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DNA

RAPD  AFLP

B

2001;

, 2005;

, 2002;
, 2006;

(Guo et al, 2005;
Chang et al, 2008a)

1.1

4—6

F,

15

(Pseudosciaena crocea)

1(bQl) -

1(DM1)

PCR

(Waldbieser et al, 2001;
Chistiakov et al, 2005; Alam et al, 2005; Aldbieser et al,
2007)

>

, 2006;

, 1999;
, 2003;
2006)

, 2006;

1(MY1)

Fi(%) -

*z1

Fi( <) 5 I(MDI) - Fi(¢)
Fi( <) 4
DQ2 MY2 DM2
MD2 1
1.2 DNA
S 3—4 10min
200ul (200pg/ml
K, 0.5% , 10mmol/L EDTA);
50 1—2h,
1—2
/ / (25:24 1), 3
; DNA 2
s 70% ; DNA
TE , 4
1.3
15 11
““HLJDH~~ (Chang et al,
2008a)(GenBank accession no. EU590671—EU590681)
4 ““LYC”” Guo (2005)
MEN (GenBank accession no.
AY885692—AY885696) 5
FAM ( )
14 PCR
PCR 15ul, 50mmol/L KCl,

10mmol/L Tris-HCI, 1.5mmol/ml MgCl,, 100pg/ml
, 4 dANTP  100umol/ml, 0.1% Triton X-100,

0.1% NP-40, 0.67umol/L, Tag
1U(Fermentas, USA), DNA 30—50ng PCR

94 3min, 28 (92 /20s,
50—59 /30s; 72 /45s), 72 10min

EEMRATIEEAHSRHENREARESR

Tab.1 The information of samples of large yellow croaker bred for two continuous generations

C.)

DQ1 (F»)
DQ2 (Fs)
MY1 (F»)
MY2 (F3)
DMI (F»)
DM2 (F3)
MDI (F,)
MD2 (F)

19
39
20
47
20
36
19
50

Fi(2)><

Fi(2)><
Fi(2)>
Fi(2)>

F, 2006.11
F, F, 2007.09
F, 2006.11

Fi F 2007.09
Fi(<) 2006.11
Fi(7) Fi F 2007.09
Fi( <) 2006.11
Fi(7) Fi P 2007.09
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Guo (2005) Chang (2008a, b)

PCR ABI PRISM 377
PCR 6mol/L 4.5%
, ROX-500(ABI)
, GENESCAN3.1
1.5
1.5.1
) (H,
H,) - (Hardy-Weinberg Equi-
librium, HWE) POWERMARKER (Liu et al,
2002) ; (Ne) POPGENE

(Yeh et al, 1999) ;
(Fis) (Weir et al, 1984)
2001) ;

FSTAT 2.9.3 (Goudet,

SPASS10.0
(Kruskal-Wallis test) (Sokal et al, 1995)
SAS 8.2
Fisher (P<0.05)
1.5.2 Fy Ry
IAM (Infinite Allele Model) SMM
(Stepwise Mutation Model) s
IAM
Fy, (Weir et al, 1984) MICROSATELLITE
ANALYSER (MSA; Dieringer et al, 2003) ;
SMM Ry, (Slatkin, 1995)
RstCalc (Goodman, 1997)
1000 (Permutation test)

1.5.3
Cavalli-Sforza (1967) D,
, 1000
bootstrap
MICROSATELLITE ANALYSER
PHYLIP 3.5¢ (Felsenstein, 1993) NEIGHBOR
, neighber-joining D,
, PHYLIP 3.5¢ CONSENSE
, MEGA4.0
(Tamura et al, 2007)

2

2.1
15

HLJDH143 MD2 21 ,
14 16(HLJDH137
HLJDH107) I5(HLJDH165  HLJDHI175
HLJDH186) 12(HLJDHO85 HLJDHI125)
11(HLJDH156) 10(HLJDH182) 9(HLJDHI185
LYC0003) 7(LYC0002 LYCO0004) 5(LYCO0006)
DQI1(8.4)
DQ2(8.1) MY1(8.8) MY2(9.3) DM1(8.5) DM2(9.2)
MD1(9.4) MD2(11.7), 8
(Kruskal-Wallis test, df =
7, P=0.488) (Ne)
(N)(P<0.05),

, 0.732—0.794 ,
(Kruskal-Wallis test, df = 7, P = 0.525)

DM1

(0.790),

MD1(0.747) DQ1(0.723) MD2(0.689) DQ2(0.667)

MY 1(0.647)

MY2(0.613)

DM2(0.598),

(Kruskal-Wallis test, df = 7, P =

0.012) ,
s 4 FZ

>

120
HWE ,
LYC0006) 8
MD1
7 12
HWE (P<0.01)(  2)
, 72
2.2
15
115
, 7
(HLIDH143) 8
(53.0%—66.5%)
25.1%
DM2

15 11
40 ,

Fs
@® <15 )
(HLJDHO085 LYC0002
HWE,
1—10
12 F,

85.7%(72/84)

215
(LYC0002), 23
(<0.05), 11.6%—
(0.05—0.10) ,
(
7
0.01—0.23
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Tab.2 Genetic variability in eight samples of large yellow croaker P. crocea

DQI (n=19) DQ2 (n=39) MY! (n=20) MY2 (n=47) DMI (n=20) DM2 (n=36) MDI (n=19) (E/gé)

HLJDH137 NIN, 9/3.8 11/6.7 13/7.3 14/7.9 12/7.3 15/10.5 11/7.1 16/10.3
H, 0.684 0.590 0.550 0.532 0.900 0.889 0.737 0.860

H, 0.716 0.851 0.833 0.873 0.841 0.904 0.832 0.903

P 0.056 0.000* 0.001* 0.000* 0.594 0.171 0.048 0.137

Fi 0.098 0.319 0.384 0.400 0.018 0.031 0.168 0.057

HLJDH143 NIN, 13/9.5 12/4.2 11/7.5 16/10.9 13/8.6 13/5.8 14/9.8 21/15.7
H, 0.895 0.667 0.750 0.766 0.850 0.778 0.947 0.840

H, 0.871 0.763 0.841 0.908 0.860 0.829 0.875 0.936

P 0.374 0.071 0.008* 0.001* 0.000* 0.017 0.472 0.006*
Fi 0.027 0.139 0.159 0.167 0.064 0.076 0.029 0.113
HLJDH156 NIN, 7/3.3 6/2.7 8/2.1 5/2.0 6/3.5 8/2.1 9/2.7 11/5.0
H, 0.579 0.564 0.300 0.191 0.750 0.361 0.737 0.480

H, 0.679 0.634 0.507 0.504 0.695 0.529 0.620 0.800

P 0.173 0.001* 0.000* 0.000* 0.618 0.000* 0.962 0.000*

Fis 0.200 0.123 0.451 0.627 0.027 0.330 0.135 0.409
HLJDH175 NIN, 12/3.3 11/8.4 9/4.7 12/8.2 10/6.6 10/3.8 10/5.39 15/9.0
H, 0.684 0.846 0.750 0.723 0.850 0.583 0.789 0.720

H, 0.676 0.881 0.766 0.878 0.826 0.740 0.792 0.889

P 0.052 0.271 0.234 0.000* 0.480 0.188 0.218 0.000*

is 0.043 0.053 0.073 0.186 0.023 0.225 0.058 0.200
HLJDH182 NIN, 6/4.3 7/3.5 7/4.9 9/6.8 9/5.4 8/5.7 10/7.1 8/6.1
H, 0.632 0.538 0.600 0.745 0.950 0.528 0.789 0.660

H, 0.743 0.715 0.770 0.853 0.799 0.825 0.834 0.836

P 0.002* 0.000* 0.001* 0.000* 0.923 0.000* 0.047 0.009*

Fis 0.200 0.259 0.269 0.137 0.139 0.372 0.107 0.220
HLJDH185 NIN, 7/3.0 7/4.4 6/4.9 7/3.0 9/3.8 6/3.4 8/5.6 9/4.9
H, 0.526 0.923 0.800 0.681 0.700 0.778 0.789 0.760

H, 0.648 0.775 0.776 0.669 0.718 0.705 0.800 0.795

P 0.083 0.996 0.401 0.690 0.004* 0.056 0.371 0.066

Fi 0.241 0.179 0.021 0.007 0.076 0.090 0.067 0.054
HLJDH186 NIN, 10/7.5 10/6.9 13/6.6 11/6.2 11/6.9 11/4.4 12/5.6 15/7.6
H, 0.842 0.769 0.800 0.468 0.900 0.361 0.842 0.720

H, 0.843 0.856 0.825 0.839 0.834 0.772 0.801 0.868
P 0.311 0.004* 0.159 0.000* 0.005%* 0.000* 0.624 0.151

Fi 0.058 0.114 0.082 0.450 0.027 0.543 0.004 0.180
HLJDHO085 NIN, 10/5.0 9/5.0 9/6.3 8/2.1 9/3.7 10/7.0 10/4.2 12/3.3
H, 0.579 0.872 0.800 0.532 0.700 0.750 0.737 0.620

H, 0.772 0.798 0.819 0.518 0.711 0.858 0.738 0.698

P 0.029 0.829 0.260 0.011 0.085 0.063 0.177 0.015

Fi 0.300 0.079 0.075 0.016 0.067 0.139 0.056 0.122
HLJDH107 NIN, 8/4.4 9/4.6 11/6.4 10/3.7 9/5.5 12/6.2 11/6.5 16/7.5
H, 0.842 0.744 0.700 0.617 1.000 0.722 0.789 0.860

H, 0.751 0.780 0.817 0.727 0.801 0.839 0.821 0.867
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( 2)
DQI (=19) DQ2 (n=39) MYl (n=20) MY2 (n=47) DMI (n=20) DM2 (n=36) MDI (n=19) (nM:]?(z))
P 0.638 0.162 0.011 0.008* 0.185 0.001* 0.194 0.063
F 0.067 0.060 0.194 0.161 0.199 0.153 0.092 0.018
HLJDHI25 NIN, 12/7.9 9/6.2 12/6.6 10/6.2 7/5.3 12/7.0 10/7.0 12/7.7
H, 0.842 0.718 0.800 0.809 0.800 0.639 0.842 0.580
H, 0.850 0.840 0.825 0.840 0.789 0.857 0.834 0.869
P 0.386 0.055 0.106 0.327 0.002* 0.000% 0.310 0.000*
F 0.063 0.158 0.082 0.048 0.038 0.268 0.045 0.342
HLJDHI165 NIN, 12/9.0 10/7.3 13/8.2 11/7.9 9/7.7 13/6.5 14/9.3 15/8.4
H, 0.895 0.895 0.744 0.638 0.850 0.500 0.842 0.760
H, 0.865 0.865 0.863 0.873 0.847 0.847 0.867 0.880
P 0.411 0.115 0.026 0.000* 0.000* 0.000* 0.442 0.028
F 0.021 0.151 0.227 0.279 0.049 0.421 0.083 0.147
LYC0002 NIN, 5/3.6 5/2.5 5/3.8 7/4.0 6/3.8 5/4.0 5/3.2 7/4.8
H, 0.632 0.632 0.564 0.766 0.700 0.778 0.789 0.880
H, 0.697 0.697 0.592 0.750 0.720 0.747 0.668 0.793
P 0.340 0.455 0.695 0.572 0.411 0.428 0.863 0.928
Fi 0.148 0.060 0.057 0.010 0.080 0.028 0.127 0.100
LYC0003 NIN, 6/4.8 7/4.8 6/3.4 8/5.3 6/3.5 6/2.6 9/4.6 9/5.0
H, 0.789 0.789 0.359 0.489 0.400 0.306 0.632 0.500
H, 0.768 0.768 0.790 0.811 0.684 0.610 0.756 0.798
P 0.152 0.000% 0.000* 0.000% 0.001* 0.000% 0.014 0.000*
Fy 0.027 0.554 0.522 0.406 0.457 0.510 0.217 0.382
LYC0004 NIN, 5/3.0 4/3.5 5/2.8 7/3.7 7/3.7 5/3.9 5/3.0 5/2.8
H, 0.737 0.737 0.795 0.638 0.700 0.556 0.737 0.620
H, 0.653 0.653 0.710 0.729 0.711 0.742 0.653 0.643
P 0.800 0.876 0.702 0.008* 0.005* 0.020 0.770 0.081
Fi 0.075 0.107 0.056 0.135 0.067 0.265 0.075 0.047
LYC0006 NIN, 4/2.8 4/1.4 4/1.8 4/2.3 4/2.7 4/2.2 3/1.4 5/1.9
H, 0.684 0.684 0.308 0.596 0.800 0.444 0.211 0.480
H, 0.622 0.622 0.291 0.570 0.611 0.551 0.269 0.481
P 0.827 0.698 0.048 0.620 0.985 0.187 0.155 0.105
F 0.045 0.045 0.365 0.034 0.261 0.206 0.269 0.019
P ; P<0.01
160
140} DQ1 DM1
< 120f
£ 100} B DQ2 B DM2
% Eg AMY1 O MD1
;T; sl MY2 & MD2

0.15-0.20
SV DR A R T R

0.05-0.10

1 15
Fig.1 Allele distribution at 15 microsatellites in each population
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- (P<0.05), 34.13%
, Fs (71/208)
(DQ2), 43.59% HLJDH143 Fy, s
110bp s F; DQ1/DQ2 (0.084),
(MY2) 5.32% ( MD1/MD2 (0.012), 0.047 F, 4
2) F, (DQ1  MY1), HLJDH143110 Fy 0.028—0.067, 0.0429,
13.16% 15.0%, F; 4 Fy 0.037—0.068,
0.0535 , Ry Fy R
DQI F,, (0.014—0.121), 0.060 ( 3)
2.3 (r = 0.817,
Fisher R P =0.01) 1000 , Foo Ry
, 0 (P <0.008)
HLJDHO085 LYC0006 8 D, 4 4 ,
, 13 F, F; DQ1/MD1(0.450),
208 R 71 MY2/DM1(0.296) F, DQI1 MY1
2 HLJDH143 DQ2 MY2 PAGE
Fig.2 Electrophoresis patterns of normal PAGE at locus HLIDH143 in population DQ2 and MY2
HLJDH143  110bp
R3 BEKEREDLIEE Fo( VAR R( )53
Tab.3 The analysis of genetic differentiation among pairs of samples based on estimates of F (below diagonal)
and R, (above diagonal)
DQI1 DQ2 MY1 MY2 DM1 DM2 MD1 MD2
DQ1 — 0.121* 0.069* 0.095* 0.071* 0.088* 0.063* 0.043*
DQ2 0.084* — 0.062* 0.094* 0.119* 0.078* 0.052* 0.061*
MYl 0.043* 0.055* — 0.048* 0.044* 0.033* 0.043* 0.053*
MY2 0.073* 0.054* 0.044* — 0.022* 0.054* 0.042* 0.066*
DM1 0.051* 0.061* 0.033* 0.018 — 0.055* 0.036* 0.050*
DM2 0.065* 0.068* 0.036* 0.061* 0.046* — 0.053* 0.058*
MD1 0.067* 0.039* 0.038* 0.021* 0.028* 0.048* — 0.014
MD2 0.054* 0.049* 0.038%* 0.037* 0.035* 0.053* 0.012* —

P<0.008
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(0.366), F, ,F;. DQ2 MY2 0.013—0.028 0.30—0.33( ,
0.03(0.396), 1999; , 2003; , 2006) ,
, Fy Ry
D, Fy Ry RAPD ,
R D, F, (r=20.774, P = 8
0.01) R, (r=0.615,P=0.01) N-J , F,
, 8 , F; (P<0.05) Reed (2003) ,
- , (fitness)
8 ; (3 ,
3 >
3.1
15 8
8.1—11.7, 92 i
0.598—0.790, 0.684 ,
RAPD
x4 S EHKERYIZMEREE(D,)
Tab.4 Genetic distance (D.) among pairs of eight samples
DQl1 DQ2 MY1 MY2 DM1 DM2 MD1 MD2
DQI
DQ2 0.426
MY1 0.366 0.391
MY2 0.431 0.395 0.401
DM1 0.437 0.424 0.406 0.296
DM2 0.387 0.407 0.351 0.388 0.398
MD1 0.450 0.390 0.410 0.345 0.387 0.409
MD2 0.418 0.418 0.369 0.345 0.386 0.392 0.314
98 MY2 1 (MD1) ,
g8 DM1 7 12
MD1 (P<0.01) HWE
86 = (Chang et al, 2008b), Fi
MD2
57 12
DQ2 7 Fi , 85.7%  Fj s
DM2 ; 7
HWE ,
pal Li  (2003)
MY1 .79
3 8 N-J 41 >
Fig.3 Phylogenetic trees based on genetic distance (D) using ,
Neighbor-Joining method
15 8 HWE
Hardy-Weinberg 3 )
(HLJDHO085 LYC0002  LYC0006) 8 HWE
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GENETIC DIFFERENTIATION BETWEEN F, AND F; CULTURED POPULATIONS IN
LARGE YELLOW CROAKER PSEUDOSCIAENA CROCEA

CHANG Yu-Mei', WANG Wen-Wen?, XU Wan-Tu’,

XUE Liang-Yi*, LIANG Li-Qun'
(1. Heilongjiang River Fisheries Research Institute, Chinese Academy of Fishery Sciences, Harbin, 150070; 2. The College of Life Sci-

ences, Nankai University, Tianjin, 300071; 3. Xiangshan Seaport Aquatic Seedling & Fingerling Limited Company, Xiangshan, 315702;
4. Life Science and Biotechnology Faculty, Ningbo University, Ningbo, 315211)

LI Ming-Yun®,

Abstract

Four populations bred consecutively for two generations (F, and F3;) were studied with genetic variability using 15 mi-

Large yellow croaker, Pseudosciaena crocea, is one of the economically important marine fish in China.

crosatellite markers. A total of 250 individuals comprised population Daiqu (DQ1 and DQ2), population Min-Yue (MYl
and MY?2) and their reciprocal crosses (DM1, DM2, MD1 and MD?2). The genetic variability of 15 loci was high for all the
populations. The mean numbers of alleles per locus ranged from 8.1—11.7, while the mean observed and expected het-
erozygosity ranged from 0.598 to 0.790, and from 0.732 to 0.794, respectively. There was no significant difference in allele
frequencies within F, and F; (P>0.05); however, approximately 34.13% differences were found between them. In addition,
the average values of F; between F, and F; were 0.0429 and 0.0535 respectively, having increased by 1% of genetic di-
vergence per generation. The Neighbor-Joining tree topology constructed on the basis of genetic distances among eight
populations showed also such a tendency, i.e. the genetic distance was generally increased between F, and F; during
breeding. The results mentioned above demonstrate that artificially selective breeding would strengthen the genetic diver-
gence between F, and F3, especially populations Daiqu and Min-Yue.

Key words Microsatellite, Genetic differentiation

Large yellow croaker, Genetic variability,
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