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Microsatellite Variation Among Four Breeding
Populations of Common Carps
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(1. Heilongjiang Fisheries Research Institute, Chinese Academy of Fishery Sciences, Harbin 150070, China;
2. College of Aqua-life Science and Technology, Shanghai Fisheries University, Shanghai 200090, China)

Abstract: Using microsatellite markers we determined polymorphism of genomic DNA and classification in four im-
portant cultivation species: Common carp ( Cyprinus carpio haematopterus Temminck et Schlegel ), Scatter scaled mirror
carp (C. carpio), Frigid-resistant strain of Purse red carp (C. carpio var. wuyuanensis) and Songpu carp (C. carpio
Songpu carp) . Amplifications with 24 pairs of primers gave a total of 3 882 fragments ranging from 126 bp to 489 bp in the
4 populations, which included 12 pairs of microsatellites designed according to zebrafish function gene sequences and 12
pairs of microsatellites isolated from common carp. 1 -5 alleles per locus in 4 species were amplified, and there were 59
alleles in all populations except common carp which had only 21 loci and 55 alleles. The average number of alleles was
2.46. Additionally, a clustering analysis was made based on the results of the PHYLIP software package (version 3.6)
and phylogenetic trees were constructed by MEGA3. The bootstrap values were evaluated for each crunode of the dendro-
gram by means of 1 000 reiterations of the bootstrap test using the Maximum Likelihood method, the Neighbor-Joining
method and the UPGMA method. With these methods we made three observations. (1) the level of genetic variability is
relatively high in all populations. Observing value of mean heterozygosity varies from 36.43% to 43.79% and expected
value of mean heterozygosity varies from 49.49% to 53.29% . All populations show significant heterozygote deficiencies.
(2) The genetic similarity indexes are all above 0.84, indicating closeness of their genetic relationship. The genetic dis-
tances are small, ranging from 0.067 — 0.170. The phylogenetic tree shows that Songpu carp anl Scatter scaled mirror
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carp are the nearest in relationship and Frigid-resistant strain of Purse red carp is better correlated with them than the

Common carp. (3) There is no aim fragment amplified in 3 loci of zebrafish function gene microsatellites in the population

of common carp, which may mean that the flanking sequence of the microsatellites have changed while the PCR primers

were designed according to them or the genomes of common carp have lost these function genes or loci. More research is

needed to explore the physiological mechanism and biochemical process. In conclusion, these 24 microsatellite markers

can be used for the evaluation of genetic diversity in carps. Three microsatellite markers reveal polymorphism between the

common carp and the other three carps, and can be used to distinguish them.
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1
Tab. 1 Characterization of microsatellites isolated from zebrafish function genes

5'-3
) . . Repetitive . . Annealing
Locus Gene Accession no. & function Primer sequence Product size bp
sequence temperature  C
NM_199978 1755 F  ccactgageggticctat
HLJZ01 " CA 10 ceactgageggiiceta 178 - 230 52
Growth arrest specific 6 R cigttatggeggtigggt
CK018233 F ot agccagecace
HIJZ02 18 AT 1 taactcagecagecacct 911 - 251 5
Laminin gamma 1 R cattacgcatctecatee
CV488620 F  tgcccatetgectecat
HLIZ04 18 . CA » gcccatctgectecata 208 56
Inhibitor of growth family member 3 R tecatgegatcagggtst
AF006488 CA F  ceetget agtt
HLJZ05 ) coclaclasscangag 233 56
DeltaB ATGA ¢ R atggcaaaggtccaatce
CK681632 F  tgcetagactee
HLJZ09 > CA 1 gelagaciceaggaang 157 - 226 52
Neuropilin 2b R attgggcacagtgtaaaa
AI545263 F  gcagatcatcccaggagt
HLJZ12 GT 1 seagdlealeccagsag 194 - 209 50
Early growth response 2b R gctggagtaggcetaagieg
CK678632 F o ce “tgegttttee
HLJZ13 ) GAA 5 caggagtelecetitio 213-311 50
Fibroblast growth factor receptor 2 R aataactgetigggettt
AB026980 F  cacggetegtcttattce
HLIZ15 ATG s cacggclegletiatica 268 53
0Odd Oz/ten-m homolog 4 R cgtctatccagegtttett
€0928452 Ch sin- activi F  caagatgegtc é
HLJZ16 9 - ynhlotrypsm activity - TCTTC 14 caagatgcgtctgggttag 138 — 199 53
negative regulation of blood coagulation R aatgagcagggagtagge
HILIZ20 A1558617. lgﬂ)pl insrﬂin—like growth TAT ., F  ccttcaggetegetttgt 220 54
factor binding protein 1 R ageggtgetgectetact
HIJZ22 BM859962 Hepatoma‘—derived growth GGA F  aggcggacgetaaacact 409 — 489 55
factor related protein 2 R tggtitgggtitecttge
CN331068 Associated with tumor suppression CA F . .
HLJZ23 cell growth differentiation development and ! aggeggacgelaaacac 179 - 188 53
L. CA ¢ R agggcaggcacatgagaa
apoptosis  ribosomal
2
Tab. 2 Characterization of common carp microsatellites
5'-3’ Annealing 5'-3" A i
Repetitive . Product 8 Repetitive . Product e
Locus Primer sequence . temperat-  Locus Primer sequence . temperat-
sequence size  bp sequence size  bp )
ure O(: ure O(_A
F tgctggcet > F tgaacte >
HLJOI9  CA 5 AClClEBrleasedncd 190 _226 53 HLJ046  GT aaceclgaacteacasac 29_269 53
R agagcaaagatggtagcte R cacggaaactgagaagac
F  aagtattcgtectgte F  cagatggeagacaggt:
HLJ030  CT ;3 aagtaticgleclelees  heg 337 53 HLJ0SS  CA o capalggeagacagelen 350 361 53
R ggctetiggettgtttat R gagcaagigagggaacag
F ¢ cat. t F tgtcatgeggttcat
HLJO37  CA celggasseatangEBl 56 179 53 HLJOT6  GT gaatgleatgegglical 145-168 53
R acgggagcegtacagaaat R tatttgetgggtgtecte
F  cacagaacgcatcagtas F ttatctc:
HLJ038  CA 4 COCABAACBEACALTAL 943338 53 HILJIZZ GT AOBBECEEETAICCAC a9y 341 2
R tgtaaaccttcaacctce R cacaggcatcccatcagt
HLIO4AT  CA ABACCACCECABLACAT gy 300 53 HLJIG3  CA 4 BEEECABCOSANNCAE. g0 n66 52
R gactcactcagcaccaga R cccactcaggaaaageag
F  gtacagegtgacagcatt F  tttatgttcagagggtt
HLJ044  CA x FCOBCERICIETAT 959-333 53 HIJI9  CA SEICARIEEECE 992 _319 52
R aagttcateggtgtecte R cetgtgcetteateegtta
P
1.2.6 observing value of mean

allele frequency

heterozygosity  Ho

expected
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value of mean heterozygosity He S
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4 MEGA3
2.3 2

3 24
Tab. 3 Some statistic information of 24 genetic markers loci in the four carp populations

. Observing value of Expected value of  Average polymorphism
Effective numbers

mean heterozygosity — mean heterozygosity  information content
of allele Ne

Ho He PIC

Cyprinus carpio haematopterus 55.10 0.364 292 0.515 948 0.240 702
C. carpio 59.21 0.376 410 0.494 898 0.231 891
C. carpio var. wuyuanensis 62.27 0.437 883 0.532 850 0.250 779

C. carpio Songpu carp 61.95 0.390 736 0.498 776 0.215 210

4
Tab. 4 Genetic distance lower-left triangle and the genetic similarity index upper-right triangle among
four populations of common carp

Cyprinus carpio . C. carpio var. C. carpio
C. carpio . .

haematopterus WUYyuanensts Songpu carp
Cyprinus carpio haematopterus * KX X 0.853 0.875 0.844
C. carpio 0.159 * %% 0.930 0.965
C. carpio var. wuyuanensis 0.134 0.072 * KX % 0.935
C. carpio Songpu carp 0.170 0.035 0.067 * KX

757/808/629 Twhaam  Cyprinus carpio
1000/1000/1000 FAT#E C. carpio Songpu carp

— Uzl i ZE R B C carpio var. wuyuanensis

BT C. carpio haematopterus

2 Ds 4 UPGMA
Fig. 2 Cluster analysis of the four carp populations based on Ds using UPGMA method
1 000  bootstrap
Numbers above the branches are the evolutionary distance based on 1 000 times bootstrapping using the Maximum Likelihood the
Neighbor-Joining and the UPGMA method respectively.

3
59
3.1 62.27 59 61.95
Hines et
al 1981 55
55.10 12
59 59.21 24 1 2 4 5 9 12

13 15 16 20 22 23



600

26

Nei 1978
50 50
25
Xie et al 1999
Tajima  DNA DNA
n=10
Yan & Zhang 2004
30~ 50
DNA
30~ 31 24
3.2
4
4
0.44 0.5

0.5

0.533
0.515 0.5
3.3
Thorp 1982
1=0.2~0.8 Ds =0.2 ~

0.8 I=0.1~0.5 Ds=0.5~

0.9 I1=0.8~0.97 Ds=0.03~
0.2 4 1=0.8439
~0.9654 Ds=0.067~0.170
Zou et
al 2000
0.0938~0.428 6
Chang et al
2004
0.17~0.23
1 000  bootstrap
629 ~ 1 000
Xing et al 2003
0.072 0.067
0.134
3.4
PCR
PCR
HLJZ05 HLJZ12  HLJZ22
10% Tautz 1989



6 601
Li et al 2000 3.5
3
HLJZ05 275 1 600
3 5 26
Me-
Quown et al 2000 108
42% S8% 4T7%
45% 20
HLJZ05 HLJZ12 45% 60% 60%  60%
HLJZ22

Aliah RS Takagi M Dong S Teoh CT Taniguchi N. 1999. Isolation
and inheritance of microsatellite markers in the common carp Cypri-
nus carpio J . Fisheries Science 65 2  235-239.

Chang YM Sun XW Liang LQ. 2004. Genetic diversity analysis of ge-
nomic DNAs of several representative populations of common carp in
China ] . Journal of Fisheries of China 28 5 481 - 486.

. 2004.
DNA . 28 5 481-486.

Du CB Sun XW Lou YD Shen JB. 2000. The genetic heterozygosity
analysis to wild carp and two cultivated strains of common carp using
microsatellite technique J . Journal of Shanghai Fisheries Univer-
sity 9 4 285 -289.

2000.
. 9 4 285-289.

Gen HY Mei YH Orban L Komen J. 2004. Microsatellites within
genes and ESTs of common carp and their applicability in silver cru-
cian carp J . Aquaculture 234 85-98.

Hines HC Zikakis JP Haenlein GF Kiddy CG Trowbridge CL. 1981.
Linkage relationships among loci of polymorphisms in blood and milk
of cattle J . Dairy Sei 64 14 71-76.

Li XM Gu ZX Li K PengZZ Gong YC. 2000. The genetic diversity
of the pig breeds in China by means of four microsatellite loci ] .
Journal of Shandong Agricultural University — Natural Science 31

3 261-264.
2000. 10

31 3 261-264.

Liang LQ Sun XW. 2003. Mapping cold tolerance strain on genetic
linkage map of common carp J . Journal of Dalian Fisheries Uni-
versity 18 4 278 -281. . 2003.

18
4 278 -281.

Lin KD Luo C. 2003. Preliminary study on applicability of microsatel-
lite primers developed from common carp for genomic analysis of grass
carp J . Acta Laser Biology Sinica 12 2 121 - 127.

. 2003.
. 12 2 121-127.

Liu JX  Zhou L Zhao ZS Gui JF. 2002. Studies on microsatellite
markers of four artificially gynogenetic families in ornamental carp

J . Zool Res 23 2 97 -105.
. 2002. 4
23 2 97-105.
Liu JX Zhou L. Wei LH Gui JF. 2003. Microsatellite marker analysis
on artificially gynogenetic pure link of red white ornamental carp
J . Acta Hydrobiologica Sinica 27 6 557 — 562.
. 2003.
. 27 6 557-562.
McQuown EC  Sloss BL  Sheehan RJ. 2000. Microsatellite analysis of
New primer se-

Trans Am Fish

genetic variation in sturgeon  Acipenseridae
quences for Scaphirlrynchus and Acipenser ] .
Soc 129 1380 - 1388.

Nei M. 1972. Genetic distance between populations J . Amer Natural-

ist 106 283 -292.



602 26

Nei M. 1978. Estimation of average heterozygosity and genetic distance Acta Hydrobiologica Sinica 23 2 120 - 126.
from a small number of individuals J . Genetics 89 583 -590. . 1999. RAPD
Sambrook J Russell DW  Huang PT  Wang JX Zhu HC translation. . 23 2 120-126.
1999. Molecular Cloning A Laboratory Manual. 3rd Edition Xing RL DingJ Teng LP Chang YQ Song LS. 2003. RAPD Analysis
M . Beijing Science Press. . of the polymorphism of genomic DNA among three abalones ] .
. 2002. . Journal of Dalian Fisheries University 18 3 191 -196.
. . 2003. 3
Sun XW Jia ZY Wei DW Lu CY Liang LQ. 2005. Comparison be- DNA RAPD . 18 3 191-
tween magnetic beads enriched and small inserted fragment library for 196.
microsatellite sequences of common carp J . Jouwrnal of Fishery Yan LN Zhang DX. 2004. Effects of sample size on various genetic di-
Sciences of China 12 2 192 - 196. versity measures in population genetic study with microsatellite DNA
. 2005. markers ] . Acta Zoologica Sinica 50 2 279 —290.
. 12 2 192-19%6. . 2004. DNA
Tautz D. 1989. Hyper variability of simple sequences as a general source . 50 2 279-290.
for polymorphic DNA markers J . Nucleic Acid Research 17 Zou SM Lou YD Sun XW Shen JB. 2000. Study on phylogeny rela-
6463 — 6471. tionship of grass carp Boshi carp and 3 populations of common carp
Thorp JP. 1982. The molecular dock hypothesis Biochemical evolution by RAPD fingerprints J . Journal of Fishery Sciences of China 7
genetic differentiation and systematics J . Annual Review of Ecol- 1 6-11. . 2000.
ogy Systematics 13 1 139 - 168. RAPD 3
Xie H Lu RH Xiang CM Zhang ] Qiu T. 1999. Studies on the rela- 7 1 6-11.

tionship of three kinds of mitten crabs using RAPD technique ] .
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1981 4 13

Sterna caspia Laridae
2000 Sterna caspia Pallas 1770 Caspian Tern
Sterna “ ?
610 g 470 mm 60 mm 340 mm 160 mm
40 mm
Sibley & Monroe 1990 : 2000 “
. 2000. M . 173.
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