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Analysis of genetic structure of mirror carp population
and correlation of microsatellite markers and economic
traits
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Abstract: The genetic structure of one breeding population of mirror carp(Cyprinus carpio L.) was analysed using
thirty-five polymorphic microsatellite markers. The effective number of alleles (Ae), observed heterozygosity (Ho), ex-
pected heterozygosity (He) and polymorphism information content(PIC) were all determined. The Hardy-Weinberg equilib-
rium was checked by chi-square test. For each locus, 2—7 alleles were detected, with a total of 118 alleles for 35 loci . The
value of Ae, Ho, He and PIC showed that the genetic variation of the population was not high .The average effective num-
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ber of alleles and the mean polymorphism information content were 2.16 and 0.42, respectively, and the observed and ex-

pected heterozygosity were 0.431 and 0.4736 , respectively. The probability value of chi-square test showed that more than

half of the thirty-five loci have significantly (P<0.01) deviated from Hardy-Weinberg equilibrium. The correlation of geno-

type of each locus and individual phenotype data was analysed , and 4 loci seemed associated with body weight and body

size . When compared with the result of QTL mapping of common carp, HLJ319 locus was consistent with the mapping

result approximately, which was significantly correlated with body size . Several significantly deviated loci were also ana-

lysed, and the possible cause of the kind of deviation was discussed .

Keywords: mirror carp; genetic structure; correlation analysis; microsatellite
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Table 1 Characterization of common carp microsatellite markers
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Locus Repeat sequence Primer sequence Annealing temperature( )

HLJ041 (CA)24 F:AGACCACCGCAGTAACAA 53
R:GACTCACTCAGCACCAGA

HLJ044 (CA)2s F:GTACAGCGTGACAGCATT 53
R:AAGTTCATCGGTGTCCTC

HLJ046 (GT)1a F:AACCCTGAACTCACAAAC 53
R:CACGGAAACTGAGAAGAC

HLJO055 (CT)11(CA)29 F:GGTACAACGGGAACCACA 54
R:TGATTGACAGGCAGTGGG

HLJO57 (GT)2s F:GAATGTCATGCGGTTCAT 51
R:TATTTGCTGGGTGTCCTC

HLJ129 (CT)s(GT)ss F:TAAGATACCACCTAGCAACC 52

R:GCACCTCCTGAACACTGAC
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F:AAGGGCGGGTTATCTCAC
R:CACAGGCATCCCATCAGT

F:ACCTCATTTGAATCCCTG
R:AAATAGAGTTTGTTTGCTGA
F:ATCATTTGTATTCGTGCTTG
R:GATCCACTGGGTCCTTTT
F:CAGTGGGATTGTGGGAGT
R:CAGGGAGGGTCAAAGGTC
F:CCTGACACCTGCCGTTCT
R:TCCTCTGTTCTGCCTCCC
F:TGAGGTGAGCGTGAGGCA
R:CACTGAGCGACAGGGTTC
F:GAAGAATGGGTGAGTAAGA
R:ACTAGGATTTGGAAGAGC
F:TCCTCACAACCCTCCGTAT
R:CAAAGGCATCCCATCAGT
F:-TGACGGACAGAATCAGACG
R:CAGCCTCATCAACAAGTGC
F:-TCTACTTCTACCGCCACT
R:GACTATTCACCTGCATCTT
F:AAGAAGGACTACGAGGAGA
R:TTCGGTTGCTTACTATGA
F:GGGGAGACGAGAAGTGCA
R:AGCAGGTCTGTGGGCAAG
F: AGGCAGACGAAAGGTAAA
R: CTCGCTTCTGTAGGCATT
F:GGCTCCTCCTCATCCTCT
R:GCACTTCTGCACCTTTCA
F:GGCTACAAGGCAACACTG
R:TGCGGTTAATGAGGTCTG
F:AAGAAGCCTCGGTCCTCC
R:AAAGCCCAAAGCACATCA
F:CGACCGAACTCAGAACAC
R:GAGCACCGCATTAACAGA
F:CTGCTGGCTTCTATTTATT
R:GTGTTACTATGGCGGTGT
F:CTTCTGCTCATACGGGTTTC
R:ACGGCGTTCGTTGTGGAT
F:GTCAGCGGTCAGAGGTAA
R:CACGTCATCAGACCCTTC
F:GCTAACTGCCATTCTTCTG
R:CTGGGTTTCCACATCCTT

F:-TGACGGTGATACTTGTGC
R:AACCACCTGTCGCTTCTA

F:AGGTGACTAATGCTTGCGATAC

R:AACCCTGTGAACCATCCATC

F: ACCAGCAGACAGGATACGA
R: ATCGCCCAGCCCTAACAC

F: CCAGCTTGGGAAACTTCT
R: TTCTGTCACTCGGGAGCA

F:GGGTCAGTTAATAAGAGTG
R:GAGGAAAATTGATAAACAC

F:GCCCACTATGACCAGTAA
R:AACAGAAAGAACGGGAGA
F:CAGAAATGTGCTGTTGAA
R:CTGGGAAAGTGCAGAGTG

F: CGACCGAACTCAGAACAC
R: GAGCACCGCATTAACAGA
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Fig. 1 PCR amplification profile of HLJ133
M: DNA marker DL2000.
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Fig. 2 PCR amplification profile of HLJ549
M: DNA marker DL2000.
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Table 2 Data of genetic diversity of 35 microsatellite loci for mirror carp

Locus Ae Ho He PIC P
HLJ041 2.22 0.27 0.56 0.45 0.002617 * *
HLJ044 2.39 0.46 0.59 0.52 0.000000
HLJ046 1.55 0.46 0.36 0.29 0.044974
HLJO055 6.36 0.29 0.85 0.82 0.000000 = *
HLJO057 1.62 0.40 0.39 0.35 0.000000 =* =
HLJ129 1.57 0.40 0.37 0.30 0.596331
HLJ133 1.94 0.35 0.49 0.46 0.000000 * *
HLJ302 2.79 0.42 0.65 0.61 0.000000 * *
HLJ307 1.64 0.42 0.39 0.35 0.915980
HLJ319 2.84 0.71 0.66 0.60 0.000158 = =
HLJ328 3.92 0.56 0.75 0.70 0.000000 * *
HLJ330 1.52 0.44 0.35 0.28 0.059304
HLJ338 2.20 0.35 0.55 0.49 0.000000 * *
HLJ343 2.86 0.13 0.66 0.84 0.000000 * *
HLJ352 1.31 0.27 0.24 0.21 0.299306
HLJ372 1.20 0.19 0.17 0.16 0.501252
HLJ376 1.31 0.27 0.24 0.21 0.299306
HLJ379 1.72 0.50 0.42 0.35 0.000000 * *
HLJ380 2.39 0.42 0.59 0.54 0.000003 * *
HLJ383 1.68 0.48 0.41 0.32 0.223853
HLJ392 1.47 0.40 0.32 0.27 0.097452
HLJ400 4.04 0.48 0.76 0.71 0.000000 = *
HLJ518 2.04 0.58 0.51 0.44 0.023521
HLJ519 1.78 0.60 0.44 0.34 0.009902 = =
HLJ526 2.44 0.63 0.60 0.52 0.000034 * *
HLJ546 1.44 0.29 0.31 0.26 0.708240
HLJ549 1.09 0.08 0.08 0.08 0.795209
HLJ555 1.49 0.42 0.33 0.28 0.076707
HLJ617 2.37 0.56 0.58 0.51 0.000003 =* =
HLJ713 1.35 0.29 0.26 0.24 0.732017
HLJ718 1.96 0.35 0.49 0.45 0.000000 * *
HLJ725 1.94 0.75 0.49 0.39 0.000804 = =
HLJ732 2.35 0.75 0.58 0.49 0.000000 = *
HLJ752 2.88 0.48 0.66 0.58 0.000000 = *
HLJ855 1.92 0.65 0.49 0.42 0.014712

Average 2.16 0.43 0.47 0.42
Ae: ; Ho: ; He: ; PIC: ; P: Hardy-Weinberg ,* * 1P 0.01

Ae: Effective number of alleles; Ho: Observed heterozygosity; He: Expected heterozygosity; PIC: Polymorphism information content; P:
Probability value of chi-square test for Hardy-Weinberg equilibrium, * * : Means P 0.01.
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Table 3 The correlation analysis between genotype of each locus and economic traits

P
Traits Locus Genotype Average values Percentage of mean values Probability value
HLJ328 320/320 53.25 0.61 0.029379"
Body weight(g) HLJ343 165/130 31.33 0.36 0.027866"
HLJ352 286/250 62.69 0.72 0.043076°
HLJ319 326/264 15.23 1.17 0.049138"
Body size(cm) HLJ328 320/320 11.07 0.85 0.024056"
*: P 0.05, ;o ** P 0.01,

*: Means P 0.05; **:Means P 0.01; Percentage of mean values means the percentage of mean body weight (body size) to total mean
body weight ( body size) for the individuals have the same genotype.

HLJ190-HLJ497 , HLJ328 HLJ343
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HLJ352
2.6
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Table 4 The comparison of genetic diversity of parental

population and F; population

Population He PIC
Ae
2.43 0.5116 0.4731
F1 population
2.80 0.5524 0.5223
Parental population
3
3.1
Ae Ho He

Ae=2.16, H0=0.43, He=0.47, PI1C=0.42,
Lehoczky 17 6
0.557~0.764, He: 0.642~0.737
Ae=7.94, He=0.63 ,
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3]

Ho:

Ae=2.43, He=0.51, PIC=0.47,

18

He=0.55, P1C=0.52

35
Weinberg
[19]
3.2

14

PIC

HLJO057, A=5, Ae=1.6, Ae

HLJ752

118

75.6,

215/191
215/191

Ae=2.80,
[m 1
A
Hardy-
35 , 20

Hardy-Weinberg



3 365
HLJ752 3 ) 3.4
215/191 215/191 QTL
' (inbred) 2]
, HLJ400 358/319, [13]
) 15
HLJ400 [19.22]
HLJ752,
, QTL
HLJ343 165/150
15 1, 165/165
150/150 9 5 | '
20 15
, HLJ343 7 , '
165/130 165/150 ’ '
, 165/165  150/150 '
' (References):
[1] LIU Ming-Hua, BAI Qing-Li, SHEN Jun-Bao. Choose
33 breeding and application research of Germany mirror carp.
' Journal of Fisheries of Heilongjiang, 1995, 61(3): 4-10.
, . , 1995, 61(3): 4-10.
[2] SHEN Jun-Bao, YAN Yun-Qin. Comparative studies on the
! inheritance of the major morphological traits of Cyprinus
J J pellegrini C.carpio (scattered), C. carpio (red carp) and their
, hybrid F;. Acta Genetica Sinica, 1987, 4(1): 49-55.
1 L Fl
. 1987, 4(1):
1201 ' 4 49-55. . .
[31 YIN Hong-Bin, LIU Ming-Hua, SHEN Jun-Bao, SUN
/ , HLJ319 Zhong-Wu. Nucleontype research of Germany mirror carp.
, [16] QTL Biology Technology, 1995, 5(3): 16-18.
. , 1995, 5(3): 16-18.

’ [4] TANG Qing-Ping, CHEN Kuan-Wei, LI Hui-Fang,
/ , ZHANG Shuang-Jie, ZHAO Dong-Wei. Analysis of the
' / genetic diversity of 12 Chinese indigenous black-bone

chicken breeds using microsatellite marker. Acta Veteri-
naria et Zootechnica Sinica, 2005, 36(8): 755-760.

12


http://lsg.cnki.net/GRID20/Navi/Bridge.aspx?LinkType=BaseLink&DBCode=cjfd&TableName=cjfdbaseinfo&Field=BaseID&Value=YCXB&NaviLink=%e9%81%97%e4%bc%a0%e5%ad%a6%e6%8a%a5

366

£ f# HEREDITAS (Beijing) 2008 30

(5]

[7]

(8]

(9]

[10]

[11]

[12]

[13]

, 2005, 36(8): 755-760.
QU Yan-Chun, DENG Chang-Yan, XIONG Yuan-Zhu, SU
Yu-Hong, ZHENG Rong, LIU Gui-Lan. The microsatellite
polymorphism research on porcine chromosome 1 and the
construction of its genetic map. Hereditas (Beijing), 2002,
24(5): 539-542.
, , , , , . 1

, 2002, 24(5): 539-542.
XU Ning-Ying, Thomsen H, Reinsch N, Looft C, Kalm E.
Study of mapping QTLs for milk traits on the German
dairy cattle. Acta Genetica Sinica, 2000, 27(9): 772-776.
, Thomsen H, Reinsch N, Looft C, Kalm E.

, 2000, 27(9): 772-776.
David L, Rajasekaran P, Fang J, Hillel J, Lavi U. Poly-
morphism in ornamental and common carp strains (Cy-
prinus carpio L.) as revealed by AFLP analysis and a new
set of microsatellite markers . Mol Genet Genomics, 2001,
266 (3): 353-362.[DOI]
ZHOU J WU Q, WANG Z, Ye Y. Genetic variation analy-
sis within and among six varieties of common carp (Cy-
prinus carpio L.) in China using microsatellite markers.
Russ J of Genet, 2004, 40: 1144-1148.[DOI]
Mohindra V, Anshumala, Punia P, Narain L, Kapoor D,
Lal KK. Microsatellite loci to determine population struc-
ture of Labeo dero (Cyprinidae). Aquat Living Resour, 2005,
18: 83-85.[DOI]
Lal KK, Chauhan T, Mandal A, Singh RK, Khulbe L,
Ponniah AG, Mohindra V. ldentification of microsatellite
DNA markers for population structure analysis in Indian
major carp, Cirrhinus mrigala (Hamilton-Buchanan,
1882). J of Appl Ichthyol, 2004, 20(2): 87-91.[DOI]
Kohlmann K, Gross R, Murakaeva A, Kersten P. Genetic
variability and structure of common carp (Cyprinus carpio)
populations throughout the distribution range inferred
from allozyme, microsatellite and mitochondrial DNA
markers. Aquat Living Resour, 2003, 16: 421-431.[DOI]
QUAN Ying-Chun, LI Da-Yu, CAO Ding-Chen, SUN
Xiao-Wen , LIANG Li-Qun . Population genetic variation
and structure analysis on five populations of mirror carp
Cyprinus carpio L. using microsatellites. Hereditas (Bei-
jing), 2006, 28(12): 1541-1548.[DOI]

’ ’ 1 1

1541-1548.

SUN Xiao-Wen, LU Cui-Yun, KUANG You-Yi, JIN
Wan-Kun, SHEN Jun-Bao, ZHU Xiao-Dong, LI Da-Yu,
MA Hai-Tao, YU Dong-Mei. Analysis of the genetic
structure of two mirror common carp population and
genotypes for some traits. Journal of Fisheries of China,
2007, 31(3): 273-279.

, 2006, 28(12):

[14]

[15]

[16]

[17]

[18]

[19]

[20]

[21]

[22]

, 2007, 31(3):
273-279.

Sambrook J, Russell DW (Huang PT, Wang JX, Zhu HC,
translation). Molecular Cloning: A Laboratory Manual. 3 rd
Edition. Beijing: Science Press, 2002.
: ( , :
( ). , 2002.
Botstein D, White RL, Skolnick M, Davis RW. Construc-
tion of a genetic linkage map in man using restriction
fragment length polymorphisms. Am J Hum Genet, 1980,

32:314-331.
ZHANG Yan, LIANG Li-Qun, CHANG Yu-Mei, HOU
Ning, LU Cui-Yun, SUN Xiao-Wen. Mapping and genetic
effect analysis of Common Carp (Cyprinus carpio L.)

quantitative trait loci related to body size. Heredi-
tas(Beijing), 2007, 29(10): 1243-1248.[DOI]
QTL , 2007,

29(10): 1243-1248.
Lehoczky I, Magyary I, Hancz C, Weiss S. Preliminary
studies on the genetic variability of six Hungarian com-
mon carp strains using microsatellite DNA markers . Hy-
drobiologia, 2005, 533: 223-228.[DOI]
Hines HC, ZiKakis JP, Haenlein GF, Kiddy CG,
Trowbridge CL. Linkage relationships among loci of
polymorphism in blood and milk of cattle. Dairy Sci, 1981,
64 (14): 71-76.
ZHU Xiao-Dong, GENG Bo, LI Jiao, SUN Xiao-Wen.
Analysis of genetic diversity among silver carp popula-
tions in the middle and lower Yangtse River using thirty
microsatellite markers. Hereditas (Beijing), 2007, 29(6):
705-713. [DOI]
) , , . 30

, 2007, 29(6):
705-713.
WANG Gao-Fu, WU Deng-Jun. Correlation analysis of
microsatellite DNA markers with wool traits in Liangshan
semi-fine wool sheep. Hereditas (Beijing), 2006, 28(12):
1505-1512.[DOI]

, 2006, 28(12): 1505-1512.

Majumder P, Ghosh S. Mapping quantitative trait loci in
humans: achievements and limitations. J Clin Invest, 2005,
115(6): 1419-1424.[DOI]
JIN Mei, CUI Yi-Hou, FU Zhong-Yang, GAO Wen-Bo,
WANG Wei. The correlation analysis of blood protein
polymorphism with economic traits in Liaoning new-
breeding Cashmere goat. Hereditas(Beijing), 2006, 28(5):
529-532.

’ ’ ’ 1

2006, 28(5): 529-532.


http://dx.doi.org/10.1007/s004380100569%20%20%20%20%25
http://dx.doi.org/10.1023/B:RUGE.0000044758.51875.25%20%20%20%20*
http://dx.doi.org/10.1051/alr:2005009
http://dx.doi.org/10.1046/j.1439-0426.2003.00538.x%20%20%20%20%7E*
http://dx.doi.org/10.1016/S0990-7440(03)00082-2
http://dx.doi.org/10.1360/yc-006-1541%20%20%20%20%25
http://dx.doi.org/10.1360/yc-007-1243%20%20%20%20%25
http://dx.doi.org/10.1007/s10750-004-2490-x
http://dx.doi.org/10.1360/yc-007-0705%20%20%20%20%25
http://dx.doi.org/10.1360/yc-006-1505%20%20%20%20%25
http://dx.doi.org/10.1172/JCI24757

	镜鲤繁殖群体的遗传结构及微卫星标记与经济性状的相关性分析   
	孙新1, 2, 魏振邦1,2, 孙效文1, 张研3, 鲁翠云1  
	关键词: 镜鲤; 遗传结构; 相关分析; 微卫星 
	Analysis of genetic structure of mirror carp population and correlation of microsatellite markers and economic traits  
	SUN Xin1,2, WEI Zhen-Bang1,2, SUN Xiao-Wen1, ZHANG Yan3, LU Cui-Yun1 
	Keywords: mirror carp; genetic structure; correlation analysis; microsatellite   
	 
	1  材料和方法 
	1.1  材料 
	1.2  方法 

	2  结 果 
	2.1  PCR扩增结果 
	2.2  群体遗传多样性分析 
	2.3  基因座间的连锁分析 
	2.4  经济性状与基因座位和基因型的相关分析 
	2.5  相关性分析结果与QTL定位结果的比较  
	2.6  与亲本群体遗传多样性的比较分析 

	3  讨 论 
	3.1  镜鲤群体的遗传多样性水平分析 
	3.2  偏离的基因型 
	3.3  与性状相关的标记及基因型的应用价值 
	3.4  利用非近交群体进行性状连锁分析的优势与缺点 
	参考文献(References): 









