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& £ Bk g8 E AR X ZF 8 (Paralichthys
olivaceus) Bl i B RY = 1% 14 4

A0 % IE@ THM RBR' RIR'
FrES EEMHY EFRA EEEF' THE!

(1. P EKRIEBRE AL B0 Sz sl BEE 066100; 2. WALR K EYEE BEE 066100;
3. WEYITEE Sl R #EYT 261000)

BWE AHRFAA 12 % T AR A& 2 8 U0 78 #0mk K W 89 F 47 (Paralichthys olivaceus) ]
FA R R fh 2 R IAT T, I 5 B B T 6 3% AR BRSO BT AR IR B 315 S SR AT XY I, 4
BER, ££3AMEERT, SR 11.917-22.167 A, FHHIM 2= 4 (Ho)H 0.800-0.836,
P 2 A E(Ho) W 0.814-0.845, FH 4 AR EAEPIC) N 0.775-0.818, i, FEHHZAN T
PN %, K 22167, HORAAERE-EH N, 5D, A 11917, FH H, 5k ok 02 B 1 #14(0.836),
/N B RO AT AR (0.800), T3 He 5 A B2 3F ABER(0.845), & /NEY BRI AR (0.814),
36 MEER-ALEAL AT, A 23 NEER(LE A T E RS-0 E TR AP<0.05), 3 MER
Wy AR B Gyl 0.005-0.043, HE A NKF. HARKNA, 3 NFERARFRE NREE

SHM, BRATE T EM EHARN R E S e R G SR AR D N,

ES a0

hESES Q953 XEfFRIREE A

“#F (Paralichthys olivaceus) 2 i/ & % + % 4
Treads, HAMRMUR . RN EE DS, IWZIH T
F o A 4 R 5 R S TS e SR TR A
- BFET A B H A v . A T R R R R, FRE A
20 20 80 AT 4 7E ¥ T g 3 E A7 o B 1) 38 B TR0
TG (4 WALAE, 2014), %% 5 5 Vg S FE IO IX 6L T
WA AR AR, BAEATE0A J7 0 2 B A R B
FINZHFIR, ST E A BERGGEOR 0Y F B X — . 1
BE IO 16 B 7 A2 F i R 3 7= 15 RV & il i B e
P57 TR 2 T AR (AR B ROR T & R
A 5 | 1 A 25 R 35 A2 AU [RIAE AN E Z2 R (Arraki et al,

Fer BAHAR; MM, mh SR
TEHS  2095-9869(2017)06-0018-07

2010; Gonzalez-Wangiiemert et al, 2012; Taranger et al,
2015).

WL 2R A Y Z R A RS, T2
A7 13— R J5T R O ) R AR, A R
Wy i #5217 35t A% A5 8 78 S AR R Ok S st AL 2 R MR
=K, T DNA 2L {5 B EHK, Fril DNA
AL A TN T A AR R SRR R (X A A
2008; Wk, 20117), H A DNA 43 Fhrid, R
faf BAFF 4| B2 & (Simple sequence repeat, SSR), 7EHE[H
Hp B Z o s), BAZEEFRE . RaE
e R 7 (AR A, © &) iz T RE IR L 20
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A TWAR 2R 5L T SR MO IX 2 ¥ (Paralichthys olivaceus) Il i HE (AR 11 15t 1% 22 HE4% 0 B 19

YRR ST (Wang et al, 2013), £4-, FIFHH A DNA
AR AT I 6 a5t A% 22 0 1k St A% 45 4 4 A il i
WZ, FRAERE ARBHE . FREBHAM LT EARE
A, WE IR pKAE(2012) FIXIACHT 45(2013) 4371 18 Xf
72 X E A FhRic Xt 90 B 74 R A I 6
AT T astE ZREVE AT X0 42 55 (2008) A AR K AT
EQ009) 5 HIFIH 5 XFFT 16 Xk T2 4 Fhric xF
3K S AN FSEFRFEBEIAR AT T L 2R 1R
FH 2245 (2009) 1 F 10 % i TR 43 Fhric XF i 3 4~ 4 6
FERNBEAR A SO T 1Y 4 DI EE R ARA
HEATIBAL ZREME AT o (H D& F 3 BRI X 2 B [ 4 A
A8t A% 22 FEPE S I (R A0 52 38 R DL R o A 52 R
12 X3 13 B A F iR i % 2 5L 05 0 T 34 9 5 I [X PN 1Y)
G ] R 1 35 A% ZRRPE AT 0T, IR S ORI
0 2 AR FICI AR AR 19 8t 1% 2R e A 7% L, A+
100 A% 2 Ay BE T 2 66 34 B TR0 1T R 5 | AR 118 38 A% JRURS: 1E
FEPPAL , LAk 38 ) A 60 Ao ol ¢ 050 47 R348 5 s T
YRR BEIE R

1 #wRERE
1.1 HESAFEEF DNA 2E

I3 AEEAR: 2015 ARG AR IR Hpc BRI
iR A I 2R A (DL R fRTRRSEAS M) . BB RO T A
BF L)y £ (LA T T FR 0 T AE 1R P) S 2015 4R2R 0 1 45
Je PN 5% 55 30 Vg 3 R0 IX (R4 1) 2F F &)y #. (LA )
FRIEHHRER C)o SRASHER RO BT AR 25 R A
30 B, H, AR MIRE N (3675.22£1572.45) g, 1k
£ M (81.66£12.38) cm; I AT HEIR P IR EH A
(1.59+1.06) g, R4 H4(5.94+0.97) cm, [FHHEEAR C 4
R UE NS N4 REFIISE 2 DN S (s
HEA 30 J8, IZBFARIARTE J9(55.84448.65) g, TAK N
(12.49+6.82) cm, 5 UM BE P-4 ToRAEAC L, 37°CHE
TR . A4 DNA 2 H0L50 &
(TIANGEN, DP324)#2 UL [ 4H DNA, $#2EUE UG ,
SR FH By B W 356 e FiL Uk 058 A0 43 D6 O BE T 43 Sl A
DNA 1Y 1 5t R .

12 WIESNH

MG VK 55 (2012) FRI ACGHT 45(2013) & #1472 %F
FEERL TR bR IC PR 12 X2 A s ERCH TA
WX SARICMIAFR . SIF5) . IR KRS ILER 1,
Sl il T A TREE AR B F) 5 . PCR J
MAKRZ A 20 pl: dH,0 7.4 ul, 2xEs Tag MasterMix 10 pl,
E RS I#1(10 pmol/ul)#% 0.3 pl, DNA it 2 ul . PCR

KSR N . 94°CHUEME 5 min; 94°CAEME 30 s, 54°C
Bk 35 s, 72°CHEMH 40 s, 335 MEFR; R 72°C
FEf§ 3 min, PCR ¥ #47E PE9700 & PCR 1Y L #47,
B B 5 bR 100 1 FIREHLTR )05,
TS pl A _EREA H BEIA T pl 7B 10 %579 PCR
PR, ARG H T 3730XL AL T B LK, F
JH Genemarker H#J Fragment (Plant) i B 43 M1 44 X
I AU 21 1) S LR B A7 2 T, B A UK EE N 4
DB B 57 B 5 45 il D (L A0 57 J R4 7 ER 3 i, 753
R BRI

1.3 HIESH

FIFH Genepop 4.0 XM BIZE 5, Geit 4514
SR FERIBO(N,) « I 225 B (H,) IR Z2 A FE (H,)
M2 8545 B 5 5 (PIC), I 43 M & 11 Hardy-Weinberg
WAL DR A o TT IR AR R) 45 3 4 1 32 R 40 Ak R B
(Gy) . FEHL . LALLM R E( XA LT J7) Ml Nei
GBI B . ] MEGA 5.0 # %, RH] UPGMA J7
DARYE 3 DHEAR B AG B TR S

2 #R

21 BEEZHEUESN

12 X1 DR C A ZHEPESEON, . Hy . He.
PIC fH%I T3 2. MWK 2 v LIEH, 12 X AR
3 MRERF R PCR VSR EY N, A
11.917-22.167 4>, ¥4 H,l 0.800-0.836, V-4 H,
4 0.814-0.845, - PIC iy 0.775-0.818, HHr, [A]
FREAR C BT N, e, b 22,167, FRLHTHER P
B34 N, /b, R 11.917, 34 H, B R 2 Bl R
& C (0.836), H/NEHORATHA P (0.800), “F
He ORISR SEAR M(0.845), /MU ITREA P
(0.814), Myl RO AR g4 K W, 1F 36 M
KA EAET, 23 DAL AS B2 WS
T —EAAKS AR A (P<0.05), 7E 3 ANFEMR A 25 1 3l
R AFTAS - A X e /D B R AT AR AR P, AFERCTS
EFRriC Polil396TUF, 8-D2 Fil Poli1024TUF H i 2
B(P<0.05) . i 125 WA e — I AT A% - R XoF i 22 1) 2 [ 4
R C.

22 BEESL

3 RS AL B R L R B Gy fH R 0.005-
0.043, {5 HLIYPOO HYIEH ML RZEL G, (Hix K
(0.043), fii /5 Polil408TUF (13K /b 28 Gy, ik
/IN0.005) . 3 AREARK AL Ny (50
5.515-45.983(5% 3). i 4 Polil408TUF 4 N, {H K,
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F1 LRHHIERCHER. EEFT. 519F5. BAEER GenBank ERS

Tab.1 Loci, repeat motifs, primer sequences, annealing temperatures and GenBank accession numbers of 12 microsatellite markers

(VA BiE/ 2]l B R E GenBank %55
Locus Primer sequence (5'-3") Annealing temperature (C) GenBank accession No.

Poli1l345TUF  F: AATGGTGAGGAGCCAGATTG 60 DQ888920
R:AGTGGGCGATGGAGATGTAG

Polil491TUF F: AGGGAGGGAACAAGCACTG 60 DQ889053
R:TGATACCACGCTGTGTCGTC

HLJYP90 F: TTCTACACAAAACACCCGACT 60 FJ915043
R:GAGCTTTGAGCAGTACCTGGAT

Poli1124TUF  F: CTAGAAGACGGACCCACGAG 60 EF112920
R:AACACAACATGGCAGCTGAG

Newpao202 F: GTCCAGACCAGGACAGTGGT 60 HQ528205
R:AGGCATGGCCCTACCTACAT

Poli1396TUF  F: ACATGTGACAGCTCGTGAGGC 60 DQ888961
R:AGGATCACAGCCACAGTTTGGAC

8-G3 F: CCCTAAATCTTCTGCGTGGA 60 GQ421174
R:AGGGAGGCAAGAGGAGAGAG

8-D2 F: CTGGTGGTGTGGAGTCACAT 60 GQ421181
R:AAAGGGCTGAAAACTGAGCA

Polil024TUF  F: CACCAACTGGCCTTTGTTTT 60 AB458916
R:CCCACCACAACTTGGTCTTT

Poli1l408TUF  F:AGCAACAGCTCAGTATGGCAGTGTA 60 DQ888973
R:TTCCAGAGGCCCAGGGAGTT

Poli1377TUF  F: CCCTCGGGGATGAATAAAGT 60 DQ888946
R:TGAGTGCATTTCCATTTTTCAG

Poli866TUF F: TGTGTGCTCTTGCATGCTCT 57 EF112814

R: GAGCGATAGGGACTGTCAGG

®2 FHARFENKE-RAKEEHHWEKRE RIEESHFE
Tab.2 The genetic diversity and HWE test of different populations of P. olivaceus

FEUN . . #1E S5 Genetic parameters
. {55 Loci
Populations N, H, H. PIC P
FARAM Poli1345TUF 29 0.967 0.942 0.930 0%*
Brood stock Poli1491TUF 7 0.717 0.732 0.681 0.215
HLJYP90 7 0.433 0.767 0.722 0**
Poli1124TUF 21 0.900 0.907 0.891 0%
Newpao202 21 0.900 0.879 0.860 0.004*
Poli1396 TUF 8 0.817 0.791 0.754 0.516
8-G3 21 0.900 0.896 0.880 0**
8-D2 8 0.717 0.829 0.798 0.051
Poli1024TUF 20 0.867 0.888 0.870 0**
Poli1408TUF 6 0.617 0.619 0.565 0.009*
Poli1377TUF 36 0.917 0.941 0.930 0%
Poli866TUF 28 0.983 0.949 0.938 0%
F-H4{E Mean 17.667 0.811 0.845 0.818
R AT P Poli1345TUF 21 0.967 0.926 0.904 0.117
Pre-releasing Poli1491TUF 6 0.667 0.737 0.681 0.590
population HLJYP90 6 0.567 0.740 0.681 0.118

Poli1l124TUF 13 0.933 0.897 0.871 0.287




% 6 9 A TWAR 2R 5L T SR MO IX 2 ¥ (Paralichthys olivaceus) Il i HE (AR 11 15t 1% 22 HE4% 0 B 21

ﬁﬁ% (4 Loci ES K Genetic parameters
Population N, H, H. PIC p
B TR P Newpao202 13 0.900 0.859 0.828 0.401
Pre-releasing Poli1396TUF 7 0.833 0.778 0.729 0¥+
population 8-G3 16 0.833 0.893 0.868 0.118
8-D2 5 0.567 0.764 0.715 0.003*
Poli1024TUF 10 0.867 0.802 0.761 0.003*
Poli1408TUF 5 0.600 0.535 0.482 0.992
Poli1377TUF 23 0.967 0.933 0.912 0.574
Poli866TUF 18 0.900 0.898 0.873 0.445
SE${E Mean 11.917 0.800 0.814 0.775
R RE A C Poli1345TUF 41 0.965 0.952 0.944 0¥+
Captured Poli1491TUF 10 0.802 0.747 0.710 0¥+
population HLJYP90 9 0.419 0.730 0.676 0%
Poli1124TUF 21 0.930 0.867 0.848 0.340
Newpao202 20 0.872 0.869 0.851 0¥+
Poli1396TUF 14 0.872 0.825 0.800 0%+
8-G3 29 0.907 0.887 0.873 0%+
8-D2 9 0.756 0.791 0.760 0%+
Poli1024TUF 28 0.849 0.865 0.850 0¥+
Poli1408TUF 10 0.791 0.657 0.617 0%*
Poli1377TUF 40 0.895 0.924 0.914 0%+
Poli866TUF 35 0.977 0.936 0.927 0%+
SEH4{H Mean 22.167 0.836 0.838 0.814
3 Total Poli1345TUF 46 0.966 0.958 0.954
Poli1491TUF 11 0.750 0.744 0.706
HLJYP90 10 0.449 0.774 0.736
Poli1124TUF 27 0.920 0.897 0.886
Newpao202 24 0.886 0.879 0.866
Poli1396TUF 16 0.847 0.807 0.781
8-G3 34 0.892 0.900 0.890
8-D2 10 0.710 0.809 0.783
Poli1024TUF 34 0.858 0.870 0.857
Poli1408TUF 10 0.699 0.622 0.579
Poli1377TUF 51 0.915 0.939 0.934
Poli866TUF 43 0.966 0.943 0.937
F-HI{H Mean 26.333 0.822 0.843 0.826

E N, A LN, H, g W 28 A B H MR ZRA J , PIC S 455 EA i, WAl —JRAAAR A K6 36 4840 Bonferroni
FEIE, *09 35 I 5 (P<0.05), ** g4 k. 2 fis 5 (P<0.01)
Note: N,: Number of alleles; H,: Observed heterozygosity; H.: Expected heterozygosity; PIC: Polymorphism information

content. HWE test was corrected by Bonferroni, * Indicated significant difference (P<0.05), ** Indicated highly significant
difference (P<0.01)

1 45.983, o &5 HLIYP9O 19 N, (& /N, 4 5.515, 3 Z IR AL IR RS, X 3 ANEHAEI T RS- 1), 34

AT ARRH B 1A) A 3 A AL R BURT Nei [t & HE 25 43 R FEHS N PSE, BORTTREA P AR C LR
K 0.848-0.941 F1 0.061-0.164(F 4), WRIELREA BN, HERAE, RIFHSEARA M B,
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Tab.3 The coefficient of gene differentiation (Gy) and gene flow (N,,) among three P. olivaceus populations

fi7 5 Loci Gy Ny, i 15 Loci Gy N
Poli1345TUF 0.023 10.491 8-G3 0.018 13.974
Poli1491TUF 0.011 21.983 8-D2 0.021 11.965
HLJYP90 0.043 5.515 Poli1024TUF 0.018 13.383
Poli1124TUF 0.019 13.139 Poli1408TUF 0.005 45.983
Newpao202 0.019 12.896 Poli1377TUF 0.017 14.106
Poli1396TUF 0.010 25.330 Poli866TUF 0.018 13.326
SEH4{H Mean 0.019 13.025

F 4 FEINEFBEEHECERE )#1 Nei [KiEfREEE (D )

Tab.4 The genetic identity (under the diagonal) and Nei’s unbiased genetic distances (above the diagonal)
of three P. olivaceus populations

. . FAM WO AR P EGEEEEN®
B4R Populations ! ) )
Brood stock Pre-releasing population Captured population
S£75 M Brood stock - 0.164 0.132
FU BT EEAAR P Pre-releasing population 0.848 - 0.061
[nl i BEIAR C Captured population 0.876 0.941 -

TRIRBEA P Pre-releasing population

[El4 A C Captured population
7% M Brood stock

F 1
Fig.1

3 it

JF B2 1V L A Y B RO A0 2, BT
SEE S H 2009 4F TF 4R 7 28 5L 15 3T U 14 B 0 IX 2R A T
FEERETE ORI 3, A BT TAS [ RS 2 6 1
130077 2 o W& O BRI 2, O AT [0 7
gL Z R R I EAS G E . STk, AWFELIZE
L IS 3T VA O DX A 7 ) 2 B R A X AR
AT LR BEAR A A% 2 AR, IF 50 A B 2% £ fn
T TR AR 1) 382 1 Z2 BRI S BUVE XS LA T

L5 B &= (PIC) N pnid st (&5 B & m
R FESH, Y PIC>0.5 i, KHZEIRiC BA
R TR S Bk, MIREZA; M 0.25<
PIC<0.5 I}, FIIZBRLFRICRENS 5 R & B FL 14t 55
A58, ML 1Y PIC<0.25 I, K iximL
Fric TR L (R B, M IE LA (McDonald et al,
2003), AHIFEH, BAric Poli1l408TUF 78 i i #E 4
i) PIC {HA 0.482 4, £FRichY PIC JE[HIR 0.565-

MR Nei [t £ HE 25 1] UPGMA B4 £ (149 55 6F 3 AN REAA Y2 ALy

UPGMA dendrogram for three P. olivaceus populations based on Nei’s unbiased genetic distances

0.944, FWIFTHE AR T EbRiCHA @ L2,
0] LU 50 07 4 SEREOR (3 15 2R 1 . 250810 7E 3 4
BEA TR AYSEEY N, JE RN 11.917-22.167, Hidr, [EHH
R N, 5 75(22.167), BEEHIX 3 AR 5L (5 B
Fr A AR, H R A R 2 S MK S T
AR o T B UK 25 (2012) X1 7K B 25 (2014) 43 51 T
2009 HFH1 2012 45 X] 28 5L 5 B 3 e 30 2 BF B SR BEAAR Y
R HEGHEATIE Y, 45 8.9 1 6.789, 1
T ARV IR (17.667) X ULHH, 1E R B RKH T 6
RAN, 3k R A7 75 2 D\ 23 52 0 Vg 3 495 19 2 2 X
T A S SR AR EOR AT AP FE S 4, PR T R 2F BT
FEARHRB L Z M EE .

e BEALAE WL 2 5 B2 (Ho) B B 2 5 2 (H,)
B WL T R bR IC AR s A A R R RS
B, RARBHE SR EGE SR, AN, &
WIREAR NG Z PR bR s, s 8 S AR B
B BEAAR st A% A8 SRR FE /N (Nei et al, 1975), A
5T Ho 76 3 N EHAR T AYE FIl 0.814-0.845, JEARHF
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A TWAR 2R 5L T SR MO IX 2 ¥ (Paralichthys olivaceus) Il i HE (AR 11 15t 1% 22 HE4% 0 B 23

A f 795(0.845), WU AT AF A AR AK(0.814) (£ 2). Hl
RIRER He AR TR AR 0 32 22 5 R IR E FIr A 1%
RS 5B . Z RIS 45 R, FEEEAR
X5 AR Y Tk %R B 2k i (Hara et al, 2006; FREFE,
2013), FATEH RORATER L SCBREE AR/ N R [T, H
JEARAUKR HADBULRE A . A= B T IR A )
R, W 7 R N SRR A . A, AR
4 B A% A B AR AE K 3 J7 T & SR I R i i
A [A] R AL T B A 2 (Lacerda et al, 2013; Silva et al,
2016). BIHREAA C 19 HAB M 0.838, imm THRARSE
(2009)BIF G H IR SR T A, WoAR T M A A (15 IR VK &5
2012), i PHZE 5L 5 30 v 1A B 0 X ) N T 3% 3
A5 | B Y 1AL XU o

FE R 43 Ak 2 B(Gy) A2 S WLFE (AR () 38 4% A AL 2 3
EBESH, —MBIAN, Gy fHAE 0-0.05 Z AR, #F
Ry AL B Ss, MR EBE b Gy H1E
0.05-0.15 Z [A]I}, i A% ALK H 45 Gy R T 0.15
I, % /b K (Balloux et al, 2002), AHF5EH,
FEE 3 AFEARORE A S AL L 2B Gy (Hh
0.005-0.043, 3 MR [ RI R LKF, st
LA 55 o AR 2 8] 35 4% 434k R ECF- ¥9{E
9 0.019, BEH 3 ABEARIAE S 206 1.9% 2 H AN [H]
FEIRZ (] A 3L R AE S5 R, 1T 98.1% 0728 S ok I T
FEIRN . KIREE AR, SEARRHA M RIRHHA C
ol TR AL A A B M Tl R AR P i 22, Hop, SR
FEA M ZHCEEIH BE AR AT, BIERER C
LRI R BE AR A T B TR — ek
IN—ABERIE RS 21 55 — A TF AR B 1 5 2 5 R 2y 380
AR, DT = A B B R s (R #5717 46, 2004), &
R 95 3 R oAb R BCR UA G, BIIEPRRR , FEIAR
(AR R G, st oAbl /N (A A4S, 2004; XIS
£5F, 2008), MR AL FEH K (NL>S), Wi 3
ABERERRAG BN, R DHRPUR G, SAHISE
HHIL R oAb SR B2 A B S

10t A% 22 B T RSB A 5 A 2 PR A A B )
JRA B ZRE R B BRI A KR8 L MK
AN HERCAERE L BUR T T RSN R (B b
45, 2009; ZEMAE, 2014Y), ARBFIER, EABHAM S
[l TR A CA5 v 11 38 A% 22 /K ST 15 I 2 22 0 30 v
S 2 G % YR S RO TG S B S T, s AL 2R
RN T AR, SEMUaa, PREFRUR SR A B AR

o B IEAL ZRENE , XA AR SRR AE S KA (e it
PRI, Xl B R A 25 P P A B 2R
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Abstract

Japanese flounder Paralichthys olivaceus is the major species of released fish in the coastal

area of Qinhuangdao. In recent years, the ecological and genetic risks caused by releasing a large number
of hatchery-reared fish to the sea have attracted more and more attention. In this study, we used 12
microsatellite markers to analyze the genetic variability of the captured population of P. olivaceus from
the coastal releasing area of Qinhuangdao. We also compared parameters of genetic diversity among the
brood stock, the pre-releasing population and the captured population. The mean number of alleles was
between 11.917 and 22.167, and the maximum and minimum values were found in the captured
population and the pre-releasing population respectively. The mean observed heterozygosity (H,) ranged
from 0.800 to 0.836, and the mean expected heterozygosity (H.) was between 0.814 and 0.845. The brood
stock had the highest H. value, and the pre-releasing population had the lowest value. The mean
polymorphism information content (PIC) ranged from 0.775 to 0.818. Twenty-three out of 36 group-loci
combinations were significantly deviated from the Hardy-Weinberg equilibrium (P<0.05). The G values
among the five populations varied from 0.005 to 0.043, indicating a low level of differentiation. Results of
this study suggested the high genetic diversity of these three populations. Moreover, no obvious genetic
risk was caused by the large-scale releasing of hatchery-reared fish in the coastal releasing area of

Qinhuangdao.
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