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Abstract: Genetic diversity of grass carp was studied by using microsatellite DNA markers, on the wild population
from Jiangsu Hanjiang National Four Major Chinese Carps Seed Farm and the cultured populations from Freshwater Fish-
eries Research Center Aquatic Breeding Farm and Wuxi Qianzhou Aquatic Breeding Farm. The number of alleles generat-
ed from each locus ranged from two to eight at the ten assessed loci. The number of effective alleles (a, ), polymorphic in-
formation content (PIC), expected heterozygosity ( He) and the average observed heterozygosity (Ho) were all the highest
in Hanjiang wild population as 3.9, 0.506 8, 0.693 9, 0.7 respectively. Meanwhile Wuxi Qianzhou cultured stock had
the lowest value: 2.2, 0.179 6, 0.523 5, 0.528 6 respectively. All these parameters of FFRC population were between
the above mentioned data, being: 3.5, 0.290 2, 0.541 8, 0.542 9 respectively. All those results showed that the genetic
diversity of wild population was more sufficient than that in the cultured populations. Coefficients of gene differentiation
(Gst) between Hanjiang wild population and FFRC population, as well as Qianzhou population being 0.219 and 0.246,
which were larger than those between the two cultured populations being 0.034. This indicated that the gene differentiated

more seriously between wild and cultured populations than those between cultured ones. ¥ significance test for the relative
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magnitude of genetic differentiation ( Fsy) showed that three loci GM18, MFW1-1, MFW1-2, differentiated most signifi-
cant among populations; GM03-2, MFW5 significant, others insignificant. Hardy-Weinberg equilibrium was detected for
each population over per loci. The results showed that GM03-1, GM03-2, GM18 deviated from the equilibrium in cultured
population for heterozyosis deficiency and GM19 in wild ones for heterozyosis excess. According to our study, inbreeding

may decrease the genetic diversity and accelerate homozygotes of the offspring.
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PCR 1 94 C 5 min
1.4 PCR 94 C 30s Tm 45s 72 C 30 s
25 pL PCR Buffer Mg?* 35 72 C 10 min
1 0.2 mmol/L dNTPs 1.5
1.0 pmol/L Tag 1.0U 100 ng 2 % EB
1 PCR
Tab. 1 Microsatellite loci their primer sequence and conditions of PCR
Primer sequence Annealing temperature Mg?* concentration
Locus
5'-3 C mmol/L
F  ttetace atggtttctace
Ceal6 R u(fgi;gff;afiugcﬁﬁf ‘ >3 1.3
Cea07 E ccattgegctgtaatatgaggttt 55 1.5
cgcttcaacaccaggggactg
Ceal2 % acgcegtccggctgacattagage 58 1.2
acaacccecgatccecaacaca
MFW1 E cagcegetggatcccaactg 60 1.5
geagatgcgtagcaatgtaaacc
MFW5 F  gagatgcctggggaagtcac 57 1.5
R aaagagagcggggtaaaggag ’
F totatettteactaaccac
ows § e “ E
F ctttcteattecattt
GMI8 R ?;gg;t;itg;;aagggttg 60 1.5
< F accgccaagtatggtgac
ST N e @
8% Fixation Index ~ Nei 1975
100 V 12 h F= He-H, /He
1.6 Nei 1975
DNA Gsr= Hr-Hs /Hr
Gsr Hy
1 Hyg
3 k Popgen32 2
3
2.1 PCR
Crow & Kimura 1965 8
a.= 1/ pi? pi i 10
MFW1  GMO3
Botstein 1980 MFWI1-1 MFWI1-2  GMO03-1 GMO3-
k , k=1 k ) 2 I A GM18
PIC=1 - Zpi— 2 ZZpipj B
i=1 i= 1 j=i+l
el X MFW1
=2>, Xipip 1= pip
i=1j=i+l 10
k Pi D Lo 2~8 55 21
3
Hy = /
3
Nei 1972  He=1->p? 50 35 31
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1 MFW5 1 5 Ccal2 1 8
GM18 7 MFWI-1
1 2 GMO3-1 1 6 GMO03-2 5 GMI19 2
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Fig. 1 Demonstration of microsatellite locus amplified by different primers in three grass carp populations
M marker pUCI9 DNA/Mspl 1~7 Hanjiang wild population 8 ~ 14 Freshwater Fishery Re-
search Center population 15~ 21 Wuxi Qianzhou population
2 10
Tab. 2 Allele frequencies of 10 microsatellite loci for natural and cultured stocks in three grass carp populations
Populations Populations
Locus Allele HIYSP FFRCP WXQZP Locus Allele HJYSP FFRCP WXQZP
GMO3 -1 1 0.071 4 0.000 0 0.000 0 MFW5 1 0.071 4 0.000 0 0.000 0
2 0.071 4 0.071 4 0.000 0 2 0.357 1 0.071 4 0.071 4
3 0.1429 0.357 1 0.000 0 3 0.071 4 0.428 6 0.428 6
4 0.2143 0.214 3 0.214 3 4 0.2857 0.214 3 0.000 0O
5 0.142 9 0.357 1 0.357 1 5 0.1429 0.000 0 0.000 0
6 0.071 4 0.000 0 0.000 0 6 0.0714 0.2857 0.500 0
7 0.1429 0.000 0 0.428 6 Ccal7 1 0.000 0 0.071 4 0.142 9
8 0.142 9 0.000 0 0.000 0 2 0.2857 0.2857 0.714 3
GMO03 -2 1 0.214 3 0.500 0 0.000 0 3 0.071 4 0.071 4 0.000 0
2 0.2857 0.1429 0.1429 4 0.428 6 0.2857 0.071 4
3 0.142 9 0.2857 0.571 4 5 0.071 4 0.2857 0.071 4
4 0.214 3 0.071 4 0.2857 6 0.1429 0.000 0O 0.000 0
5 0.142 9 0.000 0 0.000 0 Ccal6 1 0.571 4 0.500 0 0.571 4
GM18 1 0.000 0 0.000 0 0.071 4 2 0.428 6 0.500 0 0.428 6
2 0.000 0 0.142 9 0.071 4 GM19 1 0.071 4 0.1429 0.000 0
3 0.214 3 0.071 4 0.000 0 2 0.571 4 0.642 9 0.642 9
4 0.071 4 0.2857 0.714 3 3 0.428 6 0.214 3 0.2857
5 0.1429 0.357 1 0.1429 4 0.000 0 0.000 0 0.071 4
6 0.428 6 0.142 9 0.000 0 Ccal2 1 0.071 4 0.000 0 0.000 0
7 0.142 9 0.000 0 0.000 0 2 0.071 4 0.071 4 0.000 0
MFW1 -1 1 0.071 4 0.000 0 0.000 0 3 0.1429 0.000 0 0.357 1
2 0.142 9 0.000 0 0.000 0 4 0.1429 0.071 4 0.071 4
3 0.071 4 1.000 0 0.500 0 5 0.2857 0.071 4 0.357 1
4 0.428 6 0.000 0 0.500 0 6 0.1429 0.78517 0.000 0
5 0.2857 0.000 0 0.000 0 7 0.071 4 0.000 0 0.214 3
MFW1 -2 1 0.142 9 0.142 9 0.071 4 8 0.071 4 0.000 0 0.000 0
2 0.000 0 0.642 9 0.142 9
3 0.214 3 0.214 3 0.785 7
4 0.642 9 0.0000 0.000 0
HJYSP Hanjiang wild population ~ FFRCP Freshwater Fishery Research Center population =~ WXQZP

Wuxi Qianzhou population
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Tab. 3 Mean heterozygosity at 10 microsatellite loci assessed for the natural and cultured stocks in three grass
carp populations

Effective num- Pjolymoryhic Fixation Observed heter- Expected het-
Locus Populations Allele bers of allele information index ozygosity erozygosity Mean héte_
a content rozygosity
a, PIC F Ho He

GMO03 -1 HJYSP 8 7.000 0 0.738 9 0.167 7 0.714 3 0.857 1
FFRCP 4 3.2667 0.4240 0.382 4 0.428 6 0.7313 0.802 7
WXQZP 3 2.800 0 0.2593 0.777 8 0.1429 0.642 9
HJYSP 5 4.666 7 0.3752 0.272 7 0.571 4 0.7857

GMO03 -2 FFRCP 4 2.800 0 0.158 3 0.777 8 0.1429 0.666 7 0.757 4
WXQzZp 3 2.3333 0.273 2 0.500 0 0.2857 0.571 4
HJYSP 5 3.629 6 0.5952 0.2113 0.5714 0.724 5

GM18 FFRCP 5 3.920 0 0.696 9 0.2329 0.571 4 0.642 9 0.773 2
wWXQzp 4 1.849 1 0.463 4 0.377 8 0.2857 0.459 2
HJYSP 5 3.3793 0.783 6 0.594 2 0.2857 0.704 1

MFW1 -1 FFRCP 1 1.000 0 0.000 0 0.000 0 0.000 0 0.401 4 0.617 9
wXQzp 2 2.000 0 0.000 0 0.1429 0.428 6 0.500 0
HJYSP 3 2.085 1 0.2376 0.7255 0.1429 0.520 4

MFWI1 -2 FFRCP 3 2.085 1 0.237 6 0.176 5 0.428 6 0.466 0 0.707 5
wWXQzZpP 3 1.5556 0.166 9 -0.200 0 0.428 6 0.357 1
HJYSP 6 4.083 3 0.445 4 -0.3243 1.000 0 0.7551

MFW5 FFRCP 4 3.1613 0.396 7 -0.462 7 1.000 0 0.666 7 0.764 2
wWXQzZp 3 2.279 1 0.336 8 -0.7818 1.000 0 0.561 2
HJYSP 5 3.3793 0.238 6 -0.217 4 0.857 1 0.701 4

Cca07 FFRCP 5 3.9200 0.569 6 -0.1507 0.857 1 0.636 1 0.717 7
WXQzZp 4 1.849 1 0.117 1 -0.3778 0.2857 0.459 2
HJYSP 2 1.960 0 0.000 0 -0.750 0 0.857 1 0.489 8

Cca06 FFRCP 2 2.000 0 0.000 0 -1.000 0 1.000 0 0.493 2 0.500 0
WXQzZp 2 1.960 0 0.000 0 -0.750 0 0.857 1 0.489 8
HJYSP 3 2.279 1 0.336 8 -0.7818 1.000 0 0.561 2

GM19 FFRCP 3 2.085 1 0.237 6 -0.3725 0.714 3 0.5272 0.544 2
wXQzp 3 2.000 0 0.0399 -0.428 6 0.714 3 0.500 0
HJYSP 8 6.1250 0.8103 -0.1951 1.000 0 0.857 1

Ccal2 FFRCP 4 1.580 6 0.2219 -0.2222 0.2857 0.836 7 0.713 2
wXQzp 4 3.266 7 0.049 7 -0.2353 0.857 1 0.6327
HJYSP 5+2 3.8587+1.6821 0.506 8 0.7000+£0.3045 0.6939+0.1290

FFRCP 3.5£1.2697 2.5819+0.9872  0.290 2 0.5429+0.3486 0.5418+0.2267 0.6898=+0.1021
Mean of all loci WXQZp 3.1+0.7379 2.1893+0.5077 0.1796 0.5286+£0.3015 0.5235+0.097 3

HJYSP Hanjiang wild population ~ FFRCP Freshwater Fishery Research Center population =~ WXQZP

Wuxi Qianzhou population
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0.149 9 6 14.99% GM03-2 MFW5
85.01%
X2 10
GM18 MFWI-1 MFWI1-2

4 P 5 Gsr
Tab. 4 P value of heterozygosity test of three grass Tab. 5 Genetic distance coefficients between three grass
carp populations carp populations
Populations HJYSP FFRCP WXQZP Populations HJYSP FFRCP WXQZp
HJYSP 1.000 0.058 0.004 HJYSP * %K % 0.219 0.246
FFRCP 0.058 1.000 0.185 FFRCP 0.219 * kK % 0.034
WXQzZp 0.004 0.185 1.000 WXQZpP 0.246 0.034 * XK K
HJYSP Hanjiang wild population ~ FFRCP HJYSP Hanjiang wild population ~ FFRCP
Freshwater Fishery Research Center population ~ WXQZP Freshwater Fishery Research Center population ~ WXQZP
Wuxi Qianzhou population Wuxi Qianzhou population
6 10

Tab. 6 Ralative magnitude of genetic differentiation Fg; among populations and significance test x> at 10
microsatellite loci assessed for the natural and cuhured stocks in three grass carp populations

GMO3 -1 GMO03 -2 GM18 MFW1-1 MFW1-2  MFWS5 Cca07 Cca06 GM19 Ccal2

Locus Mean
Fsr 0.089 0 0.1198 0.168 6 0.350 5 0.3413 0.127 6 0.1137 0.013 6 0.0313 0.1129 0.1499
XZ 22.93 18.157 28.9" 32.27 38.1"" 22.63" 17.45 0.571 5.397 20.55

P<0.05 " P<0.01 Xz significance test for Fgr

3 0.5 0.25< PIC <0.5
PIC <0.25

3.1 GMO03-1 GM18 MFWI1-1

Kohlmann et al
Ccal2
2003 Bartfai et al 2003 Desvignes et al 2001

mtD-
NA RAPD 3.2
Desvignes 40%
et al 2001 Kohlmann et al 2005
Hedgecock & Sly 1990
Bartfai et al 2003 5
3
8 10 Li et al
GM03  MFWI1 2004 3 2
David et al 2003
Liao et al 2005 76 %
2~8
GM19 Ccal6 MFW1-2 Skaala et al 2004
5 42%
0.237 6 ~ 0.810 3 Cca06

Botstein 1980 PIC >
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