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4% CAPS $ri2F1 AS-PCR S|4 %

ERAL, AL, BEL, FLB, XE, Rk, GET I K,
%A

O A RLA BRI, VR RS TUIT, [ SHE TREBORBETTH L, SO b A i R rpot, TR
400712)

# ZE. LI GenBank ' N#iH) 93 955 4H#5 [Citrus sinensis (L.) Osbeck] EST FE#1 i F41, #i
FH QualitySNP #XAFEL M 4248 1 521 ML H R 2 &1 (single nucleotide polymorphism, SNP) fi %4y
o BE BRI TR D)7 s A R A WatCut EAT 2087, KRB 125 A4~ SNP GG 14 2 M7 51 (cleaved
amplified polymorphic sequences, CAPS) {i s, BHALEKIE 40 A~ CAPS ik ik vh- 514, XF 12 5
TR IATREG APt AT 208, DB TE R AR iC A e AN, PRt 1 25 AN EYE B2 0 vl 35
gt i (= IERR T 51 U3 1) SNP AL A, 43 Sl e v — 41 554 2 R 57 PCR(allele specific PCR, AS-PCR)
514, Lh6 MNARIFIZEELAIAG WP DNA JAAREAT PCR 71, 71474 % A £ Mt s e vk AT 4G
ik 2 A1 . 4 R EIR, 40 A CAPS RIEN i 7 26 ML A REYIY M2 80, Hor Ma RAse,
FAER CAPS #icde BEAN, IEFRESRAT 15 LUAEANFIATAR b A )RS0 1) 2 25 PR (¥ AS-PCR 514, HR VLS,
P ORI R ARG SRR ¥ SNP 432

KEIF: A RSP PRITRZEE: MUY 28 Ps): SRR PCR

HESHES: S666 SCHRFRIREG: A XEHS: 0513-353X (2012) 06-1027-08

Development of CAPS Markers and Allele-specific PCR Primers in Citrus

LEI Tian-gang, HE Yong-rui , PENG Ai-hong, XU Lan-zhen, LIU Xiao-feng, YAO Li-xiao, ZOU
Xiu-ping, JIANG Dong, and CHEN Shan-chun’

(Citrus Research Institute, Chinese Academy of Agricultural Sciences; Citrus Research Institute, Southwest University;
National Citrus Engineering Research Center; National Center for Citrus Varieties Improvement, Chongging 400712,
China)

Abstract: The objective of this study was to develop CAPS markers and AS-PCR primers that can be
used as molecular genetic markers in cultivar identification and genetic diversity studies. With the
QualitySNP software package, 1 521 putative single nucleotide polymorphism (SNP) sites were identified
among the 93 955 sweet orange [Citrus sinensis(L.)Osbeck] expressed sequence tags (ESTs) downloaded
from the GenBank. Furthermore, those ESTs containing the putative SNP sites were analysed with WatCut
program and 125 putative Cleaved Amplified Polymorphic Sequences (CAPS) sites were obtained. Forty
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ESTs with CAPS sites were randomly chosen to design primer pairs, with which PCR amplifications were
performed and then the amplification products were digested with restriction enzymes. Meanwhile, 25 sets
of AS-PCR primers were designed according to other 25 putative SNP that change the deduced amino acid
type. Afterwards, 6 citrus cultivars with different genotypes were used for the validation of each SNP site.
As a result, 26 CAPS sites with cleaved amplified polymorphism among 12 citrus cultivars were
identified, all of them can be used as CAPS markers. Furthermore, fifteen sets of Allele-specific PCR
primers with good reproducibility and polymorphism were obtained, which can be applied for further SNP
genotyping in citrus. This study indicated that it is feasible to develop CAPS markers and AS-PCR primers
based on public citrus EST sequences.

Key words: citrus; expressed sequence tags (EST); single nucleotide polymorphism (SNP); cleaved
amplified polymorphic sequences (CAPS); allele specific PCR

TR Z A1 (single nucleotide polymorphisms, SNP) JZJ5IE[RZH DNA /3741 E i s+
MR MmN Z &M T SNP D RRNA D RABEZ . ) shise . 8.
o TR 205 (Zhu et al., 2003; Lijavezhy et al., 2007), %F5& /7 7E T 56 K 2w i [X Bl
A A 1 X I SNP, A AT W] RE- T SO S i . 3 AR R P 21 ) 50 g DR AR G B A R IR REI 22 57
JITEL SNP B FR 4 24k RFLP A1 SSR 2 J& i FL N TV 5 38— AR 2> FAxid . H AT SNP Axid ) iz
IS FH TR v P A AR 1 A 2 (Rostoks etal., 2005; Vezzulli et al., 2008). 43 Fhric il
HEFE (Missaoui et al., 2007; Lehmensiek et al., 2008). i1 Z P #T (Chao et al., 2009; Hayden
etal., 2009) M{AHFH45E (Yoonetal,, 2007; Jungetal, 2010) %5Z Jy iAot

5, CAHZMINENHTHY) SNP FRidiIFk, FTafERA e EST Al EE R
VLSRR SNP BN H 52— WKFG (Feltus etal., 2004), /M4 (Somers etal., 2003).
K (R 25, 2010). 75l (Labate & Baldo, 2005) M Ait4% (Jiang etal., 2010; R3¢ 2%, 2012)
S5 R AP T TS 8 R FH 4 DR A e B SR B R ¥ EST 41 3 HE K& SNP. & FoB AL ) SNP 43
RURII A, G2 P e AR €50 . i S0t B O 6 A BT — i 2 — VAT I ) BV R v 20 1 R S
M2/ AR AE L, 04 SNP Axicd ) el & 73 BRI B ft 1 9 KIBOR S . Rk, i TiX
LEHG R 2O T 5 B85 AR e, 1T ELAS DU A B A R 8 v, SR AR AR R BRI T HAE SNP 5
WIHFARBEFEH EN o AHEEZ T, BEDIY 14 2 &% /7741 (cleaved amplification polymorphic sequences,
CAPS) FIZ5A7 KR4 5 PCR (Allele-specific PCR, AS-PCR) & PRHERAERI . Kbk, Ak
Hie BANHHG T OB AR 80 SNP 73 UK, XA EOR Ca) 2 B TR SNP 73 (Hayashi et
al., 2004; Chungetal., 2008; Konovalovetal., 2009; Leeetal., 2009).

WAER, B HHE 2 T AP ABTR N, GenBank 55 2 3: 48 FE R A R T K (W HHE EST
ey, X AHE SNP AR T Acbe b 7 St BE . ABEFTh, ST AEWE B 7 i A 3
PP FR R MR SNP B A7 i, AR A RS B0 A 5 B v CAPS #Rid el AS-PCR 514, W ANfilist
AL SR SRR AT 0 BRSO, CAUREGE SNP (ST, JEIRIEIRA A G CAPS Frid Al
AS-PCR 74J.

QY ZE SRS DARF

1.1 ##%H DNA 12E
J THEF 2351 CAPS A7 f1 AS-PCR 5#)H7Rik, CAE SRS, REAHE . WM Z A RIARIX 4 Fh
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FAUH) 12 ARkE A AR R D, 3 ®1 R 12 MBS

A o AR MY R B A A T 5T BT 1 28 S0 P iR R Table 1 Twelve citrus cultivars used for SNP
DA 2 05 LT 2009 47E 8 5CHT il velldation Inthis sty
R0 T SR CTAB 7% (Jiang et al., g:—e f:’flzvar ffygﬁ

2010) HEEUH LRI 4] DNA; &bkt 217 /R 16 Newhall Navel itk

03 N7 N N W 3 > 2 7K 72-1 #i#E Tongshui 72-1  C. sinensis (L.) Osbeck
KR W, KR A S0 2 PKTRLEOTorghi T Cosinnss (1) Osbe
ng - ML-I %Jﬂ o 4 VKHERS Bingtangcheng

5 &SRl R
1.2 SNP 1@&1}7—’% E(] ﬁ?& Tarocco Blood Orange
6 HHkik Olinda
M AP HARAE Bt Chttp: /iwww. 7 AHIAER Ota Ponkan Rl

o X 8 A M Taiwan Ponkan C. reticulata Blanco

ncbi. gih. nlm. gov) T#EIFE EST J¥4l; £ o i 2 HE Ooura LN A
10 FIRE 1Sy C. unshiu Marcow

Linux #1E &4 F A QualitySNP AL (1) i
CAP3 R/ IR T 95% HAESIRNT 11 gasswnhis Chandier Pummelo i C. grandis Osbeck

100 bp [ EST FEA A %, 48T Perl JIA 12 Ji¥E Z M Guanxi Pummelo

“Geta- lignmentinfo” F&2:/bF 4 & [FRIJE)ITH

(1) EST #%; 12817 QualitySNP # A4 [ sh 4% - D) Re £ $k SR rh A7 AL 1) SNP i IEA7 5o AR 5 Al FH AL 26 1
PIAE SR 4R F WatCut Chttp: //watcut. uwaterloo. ca/ watcut/watcut/template. php) £x$£5 [ R ) 7:
DI S AR ) SNP. K5 SNP A7 5 T E EST JFAIBH R s E LRI 41 578 2 8 11 17 41 B i 1t
ATHERE,  FIIAEAS SNP W] A5 5 | S i 2 5 2 11 2 SR 7 A1 I A

1.3 CAPS 51¥mgit REgIY 18 % S0

BEALERIE 40 AT 516 FREIE P OB UL m OB 1K) SNP A7 o5, A FHTEL 51 vk 514
Primer3 ¥ il CAPS 519, 5196 Bk B2k TA) TREAT B2 W) 58 B

PCR " #14 % Jy 25 uL, 403% 100 ng ik DNA, 2.5 uL 10 x PCR buffer, 1.5 pL 25 mmol - L™
MgCl, 2.0 uL 2.5 mmol-L" dNTP, 0.5 uL20 pmol - L' 5|4, 0.8 U Taq DNA 24 (TaKaRa).
PR NV 94 CHARPE 5 min; 94 °C 30s, 60 C 30s, 72 °C 60s, 30 fF¥F; 72 CEEAH 10 min.
Y44 5 N AE 45 [F Biometra /A F) T1 Thermocycler 4 PCR §#44_F1EAT .

2 PCR #4174 4> 5/ BamH I . HindIII. EcoR I . EcoRII#I Mis I FRIE A VIEE (ABI
P FEDRAH N CAPS A 34T WD) D) S NAA 2R 20 uL, & 10 pL PCR 478474, 2 uL WiV buffer,
25U MWD, 8 uL 1) ddH,0. 37 °C 4L 3 h, SRJEHNA 4 pL JREY . HX 10 pL KA LE 2% 58
JEBEEE I HLYk (1 x TBE buffer), 120 V &)k 40 min 247, 29R4k44E (EB) Hff, &T UVP kit
R 248 (Gel Doc-Tt) Jif%.

1.4 AS-PCR 5|#1i&it & PCR 434

BEALHRLE 25 /N 0T e T B0 9 5 2 19 SRR 41 5O ) SNP {1536 47 10, ) A premier5.0 F! oligo6.0
SRR REAS SNP A 207 BT UE P 4 S50 JE R 514 CASP)Y R 1 4 A 514). ASP 51491 3
AUt 535 SNP A AL PN S R IE 58 A VS IE, [RII LERE 555 19 3/ A ums (R8I 505 2 B30 3 A& 5N
1 AMESECHRE, DAUEHE = PCR S Sk S Rsse v AICAREE 5 IR U2 AT N (Hayashi et al.,
2004; D %, 20060 IS,

AS-PCR ¥ M4/ R L Uk J712: 5 CAPS 43tk AAH A . AS-PCR #AEII R 774 4% ASP 514
A5 AL, EPIAS PCR & R [A]— DNA BEMEEST PCR 4788 o 25 FF 5 A 5447 15
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ASP 51 3 AR I A UL, (EREREAT A, ) L ANREREA AT 28 1

2 HiIR 5

2.1 SNP{&ELLS

FIH QualitySNP # AL ) CAP3 F& /74K H FiTHE 1K) 93 955 4% EST 41k 2 925 AM%; AT H]
Perl A “Getalignmentinfo” [R2:/>T 4 5 R F A% G132 1236 M%:  FIH QualitySNP 4 -
PRI BEAELE R SNP, &5 FILIZHE 2] 1 521 /Nl FEPERR S SNP A IE AT il o JE— 20 F BN 2537
AEAE WatCut 7387, I 125 A~ SNP 0] 51 BR i v 9 U RO A7 s s, BICA CAPS ik ik
P75 o A B 20T 1521 A SNP BEAL ST e, RILILH 325 4~ SNP 1 fig 4 33k
i IC SR R NG

2.2 CAPS fricBI3ES

P12 MM SRR (3R 1) () DNA AR, FIHT 40 X CAPS 514347 PCR 377484, F MM (1)
BRI A DB 3 58 - A TR DI A BT 45 L 40 X5 1R Red I S PO W) 5 1R S e ),
b 26 % (G2 2) 78 12 AN Gl Al R AT D)9 38 2 A8 1.

F2 CAPS SIFFIRE SNP s
Table 2 Primer sequences of CAPS and the SNP loci

ElL7E S SITH CERATD SNP {7 111 iﬁﬁﬁ?% PCR /“#JK/IMbp ?ﬁtﬁ)g SRR
Primer name  Primer sequence (forward and reverse) SNP loci PCR product size p. .
endonuclease After digestion

CSPO1 5'> GTAACAAATGGGCCACCATC GGATCC BamH [ 248 248/ (215 +33)
5'> CACACCGGGTAAGCTTGAAT GAATCC

CSP02 5'>GGCCATCTTCCAACTGCTTA GGATCC BamH [ 195 195/ (141 +54)
5'> CAACCCTTCATCTCGTCCTC GTATCC

CSP03 5'>ACACGTCATCCATCCTCTCC GGATCC BamH [ 194 194/ (121 +73)
5'>TGCAGCACTCAGCTTCTTGT GGACCC

CSP04 5'> CAGAAAATGGGGCTGTCATT AAGCTT HindIIl 226 226/ (198 +28)
5'>TCTTATCCTGACCCCCAACA AAACTT

CSP05 5'> GAACATTCAGGATGCCTTGG AAGCAT HindlIII 155 155/ (101 +54)
5'> CTTTGCCACTTGCTGCAATA AAGCTT

CSP06 5'> CGCAGTGGTTGAGTGTGTGT AAGCCT HindIIl 226 226/ (127 +99)
5'> GTAACGCGGTTGTCCTGATT AAGCTT

CSP07 5'> ATCAGGCTGTGATGGCTCTT AAGCTG HindIIl 250 250/ (203 +47)
5'>TAACTGCATCATCGGGTGAA AAGCTT

CSP08 5'> AGCAGAGAAGCCAAATCCAA AAGCTT HindIII 231 231/ (196 +35)
5'> CTTCTGAGCGGTCGGTTAAG AAGCCT

CSP09 5'>TGAACAAGCAGCTTACATTGC AAGCTT HindIIl 182 182/ (123 +59)
5'> ACTTACGCTGGTGAGGCTGT AGGCTT

CSP10 5'> GATCCAATGGCTCCAAAGAA AAGCTC HindIIl 214 214/ (157 +57)
5'> GACGATCGGAGAGAATGGAA AAGCTT

CSP11 5'> ATCAGGGACCTGAGCGATTT AAGCTT HindIII 166 166/ (139 +27)
5'> CAACTTGGGTGCAATTGTTG AAGCTG

CSP12 5'> TGCTGGAAAATCAAGTGCAG GAATTC EcoR [ 167 167/ (91 +76)
5'> AGGGATTCATGCATACAGCA GAATTT

CSP13 5'> TGATAATGGGAGAGGGGTGA GAATTC EcoR [ 179 179/ (131 +48)
5'> AGCTGCTCAGAATATTGTGCTT GAATTT

CSP14 5'> GCAAGAGCACCCTAAGAACG CCTGG EcoR II 239 239/ (200 +39)
5'>TCACTTTGCTTCCGACCTCT CTTGG

CSP15 5'> AAGGCTGAAGATGAGGAGCA CCTGG EcoR Il 247 247/ (152 +95)
5'>GGTAGCGCACGCAATACATA CCTCG

CSP16 5'> CAGCTTCAGCTTCAGTTCCA CCAGG EcoR II 226 226 (142 +84)

5'> ACTGTTGGAGAATGCCGAGA CCGGG
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g4k 2
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SGE SRS GERRRD SNp it PCBEROIS g ey BRI RN
Primer name  Primer sequence (forward and reverse) SNP loci Restriction PCR product size A /pr .
endonuclease After digestion

CSP17 5'>AGCCCTCTGAGCATTGAGAA CCTGG EcoR Il 243 243/ (209 +34)
5'> ACAAAAACTGGGGACAT CTTGG

CSP 18 5'> CCATATCCGTGATTGGGTTC CTTGG EcoR Il 200 200/ (159 +41)
5'> ACAAAAACTGGGGACATTCA CCTGG

CSP 19 5'> CCTCGGAGAATCCAAATTCA CATGG EcoR Il 239 239/ (203 +36)
5'> AGGACCGACAGGTCGTATTG CCTGG

CSP 20 5'> CGCCAACTCTTTCTCAATCA CCTGG EcoR II 201 201/ (135+76)
5'>TCGACGTCTGTGATTTCAGC CTTGG

CSP 21 5> GAGCTGAAAGATTCCGTTGC CCTGG EcoR Il 245 245/ (171 +62)
5'> TTGATCTTCATGCTGCTTGG CCCGG

CSP 22 5'>TCGAGAGGTTCGAGAAGGAA CCTGG EcoR Il 235 235/ (163 +72)
5'> TCAATGATAAGGACGGCACA CTTGG

CSP 23 5'>AACCTTGCCCTGTCTAACGA GCCGGT Mis [ 218 218/(116 +102)
5'> GCTCCTCCGACATTTGTGAT GCCGGC

CSP 24 5> TGTTGGGCATGTCGCTACTA GCCAGC Mis [ 181 181/ (132 +49)
5'> TCGGGATCACTTTCAGTTCC GCCGGC

CSP 25 5'> ACGATGTCGGGATGAAGAAG GCTGGC Mis 1 198 198/ (140 +58)
5'> TAATGCGCAGAACATGGAAG GCCGGC

CSP 26 5'> AAGCAACTAAGAGGGGCACA GCCGGC Mis [ 215 215/ (184 +31)
5'>TCCACCTCTACGAGCCAAAC GCCAGC

e RAER N AR K SNP A7
Note: The bold bases are SNP loci.

WK 1 AR, dfRs Bl7K 72-10 TS UKRERS . 85 DRI IS R BUMGRIX 6 NEIRS AP ik
1 ~6) A CAPS A7 ¥R I Z4 AR NAL (G/T)s KHREA . &R RS sl (kg 7.
8. 11) MBI IR BN 2SR (GG B TT): AR M M. H g 1 SN 2RI TR 2%
FhCGUKIE 9. 104 12) X 3 ANRFER 1, A FA4ia® (TT), K1, B ARGH (G/T). Lk
26 A~ CAPS A i PRI E R I UE, S5 553 —30. thtbnl WL, 3X 26 /> SNP {7 fiJ4 4 FL5L ) SNP,
H i e A 15 1) CAPS nic o] FH T FHAR b P 4 e S o o 98 U5t A% 2 AR HEF 9T 46

1 P4 CAPS #riE3t 12 MEHB RN SBRER
M: DL2000 marker; A: 3|4 CSPO2 ¥ 84 #14: BamH 1 B 1) 45 4L

B: 5|4 CSPO7 ¥ #47=1) 2% HindITIEEDI 1 45 5

2.3 AS-PCR 3|4893%15

DAALG /R IE RS . AR RS GV REATE . UM BN B R A S A Ak X 6 A2 H s T
EIR 4 St AR M A R AL DNA B, 0 R 25 A RE ARy 57 5 1) 14T PCR 474

1~ 12 RE PP 1.
Fig. 1 Genotyping of SNP among twelve citrus cultivars by CAPS markers
M: DL2000 marker; A: The PCR products amplified with primer CSP02 were digested with BamH [ ;
B: The PCR products amplified with primer CSP07 were digested with HindIII; 1 - 12 see Table 1.
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NEUIRBE B sk . SR o, 25 AN REY 1 ‘??ﬁ,ﬁﬂﬁf%AE’J%%@ PCR /4
H115 41 AS-PCR 514 (51951 S 3 SNP (L ki 3 30 £E L3k 6 AN a4 8 H 22 25k it ?Jt
BASGA S, f:4] AS-PCR 51 204 1 45197919 i PCR foF@; FE 6 AR, AR R
i1 4% AS-PCR SIIREA Y W =4, BIRBUN UGN, A7 104 B 46 AS-PCR 5134l 47
By, BERBUGZR G R, Wil 2 P, dUfg /R IERE . JEA% 5 A RIS R B0Ah 3 A il )
S RRIUNAEE I AA T, SRR A 1 GG Y, KA fEEh il A/G Y.

%3 AS-PCRIIYIRE SNP iR
Table 3 Primer sequences of AS-PCR and the SNP loci

GIE RS ERSIFS] (5—3") I5IFA] (5'—=3") SNP fii s PCR KM bp

Primer name Forward primer sequence (5'—3') Reverse primer sequence  (5'—3") SNP loci PCR product size

CSP-31 Fl: TGCGGACCATGCCGTTTTA TCTTTGCTCCAACCACCT TTCA 260
F2: TGCGGACCATGCCGTTTTG TTCG

CSP-32 Fl: GAAACTGATGAGGAACTGTG TAACCACTTCCTGCCACA TGAG 178
F2: GAAACTGATGAGGAACTGTA TGAA

CSP-33 Fl: TCAAACAAACCAACAGGCG GGGCTGATTCTGATTGTAGTAA GGAG 114
F2: TCAAACAAACCAACAGGCA GGAA

CSP-34 Fl: TGCTGGTCTCCGATGAGGTA TCCTGGCTGAACTTGGTC GGCA 105
F2: TGCTGGTCTCCGATGAGGTG GGCG

CSP-35 Fl: AGTCCAAGGCTGCTAAGGTC CCATCAGTGCCTCCGTTA GACA 119
F2: AGTCCAAGGCTGCTAAGGTG GAGA

CSP-36 Fl: ATGGTGGGATCATGTCA CTCCGTATGTGATGGTTC GCCA 205
F2: ATGGTGGGATCATGTCG GCCG

CSP-37 Fl: CAAGCTCCTCCACTAGATTC ATGCCCTTCTCAACACCC ATCC 150
F2: CAAGCTCCTCCACTAGATTA ATCA

CSP-38 Fl: TCAGAAAGTCGTGTAGAGCAA CTCCCTGACGGATTGACTAAG GCCA 260
F2: TCAGAAAGTCGTGTAGAGCAT GCCT

CSP-39 Fl: AGGTCAAGTTTTATGTGCGT CTTGTAGCCTTCTCCACT GCCT 195
F2: AGGTCAAGTTTTATGTGCGA GCCA

CSP-40 Fl: TCTCAATCCAATCCAGCAAT GCGAGCCTTCATAGTTGT CACT 215
F2: TCTCAATCCAATCCAGCAAC CACC

CSP-41 Fl: GGCACAGACCCAAGATGAG CACCGTCAGTAAGGAGATGTA GGAC 152
F2: GGCACAGACCCAAGATGAC GGAG

CSP-42 Fl: CGGTCGTTGACTCGGATG ACTCCTTTGGTGTTCTCC GACG 205
F2: CGGTCGTTGACTCGGATC GACC

CSP-43 Fl: CTCAGAAACCTCCACCGACT ACTGGGAAAACCATCACG GAGT 216
F2: CTCAGAAACCTCCACCGACA GAGA

CSP-44 Fl: TTGCCGTGTTTGTGGGAGC TTCGCTACAGGTATCAGAGA GAAT 199
F2: TTGCCGTGTTTGTGGGAGT GAAC

CSP-45 Fl: GGGCTGTCATTTACGAGA 5'>ATCCCTCAACTCATCCTC<3" GAAG 258
F2: GGGCTGTCATTTACGAGG <3’ GAAA

e SRR BARIIINEE R SNP A7 £,
Note: The bold bases are SNP loci.

500 bp —e-

250 bp —e-

E2 6/ HHESRM AS-PCR HELR
M: DL 2000 marker; 1: AF/REEM: 20 JCEETAE: 3. SREHN 4: K9l 5. FEIREMD; 6; SRAEEAL;
P59k CSP-31, A G 7} MIfRE P 4 AS-PCR 5149 14774
Fig. 2 Genotyping of SNP among six citrus cultivars by AS-PCR
M: DL 2000 marker; 1: Newhall Navel; 2: Xuegan Seedless; 3: Taiwan Ponkan; 4: Ooura; 5: Guanxi Pummelo; 6: Chandler Pummelo;
PCR products amplified with primer CSP-31, A or G represent PCR products of the two allele specific PCR primers.
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S IR EE AR, BSREMHEIRSE R, ikl WL, IX 15 41 AS-PCR 5195 %f W (] SNP fixik
A7 5 R FLSE) SNPs SRAG T 15 25140 AT 4 %80 T MRS b i 8 s R b e s YR st Ak 2 A TR 9T 56

H Picoult-Newberg 55 (1999) FIH] EST J¥4 k4 SNP LIk, /N4 (Somers et al., 2003). K
7 (Bundock etal., 2006). LK (Batley etal., 2003) A4 #R 4G 5 A 28 S8 2 i) EST 7
G A KR ) SNP, A [FIE TR H TG T SNP 437 CAPS i (Jiang et al., 20105 H kR %%,
2010) % AS-PCR 5|4 (Soleimani et al., 2003; Bundock et al., 2006). A7 F|H QualitySNP
A DAHAG EST Hed e b2 3 1 521 NG SNP e A7 25, R 3 b — 2847 5 B 3681 B CAPS
PRI B HE KRR 57 PCR 514, AR5 LA 2 Fhist A6 15 AN RN IR AT AR R oA AR, 9 326 22 25 1k AR ae
1. 85 RIHIESAT 26 ANHIE CAPS Fric Al 15 4% 07 LR PCR 514, X4 &MEbRiCFI5 14
(RIRAT Ay hF R et T VAL 2 REPERT ST Pl DNA FREUEE LA Thrichi B £ (nZef e
B AL TR T AR s[RI s bR ARG SR AH . SNP A7 AU BLsetE, A R H
I FH w1 SNP AS B AN IX B647 i HEAT SNP 70 R BE 8 1 R 4F 2k A«

CAPS Fric Al AS-PCR HiARAER FH I B T FL 1K SNP r U AR, (HIF R IX PR IC I E— &
[FIHESE (Soleimani etal., 2003). P52 S 3B il N UIBG R IAT 55 OB ) SNP RIBCE AR &b,
AHEFC LR A B 1K CAPS AR IE AT AUAX 125 A4S, b — 28R AN 2 UK SNP A7 i FIFERERS 1T 1Y
eI AS-PCR 511 SNP A7 B A ZRE 52 o T # 4% AS-PCR 511 3K i #8204 7E SNP
P b, IXARMEARUE RS 51 A IR PCR 45 e E R E R E . AP Rgh T A&

(Hayashi et al., 2004; TLJ% %%, 20060, 7E%E4 AS-PCR 51K 3R 8050 2 828 3 AL ESIANT 1
AMREE MR CIRIE, i AS-PCR 5193 T 5 AL AR 5 A1 39 IF HISLER 0 R A e R4 5
YIREAT T PCR R MNAK R IIOCAL, MITAE SR TR 4151701 PCR Rtk e fase k. gk, JLE
IR, 44 PCR RNAKR R AL, AS-PCR A 0] LS 32 1 ] T SNP 432,
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