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Abstract  Single nucleotide polymorphisms (SNPs) are the most frequent variations in the genome
of any organism, playing an important role in many aspects of genetics research. In this paper, we
reviewed the feature of SNPs its advantage in genotyping and application in crops breeding .
Key words  Single nucleotide polymorphism (SNP), Genetic marker, Association analysis

(Arabidopsis thaliana) (Oryza sativa L.)
(single
nucleotide polymorphism, SNP)
SNP
SNP
SNP
Goldstein(2001) (linkage disequilibrium LD)
SNP
(H012010240240240113) (H020821150130)

Author for correspondence. E-mail: clhuang@public.bta.net.cn
2003-06-17 2003-10-23



2004 619
SNP
SNP SNP (ZeamayslL.) (Triticum aestivum
L.) SNP
SNP SNP SNP
SNP SNP
1
SNP / (indels) SNP
DNA (transition), T-C A-G
(transversion) A-C T-G G-C AT
1% SNP 2
3 4 3 4 SNP 2
, SNP SNP
2/3 SNP
SNP SNP
(coding SNP cSNP) CcSNP
(synonymous cSNP s-cSNP) cSNP
(nonsynonymous cSNP  ns-cSNP) ns-cSNP CSNP
SNP (RFLP) (SSR)
1.1
SNP
The Arabidopsis Genome I nitiative (2000) Columbia (ecotype)82 Mb  Landsberg
92.1 Mb 25274 SNP 3.3kb SNP;
14570 Indel 6.1 kb Indel INRA 94
(ecotype) v CBF1 CBF2 CBF3
3907 SNP 33 bp SNP 2
kb Indel 5 29 bp SNP 60 bp Indel
3 47 bp SNP 142 bp Indel( )
1.2
SSR SSR
(Weber and Wong ,1993) SNP SSR
1.3
SNP / SSR

SNP



620 21(5)

SSR SNP
3 4 SNP
8 16 1 SSR ( 107%(
2001) SNP
2 SNP
SNP : SNP
SNP; SNP (genotyping)
2.1 SNP
SNP SNP SNP
EST
RFLP
211 PCR SNP
EST PCR PCR SNP
Genalys DNAstar Clustal SNP
Nasu (2002) 3 1 (Oryza rufipogon)
417 SNP 2800 SNP 89 bp SNP
Tenaillon (2001) 25 1 21
104 bp SNP Bhattramakki (2002) 8
502 EST Indel 43% EST Indels
655 Indel Indel  54.8% 2 3 Indel
6 (3.4%) 8 (2.3%) Indel Ching (2002) 36
18 48 bp SNP
85 bp Indel 130 bp SNP Indel 2.35kb
3bp Indel
Cregan (http://www.intl-pag.org/pag/9/abstracts/P3e_11.html) 22 (Glycine
man (L.) Merr.) SNP 610 bp SNP
229 bp SNP
Kota(2001) 19000 EST EST 180 7
(Hordeuna vulgare L.) SNP 72 SNP
212 SNP SNP
(ESTs) (STSs) cDNA
( XGAP) SNP SNP

, SNP (Guetal., 1998 Picoult-Newberg et al., 1999 Marth et



2004

621

al., 1999) 37344 SNP http  //ww.arabidopsis. org /cereon/
index.html
SNP Wang (1998) DNA
16725 STS( 2Mb DNA) 2748 SNP 721 bp SNP
2.2 SNP
SNP
SNP ;
SNP
SNP
SNP SNP
SNP DNA
(MALDI-TOF) DNA
MALDI-TOF
3 SNP
SSR
SSR SSR
SSR SNP
DNA SSR
SNP SNP
0.263 SSR 0.77(Taramino and Tingey 1996)
SNP SNP
SNP SNP SNP
(haplotype-tag)(Johnson et al., 2001)
31 SNP
SNP SNP 89
bp SNP(Nasu et al., 2002), 61 bp SNP(Ching et al., 2002) SNP
SSR
SNP
(QTL)
; SNP
(MAS)
3.2
BAC
SNP SNP



622 21(5)

20% BAC (Meyerset al.
2001)

3.3

DNA
SNP SNP

(linkage disequilibrium LD)
A B A A  =AB -A
x B , A 1-r 0 r
n A=A o(1-1)" A =0 A B
A =1 A B 0<A <1 (
1997)
LD

LD

LD SNP

34 SNP

SNP

SNP LD

LD
LD

(Delanney etal. 1983)
LD LD 22
SNP 3 Minsoy Noir  Archer
(Rafalski 2002) , LD 100 kb

(Rafalski 2002) RFLP (Saccharum sinensis Roxb.) LD

(Jannoo et al., 1999) LD



2004 623

LD
3.5 SNP
RFLP SSR SNP
RFLP
SNP
SNP SNP
SNP
DNA
MALDI-TOF SNP
LOD
SNP ( 1999)
3.6 5SNP
SNP
Kota (2001) 7 180 EST SNP 72  SNP
SNP Kanazin (2002) 5 54
EST SNP 112 SNP SNP
H. spontaneum

4

SNP

SNP
SNP SNP
SNP SNP
SNP
, 1999. SNP : , 11(5): 197~200
, 2001. . , 21(6):288~290
,1997. , 20(4): 169~172

Bhattramakki D, Dolan M, Hanafey M, Wineland R, Vaske D, Register JC, Tingey SV, Rafalski A, 2002. Insertion-
deletion polymorphisms in 3'- regions of maize genes occur frequently and can be used as highly informative
genetic markers. Plant Mol Biol, 48:539~547

Ching A, Caldwell K S, Jung M, Dolan M, Smith O S, Tingey S, Morgante M, Rafalski A J 2002. SNP frequency,



624 21(5)

haplotype structure and linkage disequilibrium in elite maize inbred lines. BMC Genet, 3: 19

Delanney X Rodgers D M Palmer R G, 1983. Relative genetic contributions among ancestral lines to North
American soybean cultivars. Crop Sci, 23: 944~949

Goldstein D B, 2001. Islands of linkage disequilibrium. Nat Genet 29: 109~111

Gu Z, Hillier L, Kwok P Y,1998. Single nucleotide polymorphism hunting in cyberspace. Hum Mutat, 12: 221~225

Johnson G C, Esposito L, Barratt B J, Smith A N, Heward J, Di Genova G, Ueda H, Cordell H J, Eaves | A, Dudbridge
F, Twells R C, Payne F, Hughes W, Nutland S, Stevens H, Carr P, Tuomilehto-Wolf E, Tuomilehto J, Gough S C,
Clayton D G, Todd J A, 2001. Haplotype tagging for the identification of common disease genes. Nat Genet, 29:
233~237

Jannoo N, Grivet L, Dookun A, D’ Hont A, Glaszmann J C, 1999. Linkage disequilibrium among modern sugarcane
cultivars. Theor Appl Genet, 99: 1053~1060

Kota R, Varshney R K, Thiel T, Dehmer K J, Graner A, 2001. Generation and comparison of EST-derived SSRs and
SNPs in barley (Hordeum vulgare L.). Hereditas, 135: 145~151

Kanazin V, Tabert H, See D, DeCamp P, Nevo E, Blake T, 2002. Discovery and assay of single-nucleotide polymor-
phisms in barley (Hordeum vulgare) . Plant Mol Biol, 48: 529~537

Marth G T, Korf |, Yandell M D, Yeh R T, Gu Z, Zakeri H, Stitziel N O, Hillier L, Kwok P Y, Gish W R, 1999. A general
approach to single-nucleotide polymorphism discovery. Nat Genet, 23: 452~456

Meyers B C, Tingey SV, Morgante M 2001. Abundance, distribution, and transcriptional activity of repetitive
elements in the maize genome. Genome Res 11:1660~1676

Nasu S, Suzuki J, Ohta R, Hasegawa K, Yui R, Kitazawa N, Monna L, Minobe Y, 2002. Search for and analysis of single
nucleotide polymorphisms (SNPs) in rice (Oryza sativa, Oryza rufipogon) and establishment of SNP markers.
DNA Res, 9: 163~171

Picoult-Newberg L, Ideker T E, Pohl M G, Taylor SL, Donaldson M A, Nickerson D A, Boyce-Jacino M,1999. Mining
SNPs from EST databases. Genome Res, 9: 167~174

Rafalski A, 2002. Application of single nucleotide polymorphisms in crop genetics. Curr Opin Plant Biol, 5: 94~100

Taramino G, Tingey S, 1996. Simple sequence repeats for germplasm analysis and mapping in maize. Genome, 39:
277~287

Tenaillon M |, Sawkins M C, Long A D, Doebley JF, Gaut B S, 2001. Patterns of DNA sequence polymorphism along
chromosome 1 of maize ( Zea mays ssp. mays L.). Proc Natl Acad Sci USA, 98: 9161~9166

The Arabidopsis Genome Initiative, 2000. Analysis of the genome sequence of the flowering plant Arabidopsis
thaliana. Nature, 408: 796~815

Weber J L, Wong C, 1993. Mutation of human short tandem repeats. Hum Mol Genet, 2: 1123~1128

Wang D G, Fan JB, Siao C J, Berno A, Young P, Sapolsky R, Ghandour G, Perkins N, Winchester E, Spencer J, Kruglyak
L, Stein L, Hsie L, Topaloglou T, Hubbell E, Robinson E, Mittmann M, Morris M S, Shen N, Kilburn D, Rioux
J, Nusbaum C, Rozen S, Hudson T J, Lander E S, 1998. Large-scale identification, mapping, and genotyping of

single-nucleotide polymorphisms in the human genome. Science, 280: 1077~1082



