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Tab.1 Sequence and ampli ed results of microsatellite loci

Locus
5 3

Primer sequence 5 3 Motif Annealling 
temperature Locus

5 3
Primer sequence 5 3 Motif Annealling 

temperature

HLJ019 F actgctggctcaggaaca
R gagcaaagatggtagctc CA 26 53 HLJ319 F cagtgggattgtgggagt

R agggagggtcaaaggtc CA 14 53

HLJ038 F cacagaacgcatcagtaa
R tgtaaaccttcaacctcc CA 41 53 HLJ328 F cctgacacctgccgttct

R tcctctgttctgcctccc CA 30 51

HLJ041 F agaccaccgcagtaacaa
R gactcactcagcaccaga CA 24 53 HLJ331 F ctactcggaggtgtatgtg

R tgggaagactcgttctatg CA 28 50

HLJ044 F gtacagcgtgacagcatt
R aagttcatcggtgtcctc CA 28 53 HLJ338 F aagaatgggtgagtaaga

R actaggatttggaagagc AC 58 51

HLJ046 F aaccctgaactcacaaac
R cacggaaactgagaagac GT 14 53 HLJ343 F tcctcacaaccctccgtat

R caaaggcatcccatcagt TG 32 51

HLJ049 F gatttgtgctcctcaacc
R ctgtcacttctccttcca GT 28 54 HLJ352 F gacggacagaatcagacg

R cagcctcatcaacaagtgc AC 31 54

HLJ055 F ggtacaacgggaaccaca
R tgattgacaggcagtggg CT 11 CA 29 54 HLJ371 F gtgctcaccgatcagagg

R caaagtgcaaaacaaccc CA 16 54

HLJ057 F gaatgtcatgcggttcat
R tatttgctgggtgtcctc GT 23 54 HLJ372 F tctacttctaccgccact

R gactattcacctgcatctt GT 18AT GT 5 54

HLJ058 F cagatggcagacaggtaa
R gagcaagtgagggaacag CA 21 53 HLJ376 F agaaggactacgaggaga

R ttcggttgcttactatga CA 13 54

HLJ060 F cgatcactggcaagatta
R atggactacacctcaccc GT 23 54 HLJ379 F gggagacgagaagtgca

R gcaggtctgtgggcaag CT 13CG CT 5 54

HLJ133 F aagggcgggttatctcac
R cacaggcatcccatcagt GT 25 51 HLJ383 F ggctcctcctcatcctct

R gcacttctgcacctttca CA 14 51

HLJ302 F acctcatttgaatccctg
R aaatagagtttgtttgctga CA 23 50 HLJ392 F ggctacaaggcaacactg

R tgcggttaatgaggtctg CA 22 54

HLJ307 F atcatttgtattcgtgcttg
R gatccactgggtcctttt CA 18 53 HLJ398 F attacttgaactatcatccag

R tgtgctgaggattattgg CT 16 CA 10 54

HLJ315 F acccttcctcttagtgcc
R aaaggttagcctgtgagc AC 30 51 HLJ400 F aagaagcctcggtcctcc

R aaagcccaaagcacatca CA 22 51

F R .

Note F-Forward primer R-Reverse primer.

1.3 DNA
0.2 g 400 µL 0.5% 
200 µg/mL K 10 mmol/

L EDTA pH 8.0 50 2 h

25 24 1 3
200 µL TE 1%

4 
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1.4 PCR   
15 µL PCR

10 µL 10 mmol/L Tris-Cl pH8.3 50 mmol/L KCl
15 mmol/L MgCl2 0.01% 0.1% Tween-20 0.1% 
NP-40 dATP dGTP dCTP dTTP 2 mmol/L

10 µmol/L 0.3 µL Taq 
DNA 1 U DNA 50 ng/µL 1 µL

15 µL 94 3 min
94  30 s 50~54 30 s 72 30 s 35

72 5 min 2%
Gel-Pro Analyzer 4.5

1.5   

PopGene Version 
3.2
Allele frequency P Observed number 

of alleles Ae Effective number of 
alleles Ne Observed heterozygosity
Ho Expected heterozygosity  He

Polymorphism Information content PIC
Botstein 10

)2()(1
1

1 1

22

1

2
n

i

n

ij
ji

n

i
i PPPPICPIC

n Pi Pj

i j j=i+1
Genepop Version 3.4 x2

Hardy-Weinberg d

d = Ho He /He

200710144749.3
PHYLIP 3.6 PHYLIP 3.6

Genedist
Neighbor 1 000

1 1
Excel2003

2

2.1   
28 131

DNA
146

3~9
5.214 3 108~400 

bp 1.184 1~6.327 8
0.152 7~1.000

0.155 5~0.842 0
0.146 5~0.824 3 0.25 PIC

0.5 6 PIC 0.5 19
28

4
3.058 5 0.572 2 0.597 2 0.562 7

PIC>0.5
1

1 HLJ046 HLJ400
M  DL2000 DNA D 1 48

Fig. 1 Electrophoretogram of loci HLJ046 and HLJ400 in partial samples of C.carpio population

M DL2000 DNA molecular marker D negative control 1 48 Codes of partial samples
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Genepop Version 3.4
Hardy-Weinberg

Multi-loci test P=1
HLJ019 HLJ046 HLJ055 HLJ058 4

P 0.01

HLJ049 HLJ057 6
P 0.01 Hardy-Weinberg

16 57.14%
2

2 28 Hardy-Weinberg
Tab. 2 Genetic diversity index and Hardy-Weinberg equilibrium analysis of 22 microsatellite loci for

C.carpio population

Locus
/bp

Fragment size Ae Ne Ho He PIC P d

HLJ019 181 211 3 2.5976 1.0000 0.6150 0.5409  0.0000**  0.6260
HLJ038 250 364 6 4.4412 0.7023 0.7748 0.7414 0.9786 -0.0936
HLJ041 246 305 3 1.1841 0.1679 0.1555 0.1465 0.3822 0.0797
HLJ044 228 340 6 3.9423 0.7557 0.7463 0.7031 0.2942 0.0126
HLJ046 108 246 4 1.5322 0.4046 0.3473 0.3117  0.0070** 0.1650
HLJ049 173 236 6 4.2134 0.5954 0.7627 0.7245 0.9985 0.2193**
HLJ055 250 364 9 6.3278 0.9618 0.8420 0.8243  0.0000** 0.1423
HLJ057 266 352 5 1.7285 0.2290 0.4214 0.4001 0.9962 0.4566**
HLJ058 281 365 4 2.8448 1.0000 0.6485 0.5933  0.0000** 0.5421
HLJ060 196 246 4 1.3465 0.2748 0.2574 0.2403 0.8375 0.0676
HLJ133 240 340 5 4.0642 0.7176 0.7539 0.7117 0.6280 0.0481
HLJ302 203 293 6 3.9401 0.6794 0.7462 0.7146 0.7169 0.0895
HLJ307 195 275 7 1.5990 0.3511 0.3746 0.3584 0.8305 0.0627
HLJ315 109 224 7 3.1066 0.8092 0.6781 0.6409 0.9936 0.1933
HLJ319 237 353 7 4.0407 0.7328 0.7525 0.7228 0.9610 0.0262
HLJ328 250 375 7 5.0105 0.7252 0.8004 0.7733 0.8397 0.0940
HLJ331 201 246 5 4.0594 0.7176 0.7537 0.7142 0.5634 0.0479
HLJ338 210 297 5 3.8212 0.6870 0.7383 0.6951 0.6469 0.0695
HLJ343 121 195 5 3.4264 0.4885 0.7081 0.6828 1.0000 0.3101**
HLJ352 256 306 5 3.2176 0.6565 0.6892 0.6513 0.1778 0.0475
HLJ371 135 206 5 1.7109 0.1527 0.4155 0.3815 1.0000 0.6325**
HLJ372 272 360 4 3.4519 0.3359 0.7103 0.6565 1.0000 0.5271**
HLJ376 230 300 3 1.2743 0.2366 0.2153 0.2038 0.1334 0.0989
HLJ379 207 269 5 2.2073 0.6107 0.5470 0.5115 0.9775 0.1165
HLJ383 246 322 5 2.4409 0.3588 0.5903 0.5621 1.0000 0.3922**
HLJ392 124 220 6 2.1285 0.5573 0.5302 0.4842 0.5127 0.0511
HLJ398 118 178 3 1.6005 0.4122 0.3752 0.3260 0.9999 0.0986
HLJ400 280 400 6 4.3795 0.7023 0.7717 0.7398 0.3966 0.0899
Mean 5.2143 3.0585 0.5722 0.5972 0.5627

2.2 1 1
28

PHYLIP 3.6
gendist

0.105 0~0.994 3 Neighbor

127 27
2~10 4

2
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2

Fig. 2 Dendrogram of C. carpio individuals based on standard genetic distance using UPGMA

0.2 1
1 40 35

200
2.3 2

2006 2007 2
3 2007

3 m 4 m 2
2006

0.177 3
0.193 4 2007

0.6~0.7
9.69 cm 31.34 g

0.5~0.6 W=26.16 g
L=9.30 cm

4

3 2006 2007 2
Tab.3 Grouth condition of two-month-old families of C. carpio in 2006 and 2007

 Item
2006 2007

 /cm
Body length

/g
Body weight

 /cm
Body length

/g
Body weight

Maximum
Minimum
Mean

9.41
7.24
8.44

34.55
14.02
22.88

10.60
8.49
9.48

40.63
16.92
28.24

4
Tab. 4 Relation of average body weight of C. carpio families with parental genetic distance

 Item
D Range of parental genetic distance

0.4 D 0.5 0.5 D 0.6 0.6 D 0.7 D 0.7
/g Maximum 34.53 39.22 40.63 36.10
/g Minimum 18.17 19.46 20.00 16.92
/g Mean 25.61 26.16 31.34 27.68
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2.4 4 1
35

2007 5
4 1 1 4 3

4
11.71 cm P>0.05 2

57.70 g
P<0.05 2 P>0.05

4 3 62.83 g

15 4 1
3

4 0.25<PIC<0.5
4 3

0.407 7 5 4
0.055 5~0.255 2 Fst

0.153 7 Wright
Fst 0.15~0.25

3 4 HLJ046

m p M DL2000 DNA D 1 32

Fig. 3 Ampli ed results of four C. carpio families by locus HLJ046 

m maternity p paternity M DL2000 DNA molecular marker D negative control 1 32 samples of progeny

5 4
Tab. 5 Quantitative traits and genetic structure of four C. carpio families

 Item Family
1 1 2 4 3 4 4 3

/cm Body length 11.83 0.2202 11.40 0.1275 11.61 0.2010 11.99 0.1675

/g Body weight 60.24 3.3833 55.20 1.9963 52.52 2.7971 62.83 2.6679

Genetic distance between parents 0.6470 0.3620 0.5809 0.4669

Average of alleles number 2.7333 2.1333 2.7333 2.8667

Average of effective alleles number 2.0883 1.6768 2.0763 2.1394

Average of observed heterozygosity 0.5604 0.3958 0.5083 0.5513

Average of expected heterozygosity 0.4486 0.3416 0.4612 0.4816

Average of polymorphic information 
content

0.3813 0.3056 0.3966 0.4077
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Families construction assisted by microsatellite markers in mirror carp Cyprinus 
carpio L.

LU Cui-yun CAO Ding-chen SUN Xiao-wen LIANG Li-qun
1. Heilongjiang Fisheries Research Institute  Chinese Academy of Fishery Sciences  Harbin 150070  China

Abstract Superior family can be established and selected from optimum breeding pairs by means of 
microsatellite markers to analyze genetic structure of reproductive population. In this study twenty-eight markers 
were used to evaluate the genetic potential of reproductive population including 131 samples 76 females and 
55 males of mirror carp Cyprinus carpio L. . Totally 146 alleles were detected ranging from 108 bp to 400 bp. 
Several genetic parameters were used to evaluate the parental population. The average number of alleles was 
5.214 3 and the effective alleles mean was 3.058 5. The value of mean observed heterozygosity was 0.572 2 and 
the value of mean expected heterozygosity was 0.597 2. The mean value of polymorphic information content was 
0.562 7 which indicates that the genetic variability was relatively high and selection of excellent population is 
possible. The population accorded with Hardy-Weinberg equilibrium checking by x2 test and genetic departure 
index but heterozygote de cit of sixteen loci occurred such as HLJ049 HLJ057 and HLJ343 after a long time
s arti cial selection. A total of seventy families were established based on genetic distance of breeding pairs after  
two consecutive years. The offspring of each family were cultured separately in net-cage. The body length of 
the two months old family ranged from 7.24 cm to10.60 cm and body weight were from 14.02 g to 40.63 g. The 
differences of body length and body weight were signi cant among families. The later study results of growth 
and genetic structure to the four families of one year old from 2006 indicated that there were signi cant genetic 
differentiation and the Fst value was 0.153 7. The PIC ranged from 0.305 6 to 0.407 7 which revealed that the 
four families were detected in medium diversity. These results demonstrated that microsatellite could be used for 
assisting families selection due to its capacity to predict growth superiority of offsprings. It was feasible to use this 
method for genetic improvement of the mirror carp. Journal of Fishery Sciences of China 2008,15 6 893 901
Key words microsatellite mirror carp Cyprinus carpio L. family selection
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