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1 DNA
Tab. 1 Types of DNA markers characteristics and degree of difficulty

Marker 
type

Requires prior 
mole ular 

information

Mode of 
inheritan e

Type
Lo us under 
investigation

Polymorphism 
Degree of 
diffi ulty 
for use

Repeatability

mtDNA 
with PCR

Yes

RFLP No

RAPD No

AFLP No

SSR Yes

EST Yes I

SNP Yes

Liu 30 DNA

1

2

RAPD AFLP 2

33-38 10
RAPD AFLP 2

2
RAPD 2

2001
2 SNP

1
Journal of Fish Biology

Mole ular E ology Animal Geneti s 3
1996~2007

273
AFLP RAPD RFLP 4 177

2000
RAPD

Liu 31

RAPD

2.1

20 90

RAPD AFLP Ko her
39 Oreochromis nilolicus

Young 40 Liu 41 Ictalurus 
punctatus 1

QTL
1 2~3
QTL 42 43

2
44 O. mykiss  45 46

QTL
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Fig. 1 Number of papers using different mole ular marker 
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QTL

QTL 10
QTL
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2

2 1
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51
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53 54 QTL
OKAMOTO 55
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QTL
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QTL
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2
Tab. 2 Application of microsatellite markers in QTL analysis for fish

Trait Phenotypi al trait Marker
QTL 

Spe ies Referen e

SSR 2 4 58 59

AFLP/SSR 3 60
SSR 13 61

AFLP/SSR 3 62

SSR 2 63

SSR 7 64

SSR/AFLP 2 7 65 66

SSR/SNP 2 67

SSR 2 68

SSR 3 69
SSR/GENE 2 70 71
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3 DNA
Tab. 3 Application of DNA molecular markers in aquaculture genetic research

Task
Re ommend marker one time Re ommend marker Repeats Other useful marker

Spe ies identifi ation RAPD MS RAPD AFLP
Strain identifi ation MS MS RFLP RAPD

Hybrid identifi ation RAPD MS AFLP
Paternity identifi ation MS MS RFLP

Linkage map MS AFLP MS SNP I Type
QTL  QTL mapping MS type MS SNP EST

3

1  Skinner D M Beattie W G Blattner F R et al.The repeat 

sequen e of a hermit rab satellite deoxyribonu lei  a id is 

-T-A-G-G- n- -A-T-C-C- n J . Bio hemistry 1974 13 19

3 930 3 937. 

2  Selsing E Leslie A G Arnott S et al.Conformations of satellite 

DNAs J 1976 3 10 2 451 2 457. 

3  Tautz D Renz M. Simple sequen es are ubiquitous repetitive 

omponents of eukaryoti  genomes J . Nu lei  A ids Res

1984 25 12 10 4 127 4 138.

4  Hamada H. Petrino M G Kakunaga T. A novel repeated element 

with Z-DNA-forming potential is widely found in evolutionarily 

diverse eukaryoti  genomes J . Pro  Natl A ad S i USA 1982

79 6 465 6 469.

5  Jeffreys A J Royle N J Wilson V et al. Spontaneous mutation 

rates to new length alleles at tandem-repetitive hypervariable lo i 

in human DNA J .Nature 1988 332 6 161 278 281.

6  Be kmann J S Soller M.Towards a unified approa h to 

geneti  mapping of eukaryotes based on sequen e tagged 

mi rosatellites J . 1990 8 930 932.

7  Weber  J  L May P E. Abundant  lass of human DNA 

polymorphisms whi h an be typed using the polymerase hain 

rea tion J . Am J Hum Genet 1990 44 388 396.

8  Weber J L. Human DNA polymorphisms and methods of 

analysis J . Curr Opin Biote hnol 1990 1 166 171.

9  Taggart J B Ferguson A. Minisatellite DNA fingerprinting of 

J .Animal Geneti s 1990 21 377 389.

10  Bentzen P Harris A Wright J M. Cloning of hypervariable 

minisatellite and simple sequen e mi rosatellite repeats 

for DNA fingerprinting of important aqua ulture spe ies of 

salmonids and tilapia C . In Burke T Dolf G A. Jeffreys A J

et al eds. DNA Fingerprinting Appro hes and Appli ations

Basel Birkhauser Verlag 1991 243 262.

11  .

J . 2005 12 2

126 132.

12  Chang Ya-Hui Su Wen-Hui LeeTso-Ching. TPMD a database 

and resour es of mi rosatellite marker genotyped in Taiwanese 

populations J . Nu lei  A ids Resear h 2005 Vol. 33

Database issue D174 D177.

13  Lindqvist A K Magnusson P K Bal iuniene J. Chromosome-

spe ifi  panels of tri- and tetranu leotide mi rosatellite markers 

for multiplex fluores ent dete tion and automated genotyping

evaluation of their utility in pathology and forensi s J . 

Genome Res 1996 6 1 170 1 176.

14  Knapik E W Goodman A Atkinson O S. A referen e ross 

DNA panel for zebrafish an hored with simple sequen e length 

polymorphisms J .Development 1996 123 451 460.

15  Kijas JMH Fowler JCS Garbett  C A.  Thomas MR

Enri hment of mi rosatellites from the Citrus genome using 

biotinylated oligonu leotide sequen es bound to streptavidin-

oated magneti  parti les J . 1994 16

656 662. 

16  JIA Z Sun X Liang L et al. Isolation and hara terization 
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of mi rosatellite markers from Fangzheng silver ru ian 

arp Carassius auratus gibelio  Blo h  and ross-

amplifi ation in the losely related spe ies ru ian arp C. 

auratus auratus Linnaeus  J .MEN 2006 6 1 141 1 143.

17  TONG G KUANG Y YIN J et al. Isolation of mi rosatellite 

DNA and Analysis on geneti  diversity of endangered fish

Hucho taimen Pallas  J . MEN 2006 6 1 099 1 101. 

18  Gupta M Chyi Y-S Romero-Severson J et al. Amplifi ation of 

DNA markers from evolutionarily diverse genomes using single 

primers of simple-sequen e repeats J . Theoret Appl Gen

1994 89 998 1 006.

19  Zietkiewi z E Rafalski A Labuda D. Genome fingerprinting 

by simple sequen e repeat SSR -an hored polymerase hain 

rea tion amplifi ation J . Genomi s 1994 20 176 183. 

20  Wu K S Jones R Danneberger L et  al.

J

1994 22 15 3 257 3 258.

21  . SSR

J . 2001 28 4 359 366.

22  Zane L Bargellon L Patarnello T. Strategies for mi rosatellite 

isolation a review J . Mole ular E ology 2002 11 1 1 16. 

23  Cheng L Yu X Liao X Tong J. Development of EST-SSRs 

by an effi ient FIASCO-based strategy a ase study in rare 

minnow Gobiocypris rarus  J . Animal Biote hnology

2007 18 1 10.

24  . EST-SSRs

J . 2007

15 6 947 952.

25  . BAC SETs

J . 

2007  22 2 97 101.

26  . SSLP

J . 2001 8 2 5 6.

27  . 

DNA J . 2005 29 113 119.

28  Tong J Wang ZW Wu Q J et al. Cross-spe ies amplifi ation 

in silver arp and bighead arp with mi rosatellite primers of 

ommon arp J . MEN 2002 2 245 248.

29  Lin KD Luo C. Preliminary study on appli ability of 

mi rosatellite primers developed from ommon arp for 

genomi  analysis of grass arp J . A ta Laser Biology Sini a

2003 12 2 121 127.

30  . DNA M . 

2000.

31  Liu Z J

J 2004

238 1 37. 

32  Fisher R A. Has Mendel s work been redis overed? J . 

Annals S i 1936 1 115 137.

33  Wright J M Bentzen P. Mi rosatellites geneti  markers for the 

future J . Fish Biol Fish 1994 4 383 388. 

34  . J .

1995 8 1 86 89.

35  O onnell M Wright J M. Mi rosatellite DNA in fishes J . 

Fish Biol Fish 1997 7 331 363. 

36  Herbinger C M Reith M E Ja kson T R. DNA markers and 

aqua ulture geneti s M . In Re ent Advan es in Marine 

Biote hnology. Vol 10 Mole ular geneti s of marine organisms. 

Fingerman M Nagabhushanam R.. Enfield USA Plymooth

S ien e Publishers 2003.

37  Zhang X Tong J Xiong B. Appli ations of mi rosatellite 

markers on studies of geneti s and breeding of fishes J . Chin J 

Agr Biote hnol 2006 3 2 83 87. 

38  . J . Mar 

S i 2006 30 10 81 86.

39 Ko her T D Lee W J Sobolewska H et al. A geneti  linkage 

map of a i hlid fish the tilapia Oreochromis niloticus J .

Geneti s 1998 148 851 858.

40 Young W P Wheeler P A Coryell V H et al. A detailed linkage 

map of rainbow trout produ ed using doubled haploids. J .

Geneti s 1998 148 839 850.

41 Liu Z Karsi A Li P et al. An-AFLP-based geneti  linkage 

map of hannel atfish Ictalurus punctatus  onstru ted by 

using an interspe ifi  hybrid resour e family J . Geneti s

2003 165 2 687 694. 

42 . J .

2000 7 1 1 6.

43  Sun Xiaowen Liang Liqun. A geneti  linkage map of ommon 

arp Cyprinus carpio L.  and mapping a lo us asso iated with 

old toleran e trait J . Aqua ulture 2004 238 1-4 165 172.

44 Lee B Y Lee W J Streelman J T et al.A Se ond-generation 

geneti  linkage map of tilapia Oreochromis spp. J . 

Geneti s 2005 170 1 237 244.

45 Ni hol K M Young W P Danzmann R G. A onsolidated 

linkage map for rainbow trout J . Animal Geneti s 2003 34

102 115.
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46 Zhang Y Liang L Q Sun X W et al. A A Se ond-generation 

geneti  linkage map of ommon arp J . Geneti s 2008 In 

press .

47  Sturtevant A H Morgan T H. The linear arrangement of six 

sex-linked fa tors in Drosophila as shown by their mode of 

asso iation J . J Exper Zool 1913 14 43 59

48  Ja kson T R Ferguson  M M Danzmann R G et al . 

Identifi ation of two QTL influen ing upper temperature 

toleran e in three rainbow trout half-sib families J . Heredity

1998 80 143 151.

49  Ozaki A Sakamoto T Khoo S et al. Quantitative trait 

lo i QTLs  asso iated with resistan e/sus eptibility to 

infe tious pan reati  ne rosis virus IPNV  in rainbow trout J . 

Mol Genet Genomi s 2000 265 23 31.

50 Liu Z J Dunham R. Geneti  linkage and QTL mapping of 

i talurid atfish.Alabama Agr.Exp J . Sta Cir Bulletin 1997

321 1 19. 

51  Fuji K Hasegava O Honda K et al. Marker-based breeding 

of a lympho ytis disease-resistant Japanese flounder J . 

Aqua ulture 2007 272 291 295.

52  Lee B-Y Hulata  G Ko her T D.  Two unlinked lo i 

ontrolling the sex of blue tilapia Oreochromis aureus  J . 

Heredity 2004 92 6 543 549.

53 . 

J . 2008 30 5 613 619.

54 Reid DP Szanto A Glebe B et al. QTL for body weight and 

ondition fa tor in Atlanti  salmon omparative analysis with 

rainbow trout and Ar ti  harr J . Heredity 2005 94 166 172.

55 Okamoto N K Fuji E Ohara T et al. Strategy for marker-

assisted breeding status of geneti  linkage maps and QTL 

for aqua ulture spe ies C . //

2005 . 2006

114 125 .

56  Lander E S Green P. Constru tion of multilo us geneti  maps 

in humans J . Pro  Nat A ad S i USA 1987 84 2 363 2 367.

57  Wang L Song L Chang Y et al. A preliminary geneti  map of 

Zhikong s allop Chlamys farreri Jones et Preston 1904  J . 

Aqu Res 2005 36 643 653.

58  . QTL

J . 2006 27 5 533 541.

59  Pei hel C L Nereng K S Ohgi K A et al. The geneti  

ar hite ture of divergen e between threespine sti kleba k 

spe ies J . Nature 2001 414 901 905.

60  Zimmerman A M Wheeler P A Ristow S S et al. Composite 

interval mapping reveals three QTL asso iated with pylori  

ae a number in rainbow trout Oncorhynchus mykiss J . 

Aqua ulture 2005 247 85 95.

61  Sakamoto T Danzmann R G Okamoto N et al. Linkage 

analysis of quantitative trait lo i asso iated with spawning time 

in rainbow trout Oncorhynchus mykiss  J . Aqua ulture

1999 173 33 43.

62  Robison B D Wheeler P A Sundin K et al. Composite 

interval mapping reveals a major lo us influen ing embryoni  

development rate in rainbow trout Oncorhynchus mykiss  J . 

Heredity 2001 92 16 22.

63  Reid D P Szanto A Glebe B et al. QTL for body weight and 

ondition fa tor in Atlanti  salmon Salmo salar omparative 

analysis with rainbow trout Oncorhynchus mykiss  and Ar ti  

harr Salvelinus alpinus  J . Heredity 2005 94 166 172.

64  . QTL

J . 2007 29 10 1 243 1 248.

65  Ozaki A Sakamoto T Khoo S et al. Quantitative trait 

lo i QTLs  asso iated with resistan e/sus eptibility to 

infe tious pan reati  ne rosis virus IPNV  in rainbow trout 

Oncorhynchus mykiss  J . Mol Genet Genom 2001 265

23 31.

66  Ozaki A Khoo S Yoshiura Y et al. Identifi ation of additional 

quantitative trait lo i QTL  responsible for sus eptibility to 

infe tious pan reati  ne rosis virus in rainbow trout J . Fish 

Pathol 2007 42 131 140.

67  Lee W J. Dete tion of QTL for salinity toleran e of tilapia C . 

Plant & Animal Genomes XI Conferen e 2003.

68  Cnaani A Hallerman E M Ron M et al. Dete tion of a 

hromosomal region with two quantitative trait lo i affe ting 

old toleran e and fish size in an F2 tilapia hybrid J . 

Aqua ulture 2003 223 117 128.

69  Danzmann R G Ja kson T R Ferguson M M. Epistasis in 

alleli  expression at upper temperature toleran e QTL in 

rainbow trout J . Aqua ulture 1999 173 45 58.

70  Lee B Y Hulata G Ko her T D. Two unlinked lo i ontrolling 

the sex of blue tilapia Oreochromis aureus  J . Heredity

2004 92 543 549.

71  Shirak A Seroussi E Cnaani A et al. Amh and Dmrta2 Genes 

Map to tilapia Oreochromis spp.  linkage group 23 within 

quantitative trait lo us regions for sex determination J . 

Geneti s 2006 174 1 573 1 581.
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72  . 

J . 2008

.

73  Desvignes J F Laro he J Durand J D et al. Geneti  variability 

in reared sto ks of ommon arp Cyprinus carpio L.  based 

on allozymes and mi rosatellites J . Aqua ulture 2001 194

291 301.

74  . DNA

J . 2004 5 481 486.

75  Zhang Q Allen S K Ree e K S. Geneti  variation in wild and 

hat hery sto ks of suminoe oyster Crassostrea ariakensis  

assessed by PCR-RFLP and mi rosatellite markers J . Mar 

Bio hnol 2005 7 588 599.

76  Huang BX Peakall R Hanna PJ. Analysis of geneti  stru ture 

of bla klip abalone Haliotis rubra  populations using RAPD

minisatellite and mi rosatellite markers J . Mar Biol 2000

136 207 216.

77  Sekino M Saido T Fujita T et al. Mi rosatellite DNA markers 

of Ezo abalone Haliotis discus hannai a preliminary 

assessment of natural populations sampled from heavily sto ked 

areas J . Aqua ulture 2005 243 33 47. 

78  .

M . 2001 1 139.

79  Goldstein D B Pollo k D D. Laun hing mi rosatellites

a review of mution pro esses and methods of phylogeneti  

inferen e J . Hered 1997 88 355 342.

80  . 

J 2002 26 119 126. 

81  Thorp J P. The mole ular do k hypothesis Bio hemi al 

evolution geneti  differentiation and systemati s J  . Annual 

Review of E ology Systemati s 1982 13 1 139 168.

82  . 3 DNA 

RAPD J . 2003 18 3 191 196. 

83  Crawford A M LittlePohn R P The use of DNA marker in 

de iding onservation priorities in sheep and other livesto k J .

Animal Geneti  Resour es Information 1998 23 21 26

84  Sneath PHA Sokal R S. Numeri al taxonomythe prin iple 

and pra ti e of numeri al lassifi ations M . San Fran is o

Freeman and Com 1973.

85  Saitou N Nei M The neighbor-joining method a new method 

for re onstru ting phylogeneti  trees J Mol Biol Evol

1987 4 4 406 425.

86  Studier J A Keppler K J. A note on the neighbor-joining 

algorithm of Saitou and Nei J . Mole ul Biol Evol 1988 5

729 731.

87  Liu ZJ

the genome revolution M . In Celebration of the 50 Years 

of DNA

Cambridge 2003 50 52.

88  Zardoya R Vollmer D M Craddo k C et al.Evolutionary 

onservation of mi rosatellite flanking regions and their 

use in resolving the phylogeny of i hlid fishes Pis es

Per iformes J . Pro  Biol S i 1996 22 263 1 376

1 589 1 598.

89  Amores A For e A. Y-L Yan L et al. Zebrafish hox lusters 

and vertebrate genome evolution J . 1998 282

1 711 1 714. 

90  O’Brien S J Eisenberg J F Miyamoto M et al. Genome 

J . 1992 86 463-478. 

91  M Kinnon J S Mori S Bla kman B K et al. Eviden e for 

e ology's role in spe iation J . Nature 2004 429 6 989

294 298.

92  Pei hel C L Ross J A Matson C K et al. The master sex-

determination lo us in threespine sti kleba ks is on a nas ent Y

hromosome J . Curr Biol 2004 14 16 1 416 1 424.

93  Shapiro M D Marks M E Pei hel C L  et al. Geneti  and 

developmental basis of evolutionary pelvi  redu tion in 

threespine sti kleba ks J . Nature 2004 428 679 782.

94  Colosimo P F Hosemann K E Balabhadra S et al. Widespread 

parallel evolution in sti kleba ks by repeated fixation of 

e todysplasin alleles J . S ien e 2005 307 1 928 1 933.

95  S hliewen U K Ko her T D M Kaye K R et al. Evolutionary 

Biology eviden e for sympatri  spe iation? J Nature 2006

444 E12 3.

96  Ko her T D. Adaptive evolution and explosive spe iation

the i hlid fish model J . Nature Reviews Geneti s 2004 5

288 298.

97  Streelman J T Webb J F Albertson R C et al. The usp of 

evolution and development A model of i hlid tooth shape 

diversity J . Evol Devel 2003 5 600 608.

98  Albertson R C Streelman J T Ko her T D et al. Integration 

and evolution of the i hlid mandible the mole ular basis of 

alternate feeding strategies J . Pro  Natl A ad S i USA 2003

102 16 287 16 292.
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99  . 5 DNA 

J . 2002 9 3 273 276.

100  .

J . 2005 26 6 595 602.

101  . DNA 

J . 2004 28 5 481 486.

102  . RAPD 

3 J . 2000

7 1 6 11. 

103  .

DNA J . 2005 l5 l2

90 96.

104  Song L Liu B Xiang J et a1. Mole ular phylogeny and 

spe ies identifi ation of puferfish of the genus Takifugu 

Tetraodontiforifles Tetraodontidae J Mar Biote hnol

2001 3 398.

105  .

SSR J . 2007 31 2

152 158. 

106  .

RAPD J . 2005 14 1

1 5

107  .

J . 2003 34 4 l12 l19.

108  .

J . 2005 29 5 612 618.

109  . Anguilla japonica

A. anguilla J . 2003

34 4 414  421.

110  . 4 DNA

J . 2005

12 4 371 376. 

111  . J .

2003 5 6 3 6.

112  .

mtDNA J . 1998 25 4 330 336.

113  . 

Est MDH J .

1989 12 3 69 74.

114  . DNA

J . 2006 28 12 1 541 1 548.

115  . 3

DNA J . 2007 31 4 437 442.

116  . 9

J . 2007 29 7 837 843.

117  Maggio T Andaloro F Hemida F. A mole ular analysis of 

some Eastern Atlanti  grouper from the Epinephelus and 

Mycteroperca genus J . J Experim Mar Biol E ol 2005

321 1 83 92.

118  . 16S rDNA

30 J .

2006 52 3 61 68.

119  . b

J . C

2006 36 1 27 34.
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Development and application of microsatellite markers in aquatic species

SUN Xiao-wen ZHANG Xiao-feng ZHAO Ying-ying  ZHANG Yan JIA Zhi-ying CHANG Yu-mei  LU Cui-
yun  LIANG Li-qun

Heilongjiang Fisheries Resear h Institute Chinese A ademy of Fishery S ien es Harbin 150070 China

Abstract The development and appli ation of mi rosatellite markers largely expands the depth and breadth of 
DNA markers appli ation in the aquati  industry and brings about a revolutionary hange to resear hes on the 
geneti  nature of biologi al traits. In this paper the progress of mi rosatellite markers and their appli ation in 
aquati  spe ies geneti s and breeding were introdu ed. The development ourse of the mi rosatellite markers 
loning was presented. In parti ular the te hnology of loning mi rosatellite sequen es in aquati  spe ies was 

introdu ed and the main resour es of mi rosatellite markers in aquati  spe ies were also reviewed. A omparison 
was ondu ted between mi rosatellite markers and other DNA mole ular markers in luding AFLP RFLP
RAPD and SNP in different aspe ts su h as appli ation s ope and degree of diffi ulty in use. The appli ation of 
mi rosatellite markers in aquati  resear hes were also presented in luding making geneti  linkage maps studying 
biologi al traits and quantitative trait lo i QTL population geneti s germplasm identifi ation evolutionary 
geneti s fish breeding et . Another omparison was ondu ted by using some tables and figures to show the 
degree of diffi ulty in appli ation polymorphism information ontents PIC repeatability and ommuni ation 
et . between mi rosatellite markers and other DNA mole ular markers. Consequently suitability of different DNA 
markers used in aquati  resear hes were shown. Finally future prospe ts on using mi rosatellite markers in fish 
breeding germplasm identifi ation and evaluation were presented. Journal of Fishery S ien es of China 2008
15 4 689 703
Key  words aquati  animal; mi rosatellite markers
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