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Abstract: Melting temperature (T,,) was different according to the different lengths or nucleotide
sequences of DNA fragments. In this report, we established a novel single nucleotide polymorphism(SNP)
genotyping system refered as CAPS-MC approach. The CAPS-MC approach combined cleaved amplified
polymorphic sequence ( CAPS) with melting curve (MC) analysis. By aligning whole genome
re-sequencing data from two Brassica campestris accessions, ‘L58” and ‘ZCT095’, to the reference
genome sequence of ‘ Chiifu-401-42, a total of 719 HindIll endonuclease recognition nucleotide sequence
SNP polymorphisms were converted to CAPS-MC markers. We established and optimized CAPS-MC
system by randomly selecting 10 pairs of these markers. Our results clearly demonstrated that CAPS-MC
approach was sensitive, accurate, rapid and inexpensive. Because the melting curve of 96 samples can be
measured in 22 mins once, it is well suited for high-throughput genotyping.
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single nucleotide polymorphism (SNP); high-throughput genotyping.

I SAE T AR 22 8 252 R (Brassica campestris syn. rapa) fE4) (AR H EZL I HLAL . 5

MEH R Z S (single nucleotide polymorphisms, SNPs) 12 T AL R H (AILL—
R W 4 Sy — A I — PG A S — FPENS ) m e CRIMERS g 1) Mg DNA
PZBME (RKEE 4%, 20100. HATC AR 725 SNP JEP 73 RECOR . fiks 745 A7 5 K] PCR
(Myakishev et al., 2001). TaqMan £ K (Holland etal., 1991). JEFFFFPEAAC (Howell et al.,
1999). METOEMmIRFA (Gut, 20015 Hsu et al., 2001) MALDI-TOF Jitii% 4347 (Ross et al., 1998;
Stoerker et al., 2000; Bray et al., 2001) LA A& B 4045 Ha UKk =i /2005 70 8445 . CAPS (cleaved amplified
polymorphic sequence, CAPS) Fric th i # kAl SNP, ‘g —Hpdaill PCR F B Rl 4 D 2
AYERTE, BHEEK PCR Y — AN VI TRV L, HRHRI A ZEEMA DI, R
T R VK ) VA BOR D) . 1o SNP A S EF iy A0 An) T, WESUI AR R DAL A4 )
%, BEBK. WITAE T SRR AU, oA, TARRR, mHANS RS LM B3
PEFR AR, RN IKEAR . BRI (melting curve) SO & B T 5 DNA U JiE 45 149 1)
@R, DNA FBAe i B bk B MREL RS (Tw) I, XURESN T, 51 AN BUEE 1) 58 6 4Lkl
B, FEEOME 'S LR (Rirdeetal.,, 1997), A SO0 E 7 PCR AU IS 4R ik . w5y
W psfifth 2k (high resolution melting, HRM) F AT 45K i il >k 18— FH T 58 AR F 1 R (K]
IR, T H &R A 9 6 4Rl W LC Green (Wittwer et al., 2003), EvaGreen (Li et al.,
2010) Bl Syto 9 (Erali & Wittwer, 2010). HAREL L5 F SNP 4p BUUVEATH & HIRALH, (HH A
G5t BN BT IR IR ER Ay, AR B, RS AR 7S N ANl (Chen et al., 2000
Sawer et al., 2000; Kwok, 2001; Beatrizetal., 2005; Jiannis, 2009).

AWEFHIT R T CAPS MUEME BRI A G SNP 2R, e dE ‘L58” FIEksedd

‘ZCT095 135k PR 41 7 0 P 2500 R 2 2% B DAL AL e 91 B AsE, R AR 045 JEL 2 T A B PR 4 K P T
WU BRI P DDA 81 SNP AV A FE A0 i CAPS Hnict o AR i B il 4 D) i D 7 A IR AN [
Fe SR o L AN R 0 S B, INAANHL RIS G B ), Tl 520 € 7 PCR SR AR R th 221 A ZhAext
SNP JE[R4r 2, M7 T CAPS #5128 K (CAPS-Melting Curve, CAPS-MC). FHZEEFI
BREL KL Fo REAON T T AR AY TARCHEAT TR RIAIE . AR R TARCTT Al e, wl ik %
FANL A DI, &S 7O N DTBR S B, e — bl F20E, S) Bl bR, miiliiE A PE ) SNP
FEDR 3 RUARAEAR 2R o 17V M A SR G R B . SNP 2 T hRid iR i S it 7 — M 207
W5, &M T DNA v B 1) 22 285k A

QY VL SRS DARE

1.1 e RERAFTIEIESE
PL3¢3 (Brassica campestris L. ssp. parachinensis) ‘158 JA4s, %634 (Brassica campestris
L. ssp. chinensis var. purpurea Bailey) ‘ZCT095" SNREAS, 24483k Fy JadbAT B A5 3] Fy ARBEA,
PAIL R 93 ANBR R A A R o
FISEFE R 20 7T H - (The Multi-national B. rapa Genome Sequencing Project, BrGSP) Fi#3 1K
FISER IR “Chiifu-401-42" JENAIVE 2528 A SENA S HEY], HEDEE T 98%MHEN X
(Wang et al., 2011).
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M55 JE H3E PE BRAD (http: //brassicadb.org/brad/) 3R75 (=M ‘Chiifu-401-42" K%L A4
J¥%, il sequencing-by-synthesis [ /772, XfSEAMEL ‘L58" FIKZEE ‘ZCT095™ HEATEINF,
S22 3 Gb 546 reads.

1.2 SNP il & CAPS-MC #xi2By5|40i& it

TR ‘L58” A ‘ZCT095” [1] HindIIIA VIR R 74111 SNP AR e s b 3R . DA S A
HNZEJPH (‘Chiifu-401-42" FERAFH)D AMSE, Wid3EE L58" WaikKAENTFHE 52
ZIFAF AL, $EE A1) SNP AR S A7 A K5 at ZCT095” I3 4 5 3L iU
(1) SNP {7 s bbXys ‘ZCT095” 522 HL KA 7 HIA RIAL il A st ‘ZCT095” 5 ‘L58” (Al A
ZAVEIAL R

2L, ‘ZCT095 ™ FillJ 74t 525 LR ALF HI Lk, $EEH 38 IASF ) SNP 47 845 ¥ ‘LS8’
F FE 00 7 Bl S R ) SNP AV s Bt s 1587 552 B AL 5 ST [A) A st gl o /& ‘LS8
5 ‘ZCT095" (Al A Z AN Al (XS AU R R G N VIEE, W1 HindITTEE 1) )5 51
(AAGCTT), 1% 6 MEE AT A0 SRR 1) S8 AR 8 BOUCIERE VLT, f5 i i 584817 1 1 i 150 bp
FH A Primer 3 844 BEFAIES ).

1.3 IBRREE (T,) . PCR KIR&|IMEAYIEEEEKR

FIFHAELE 34+ (http: //biophysics.idtdna.com/) 435l Tl PCR =4 LS B U124 2 1) T

DNA #2HUCR ] CTAB 75 (Wangetal., 2005). PCR XMWAKR N 15 uL, WHiIFH DNA 50 ng.
1x PCR buffer (XK, Tiangen). Mg® 2.5 mmol - L', dNTP 0.25 mmol - L™\ 5[4 0.2 umol - L', Taq
DNA polymerase ( KH, Tiangen) 0.05 U - L™ #l ddH,O. PCR F&J¥: 94 CHiAZIE 5 min; 4RJ5 94
‘C 30s, 55 C 30s, 72 C 30s, {3 30 ¢¥; 72 ‘CHEfH 5 min.

HindIIl B Y [ AR R 15 uL, 7 5 uL PCR /=4 (< 1 pg), 2.5 U BRI AN DIEE HindIIl (New
England Biolabs, USA), 1x NEBuffer2, LR XZE/KEME. 37 CLRME 2 ~4 he

14 (SRR

Je A 26 23 iR R A% 20x SYBR Green [ %G HE 2.5 uL, HIWENE 2.5 ul, BEDI™=4) 5 ul, Jo
B KA £ 42 25 pL. T Eppendorf Mastercyclerep realplex4 %1 5% 6 2 5 PCRAX#% 445, LL0.04 C -5
IR E Ty FHEL AR 95 CREFER SR L, RNVITZ)% 22 min, 2505 5 H AR 50T
K T (Tp-observed) HX 3 NN M T-HMH.

2 HiIR 5

2.1 CAPS-MC #ric % 754450 55 B9 750

SEASEEE LS8 I HUE 42 T 3 900 J5 4% reads, £ 3 Gb ik, Horb i iU B reads £ 71.79%.
FAEIEE CZCT095 4 2 780 JT 4 reads, #92.7 Gb ¥4l A SOAP B AFH I 5 A F i 7% ¥
Iy LT B SRR N A S H 5 L, PRIREE B AR ALK ) 55%. 4418 1.2 HETHEA T SNP
W7, N T oEA ‘L58” M ‘ZCT095” (Al HAT ZA&MEMAL R, B4 SNP {7 5 22/ 3 X reads,
I H reads LUt BIIERILLTHIE— {7 B Lo FEIX L2 AT 5 BT 48 R FREIE P DIEE Hind TR 541

(AAGCTT), JLFimiz] 719 4~ HindIII A PIEE R A7 517 SNP A7 (R 1),
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F1 ESFEEPTNE HindIRYIERBIBEEFFE SNP (L5

Table 1  SNP polymorphisms of HindIIl recognition sequence identified in each chromosome

Yt fA Chromosome H# Count Btk Chromosome $#2 Count
AO01 65 A07 63
A02 71 A08 51
A03 92 A09 98
A04 55 Al0 41
A05 73 A 75 Fr B Scaffold 37
A06 73 AL4} Total 719

2.2 CAPS-MC #rie & iR 858

P T B SNP AL, Wil i CAPS-MC 73 A ic FEREAT IR IR IR . AT Frvic g5 S BE AL
P10 X (R 2), FEEA ‘ZCT095 . ‘L58 MHIZWAZ—AX (F)) MEIATHRCIUE, sCHFR
WO HARFS, FE TR, PCR P2k NFIEEY] = K/ W& 2.

%2 WIATHA 10 3 CAPS-MC #RiC &K IHFT

Table 2 CAPS-MC markers and primers sequences used in the study

i ' ElEEA S PR /N bp NREEE el K5 )5 D174 K /N bp
Number  Primer name  Product size Forward primer sequence Reverse primer sequence Enzyme-digested products size
1 BrHCAP0O1 277 TGAATTGCAAGTATGCTCAC CCATCTCCAACTGCTTTTA 129; 148

2 BrHCAP002 258 CAACTCATTGCATACACAGG TACTTTTGGCGCTGAGAT  120; 138

3 BrHCAP003 291 CGATCGTTTTAGCACAACTT CTCACTTATGCGAGGGAC 139; 152

4 BrHCAP004 284 TCAGTCATGAATCAAAGCA  GATCTGGTCCCCATCTATT 134; 150

5 BrHCAP005 295 TCTACGATCTTTCTTCTGGC TACCTGACTTTTGACATC  145; 150

6 BrHCAP0O06 263 CCGAGACTCATGAGGTAAA CCCCAGTTTTCACATCAG 124; 139

7 BrHCAP007 250 TCAGATCAGATTGACTGCAA GCATGTGAAATTGGCATC  130; 120

3 BrHCAP00S 278 GGCAAGGAATGAGAAATTA GGTCTTCGTTAGAGATTG  126; 152

9 BrHCAP009 299 TCACATACACCTAACCAAAC GAAGTTCTCAAAACCGTC 139; 160

10 BrHCAP010 261 TCAGATTCTTAGCATACCCA GCCATCGTCTCGATATCTT  128; 133

BIGIRER KSR (B 1) BoR, 7 %Frid (BrHCAP003. BrHCAP004. BrHCAP006.

300 bp
200 bp

300 bp

200 bp ZCT095

300 bp
200 bp

1 FAEHH L58 1 ZCT095 & F, h 10 RICH) PCR F=HFnsgl 5 =¥ ik E

1 ~10 435453 2 4 BrHCAPOO1 ~ BrHCAPO10 3t 10 %thric: 125 PCR “4); 11 V)™ #): Mk DNA marker I
Fig. 1 Electrophoresis of PCR products and enzyme-digested products amplified by the markers of BrHCAP001-BrHCAPO010 respectively
1 - 10 represent BrHCAP0O1 - BrHCAPO10 marker listed in Table 2; I: PCR products; II: Enzyme-digested products; M: DNA marker I.
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BrHCAP007. BrHCAP008. BrHCAP009. BrHCAPO10) HEF R X 43 4 Fl 4l & 44 Ko 45 4k ) 5k [R] 24
ZE5t, I 2 X (BrHCAPO0O1. BrHCAP005) #Fricfisikh Fy w5l 5564k ‘L58”, ‘ZCT095" —
., BrHCAPO002 7656 A K Fy ¥ 2441, Uil BrHCAPOOI. BrHCAP002. BrHCAP00S5 ] fig %
T FH AR I

2.3 CAPS-MC #RicEE SRR RET

A KR, FENLEH 4 XRE RIX 4> 3 PPEEIN A (BRI SEARI 24 & T3 (K] CAPS-MC
Fric: BrHCAP004. BrHCAP007. BrHCAP008. BrHCAPO10, 43 RIACEAFIAL SfK) SNP, #2167
L ATIAR) PCR. BV #fd th e AT 2508, LHLG SIS AN iR g i i e (| 2, P 3D,

BrHCAPO004 BrHCAPO07
100 100
L58 158
s 807 %0 -
f%% 60 R £ 60T
Sg ol
37 40 = T4
20 =2 20 -
0 = A o e - X
20 =20 -
1001 ZCT095
100 1 ZCT095
#  sof
) = ogor
Rg 6ol ol
oE Bgoeor
23 RE
@ " 40F =% a0t
20+ —“ 20+
0 \ 0F = \
201 -20 -
100
100 F,
L 80
ﬁ 80 fﬁl\
N L
25 o0 gz 00
IR FE
5 T 40
@’ o4y &
% B
T 20r
0 | \———~ 0 | L-a
74 75 76 77 78 79 80 81 82 83 84 85 86 87 88 74 75 76 77 78 79 80 81 82 83 84 85 86 87 88
WE/C WE/C
Temperature Temperature

B2 ¥E ‘L58". £XE ‘ZCT095" RH F;SNPs EEEE ERxT CAPS-MC #5i2
(BrHCAP004. BrHCAP007) 1&fRihskE

Fig. 2 Melting curve profiles of four CAPS-MC markers (BrHCAP004, BrHCAP007)
of SNPs locus in “L58” , ‘ZCT095” and F,
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Fig. 3 Melting curve profiles of four CAPS-MC markers (BrHCAP008, BrHCAP010)
of SNPs locus in “L58” , ‘ZCT095” and F;

T T 3R T HE N PR (R I M DA — 20 B SO T ok AR Al M 2k . BEAE S BUEE DNA AR,
FCGERL X052 B BOIRAS R EROGE T K, PG 58U 7 n)— Ik 240 (EPFRHEL 502
2, Y HD S5iE (XD KL, AERRIEAN L T (B0 DA X R sl TR 24 TR R L

PEfRIE % FE, BrHCAP004. BrHCAP007. BrHCAPO10 Fric 1, SEA ‘L5887 FIL M)A

pARIUEAIRERS e JPS Rt

FEfR I 5 1 /Mg, SRAY “ZCT09S” RIL N AT e Wi VI Tt 4l 1 3 R 2,

%

fRIEAT 2 Mg, &1 F#E 3 ME. {HEFRC BTHCAPOOS Y, PR SEAI KA 1 Mg,
‘ZCT095" M Tm= 81 C, Wi T ‘L58’; ‘L58" Mg nl WA rEERA (& 1), BTG MW
INFBE T AT, Ttk 78.8 °C, MINIE T FL RAMWANE (K2, K3,
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VEMRYE T L&, 20AANREREE DI LR A T, B T 40 AU T 5 B AN B, ik 2,
3 1 BrHCAP004. BrHCAPO10 bric fESEA ‘L58” H i) T M Z X 5 T35 A ‘ZCT095” , BrHCAP00S
PRCHSEAR ‘ZCT095" [ T (HE m T2 ‘L58™o AN HLZL A T Fy KAt 06 v e vl FEE 6T I 1 2 AN R
MG UITE BN R B, 53 A0 B A Ao e i B2 s W D) I JE AH I K P AN R Bee {2 BrHCAPOO7
LS8 WU ANBERME DI, ‘ZCT095” LU RERVIIT (B 1), ‘L58” Mifitlé Ty, 55 ‘ZCT095
B2 ARG To AL (B 2), XS TREEEYI TG F B T S RBEE I B T (22 5 K/, ]l
APEAG S LS v B T 225278 K
2.4 BahERE S B R IEARTE A B IKIIE

KA () CAPS-MC Fric 5EPH 73 B 2R, ASEAS JFy A 93 AN Fao Mk & gk AT 1 1 BrHCAPO10
FRICHIZ AT, S5O iRl & B ah A T (5%, WLy 3 R dig R (I 4): A A
JUEL— Mg, T, N 80.8 C (JuH 80.5~81.2 C), HIZIEM AR EA ‘L58” LA
K FE 25 kR (B4, A); B RIEHANEIIE, T, ME2 50 76 C (Gl 75.8~76.2 C)
1785 C (Gl 78.3~78.9 C), HILXEMMEAAEA ‘ZCT095” M F, 18 k&R (K 4,
B); C BRI 3 Mg, J8 TGN, T80 50 76 'C (JEH 75.6~76.4 C). 785 C

(Vul 78.4~78.7 “C) F180.8 ‘C (JulH 80.6~81.3 ‘C), F; LLL F, 1 50 #3kk &R I iZ0g R (]

4, C).

100 100

“
=
T

RIS e
dF/dT
-dF/dT

PRS2

=20

100

i/
30 Temperature

60

PRS2 HY
dF/dT

i/ C

Temperature

4 FA. Fi AR F, B3t 96 ¥k R BrHCAPOL0 #RiT HfR ih 2k B
FEACMMZR AR 1 Ak A: ZUG R D)IER 2, B 4G Mg )RR A, C: a7
Fig. 4 Melting curve profiles of BFHCAP010 marker in 96 accessions including two parents and F, population
Each of the curves stands for individual plant. A: Homozygous undigested genotypes;

B: Homozygous digested; C: Heterozygous.
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SR B IR B A e PR VST I 1) 7 VR RIE iR SNP A8 ey i 28, 96 bk R KU)W i
UKIR > SR E] 50 G5 AR P UK AT CAPS-MC ARicdH K 70 BUAR SR AR I S R AL DL 5 h A
w7 (261 bp) MIRRRERIN A 1 AEMRE, S 40 A BRI ARS SV L2OUHE S
B A (133 bp) FRARBIRBLUGIE 4 vh B M, 5PN, HARRM SV & RIS
SLINALRIE 5 p C A R IORR AR B 2B 3 M, S 4 b C IR RS T AW & o

HIBEAT L, CAPS-MC Fic JE PR 73 7R (A R e I 5CR B Bt J5e v v ARGl 4 R — B

c ¢ ¢c¢c ¢ Cc ¢ Cc Cc C C C A A A A A MB B B B B B

33bp e Ba BN e B R P e Y PY o w

E5 #RaEY) =R R ikE
A: SEGANRERL HindIITAFVIZER 2L ; B: 48 nl gl HindIIAFYISEF 2Y; C: %475 M: Marker L
Fig.5 Electrophoresis of digested PCR products amplified by the marker BrHCAP010
A: Homozygous undigested genotypes; B: Homozygous digested; C: Heterozygous; M: Marker L.

25 TniE

CATIFFTIRIE T DNA K il 5 000 /572 (Turner, 1996) 0 ASHFSE A 1IN B DI J5 F B Ton {EIE
AR L, AT AR K 3 ORI A AR 2SR Tk T fH (Ty-observed) 57E
2 A (http: //biophysics.idtdna.com/) Tl Ty, {H (Typ-predicted ) FEAT LA - 45 5 W7k (] 6)Tpp-observed
55 To-predicted 754 = /% M1 CPE (R°=0.8079).

84 |
83
82 |
81

T -observed

m

IR T,/ C

80 r y=1.1254x - 11.261

79 R*=0.8079
78 -
77

V[ 4

75
78 79 80 81 82 83 84 85 86

W T, /C
T, -predicted

6 DNA RIS FTIR T ESRERD T ERXES

Fig. 6 Relationship between observed and predicted T, values for the DNA fragments

% 3, FRid BtHCAPOO7 ) PCR i B k/h 250 bp, GC &t 37.6%, Tl T,y A 83.54 °C; [l
PG BLT R/ 130 bp, GC &8 44%, Tl T, ok 83.07 C; W3 BOR/MHZE 120 bp, GC it
FHZE 6.4%, TR T (HAHZE 0.47 °C; JEAEMZESEBRIRTT T 24 84.0 °C. #5id BrHCAPOOS ) f5
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P B /M 2E 26 bp, GC 5 5EAH2E 3.9%, Tl Ty AH 2% 0.42 °C, 5205 Ty 225 (320 78.8 C ).
R, AHFSY 728 PCR A B S o B T Al AT T AHZEZ) 1 CHl 1 CRL L,
Fric BtHCAP004. BrHCAPO10, AH|T HaM 8, To HAHZEBOK, RO

%3 HindIEIRTE FBXNR T, EAELE
Table 3 Comparison of fragment size and Ty, between digested and undigested by HindIIl enzyme

bricdm s lagcte il KMbp T T/ °C Predicted Ty, SR T/ C Observed T

Marker ID Fragment type Size Tm AT Tm ATn

BrHCAP004 P 284 84.74 ATy, (P-1) =0.87 83.7 ATy, (P-I) = 1.90
1 134 83.87 ATy, (P-1I) =2.26 81.8 ATy, (P-11) =3.20
11 150 82.48 ATy, (I-11) = 1.39 80.5 ATy, (I-11) = 1.30

BrHCAP007 P 250 83.54 ATy, (P-1) =0.47 84.0 ATy, (P-)=0
1 130 83.07 ATy, (P-11) =2.98 84.0 ATy, (P-11) = 3.00
11 120 80.56 ATy, (I-1T) = 2.51 81.0 ATy, (I-1T) = 3.00

BrHCAPO008 P 278 82.50 ATy, (P-I) =2.42 80.5 ATy, (P-I) =1.70
1 152 80.08 ATy, (P-II) = 2.84 78.8 AT, (P-1I) = 1.70
I 126 79.66 ATy, (I-I1) = 0.42 78.8 AT, (I-ID) = 0

BrHCAPO10 P 261 81.69 ATy, (P-I) =1.76 80.8 ATy, (P-1)=2.30
1 128 79.93 ATy, (P-1I) =3.25 78.5 ATy, (P-11) =4.80
11 133 78.44 ATy, (I-11) = 1.49 76.0 ATy, (I-11) = 2.50

E: PHEPCR VB 145 HindIIAGYIJE B 15 114 HindTIGY) 5 A B DL .
Note: P refers to PCR product; [, II refer to DNA fragment that result for digested alleles by restriction enzyme digestion, respectively.

i UL DNA ASPEFIAE . JR%E. —FH M (Dimethyl sulfoxide, DMSO) %, fEAHFFT
ORI /3 AN T % 3 B DNA ARHEF, LGB eAT T A it 2 (1) 5 i o 45 SR R I — 38 4 e (e {1 DNA
fiftE, FEAR T, (H A IBEROLAEARE IS R A8 e, Wi it 2 B dg o 2R, M IR A DMSO i
FSCPRTAS A T 2 e B B TG, BRI TR 9O o PRI AR SR 6 T L A AR 7. it
Ab, R HBERGAR RS, BT T RS, I R B R R IR 10% R0 Bt

3 e

SNP Aric/E Ky H i s HOR 3 0 104y Fhmid, PR Az e e, AN DSy R R 4l
o, B2, O s HEES, B, &Y, EYEE R Z AL (Anthony, 1999;
Kwok & Gu, 1999). f&4if¢) CAPS FricHiAR, HHH THM SNP, & Fh4s& PCR HBRHGITEN T
B LI P= 2R 0 2 FAR LR, ARSIk A R e AR 2L, T TR SRR 0 R B
P s e Fl %5 2 59T (Weiland & Yu, 2003; Spaniolas et al., 2006; Palomino et al., 2009).
{HE, SEFFARIRE T AR IR 2 N DI, A mr, TAESE, i 75 20 kR AR AT 2 (R 43 2,
PR ER, GBEAR, It CAPS Fric s AR 1 I A W o

AHWFGT K CAPS RV Ik H R FSE &, LT CAPS-MC iR, MIMSZBL SNP 43 Thrid &
Kl 2r . CAPS-MC FOR 250 4 LA IR R S0 e Bdis 1 2 2% FE R AL ad o AR A I8 27 7 1
BRI P DGR A 5 SNP I i3 T CAPS-MC #rics IR R A% 43 7 7l PCR =4
VARV 083 P41 T PCR §84; FREIVEN DIEGEG D) W AR I BahfbIEN AR, |
TR T 52 22 PR Z 05200 1 2 405% DNA 2> THI41E 11 DNA 4> 11 4 ANBE i HEs | s
FPRIIL ) GC/AT 55885 AR Ak SO 5 1 A S S A0 FE 1) pHL {EL S Na I B 5 AR PE 7145 . CAPS-MC
FORPEAT BE N 23 BRI SE W5 E . PCR 9738 v BEFIIR D) o v B 2 T Z0UA A ] B 23 R 1Y) T 3K



10 14 VR A CAPS S5 Mok it Ze BOR M 45 5 (15 52 SNP I A7) AR R O 7 S5 B0 E 1925

HeE CAPS-MC AN F BT N HEAT To fE TR . Umelt %44 (Dwight et al., 2011) LR AE£R it
(http: //biophysics.idtdna.com) HJ LUM 5 1H58 5 95 1f) PCR =9 KB UL 7= 40 v B 43 il kAT T 8
VA, ISR (Tow) (228 (AT RO JUIAS [7] 56 DR 204 (V) At o 28 2 S ] b, PRI 0 TR 7 5
HLFRIIREA AR S5 R EL (CVD NN gt ih 2R VTS ), vk i R Aty —, Bk B 3h o Y
K. A, SYBR Green I JEH; Sk 75T DNA WU HEL: M K /NA W, 5SRO B
W BRI T-A%, 1 T & ] LURIATATT DNA XUBHEL: & Can s 19 — 5840, AR5 mT fe = AR PR 1
DR 386 S N 58 B0 AT HEAT I A £ i s, DA A 15 A AR e PR = ) 40 it 5 | gk A T A Ak

KA TR A5 27 1 T A DR A 0 e 454 T (1) CAPS-MC #id, BERE =i, K
2 SNP 2548 Ay f e AR B KT8 ) T B R A R HIRERE A, sk, /)
F RS FEREAEY), %€ SNP AL s T/ER A 2% (Swaminathan et al., 2007; Wang et al., 2011).
AR 45 Hirht BrHCAPOO1. BrHCAP002. BrHCAPO005 Fric A HEME A7 24 X 45 P Rh 4l 44 B 24 1k [1)
R ZE S, TR AR BHPERRIC, RIS SR AR AR B oy A R vh 548 21 1Y) SNP,
T I R P FH 8 5 AR O o ASHIF TP RS AR A P B A 7 . T A R A KRR 55%, k4t
SEARHE N RN 5 &, XELER i FEURFHEFRIC . AHALET, van Orsouw %5 (2007) X KL
BT T EINF, 75%T00 ) SNPs 7 55 BE W Al 06 IE SEAFAE -

AW R SR B R SRZ R SEA, 58 Fy M Fy BEACON (A k), UG BRAREOR, [RIREAE
o AR A AT 2 N AT RATE T B RTEAR EASE A T 7 H s D S S 5 5
I 41,  NATE R 2 7K1 R AR A I8 2% 5 05 T B ol 1 9 DD R3340 R SNP A i R Ak B
CAPS-MC Fricl, AMUAZH T KM SNP A7 40, 1 B4k T s ic PR RS, KRG T hric JFR 10
IFIE], B T ARIC TR I SAS, I nl DLE SR RA N i DI, 3 T OLA N DI BERP SR TAE . ik
Gh, KA R REE . KivEYER, Pud. mlE, M PCR (55 min). BRAGITEAVIEEEFY] (4 h)
S fil 2R A BB R 32 (22 min) ST 3E 5.5 hy, —IRATASI 96 AMFEM . AKNK R IC T
BV, BRI RN AATEE s R AR ARARY) SYBR Green I ANHLRIGLEL, 1545 T KR EA;
AL B EERATT 2, T8 5 8 5t PCR AU AT AHEAT 432
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