Vol. 35, No.2

35 2
ACTA HYDROBIOLOGICA SINICA Mar., 2011

=R DOI: 10.3724/SP.J.1035.2011.00348

SNPs

N > 1,2 1
B R ]

(L. ,
2. , 100049)

430072;

5

SNPS AND THEIR APPLICATIONS IN STUDIES ON GENETICS
AND BREEDING OF AQUACULTURE ANIMALS

TAN Xin'? and TONG Jin-Gou'

(1. State Key Laboratory of Freshwater Ecology and Biotechnology, Institute of Hydrobiology, Chinese Academy of Sciences,
Wuhan 430072; 2. Graduate University of Chinese Academy of Sciences, Beijing 100049)

. SNPs; R ;
Key words: Single nucleotide polymorphisms; Aquaculture animals; Genetics; Animal Breeding
PESES: Q343 XEKFRIREG: A X E S 1000-3207(2011)02-0348-07

1 SNP ) ; @
1.1 SNP ’
(Single nucleotide polymorphism, ’ 51
SNP) DNA '
1.2 SNP
’ (1) SNP ,
. ’ 1900 bp SNP SNP 2001
I SNP , ,
142 SNPs
( 2/3) SNP CoT , SNP ,
CpG
, » CpG 161
[2]

SNPs ) SNPs >

) SNPs > 107, (Microsatellites)

SNPs ( ) B3] 71
SNPs , , 3) SNP
s SNPs >
[4] [8]
SNPs cSNPs(coding SNPs), @) SNP
b @ 2

Ui BER: 2010-04-01; 1£3T H#A: 2010-12-08
E&mA: 973 (2010CB126305);

TEZ BN (1987—), ; :
BIES: , E-mail: jgtong@ihb.ac.cn

(30771643); (FEBL FZ17)



2 : SNPs 349
= ? , length polymorphism, RFLP)
01 DNA ,
2 SNP ’
DNA
SNP ,
, , SNP RFLP
SNP [13]
2.1 AFLP (Amplified Fragment Length Polymorphism)
(Allele-specific AFLP PCR
oligonucleotide, ASO) ASO DNA
SNP 20 bp ; DNA ,
( ),
PCR DNA , AFLP RFLP PCR
, , AFLP DNA
ASO ASO , ,
DNA ,
ASO sNp Lo SNP /v ” el
(Gene chips) EMC (Enzyme mismatch cleavage)
( ) T4 VI T7 I DNA
, , , AA/TT
(i Wang, et al. DNA,
2.3 Mb , 3241 , ,
SNPs , SNP (21 , T4 VII  T7 I ,
SNP SNPs!!]
2.3
(TagMan) TagMan (Temperature gradient gel elec-
PCR , 5! 3’ trophoresis, TGGE)  Riesner, et al. !'¥)
- s 5 DNA/RNA
, PCR , DNA
TagMan DNA 3! s s s s
5' > >
, , DNA DNA
, , TGGE SNPs
, (Denaturing gradient gel elec-
SNPs 131 TaqMan SNP trophoresis, DGGE) DGGE DNA
PCR , DNA
, DNA , ,
(Dynamic allele-specific hy- DNA ’ ,
bridization, DASH)  DASH , SNP
DNA SNP , DNA , DGGE
100 , 1 kb, 100—500 bp
(Single-strand conformational poly-
’ ’ morphism, SSCP) DNA ,
DNA 14 )

2.2 PCR
(Restriction fragment

DNA
SSCP
80%—90% ,



350

35

[19]

3 SNP 1201

SSCP
[21]

DGGE

DHPLC ,

2.4
DNA
SNPs

100%

DNA
SNPs

2.5
MU

300000

MU
SNPs
DNA
DNA

DNA
3 SNPs

3.1

QTL

(MAS) 1231

SSCP

P450-c19a

(Denaturing high performance
liquid chromatography, DHPLC)

DNA

DHPLC
SNP
DNA s
; DNA,
[22]
DNA
, SNP
SNPs
SNPs
SNPs MU DNA
DNA
S MU
[23] MU
SNP
DNA,
DNA ,
DNA
[24]
)
. ( )
DNA SNP

(26] SNP
s (27 (28] 9 Kucuktas, et al.?”
, 29 )
72 SNP 259 s 1181 cM,
6.0 cM  Stickney, et al.*! ,
EST ,
SNPs , 25 s
1930  SNPs, 3000 cM, 6.98 cM
SNPs
3.2
SNP s
SNP
( ) (Association study)
(Linkage disequlibrium, LD), LD
QTL
DNA
, [32]
( )
, QTLs
Li, et al. IGF-
5’ 2 SNP ,
[33]
MSTN 2 SNPs
[34]
PCR PCR-RFLP  CRS-PCR
MC4R 5 SNPs,
D4 DI D3 D6 (P<0.05),
D2 D3 D6 (P<0.05)8
GH SNPs [36]
Gross, et al. GH SNPs,
[37] GH
[38]
(Vibrio anguillarum)
o (MHC 1la)



2 : SNPs 351
[39] ,
59  SNPs, B3 Rengmark, eral. 26 SNPs 16
AiCuZnSOD —1739 T/C. AiECSOD , 95.8%
—498 A/T -267 G/A V. angullarum [54]
(401 (MHC ) Pfrender, et al. 5
IHN (1] 8 (Rhinichthys osculus) Cyt b SNPs ,
(MHC) ,
MHC ,
Aeromonas salmonicida s (53] Susnik, et al.
(42] (TNF2) , (RH)
1 SNP , (SILVA) (SL) CI(LDH-C1)
SNP [43] (TF) SNPs , SNP
156] Katsumura, et
, al. 373 fiff
(FSHB) D-loop DNA SNPs R
SNP s (Deme-based sampling) 16
(44 (CYP19a) ,
SNP 17B- (Grid-based sampling) 35 fifk 26
(4] o 12 SNP , 1371 FishPopTrace
2  A803G  C864T , SNP
[46] B 2 SNP
, 2 A891T ,
17p- (471 FOXL2 B8] Robalo, et al. Cytbh  B-actin
3 SNP ( SNPs Iberochondrostoma
yias] ’ i
[591
4
( ), SNP ,
CAPN1 14 1 C/T
SNP, TT SNPs
cc ¥ HGD 14 SNP, , 1)
SNP
pH45 N SNPs
[50] >
SNPs
SNP , G (TYR) ; ,
(Oculocutaneous albinism, OCA) SNP
(51] (TRF) s SNPs
34 SNP , SNPs 152] , SNPs QTL
3.3 ; ( )
SNP , 2)
, SNP ,
( ) SNP o 3) -
Claiborne, et al. (Haplotype variation) SNP

313 3899  SNPs,



352 35
, QTLs SNPs Genetics, 1998, 20(3): 217—218
S [10] Saiki R K, Bugawan T L, Horn G T, ef al. Analysis of en-
zymatically amplified p-globin and HLA-DQoDNA with al-
, , SNPs lele-specific oligonucleotide probes [J]. Nature, 1986, 324:
163—166
’ [11] Marshall A, Hodgson J. DNA chips: An array of possibilities
’ [J]. Nature Biotechnology, 1998, 16: 27—31
’ ) [12] Wang D, Fan J, Siao C, et al. Large-scale identification,
> SNP mapping and genotyping of Single nucleotide polymorphism
> in human genome [J]. Science, 1998, 280: 1077—1082
SNPs [13] Martinsohn J, Ogden R. FishPopTrace-Developing SNP-
s based population genetic assignment methods to investigate
SNPs illegal fishing [J]. Forensic Science International: Genetics
Supplement Series, 2009, 2: 294—296
EST e o S,NPS 7 [14] P.rince JA, Fe'uk L, Howell W M, et al. l?obust and acc‘urate
SNPs QTL smgle-n.ucleotlde% Poly.morphlsm genot}./pmg Py .dynamlc al-
lele-pecific hybridization (DASH): design criteria and assay
’ validation [J]. Genome Research, 2001, 11: 152—162
» SNPs [15] Hua G H, Chen S L, Yu J N, et al. Polymorphism of the
growth hormone gene and its association with growth traits
, SNPs in Boer goat bucks [J]. Meat Science, 2008, 81: 391—395
, [16] Bensch S, Akesson S, Irwin D E. The use of AFLP to find an
informative SNP: genetic differences across a migratory di-
vide in willow warblers [J]. Molecular Ecology, 2002, 11:
2359—2366
[17] Youil R, Kemper B W, Cotton R G. Screening for mutations
[1]  Vignal A, Milan D, SanCristobal M, et al. A review on SNP by enzyme mismatch cleavage with T4 endonuclease VII [J].
and other types of molecular markers and their use in animal Proceedings of the National Academy of Sciences, 1995, 92:
genetics [J]. Genetics Selection Evolution, 2002, 34: 275— 87—91
305 [18] Riesner D, Steger G, Zimmat R, et al. Temperature-gradient
[2] Brookes A J. The essence of SNPs [J]. Gene, 1999, 234: gel electrophoresis of nucleic acids: analysis of conforma-
177—186 tional transitions, sequence variations, and protein-nucleic
[3] Kruglyak L. The use of a genetic map of biallelic markers in acid interactions [J]. Electrophoresis, 1989, 10: 377—389
linkage studies [J]. Nature Genetics, 1997, 17: 21—24 [19] Tian H, Jaquins-Gerstl H, Munro N, et al. Single-strand
[4] Syvinen A C. Accessing genetics variation: genotyping conformation polymorphism analysis by capillary and mi-
single nucleotide polymorphisms [J]. Nature Review Genet- crochip electrophoresis: a fast, simple method for detection
ics, 2001, 2: 930—942 of common mutations in BRCA1 and BRCA2 [J]. Genomics,
[5] Cargill M, Altshuler D, Ireland J, et al. Characterization of 2002, 63: 25—34
single-nucleotide polymorphisms in coding regions of human [20] He F, Wen S H, Dong S, et al. Identification of single nu-
genes [J]. Nature Genetics, 1999, 22: 231—238 cleotide polymorphism cytochrome P450-c19a and its rela-
[6] Sachidanandam R, Weissman D, Schmidt S C, et al. A map tion to reproductive traits in Japanese flounder (Paralichthys
of human genome sequence variation containing 1.42 million olivaceus) [J]. Aquaculture, 2008, 279: 177—181
single nucleotide polymorphisms [J]. Nature, 2001, 409: [21] Oefner P, Underhill P A. Comparative DNA sequencing by
928—933 denaturing high-performance liquid chromatography [J]. The
[7] Xiong M, Jin L. Comparison of the power and accuracy of American Journal of Human Genetics, 1995, 57: 755—761
biallelic and microsatellite markers in population-based [22] Bagattin A, Veronese C, Bauce B, ef al. Denaturing HPLC-
gene-mapping methods [J]. The American Journal of Human based approach for detecting RYR2 mutations involved in
Genetics, 1999, 64: 629—640 malignant arrhythmias [J]. Clinical Chemistry, 2004, 50:
[8] Collins F S, Guyer M S, Chakravarti A. Variations on a 1145—1155
[23] Diao X M, Damon L. Mutator Transposon in Maize and

(9]

theme: cataloging human DNA sequence variation [J]. Sci-
ence, 1997, 278: 1580—1581
Authony B. SNP attack on complex traits [J]. Nature

MULE'  in the Plant Genome [J]. Acta Genetica Sinica, 2006,

33:477—487 [ , Damon L. MuLE



: SNPs

353

[24]

[25]

[26]

[27]

(28]

[29]

[30]

[31]

[32]

[33]

(34]

(35]

[36]

[37]

, 2006, 33: 477—487]
Li H, Rothberg L. Colorimetric detection of DNA sequences
based on electrostatic interactions with unmodified gold
nanoparticles [J]. Proceedings of the National Academy of
Sciences, 2004, 101: 14036—14039
Ohara E, Nishimura T, Nagakura Y, ef al. Genetic linkage
maps of two yellowtails (Seriola quinqueradiata and Seriola
lalandi) [J]. Aquaculture, 2005, 244 :41— 48
Troggio M, Malacarne G, Coppola G, et al. A dense sin-
gle-nucleotide polymorphism-based genetic linkage map of
grapevine (Vitis vinifera L.) anchoring pinot noir bacterial
artificial chromosome contigs [J]. Genetics, 2007, 176: 2637—
2650
Petkov P M, Cassell M A, Sargent E E, et al. Development
of a SNP genotyping panel for genetic monitoring of the
laboratory mouse [J]. Genomics, 2004, 83: 902—911
Berger J, Suzuki T, Senti K A, ef al. Genetic mapping with
SNP markers in Drosophila [J]. Nature Genetics, 2001, 29:
475—481
Han Y, Chagne D, Gasic K, et al. BAC-end sequence-based
SNPs and Bin mapping for rapid integration of physical and
genetic maps in apple [J]. Genomics, 2009, 93: 282—288
Kucuktas H, Wang S L, Li P, et al. Construction of genetic
linkage maps and comparative genome analysis of catfish
using gene-associated markers [J]. Genetics, 2009, 181:
1649—1660
Stickney H L, Schmutz J, Woods L G, et al. Rapid mapping
of zebrafish mutations with SNPs and oligonucleotide mi-
croarrays [J]. Genome Research, 2002, 12: 1929—1934
Pritchard J K, Przeorski M. Linkage disequilibrium in hu-
mans: models and data [J]. The American Journal of Human
Genetics, 2001, 69: 1—14
LiH X, Bai J J, Ye X, et al. Polymorphisms in the 5’ flank-
ing region of the insulin-like growth factor I gene are associ-
ated with growth traits in largemouth bass Micropterus sal-
moides [J]. Fisheries Science, 2009, 75: 351—358
Wang X L, Meng X Y, Song B, ef al. SNPs in the myostatin
gene of the mollusk Chlamys farreri: Association with
growth traits [J]. Comparative Biochemistry and Physiology,
Part B, 2010, 155: 327—330
Liu F P, Bai J J, Ye X, et al. Cloning of MC4R gene and
study on the association between SNP s of MC4R and
growth trait in tilapia (Oreochromis niloticus) [J]. Journal of
Fishery Sciences of China, 2009, 16: 816—823 [ s
) ) MC4R
SNPs , 2009, 16: 816—823]
Tao W J, Boulding E G. Associations between single nucleo-
tide polymorphisms in candidate genes and growth rate in
Arctic charr (Salvelinus alpinus L.) [J]. Heredity, 2003, 91:
60—069
Gross R, Nilsson J. Restriction fragment length polymor-

phism at the growth hormonel gene in Atlantic salmon

[38]

[39]

[40]

[41]

[42]

[43]

[44]

[45]

[46]

[47]

(48]

[49]

(Salmo salar L.) and its association with weight among the
offspring of a hatchery stock [J]. Aquaculture, 1999, 173:
73-80

Kang J H, Lee S J, Park S R. DNA polymorphism in the
growth hormone gene and its association with weight in
olive flounder Paralichthys olivaceus [J). Fisheries Science,
2002, 68: 494—498

Xu T J, Chen S L, Zhang Y X. MHC class Ila gene poly-
morphism and its association with resistance/susceptibility to
Vibrio anguillarum in Japanese flounder (Paralichthys
olivaceus) [J]. Developmental and Comparative Immunology,
2010, 34: 1042—1050

Bao Y B, Li L, Zhang G F. Polymorphism of the superoxide
dismutase gene family in the bay scallop (Argopecten irra-
dians) and its association with resistance/susceptibility to
Vibrio anguillarum [J]. Developmental and Comparative
Immunology, 2010, 34: 553—561

Palti Y, Nichols K, Waller J E, et al. Association between
DNA polymorphisms tightly linked to MHC class 1l genes
and THN virus resistance in backcrosses of rainbow and cut-
throat trout [J]. Aquaculture, 2001, 194: 283—289

Lohm J, Grahn M, Langefors A, et al. Experimental evi-
dence for major histocompatibility complex-allele-specific
resistance to a bacterial infection [J]. Proceedings Royal So-
ciety, 2002, 269: 2029—2033

Jeroen P J, Rene” J M, Beja J. Molecular and functional
characterization of carp TNEF: a link between TNF polymor-
phism and trypanotolerance [J]? Developmental and Com-
parative Immunology, 2003, 27: 29—41

He F, Wen H S, Yu D H, et al. Single Nucleotide Polymor-
phism of FSHP Gene Associated with Reproductive Traits in
Japanese Flounder (Paralichthys olivaceus) [J]. Journal of
Ocean University of China, 2010, 9: 395—398

He F, Wen H S, Dong S L, et al. Identification of single
nucleotide polymorphism cytochrome P450-c19a and its re-
lation to reproductive traits in Japanese flounder (Paralich-
thys olivaceus) [J]. Aquaculture, 2008, 279: 177—181

He F, Wen H S, Dong S L, ef al. 1dentification of estrogen
receptor a gene polymorphisms by SSCP and its effect on
reproductive traits in Japanese flounder (Paralichthys oliva-
ceus) [J]. Comparative Biochemistry and Physiology: Part B,
2008, 150: 278—283

Shi B, Wen H, He F, et al. Single nucleotide polymorphisms
within the estrogen receptor beta gene are linked with repro-
ductive indices in Japanese flounder, Paralichthys olivaceus
[J]. Comparative Biochemistry and Physiology, Part B, 2009,
154: 62—67

Shi B, Wen H, He F, et al. Association of reproductive per-
formance with SNPs of FOXL2 gene by SSCP in Japanese
flounder (Paralichthys olivaceus) [J]. Comparative Bio-
chemistry and Physiology, Part B, 2009, 153: 1—7
Juszczuk-Kubiak E, Sakowski T, Flisikowski K, et al. Bo-



354

35

vine mu -calpain (CAPN1) gene: new SNP within intron 14 [55] Pfrender M E, Hicks J, Lynch M. Biogeographic patterns and
[J]. Journal of Applied Genetics, 2004, 45: 457—460 current distribution of molecular-genetic variation among
[50] Ponsuksili S, Chomdej S, Murani E, ef al. SNP detection and populations of speckled dace, Rhinichthys osculus (Girard)
genetic mapping of porcine genes encoding enzymes in he- [J]. Molecular Phylogenetics and Evolution, 2004, 30: 490—
patic metabolic pathways and evaluation of linkage with 502
carcass traits [J]. Animal Genetics, 2005, 36: 477—4383 [56] Susnik S, Sivka U, Snoj A. A set of nuclear DNA markers
[51] Koga A,Wakamatsu Y, Kurosawa J, et al. Oculocutaneous diagnostic for marble trout, Salmo marmoratus [J].
Albinism in the i® mutant of the medaka fish is associated Aquaculture, 2008, 285: 260—263
with a deletion in the tyrosinase gene [J]. Pigment Cell Re- [57] Katsumura T, Oda S, Mano S, et al. Genetic differentiation
search, 1999, 12: 252—258 among local populations of medaka fish (Oryzias latipes)
[52] Rengmark A, Lingaas F. Genomic structure of the Nile tila- evaluated through grid- and deme-based sampling [J]. Gene,
pia (Oreochromis niloticus) transferrin gene and a haplotype 2009, 443: 170—177
associated with saltwater tolerance [J]. Aquaculture, 2007, [58] Martinsohn J T, Ogden R. FishPopTrace-Developing
272: 146—155 SNP-based population genetic assignment methods to inves-
[53] Stephens J C, Schneider J A, Tanguay D A, et al. Haplotype tigate illegal fishing [J]. Forensic Science International:
variation and linkage disequilibrium in 313 human genes [J]. Genetics Supplement Series, 2009, 2: 294—296
Science, 2001, 293: 489—493 [59] Robalo J, Doadrio I, Valente A, et al. Almada VC. Insights on
[54] Rengmark A H, Slettan A, Skaala O, ef al. Genetic variabil- speciation patterns in the genus Iberochondrostoma (Cypr-
ity in wild and farmed Atlantic salmon (Salmo salar) strains inidae): Evidence from mitochondrial and nuclear data [J].
estimated by SNP and microsatellites [J]. Aquaculture, 2006, Molecular Phylogenetics and Evolution, 2008, 46: 155—166
253:229—237
(REEMFR) REZERS
EDITORIAL BOARD OF ACTAHYDROBIOLOGICA SINICA
* 4  Chief Editor GUI Jian-Fang
BlE4  Associate Editor XIE Shou-Qi
£ R Members ( )
CAI Qing-Hua CAO Wen-Xuan CHANG Jian-Bo
CHEN Jia-Kuan CHEN Yi-Yu CHEN Yi-Feng
GAO Kun-Shan HE Shun-Ping HONG Yun-Han
HU Zheng-Yu LI Wen-Xin LI Zhong-Jie
LIN Hao-Ran LIU Jian-Kang LIU Yong-Ding
MAI Kang-Sen NIE Pin QU Jiu-Hui
SHEN Yun-Fen SONG Li-Rong TANG Qi-Sheng
WANG Ding WU Zao-He WU Zhen-Bin
XIANG Jian-Hai XIAO Wei XIE Ping
XIE Xiao-Jun XIONG Bang-Xi XIONG Si-Yue
XU Xu-Dong YANG Xian-Le YU Dan
YU Qi-Xing YOU Li ZHANG Qi-Ya
ZHU Zuo-Yan Harald Rosenthal ( )
YRERER Editorial office DU Xin-Zheng WANG Qin YU Xi



