEA R E (P, = -0.013;P >

®2 TRFWHEHFEESHESH
Tab.2 Genetic diversity indices of S. schlegelii

B EZN VAR gE| AR H BT 2 P NELT S 5 5 ) 91 i) ) ST 4 R R 2 S R
ati no. of no. of haplotype nucleotide mean pairwise nucleotide

opulation
pop polymorphic sites haplotypes diversity (h) diversity (7 ) differences( k)

TH 6 4 0.697 £0.028 0.005 £0.003 2.009 £1.158

A7 2 3 0.540 £0.067 0.001 £0.001 0.594 £0.487

A8 9 5 0.815 £0.021 0.007 £0.004 3.042 £1.623

A9 7 5 0.784 £0.022 0.005 £0.003 2.364 £1.311

DL 18 14 0.926 £0.039 0.007 £0.004 2.939 £1.600

WH 18 14 0.884 £0.056 0.007 £0.004 3.301 +1.758

QD 13 13 0.929 £0.036 0.005 £0.003 2.186 £1.260

RZ 11 11 0.916 £0.041 0.006 £0.004 2.611 £1.457

LYG 13 11 0.883 £0.053 0.004 £0.003 1.814 +1.086

AM 17 13 0.944 +£0.028 0.006 £0.003 2.498 £1.400
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Tab.3

®3 BEAEVRF@HRREBEEENS S

Distribution of haplotypes in ten S. schlegelii populations

A

haplotype

BEIK population

Mt

TH

A7

A8

A9

DL

WH

QD

LYG AM total

Hap.
Hap.
Hap.
Hap.
Hap.
Hap.
Hap.
Hap.
Hap.
Hap.
Hap.
Hap.
Hap.
Hap.
Hap.
Hap.
Hap.
Hap.
Hap.
Hap.
Hap.
Hap.
Hap.
Hap.
Hap.
Hap.
Hap.
Hap.
Hap.
Hap.
Hap.
Hap.
Hap.
Hap.
Hap.
Hap.
Hap.
Hap.
Hap.
Hap.
Hap.
Hap.
Hap.
Hap.
Hap.
Hap.
Hap.
Hap.
Hap.
Hap.
Hap.
Hap.
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08
09
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12
13
14
15
16
17
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21
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5
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0.05) , 1fi 41 #F P9 BE A 0] 382 1% 0 fE AR B 2 (D =
0.161;P <0.01), i) P K445 R B, A 1)
I B BE AR 22 (8] LA B 55 B B R R B A AR Z ) 1) P
EYRE AL PHEEREEL, SZHR, &
Bonferroni £ 1F J5 ) 6 A~ 9F 4= AR Z 0] P HAS

FLCRFP PR B IIE (K 4) o VR IROF il 45 1Y
RO F A I s FEAR F R bEAR BR, A R
5 R M A XS I A 3 AR S, HL B AR R AR
FRBAE IR Z BIANAFAE 22 57 (1B 2) o A B d /N 15
JEEARS A S 78 AN A7 AE TS P 3 AR 45

x4 FRIHARBECEN FE(TZ=R)IUEBYPREFR(L=/)

Tab.4 Pairwise F (below diagonal) and exact P values( above diagonal) among S. schlegelii populations

TH A9 A7 A8 WH RZ QD LYG DL AM
TH 0.000 0.000 0.000 0.000 0.005 0.000 0.001 0.001 0.000
A9 0.103 " 0.000 0.000 0.000 0.001 0.000 0.000 0.000 0.000
A7 0.506 " 0.429" 0.000 0.000 0. 000 0.000 0.000 0.000 0.000
A8 0.095 " 0.110" 0.426 " 0.001 0.001 0.000 0.000 0.000 0. 000
WH 0.017 " 0.061" 0.435" 0.033" 0.810 0.007 0.017 0.549 0.019
RZ 0.001 " 0.052" 0.484" 0.040" -0.032 0.169 0.307 0.724 0.108
QD 0.115" 0.073" 0.481" 0.034" 0.060 0.064 0.497 0.187 0.237
LYG 0.132" 0.098 * 0.502 " 0.061" 0.094 0.089 -0.003 0.266 0.535
DL 0.009 " 0.052" 0.425" 0.039" -0.003 -0.016 0.016 0.022 0.063
AM 0.156 " 0.091" 0.443" 0.064 " 0.085 0.077 0.008 -0.007 0.036

s RREFBF(P<0.05)
Notes: * means significant difference at 0.05 level( P <0.05)

z

) C
B >
¢}

B2 KEiEPSANEEENTRIEHAGRSEIRN

oy S BT S TR TG B R T 50% () SRR

Fig.2 Neighbor-Joining tree for control region haplotypes of S. schlegelii with an outgroup S. capensis

Bootstrap supports of >50% in 1 000 replicates are shown
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1 1% ZFE M T DLAS BT E 575 W) b 24 1 1
B B P, R Y Z R AN
7o L Z AR B AR S W Rl Y & N RE )
HEAERE ) DL R A T WA G R VR A
g SR I T/ K Uil i DB 4
REPE 7K ST B, X 45 17 3 1 B g A B, ol 5T
PR BT R A . DA Y S s R Z R TR Y
KL T B R, MR D G R A 17
AEHMNLTEE (WA RCEA oD @ W)
Ve BE B g o 5 A ) 23 101 7% FE A A 1 35t 1% 22 R K
SRRAR, I e 28 5 BOFR SRR 1Y A 5 BT U5 R .
OF FHRIC R W TE I8 A% 22 FEVE A 545 728 52 i A 30T
BT — sk fe ZHEMENT D CE R
[0;< R
3.1 WRIEMFEMENFEHFEESHEE
2

ARBFFELE R BN, TE TR G IR 5 B AR BRI
AR X B, BOH R LY W S AT
(69.16% ;69.07% ) , X 51T 2 g 7 1025 2 b K
a3 X0 g L B AR L B R 2 R B
BH IR 22 A J3E Je 7 5 M I it A5 2 A 1 ) AR
b, VDO fih 5% B B A 1 35t 4% 22 RF B I 35 IR T B
AR X T RE R TN LR o R b ok fa g
A0 A AR T BB R 188 A% A8 KSR
Rof 325 81, [) BoF 30 23 S Al 2 e B0 A R IR st A
ZREVERIIRAR " o XU 45 2 56 F 4 o7 i 1Y T
FEAE RN, 1V IRV fih Y A 5% R R A Y a8t % 2
FERE ey 3k — 5 1 AT BE 2 i R AR T DL BCR
R R AN [R5 1S, 55 — 5 T ) RE J2 th AN [ 2y 1
PRICTT 2 09 RAUE 25 R . XS 2 AT T
B IR B REAR 35 A% 22 0 P B A R AL ) B AR
BRI H WL, Song NN NE 8 AN FR g HE R AT 2 AN BF
AR Y 215 AR I B SORAR P X 9 AT T
PO BT, 45 3R R FR B R AR ) B B 2 A%
R 2045 2 0 P AR Y TR 2 S X W) A T B A
BEVR; 1 A 0 S T LR PR ) X 91 X A A
8 ( Opelegnathus fasciatus) ¥ 2 4~ 57 58 B & 1 &
K% J5E T Y AR R AR AT T HC B A BT, A 3 SR G R
TR 1 FARS T 22 BE R H IR 22 FF BE LA S R A%
MR 25 S B T BF AR IR A 45 1 o o [ fir B A=
HEIA HAT B0 5t 45 Z2 AR 1K P 3278 1 TRCF- Bl AR

ATRE R A BOR A RPN A , T3 SRR DNA £
PR Ak R ] il R R 2 A 2k
AR

UREMFEBEGAMBERKEEEHMER
BEFER

T T TRE A 1) 4 55 R SR, 4 P fh BB
55 R B RE AR 22 18] A R SR 50 BE AR 22 [B) 3947 4 B 3
(1355 15 431k, [H AMOVA 43 H7 25 5 58 7% , 41 B If]
1 1815 22 S /N HOR 838, T RE L h R A R
6] i 5 1) F (s R . 6 N T2 F b, 3200
ot — Bt ] 22 Py A1) [ — it 5 fh ol 5 A R AT
B, Bl R R AR B, SR G AR A AT 7 AR 5
AL T A8 35 07, T RE 43 5| 7 46 A 3 R A gl 2k
DL K st A5 Z2 6 PR BRI, DA T 1 A 5% 78 B AR 5 BT A
TR L 28 33 BB AR 22 1] 1 3 1 20 Bl
WYl PR B2 St R, FRTE IR 2 A L) S 3R A
TR RV A R 2 ) AS 2 B AL € T %) B A, AR
[ 74 T 3 A5 2 fk . Song % F F 5
DX HEAT T 465 F 05 S A 40 A R 3 B A4 1) 338 1 2 2
Mr,F Fl AMOVA 73 #r 45 3 R, 46 F 6F 57 5 ¥
R Z [ 47 76 35 A5 A0 Ak, B B PG 06 205 SR % 1)
FREERER Z AR BEYL A BRI ; 1 B 0% R T
SRR VR 1] X 43T I RE A D0 31 4% 47 008 0 2 B 1k 5
FEFEREIR BRI B4 401k 838 AL 43 Ak 18 Sk
0. 163 5 [ A7 45 SR 28R A 42 46 1X 15 31 4
T RYIT R IR X R4 52 6] ( Hapalogenys nitens ) ¥
HE R IR BB 1 3 A 25 4, 4% SR 26 W R A BE O
B 5 B A A DDA 0L B (AR R,
VFECT-filh A7 RS A RE R Z | 1Y Fo gk,
JELR —J7 T A] R T AT BE MR R R i b
55— 7 T, H T K SCRT 58 3 WIAE 1 AR 2 B b
FR A — PG 1) R B A, B0 Al Sk S HE L
AR B AR O T T AT B A
o [ K 8 B b PRI R, B 0 I X ST
T2 BT i A LT O 9 R T, S B
A5 U X R AR R R S i HIL s A, T
T AT BEAR T CE A Ry AT R 5 B A
WL ST AAER o BOR VR QO fil B 26 AR 5 55 G B
PRTE SRR ] X b A7 75 B 35 B AL 45 4, {H 1%
KA R L L 10 8 AL A8 S, DR T 76 B A T dg /N B
BEAT BT AN NI R G8 kB M1 3 oK A6 DU 21 A0 1 Y 1%
RLEH
L PR FGOT- il 97 B RE R AL 2 REE
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Comparative analysis of genetic variation in cultured and
wild populations of black rockfish( Sebastes schlegelii)
based on mitochondrial DNA control region

DING Kui', ZHANG Hui’, ZHANG Xiumei’, SONG Na’, GAO Tianxiang'"
(1. Institute of Evolution and Marine Biodiversity ,Ocean University of China,Qingdao 266003, China
2. Key Laboratory of Marine Ecology and Environment Sciences , Institute of Oceanology
Chinese Academy of Sciences,Qingdao 266071, China;

3. Fisheries College ,Ocean University of China,Qingdao 266003 ,China)

Abstract. To investigate the genetic variation and diversity of black rockfish Sebastes schlegelii among four
cultured populations and six wild populations, the 451bp hypervariable fragments of mitochondrial DNA
control region were sequenced and analyzed. The results revealed that the gene diversity indices of cultured
populations ranged from 0. 540 +0.067 to 0. 815 +0. 021, which were significantly lower than those of wild
populations (0. 883 +0.053 —0.944 £0.028) ,while the values of nucleotide diversity for both cultured and
wild populations were at low level. Among the 52 haplotypes defined,only 12 of them were in the possession
of cultured populations which shared 6 haplotypes with the wild populations. The results of pairwise F, and
AMOVA indicated that significant genetic differentiation existed among cultured populations, as well as
between wild and cultured populations, which was contrary to that detected among wild populations. No
significant genetic differentiations were detected between cultured and wild groups. Significant genealogical
structure was not detected either corresponding to the cultured or wild populations based on the MST and NJ
analyses.

Key words: Sebastes schlegelii; mtDNA control region; genetic variation; cultured populations;
wild populations
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