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I EEFECh 2~9 A, FIE AR AN 6.062 5 B ST E R EL 1,259 6~5.516 1, PEIE A EF 4 3.692: &7 21
Fe& FEEMINAE (H,)0.220 0~0.800 0; &2 FE MAEME (H,)0.206 1~0.818 7. & EEAK 1A ToAm 2 2 & FE W BE 48 M/ B R R
WA PR ARSI L B T & VSR A, Kruskal-Wallis #3845 5 (H=0.672, df=4, P=0.955) W¥LH, 5 MBEAsfE S/ =
RNEE. BHAMERSMLEL (G #0.099 1, & BEARZ [RAFAE B £ 40 4b . R UPGMA J:3% 5 MBI T R 2,
5y 3 2 PHARRNALE & —2K, R R B B 3K, i liE SR A b 5/h . 55 Hardy— Weinberg
P U BRI AR R BT (d) MV ERRH, SEANE A TEROTFAER K ER . BETROSTER

YL 5 BEREE SR LR .
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PG R, AT T TR LUK
TFEEAR R, AR, IR TE B 2, R R 52 0
2K, i 20 4l 90 AT URFRIE T BRI, %5 7R
WM Ll B AR, 2 YR - BN EE . IEAE
oF 6F B4R B VR Rk, B E BT, e R
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H A2 % Sekino' R/l f#f L& 1 mtDNA IX 2
il DNA 43T b ic 0 A (1857 6 B A Je 44 0 7 7
AT T RGBT . BN 2238 0 F 67 (1 B A4 8
FR2ERE ST E 2R R B8 RAPD VI B ESEH AT
B, S rP T B AR BRI R R BEAR A E e 2, ot 9
T AR BRI AT A AL R T ST RO B S TR
] 3 B O 5 B R AR 10 A% 22 S R IT 5 i oK LR
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1.1 HRREEDNARE

EREFRE DT IR AR AP E A S AL
Ti IR AN AR TR (R D). PRSI
HEFHEGW A, AR K 9.6~39 cm, i
& 6.37~610 g, BAF AL 30 B, BIH 25
G EETHAP, BIELEEEET 80CH R
DNA $2H( S JRARIE %5 177k

R FEEREARSKR

Tab.1 Sources of Japanese flounder Paralichthys olivaceus
sampled in this study

BEAK Stock SRIK Source

JE 3 Beidaihe o EZK P BRI 57 B2 AL s ot 2wk
F+%< Dandong  ILTHHARRELIEAKFHRAF

J3%¥#% Weihai IWREGEEFEGE ER A IR A
S Rongcheng  LLZRZE kT MR L FH R4 #

o [ K 7 ) 2 B S K PRI ST 22

B & Qingdao e

EELWME : BRFHIECOUNE (96-920-44-01) 5 B ZHEH LR (2006BAD01A1207) 5 Al B Hk] (2006 #5 18).
{EE® . XS (1951-) , B4, W51 &, 0798 77 ) A2 A . E-mail: liuhaijin@hotmai.com
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1.2 PCREFRHKE RN Bt ™ SR ECT A 2 AN IEBUEE R DT, M
AHFF R B 8 X L EBI42€ H Coimbra JF GenBank K435 4/5 51, & 11 55145 41, B4R
RIOGFEHMDES W ", B hCcAES. HTTE  RESFFIBEELE 2.

1 B 52 e 5 A R 3 A 5 4, AR A F 67 ) 8 4 5

®2 SIUFF ESERESENREE

Tab.2 Sequence, linkage group and specific annealing temperature of microsatellite primers

o Bl (53 Eﬁ/ﬁ'ﬂg /C Ji‘fﬁl?# GenBank E3%5
Locus Primer sequence (5’ -3’ ) Annealing Linkage GenBank
temperature group assession no.

Poli6TUF F: CATGGATACACTCACAGACACA 60 1 AB037979
R: CGATCAACGCTGCTGATG

Poli9TUF F: GATCTGCAGAAACACACACTCA 62 5 AB037980
R: GCGAGTTCTTCCTCAAATGC

Poli9-8TUF F: GAGAGACAGAAGGTCGTCAACGGTA 62 15 ABO037989
R: ACAAAGACCACGATGCAAAGTGAC

PolilITUF F: ATGAAAACCACCAAGAATCCC 60 17 AB037981
R: GGCGCATTTGGTAGTTTGTT

Polil3TUF F: CACCTCCAGGTTCTACAGTCG 62 3 AB037982
R: TCCTGCACAGAGGATGAAAA

PolilSTUF F: CACGCACACACAAGCTCC 60 3 ABO037983
R: CGTGGGGTGAGGTTATGG

Polil9TUF F: ATGGCTGTACTGCAGCAGG 60 4 AB037984
R: CGCAAAAACAACAGATGTTCA

Poli23TUF F: CACAGTGTCACAAAGTGGTGG 60 2 ABO037985
R: GGGTGTTCTGTGTCATGCTG

Poli30TUF F: GAGACAACCCCCCAAGAAAT 60 2 ABO037988
R: ATCAGGGTATTGTTTTTGCCC

Polill7TUF F: CAGTGATGAATGCACCCAGTCATAC 60 7 AB037992
R: TCTGTACCGAAGAAGTGAGGGTGTC

Polil23TUF F: TATCTGACCAGAACTGGAGGGTCTG 60 20 AB037994
R: GCGTGTGCATTCGATATACATTTTG

Polil30TUF F: GCGGTGAGGACTTTATTTCTGGACT 60 1 AB037996
R: GTGGTACTGCAGAAAAGCGACTGTT

Polil31TUF*  F: TCTCTCTGCACGACGCTTATCCTAC 60 12 AB086523
R: AGTGTGTCACCTGTTTGGTCCAAAT

Polil32TUF*  F: CTGAGGCAAAAATGCTTGGATACAT 60 11 ABO086525
R: CGCCACTCTAGTTTCATCTAAAACACG

Polil41TUF*  F: TATGCACAGTTTGAATGGGTGAATG 57 14 ABO086537
R: TATGACTTCCAGTACGACGTGGTGA

Polil47TUF*  F: TGGAACTGTGACAAGGAAAGAGAGG 60 18 ABO086549

=

: ATAAAGCGGAGCTTGAACATGTCAC
* 519175 )\ GenBank 345 .

*Primer sequences were got from GenBank.

PCR [z N & & & 25uL, £ & 10 Xbuffer 1 uL (30~50 ng) . Tag DNA & &8 1 U, Ini&E & dd
2.5 uL~ Mg* (25 mmol/L) 1 uL dNTPs (2 mmol/L) H,0. SNWFESFH: 94 ‘C A% 3 min, 94 C 30,
% 1uL. F F #5914 (10 umol/L) % 1 uL. 5 Jix 57~62 °C 30,72 C 308,35 MEH, &5 72 C
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#E{H 10 min, PCR ¥~ 3% 7€ PE9700 %! PCR ¥ I
7. PCR F= 4 M 5K F 2% T B W 5 A sl 0k,
& 1/20 46 B K Goldview, ik & 10 mg/L.
GDS8000 #E 12 B AGAX HEAH, 4738 7= 4 | Bx K /)N
Gel-Pro Analyzer 4.5 &3 T84 7047 -
1.3 HIRSHT

WHET 5 AFREBRAE 16 DM B S 11
S E AR AL () P RGE A B (V)
RS E E (H) T3 T R 5 2% &
8 (H), [ B8 T % B 78 % AN A2 S Hardy-
Weinberg #4525 $8 50 (d) 45 B 4 [R) 110 182 4 A AL
PR (D) IBRBEE (D) ERMMERE (Gsy) F
FRFE (V)Y Bh B 5 50 iR A 2 )
A Popgene 1.32 #b¥E. H SPSS 10.0 # A4 %f % {if
R ARG A E (H,) HET Kruskal-Wallis £759 .
f#f F{ MEGA3.0 % ff, SR EL UPGMA # &R 5
AR IRRY (D) #ATEREE.

2 ERESH

2.1 EEESHE

AW A B 16 X BE 51 W3 e F
A S B8 R MG A N [RIYE T A (1
Do R AN AL TE 57 T BEARS R 2 AR S 5
A\ N, H,» H #1 PIC {65 T 3& 3. fEPT R 16
AL, Polil9TUF W) % &ML 51K Polill 7TUF
Z ARG K& 14 A8 E S MR F R
BEM 2 At 16 A0 55 60 3 R0k 2~9

A, ST FE TR BN 6.062 55 5 2025 i 3 R %
1.259 6~5.516 1, V3 30 5 A0 5L R4k 3.6925 &1
BB 7R A BESLIAE (H,)0.220 0~0.800 0; 7% & FF
Y (H,)0.206 1~0.818 7; PIC 0.184 9~0.811 2.

T B, PEARBEAR IR AR 2 B AR, SR
B R S, Wk 4. 0 S BRI G I 5 24 & 15 11
HEAE (H) #1T Kruskal-Wallis £ %, Z 7 A~ B &
(H=0.672, df=4, P=0.955) . Uil & HAMBifE 2
FEE BA Z 5, (BHEA ARG R B EKE,
22 BRI

SABERE AL SRR R (Gy) FIEE
I (V) W38 S, % B 4 2 [A) A7 78 3% B 15t 4% 4%
1 (G<0.05) HIDL M H 6 4~ A % 4 1k
(0.05<G;<0.15) WL fAH 74 B KEE 010
(0.15<G<0.25) [P B 2 A4 2 AE R R &
34 (G>0.25) (A B A K H Poli6TUF., % B
4 ¥ 35 1) 55 R 40 A6 R B0k 0.0991, R IH 9.91% (1)
A4 Ak B BEKTE], 90.09% F 38 245 A6k B B
RN Ny 5 Ger & 5 AH R, DR 122 51 98 BT e P
BRI o b 5 B R A i RO AL AR
P 55 R RE I RN, T8 BEAAR (R 8 A A B8/ (N, >4)
{¥) 7 B 4 Polill7TUF Polil47TUF. Poli23TUF
Polil32TUF . Polil30TUF. Poli9TUF. Polil9TUF .
Poli9-8TUF . Polill TUF; {£ BEfR I 4r b A (N, <
1) BI47 5 Poli6TUF. Poli30TUF, H. 4% 7 J54E 5
AL AE & BHA Z AP e — BRI k.

Beidaihe

Weihai

Rongcheng

B 1 B EA A Polil30TUF 78 F 8 5 MR R 18 45 R

Fig. 1 Electrophoresis patterns of microsatellite locus amplified by primer Poli130TUF in 5 cultured stocks
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Tab.3 Number of alleles (4), number of effective alleles (V,), observed heterozygosity ( H,). unbiased expected
heterozygosity ( H,) and PIC at the 16 microsatellite loci in cultured stocks of Japanese flounder (Paralichthys olivaceus)

(A=) e NER kA B RS R R Fe EIUE Todmn g B HIEE g EHHEREE

Locus A N, H, H, PIC
Poli6TUF 3 2.7508 0.3533 0.6365 0.5704
Poli30TUF 4 2.4586 0.4867 0.5933 0.5371
Polill7TUF 3 1.5413 0.3533 0.3512 0.2963
Polil23TUF 9 4.5281 0.6933 0.7792 0.7585
Polil31TUF 4 2.4844 0.3533 0.5975 0.5487
Polil47TUF 6 4.0114 0.6867 0.7507 0.7405
Poli23TUF 7 5.2497 0.72 0.8095 0.7964
Polil41TUF 9 4.6206 0.5333 0.7836 0.774
Polil32TUF 8 4.6083 0.7667 0.783 0.7724
Polil30TUF 7 4.9922 0.8 0.7997 0.7852
Poli9TUF 7 4.4973 0.5133 0.7776 0.7603
Polil9TUF 2 1.2596 0.22 0.2061 0.1849
Poli9-8TUF 6 3.0187 0.7267 0.6687 0.6575
Polil8TUF 7 3.9533 0.5867 0.747 0.7198
PolilITUF 6 3.5785 0.68 0.7206 0.7043
Polil3TUF 9 5.5161 0.4933 0.8187 0.8112

R4 FEESDFRERHEE 16 M IEEMNENEMNERY FRECERH . FAENUE,
TREAEHEE.ZTEREE
Tab.4 Number of alleles (4), number of effective alleles (N, , observed heterozygosity ( H,), unbiased expected
heterozygosity ( H,) and PIC at the 16 microsatellite loci in 5 cultured stocks of Japanese flounder

MR SR EH AR A BN Tz o BRI LEEREE
Population A N, H, H, PIC
#1 7= Dandong 4.4375 2.9663 0.5146 0.5587 0.5274
JL#T Beidaihe 45 3.2001 0.6354 0.6031 0.5607
J8¥ Weihai 43125 43125 0.5063 0.6059 0.5476
PR B¢ Rongcheng 4.5 3.2966 0.5417 0.6482 0.5971
% & Qingdao 4.6875 3.1036 0.6042 0.631 0.5812
14 Average 4.4875 3.3758 0.5604 0.6094 0.5628

RS FHFEFESUSNERZURY G 71 EER N,

Tab.5 Coefficient of gene differentiation G and Gene flow N,, among cultured stocks in Japanese flounder

37 1, Locus Gsr N, 37 55, Locus Gyr N,
Poli6TUF 0.4644 0.2883 Poli132TUF 0.0568 4.1544
Poli30TUF 0.2336 0.8201 Polil130TUF 0.0287 8.4760
Polill7TUF 0.0524 45214 Poli9TUF 0.0394 6.0941
Poli123TUF 0.1083 2.0585 Polil9TUF 0.0356 6.7765
Polil31TUF 0.1728 1.1965 Poli9-8TUF 0.0315 7.6859
Polil47TUF 0.0502 47267 Polil18TUF 0.1260 1.7335
Poli23TUF 0.0310 7.8236 PolillITUF 0.0421 5.6886
Polil141TUF 0.0809 2.8420 Polil3TUF 0.0682 3.4166
¥ Average 0.0991 22715
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A Nei (-5 705 M 8T S BEOR R0
FRERES (D) Mt A —FE (D) (3£ 6) . B AR
AR B IR (0.099 2), FHAR 575 M RE AL FE R
iz (0.300 8) -

HRAE 25 TEAK 2 () B T AR BE L, 6F 5 A FRIE T
HATIRIE (1 2) . S AR Z N 338, FHACH
Blek REIEZ S e W IS E i b L S A |
JERK, EF BRMT —K.

Fo EEEERALUMRY
Tab.6 Nei’ s genetic identity (I) and distance (D) in 5 stocks of Japanese flounder

F1 %< Dandong JE3%77 Beidaihe JHIE Weihai ZR A% Rongcheng # & Qingdao
F1 % Dandong - 0.8172 0.7694 0.8057 0.7402
JE#IT Beidaihe 0.2019 - 0.7704 0.8414 0.6832
JRIE Weihai 0.2622 0.2609 - 0.9056 0.8201
SR % Rongcheng 0.2161 0.1727 0.0992 - 0.8313
# & Qingdao 0.3008 0.3810 0.1984 0.1848 -
T A LUT AR R A R ALl R AR I R R
Note: Below the diagonal is genetic identity and above is the genetic distance.
[ WETHAI
| RONGCHENG
QINGDAO
DANDONG
BEIDAIHE
0.12 0.10 0.08 0.06 0.04 0.02 0.00

2 KH] UPGMA RZEEME I 7 32
Fig.2 Dendrogram of 5 cultured populations of Japanese flounder by UPGMA cluster analysis

2.3 Hardy-Weinberg “E &

XF 16 Ak BT R S50 BE K1 % 5 Hardy-
Weinberg P11 1 4UE& FERT K, 7 2 0351 25
B @, 81 NET.

SAEEAE L T, PR AE B B 45 B Hardy-
Weinberg ¥4 [} A7 5V D, 40 3l &H 7 AN el H
R 3IANBEARERE A 10 A7 05 W 2 Hardy-Weinberg
V. B0 R B 3 AN RR I 22 T sk
KB Z, 77 I 1068 ANOL A, FF R AR
RIAHE FEHRMALTE D, 40 0F 4 7134,
M H R IR 2 & R A e & 7 ik FE A7 i AE &
TR Z AR 225
3 iTit

WAL 2R (2R R ) 2 R P I B A
gy, E R A A R AL AR B R AR AR R, T
DNA 28 &5 B I EAE, Pl DNA IR B R
W T R AR AR R AR . TR A 2 A

R 10%, e HEFR I AR E ARG EE
PR AR AT Y ARRTIRTE I 16
AN D EAL 229, B Polil 9TUF FHHARE 245,
Polill 7TUF I A H 2 A LSRN, KR 14 A7 R
HRINA =22, s 2 N F T PR R
A I e K RIE B I REST. 755 ADE
PR, SE PIC K 0.527 4~0.597 1, F/NEIK AR IR h
FHAR B AL F S SR, S AR I &
EZ AT R 5 AR BRI A SRR
B EEEERA.

A G FERE I B AR TE 2 A0 8 B iR
S RERBAREE RN - RESE ™. W
W 2 & P2 B B4 3 9 B8 % & P2 (B, 3R A O i
52 A0 Rk B Rl AT A TR 3R S AN, B A A
Tigt AL E R A . Sekino™ FH 11 X 1 DA
Yynr H AR 3 AN F2 B8 B AR B AT R W, K B A
0.59 ~ 0.71, F Hi%% 0 56 1L 2% oF 6F 37 58 BE ARG )
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B2 R 0.731 0. ARHFSTR A 16 4> 1 & s
RLATIN S AN SR A A4 1 25 T0 M 1 2% & B B B (E
3 0.558 7~0.6482, ~F- 1) 4 0.609 4, LV {if [ 4 2|
WL 45 AR AT H R A, F 2R TR AR
PESIMAFERE. 5 BT 2 TC I 4% &
P MR AR B/ B R IR R = PR AR B 8ok &
B SRR X B RS R T IR 2% T A
BEAT Kruskal-Wallis #:4, H 458 (H=0.672, df=4,

P=0.955) & X BIG T B R E KT, R A
WAL SRR AT R —KF. 28GR
EHE (PIC) MIZvAE (H) R EFEA NG AR
(bR HAR B B S BRRR AR A A R 2 51 B2, $ e
Ui o N N N S~ P S
T H A& SR A R 01 2 R 1R LR,
BRA BRI EMET -

®7 P EEMRE P) SEERERER @

Tab.7 P value of Chi-square test for Hardy-Weinberg equilibrium and d value of heterozygote deficiency or excess

£ F17% Dandong JL#EIT Beidaihe BHF Weihai SRk Rongcheng # & Qingdao

Locus P d P d P d P d P d
Poli6TUF 0.8801 0.0305 0.0000%* 0.4737 0.4419 -0.1321 0.0000%*  -0.0179 0.3187 -0.1986
Poli30TUF 0.4412 0.0759 0.6522 0.1346 0.4749 0.0311 0.8362 0.0658 0.5744 0.118
Polill17TUF 0.0304 0.3455 0.0795 -0.3333 0.5632 0.085 0.0795 -0.3333 0.3509 0.1438
Polil23TUF  0.0001** 0.095 0.0001** -0.0302 0.0059**  -0.2084 0.0000%* 0.0762 0.2102 0.0685
Polil31TUF 1 0.0000%* 0.1073 0.0008%** 0.3152 0.0000%* 0.5914 0.0000%* 0.1633
Polil47TUF  0.0009** 0.393 0.0006** 0.2087 0.3932 0.0505 0.1368 0.006 0.0001** 0.2897
Poli23TUF  0.0009** 0.1411 0.0637 -0.0924 0.0081** 0.3727 0.0413* 0.1961 0.1596 -0.1932
Polil41TUF  0.0000** 0.4733 0.0075%* 0.2655 0.0088%* 0.4103 0.0001%** 0.4574 0.2051 -0.2664
Polil32TUF  0.0357* -0.0543 0.0019%* -0.2335 0.0404* 0.1025 0.1661 -0.0949 0.1536 0.095
Polil30TUF  0.3061 0.0136 0.0001** 0.2455 0.0132* 0.0108 0.0025%* 0.0128 0.0187* 0.0902
Poli9TUF 0.0000%* 0.3539 0.0024** 0.2344 0.1361 0.2157 0.0000%* 0.5937 0.0000%* 0.6675
Polil9TUF 0.5632 0.085 1 - 0.3655 -0.1765 0.5062 -0.1321 0.302 -0.2
Poli9-8TUF 0.0943 -0.4896 0.0000%* -0.2329 0.0000%* 0.0491 0.0000%* 0.0816 0.0152* -0.0928
PolilSTUF 0.6294 0.1803 0.2225 0.3305 0.0089%* 0.05 0.0001%* 0.5427 0.2534 0.0462
PolillITUF 0.1484 0.0679 0.0899 0.0793 0.0078%* 0.274 0.0027%* 0.0469 0.0014%** 0.2
Polil3TUF  0.0002** 0.3379 0.0000%* 0.2899 0.0000%* 0.6404 0.2161 0.2394 0.0078** 0.2651

*: P<0.05; **: P<0.01.

SER R B B R T R (G
FEAR AN 1T 2 00 UBFIRAY BT B 55 (LR R AR L
FAIFN, Gor MMEIEIET 0, % BEARIE L% H 4
oy 24 B 18] P 3804 43 (L3 KIS, U8 B a8t A 22 A
U TR BRI, Gy EEEET 1. 5AF
0 75 B R P A T 7 it AR 1L AR 5 R 8 (Gyp)
h0.099 1, 32 B & BEAR 2 [BIA7AE P PRI 45 40 1k
You % B )W 1) A< 3 9 B A R LA (8 R AR
5 (Gsp) N 0.119%. FILAT I, 5 77 58 B 8] )
045 AR S L5 T AR R RCRT 7% B R AR 1) () AR S R R
AL . S NSRBI RG R AR AT LAY R 3 A
K2, LR 3 NFRIERER D, BRI 2 BB AR
M. B B S A R R S A
JEIR R A A B F AR IR AR S5 MHEAT 34T, 45 RAIE I

2NEEORYET R — A0 B AL ARG, B S
AT R NI T — R L, HIX R AR T
WA &« A T BRI AR B R UE, (D
R EREARIE AR BRI R AR

F T H [ 2 B R A B A, SRR R T R
I EFAE TR, AN () X ) B 2 555 0 10 5 [ R AT O
2 FLR B . b T I S v R A il ) 22
SRR B BB, ARA D REEE. €
b T o B JE A B R A S R
L YA » (5 2 H AT AN A2 DA e HLt 1 22 4
PP AR TR

Crawford % " 8 4 1 5 BARAE R 2 2 1Ak
LRI, WA ATEE 77 200 R T a4 A ik
A 5 » ok 1 B 5 6 R DRI F) 50 B i e £ 19
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TPk B T B AT H A a0 e B 8 B i S e A
I 1) AR AL, A S it ) B it AR AR SR A A AT
I I BEIR I AR BT AR B B A R AR AT &
5 ANFRBEAE A Mg o0 A M FR B DD 52 5 A1 e ik H %
TR A SRR LR 2, JP A — 2 it fe 7
b, TR B AR T B AT SR L R R, — 7 T OR A
A I FE LA, 5y — 777 Tt 2 78 7 M) P gt 1 22
P I M
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Analysis of genetic structure among S cultured stocks of Japanese flounder
Paralichthys olivaceus

LIU Hai-jin', ZHU Xiao-chen’, SUN Xiao-wen’, XUE Ling-ling', ZHAO Ying-ying*, MAO Lian-ju’

(1. Chinese Academy of Fishery Sciences, Beijing 100039, China; 2. Beidaihe Central Experiment Station, Chinese Academy of
Fishery Sciences, Qinhuangdao 066100, China; 3. Heilongjiang River Fisheries Research Institute, Chinese Academy of Fishery
Sciences, Harbin 150070, China; 4. College of Aqua-life Science and Technology, Shanghai Fisheries University, Shanghai
200090, China; 5. Life Science and Technology Institute, Dalian Fisheries University, Dalian 116023, China)

Abstract: Genetic divergence within and between 5 cultured stocks (Dandong, Beidaihe, Weihai, Rongcheng
and Qingdao) of Japanese flounder (Paralichthys olivaceus) was assessed by 16 microsatellite loci which in the
5 cultured populations showed allele number (4) was 2 to 9; average allele number was 6.062 5; effective allele
number (N,) was 1.259 6-5.516 1; averge effective allele number was 3.692; observed heterozygosity value (H,)
is 0.2200 to 0.8000; excepted heterozygosity value (H,) was 0.206 1 to 0.818 7. H, values followed the order of
Dandong, Beidaihe, Weihai, Qingdao, Rongcheng, and a comparison by Kruskal-Wallis test revealed that there
was no significant difference in genetic diversity of the 5 cultured stocks (H=0.672, df=4, P=0.955). The results
also showed that the coefficient of gene differentiation between the stocks (Gg;) was 0.0991, there were moderate
genetic differentiation among these 5 cultured populations. The genetic distance of 5 cultured populations was
calculated and the cluster analysis by UPGMA method was carried out that all populations were pooled into
three groups: Dandong, Beidaihe and Shandong (including Weihai, Rongcheng and Qingdao). Among the 3
populations of Shandong, Weihai and Rongcheng were more similar. Hardy-Weinberg equilibrium analysis in
16 microsatellite loci by Chi Square test and genetic deviation index (d) showed a remarkable difference in
populations. [ Journal of Fishery Sciences of China, 2008, 15 (1) : 30-37]
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