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2
Tab.2 Sequence linkage group and speci c annealing temperature of microsatellite primers

Locus
5 -3

Primer sequence 5 -3

/
Annealing

temperature
Linkage
group

GenBank
GenBank 

assession no.

Poli6TUF F CATGGATACACTCACAGACACA 60 1 AB037979
R CGATCAACGCTGCTGATG

Poli9TUF F GATCTGCAGAAACACACACTCA 62 5 AB037980
R GCGAGTTCTTCCTCAAATGC

Poli9-8TUF F GAGAGACAGAAGGTCGTCAACGGTA 62 15 AB037989
R ACAAAGACCACGATGCAAAGTGAC

Poli11TUF F ATGAAAACCACCAAGAATCCC 60 17 AB037981
R GGCGCATTTGGTAGTTTGTT

Poli13TUF F CACCTCCAGGTTCTACAGTCG 62 3 AB037982
R TCCTGCACAGAGGATGAAAA

Poli18TUF F CACGCACACACAAGCTCC 60 3 AB037983
R CGTGGGGTGAGGTTATGG

Poli19TUF F ATGGCTGTACTGCAGCAGG 60 4 AB037984
R CGCAAAAACAACAGATGTTCA

Poli23TUF F CACAGTGTCACAAAGTGGTGG 60 2 AB037985
R GGGTGTTCTGTGTCATGCTG

Poli30TUF F GAGACAACCCCCCAAGAAAT 60 2 AB037988
R ATCAGGGTATTGTTTTTGCCC

Poli117TUF F CAGTGATGAATGCACCCAGTCATAC 60 7 AB037992
R TCTGTACCGAAGAAGTGAGGGTGTC

Poli123TUF F TATCTGACCAGAACTGGAGGGTCTG 60 20 AB037994
R GCGTGTGCATTCGATATACATTTTG

Poli130TUF F GCGGTGAGGACTTTATTTCTGGACT 60 1 AB037996
R GTGGTACTGCAGAAAAGCGACTGTT

Poli131TUF* F TCTCTCTGCACGACGCTTATCCTAC 60 12 AB086523
R AGTGTGTCACCTGTTTGGTCCAAAT

Poli132TUF* F CTGAGGCAAAAATGCTTGGATACAT 60 11 AB086525
R CGCCACTCTAGTTTCATCTAAAACACG

Poli141TUF* F TATGCACAGTTTGAATGGGTGAATG 57 14 AB086537
R TATGACTTCCAGTACGACGTGGTGA

Poli147TUF* F TGGAACTGTGACAAGGAAAGAGAGG 60 18 AB086549
R ATAAAGCGGAGCTTGAACATGTCAC

* GenBank .
*Primer sequences were got from GenBank.

1.2 PCR
 8 Coimbra

7 CA

8 2
GenBank

2

PCR 25 L 10 buffer 
2.5 L Mg2+ 25 mmol/L 1 L dNTPs 2 mmol/L

 1 L 10 mol/L 1 L

1 L 30~50 ng  Taq DNA 1 U dd 
H2O 94 3 min 94  30 s
57~62  30 s 72  30 s 35 72 
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1 Poli130TUF 5

Fig. 1 Electrophoresis patterns of microsatellite locus ampli ed by primer Poli130TUF in 5 cultured stocks
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2.1
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1
A Ne Ho He PIC 3 16

Poli19TUF Poli117TUF
14 5

16 2~9

6.062 5
1.259 6~5.516 1 3.692

Ho 0.220 0~0.800 0
He 0.206 1~0.818 7 PIC 0.184 9~0.811 2

4 5
He Kruskal-Wallis 

H=0.672 df=4 P=0.955

2.2
5 GST

Nm 5
GST<0.05 6

0.05<GST<0.15 7
0.15<GST<0.25 2

GST>0.25 Poli6TUF
0.0991 9.91%

90.09%
Nm GST

Nm>4
Poli117TUF Poli147TUF Poli23TUF

Poli132TUF Poli130TUF Poli9TUF Poli19TUF
Poli9-8TUF Poli11TUF Nm < 
1 Poli6TUF Poli30TUF 5
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Tab.3 Number of alleles A number of effective alleles Ne observed heterozygosity  Ho unbiased expected 

heterozygosity  He  and PIC at the 16 microsatellite loci in cultured stocks of Japanese ounder Paralichthys olivaceus

Locus A Ne Ho He PIC
Poli6TUF 3 2.7508 0.3533 0.6365 0.5704
Poli30TUF 4 2.4586 0.4867 0.5933 0.5371
Poli117TUF 3 1.5413 0.3533 0.3512 0.2963
Poli123TUF 9 4.5281 0.6933 0.7792 0.7585
Poli131TUF 4 2.4844 0.3533 0.5975 0.5487
Poli147TUF 6 4.0114 0.6867 0.7507 0.7405
Poli23TUF 7 5.2497 0.72 0.8095 0.7964
Poli141TUF 9 4.6206 0.5333 0.7836 0.774
Poli132TUF 8 4.6083 0.7667 0.783 0.7724
Poli130TUF 7 4.9922 0.8 0.7997 0.7852
Poli9TUF 7 4.4973 0.5133 0.7776 0.7603
Poli19TUF 2 1.2596 0.22 0.2061 0.1849
Poli9-8TUF 6 3.0187 0.7267 0.6687 0.6575
Poli18TUF 7 3.9533 0.5867 0.747 0.7198
Poli11TUF 6 3.5785 0.68 0.7206 0.7043
Poli13TUF 9 5.5161 0.4933 0.8187 0.8112

4 5 16

Tab.4 Number of alleles A number of effective alleles Ne observed heterozygosity  Ho unbiased expected 
heterozygosity  He  and PIC at the 16 microsatellite loci in 5 cultured stocks of Japanese ounder

Population A Ne Ho He PIC
 Dandong 4.4375 2.9663 0.5146 0.5587 0.5274

 Beidaihe 4.5 3.2001 0.6354 0.6031 0.5607
Weihai 4.3125 4.3125 0.5063 0.6059 0.5476
Rongcheng 4.5 3.2966 0.5417 0.6482 0.5971
Qingdao 4.6875 3.1036 0.6042 0.631 0.5812
 Average 4.4875 3.3758 0.5604 0.6094 0.5628

5 GST  Nm

Tab.5 Coef cient of gene differentiation GST and Gene ow Nm among cultured stocks in Japanese ounder

 Locus GST Nm  Locus GST Nm

Poli6TUF 0.4644 0.2883 Poli132TUF 0.0568 4.1544
Poli30TUF 0.2336 0.8201 Poli130TUF 0.0287 8.4760
Poli117TUF 0.0524 4.5214 Poli9TUF 0.0394 6.0941
Poli123TUF 0.1083 2.0585 Poli19TUF 0.0356 6.7765
Poli131TUF 0.1728 1.1965 Poli9-8TUF 0.0315 7.6859
Poli147TUF 0.0502 4.7267 Poli18TUF 0.1260 1.7335
Poli23TUF 0.0310 7.8236 Poli11TUF 0.0421 5.6886
Poli141TUF 0.0809 2.8420 Poli13TUF 0.0682 3.4166

 Average 0.0991 2.2715
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2.3 Hardy-Weinberg 
16 Hardy-

Weinberg 2

d 7
5 Hardy-

Weinberg 7
3 10 Hardy-Weinberg

3
10 6 8

4 3

3

DNA DNA

10%
11 16

Poli19TUF
Poli117TUF 14

5
PIC 0.527 4~0.597 1

5

12

Sekino 1 11
3

0.59 0.71 4

Nei 10

D I 6
0.099 2

0.300 8

5
2 5 3

6
Tab.6 Nei s genetic identity I  and distance D  in 5 stocks of Japanese ounder

 Dandong  Beidaihe  Weihai  Rongcheng  Qingdao

Dandong 0.8172 0.7694 0.8057 0.7402
Beidaihe 0.2019 0.7704 0.8414 0.6832
Weihai 0.2622 0.2609 0.9056 0.8201

Rongcheng 0.2161 0.1727 0.0992 0.8313
Qingdao 0.3008 0.3810 0.1984 0.1848

.
Note Below the diagonal is genetic identity and above is the genetic distance.

2 UPGMA

Fig.2 Dendrogram of 5 cultured populations of Japanese ounder by UPGMA cluster analysis
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GST

1 0
GST 0

GST 1 5
GST

0.099 1
You 3

GST 0.119% 5

5 3
3

5

F1

2

Crawford 14

0.731 0 16
5

0.558 7~0.6482 0.609 4

5

Kruskal-Wallis H=0.672 df=4

P=0.955

PIC H

13

7 2 P d 
Tab.7 P value of Chi-square test for Hardy-Weinberg equilibrium and d value of heterozygote de ciency or excess

 Dandong  Beidaihe Weihai  Rongcheng  Qingdao

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

Poli117TUF 0.0304 0.3455 0.0795 0.3333 0.5632 0.085 0.0795 0.3333 0.3509 0.1438

Poli123TUF 0.0001** 0.095 0.0001** 0.0302 0.0059** 0.2084 0.0000** 0.0762 0.2102 0.0685

Poli131TUF 1 0.0000** 0.1073 0.0008** 0.3152 0.0000** 0.5914 0.0000** 0.1633

Poli147TUF 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

Poli141TUF 0.0000** 0.4733 0.0075** 0.2655 0.0088** 0.4103 0.0001** 0.4574 0.2051 0.2664

Poli132TUF 0.0357* 0.0543 0.0019** 0.2335 0.0404* 0.1025 0.1661 0.0949 0.1536 0.095

Poli130TUF 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

Poli19TUF 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

Poli18TUF 0.6294 0.1803 0.2225 0.3305 0.0089** 0.05 0.0001** 0.5427 0.2534 0.0462

Poli11TUF 0.1484 0.0679 0.0899 0.0793 0.0078** 0.274 0.0027** 0.0469 0.0014** 0.2

Poli13TUF 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.
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Analysis of genetic structure among 5 cultured stocks of Japanese flounder 
Paralichthys olivaceus

LIU Hai-jin1 ZHU Xiao-chen2 SUN Xiao-wen3 XUE Ling-ling1 ZHAO Ying-ying4 MAO Lian-ju5

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 ounder Paralichthys olivaceus  was assessed by 16 microsatellite loci which in the 
5 cultured populations showed allele number A  was 2 to 9 average allele number was 6.062 5 effective allele 
number Ne  was 1.259 6 5.516 1 averge effective allele number was 3.692 observed heterozygosity value Ho  
is 0.2200 to 0.8000 excepted heterozygosity value He  was 0.206 1 to 0.818 7. He values followed the order of 
Dandong Beidaihe Weihai Qingdao Rongcheng and a comparison by Kruskal-Wallis test revealed that there 
was no signi cant difference in genetic diversity of the 5 cultured stocks H=0.672 df=4 P=0.955 . The results 
also showed that the coef cient of gene differentiation between the stocks GST 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
Key words Japanese ounder cultured population genetic diversity microsatellite
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