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KAZXMEHFEEES SSR #1 InDel fRi2R X
B4 #

B O, FRE, IFf, MER RAE, KET, wExT

QREAEANE R A b 22 e, AL A RS S BFT H A T B s =, Il dbfRE 071001)

& ZE: AU 57> SSR M InDel #5id, T 80 43 K=K HASFR M 110 6y Fy 2858 Fi A4 £HK R A1 4] DNA
BHTY W B BEARBAL G 0T, KRR R A 3 ANTERRA, SRR IR o 5 BB A O R R EAR
I KA TASSEL #AE¥) GLM (general linear model) J7y5HEAT b ic 5 4 ZE W 18] AT AE i) 8] () S B AR
BIHT, I 13 ABRc i 17 AL S 4RI RIS R AHDG, JErh 15 AN S HEER 4RSS, 12 S5 9F
AR TIAR G o 10 AN A [ I 5 P AN PEIRAR DGR

KEIF: KEsE: o rbeids BHARZ: ST

HESHES: S634.1 XEAFRIRED: A XEHS: 0513-353X (2012) 06-1081-09

Association Analysis of Bolting and Flowering Time with SSR and InDel
Markers in Chinese Cabbage

GAO Ying, LUO Shuang-xia’, WANG Yan-hua, GU Ai-xia, ZHAO Jian-jun, CHEN Xue-ping, and
SHEN Shu-xing™

(Hebei Key Laboratory for Vegetables Germplasm Enhancement and Ultilization; College of Horticulture, Agricultural
University of Hebei, Baoding, Hebei 071001, China)

Abstract: Fifty-seven markers of SSR (simple sequence repeat) and InDel (insertion-deletion) were
used to amply the genome DNA of 80 inbred lines and 110 F; hybrids of Chinese cabbage. Population
genetic structure analysis showed that 190 Chinese cabbage accessions are composed of 3 subpopulations.
The classification of subpopulations is associated with their genetic relationships and phenotypic traits.
The association analysis of markers and bolting time, markers and flowering time were performed using
GLM (general linear model) method of software TASSEL. A total of 17 alleles from 13 primers were
identified as significant associations with bolting and flowering time, of which 15 alleles were associated
with bolting time and 12 alleles were associated with flowering time. Furthermore, we found that 10 alleles
were associated with two observed traits simultaneously.

Key words: Chinese cabbage; molecular marker; population structure; association mapping

KEL3HT (association analysis) A2 47 & J S >R 1) 35 DR e 467 7 v R FHAN [) 25 DR s S50 A S (3

UeiS BHI: 2012-04 - 08; fEEIHHAE: 2012-05- 14

EEWE: ERARFFEETIH (31171976, 31171964): HEMELIBH (209014)
* IR AR

** {5 {E# Author for correspondence (E-mail: shensx@hebau.edu.cn)



1082 P S "3 39 ¥

D TR REBIAP G G R, HEATARIC S PRI A OGP E 0 b, DASE e R e H PR PRI PR B e (0 AR X B
(Flint-Garcia et al., 2003) . T4k, iz I CIEAE B i ¢ T #4 J+ (Aranzana et al., 2005) K 3Z (Kokina
& Rostoks, 2008). FK (Xieetal., 2007). 4% (Simko etal., 2004) Fl 322K /EY) (Hasan et
al., 2008) [1—LeR AR K At Skl . Zhao 55 (2007) 12 ] AFLP HiA, 3@ ik SCI 4 A I
11 A~ AFLP bric 5 FEREAEY T AEI TR SCIE o BEAT K SRR R 007 (K 78 1 (Wang et al., 2011),
InDel (insertion-deletion) F1 SSR (simple sequence repeats) FRiCH K E K . InDel #5ic E 4 H T
i P 2 ST CGE IS A 48, 2005), WA LRI 2P ali BESE e GBS F, 2006), FEIFICRE G
L0 A5, 2007) 4%, FERESE RIS HAZEEIE . SSR Axid &) V2 T 2% (Suwabe et al.,
2006) Wiz CUFIEIRIBRIE, 2004). BN GRS 4, 2004) 25 b ZHEYIFE AL 20T

KHEZE (Brassica campestris L. ssp. pekinensis) FHE FFAEI (B FGTih 2 & &M b 8221 H bRk
o ABFFTH LA 190 473K A SR ST b, A 204 3= 2R 4L 30 4> SSR FRid A 27 4> InDel
Frid, Aot AL, HEATHER I TE] . JRAEI ) 5 20 FARIC R SGT A B, AN WA A A4 A A
() 35 DR 2 ey 485 s (1) S A R RO H PR PRI ik, ke = 8 R AR S I s AR Bl A R IR A5 Ar
HE DRI 05 B e HEA

QY VL SRS DARE

1.1 ##

HEARAF RSt b4 58 SR S HT 5 R FH T 5 S2 56 = 324150 190 0 K A SER mA kL 5 1 ~
190, H A imFEr N AR TSR 27 4 (485 74 ~ 100) (R 1), ARSZEK = SRl
ANEESKEMER AL ZE AR 80 44 (415 111 ~190) , LU X 80 £ it [ A8 Z 1] Jic il i) 24
THE 83 B (G5 1~73, 101 ~110) &

#1 BEN 27 HAERELSH

Table 1 Chinese cabbage commercial varieties collected in this study

BT MOEHARR HeUst Gy MR Heist
No.  Accession name Source No.  Accession name Source
74 HHE AR 1 88  KEME 3T il

Aoxia Zibo, Shandong Jingpin Zao 3 Guiyang, Guizhou
75 L2 5 5 Zaoshu 5 1143 M Laizhou, Shandong 89 H#H 60 Jinyu 60 K Tianjin
76 HiH. 48 Xinzao 48 WFGH % Xinxiang, Henan 90 241 60 Lityou 60 St 52 Guiyang, Guizhou
77 HiH 58 Xinzao 58 M FH % Xinxiang, Henan 91 FPi 70 Fengkang 70 W3¢ Laizhou, Shandong
78 JbmitRE i ] £ 92 fEm16 HIZRAEIN

Beijing Kuaicai Ji County, Tianjin Degao 16 Dezhou, Shandong
9 WZhE23 M % 93 KH8% N

Xinxiang Xiaobao 23 Xinxiang, Henan Jiaobai 8 Jiaozhou, Shandong
80  HH3T i/ e 94 HIRHH R Kt

Jincai 3 Wenshui County, Shanxi Xin Tianjin Qingmaye Tianjin
81  HRMAFKHER Jinzhou Tedake IZT4#/H Jinzhou, Liaoning 95 Fk &t 75 Qiulii 75 it Tianjin
82 /MRBEBLAK ZE il 9%  HHEIEAX LR P

Xiaogen Huangyang Baicai ~ Chifeng, Inner Mongolia Chunxiahuang Baicai Seoul Korea
83 KL LTI 97 BT wH R

Suancaiwang Shenyang, Liaoning Kunshu Zaohuangbai Kunming, Yunnan
84  HUWNETF Ve R4 98 L 4 7R

Kangbing Yuqing Taigu, Shanxi Xinteyouzao 4 Qujing, Yunnan
85 ZHLTS IOE[weres 99 JTREIH 14 RN

Duokang 75 Shijiazhuang, Hebei Fangzhen Huangya 14 Zhengzhou, Henan
86  FK10% AR 100 FHIEZTLG IUEIAEEES

Jibaicai 10 Shijiazhuang, Hebei Jingxuan Huangxinwu Qing County, Hebei
87  JbmihZk 56 Jext

Beijing Xiaoza 56 Beijing
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12 HEMHRKIAE

2011 4 1 H 19 HERE A EHERD T db Aol K22 R0 SR %= 8, 4 A 3 H¥E i et Tl 5
FEH KM . B IED B AR AT 6 Bk, FRATEE 50 cm x 50 cm. FEICHEHAE B, ISR A2
B AR o S s MEFP B 5 om e R B TFAER TR F8 BRI 21 50% i1 FE Ak T
EEAR AN

13 HFEFEBLTE

TR SEIRARE I 4 ~ 5 BE, EA KRR A RASH b i, RH MR CTAB 7% (Doyle &
Doyle, 1990) UL S DNA, -20 CIRAF&HH . EHIET KR 280K DNA WKE 2 30
ng-pL!'. ZIAHEICHR (Lowe etal., 2004; Piquemaletal., 2005; Kimetal., 2006; Choi et al.,
2007; Soengas etal., 2007) , MEHL T 70 AT FSERAEY) A FERIZH 10 ASEBURE E ) 199 XFBEFL SSR
1, YR SRR 545 BB 7 36 X5 JFAEIN A AR OCHRR 7 SSR 514, 5347 100 %) InDel
S1WKJE T http: //brassicadb. org/brad/. SI¥IATE 335 X, ¥ BilgEAEY) TREEEARA B2 A G k.
BEALHIE 12 A RME R 5L T IIREAS, I\ a5 [k th 4 38 Bl i) 2 8P E5 4. PCR S
NAKZ K 20 uL, 7% 1.0 uL Forward primer (50 ng - uL™). 1.0 pL Reverse primer (50 ng - uL™"). 2.0 uL
10 x Buffer. 0.4 uL dNTPs (2.5 mmol - pL™"). 0.2 pL Tug DNA E&HE (50U - L), 3.0 uL DNA #
B (30ng - pL™). 124 uLH,0. RNFEF A 94 CAZPE 5 min; 94 CASPE 1 min, 60 ‘CiE“K 30,
G FEAMEFR HIE KR K 0.5 °C, HAE 55 C (AR JORJEIHT 1 MEFR), 72 CHEAH 45 s,
L 10 MEIR; 94 CAZYE I min, 55 CIBk 30s, 72 CHEfH 45, JL 25 MEIR; 72 CLEMF S min.
4 CLRAF. PCR ¥ 347 =WI7E 8% 1S N BE e e bk, MY R,
1.4 HIEAE
1.4.1 A7t % AMoH

PERA SN IE R N GAL B, AT IEN 1, AT IEA 0, 2 BB AR . Seilf
XFE1 9 B R A SR BE DR, JF v S S8R 5 1 A U 38 ) A B PR B . e AR AN R (I
BRI BN 1.5.2) S FE A Gort S R AE T 1. 551 20 KT 2 PRk B AR g H
142 BHRZEMHHT

M FH Structure 2.1 A (Pritchard et al., 2000) X K [ASEREAARMEATIE T HOF B (10 BER 7y, i
B KA, FEUPEAMEAENT O CGF i MRBERAUR U0 T3 & BHARMMER) o TR EE R,
AR EFEAALELE K AN AL A R e 2R 4 (RIJIRA Hardy-Weinberg “Fif RV HE, X K 0]
DUEARFNN)D , &F— A SSR F InDel 47 11 H—E 557 AL AR AL, JEFEA T AR 2] (BUR
ZH Bayesian /75 TF) 5 & ANERE, AT A2 W HERE AL SR AR A 7] — ™ Hardy-Weinberg 17
HARSHTE RS, S @ WAL (KD A 1 ~10, FHBUENL S# 2B, B MCMC (Markov Chain
Monte Carlo) JFEREHIAEELAR (length of burn - in period) ¥4 10 000 X, FREAEELEAC)S
(1) MCMC A 100 000 7, R J5 M ALSR B B3 KR S e B — AN 1) K (SCH A 45, 2008) .
143 XIRSHT

AR 3l B2 IN TR AN FF AR I ) 2 AN R B PELR (8] 2 258 2 57 XF 2245 SSR Al InDel 4
WA (0. 1 B ANBAE, ] TASSEL #fF (Edward Buckler Lab, 2007) ] GLM (general
linear modeD) #2/7, & MMME Q (E/E IR, FH FHIARK, ¥ 2 ANSRBEREGE 75 505 brid &
ST RN ST
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Yi=a+ ply+ piX;+ foXo+ =0 + BiXi+ o

Horr ¥ 25 j MR MR IG5 7 MPRLER p SAr A5 M BLIN iR 22 i, B2 fEAR 2%
LA AL AR (R IRON s Xy ~ X 258 j MR AR T 58 1 ~ k AR O {H, B ~ fr
FEM AL 1 SRS 1 PS5, g k22 (SCHFH 4%, 2008) .

2 R

21 FRIEESMEST

335 XS 12 Oy KSR, GEIREN], 57 M5IRERET B HEmI I 2 SRR, W
FEBENL SSR 514 24 %F, ¥E5 SSR 514 6 %f, InDel 514 27 %o FIFH 57 % £ &k =) SSR Fl InDel
SIIAE 190 PR AL I 167 ANSEALAR S, I8R5 [P0l 30 547 A8 5 2.9 A, ABMR N 2 ~7
D (F2) . ZAMES SRS A0S ESRE FY BrID10123, 4 7 MEAAE 5.

RN RS T 1. 5T 20 KT 2 MARLS BB EL R R, M R 5 1
A (73.4%) BL2 A (23.3%) SFE7ER. 51X 5100 50% L EAPEMT B 1 ANSEAER, 3 X514
X 50% LA EA R 2 ANEERTIER, 1 X B0 50% DL AR 2 AN DL RS IER, 2 X5
Y153 A 0T SO%AERHT I H 1 AN, 24 2 AN SR 3R A,

2 57 3 SSR H InDel 5147 190 K AFRHE P HENTRE
Table 2 Alleles of 57 SSR and InDel primers amplified in 190 Chinese cabbage accessions

PS5 o HE R £ AN EE A HE BRIR L 7 AR EE /%
N R Aty Kt Number of alleles found in The rate of accessions with different alleles account for

PRic A px Linkage 55| subpopulations all accessions
Marker group Alleles AT ) KT 2

St 2 83 Equal to 1 Equal to 2 More than 2
RA3EO05 A01 5 2 3 3 11.6 84.7 3.7
Nal4D07 A01 4 3 4 4 60.5 16.8 22,6
0110D03 A0l 3 1 2 1 99.5 0.5 0
Nal4G06 A01 3 2 3 3 65.8 26.8 6.8
Ra3H09 A01 2 2 2 2 753 24.7 0
Nal4HI11 A02 6 1 4 4 57.4 14.2 28.4
BRMS-042 A03 2 2 2 2 70.0 30.0 0
Nal4G02 A03 2 1 2 1 99.5 0.5 0
Ol11B05 A03 2 1 2 2 98.4 1.6 0
Ol11H02 A04 2 2 2 2 90.0 10.0 0
GOL2 A05 3 2 2 3 60.0 37.4 2.6
BRMS-007 A05 4 2 2 2 77.9 22.1 0
BRMS-034 A05 3 1 2 2 92.1 7.9 0
EJUS A06 5 2 4 3 32.6 46.8 20.5
ENA19 A06 6 3 5 4 37.4 41.1 21.6
ENA14 A07 2 2 2 2 69.5 30.5 0
ENA6 A07 2 1 1 1 100.0 0 0
EJU4 A08 3 2 3 2 55.3 432 1.6
Ol12D05 A08 2 1 2 1 99.5 0.5 0
ENA21 A09 2 2 2 2 48.9 51.1 0
ENA27 A09 3 2 2 2 91.6 8.4 0
ENAI18 Al0 3 2 2 2 68.9 31.1 0
NA10DO7 Al0 3 2 2 2 76.3 23.7 0
Nal2H04 Al0 4 2 2 2 76.8 22.6 0.5
FT-SSR-P1” A02 2 2 2 2 72.6 27.4 0
SAGI2-SSR-P1b"  A02 4 2 2 3 88.4 11.1 0.5
SVP-SSR-Pla" A04 2 1 2 2 88.9 11.1 0
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g2

E B B 8 AR5 B DB & Bk E /%

N R oYy Number of alleles found in The rate of accessions with different alleles account for

PRic A px Linkage 75| subpopulations all accessions
Marker growp  Alleles %1 5T 2 K2

St 52 53 Equal to 1 Equal to 2 More than 2
DDF1-SSR-Plc’ A06 3 2 2 2 76.3 23.7 0
SVP-SSR-P2a" A09 2 2 2 2 84.7 153 0
TFL1-SSR-P2b” A10 2 1 2 2 98.4 1.6 0
BrID10433 AO01 3 2 2 2 80.5 19.5 0
BriD10303 A01 3 1 2 2 61.6 384 0
BrID101169 A02 2 1 2 2 96.8 32 0
BrID10709 A02 2 2 2 2 93.2 6.8 0
BrID90131 A03 2 2 2 2 72.6 274 0
BrID90039 A03 2 2 2 2 63.2 36.8 0
BrID10605 A03 4 2 3 3 72.6 22.6 4.7
BrID90059 A04 2 1 2 2 84.7 15.3 0
BrID10747 A04 3 2 2 2 71.1 28.9 0
BrID10779 A04 3 2 2 2 69.5 30.5 0
BrID101061 A04 2 1 2 2 72.1 279 0
BrID10583 A05 4 1 2 2 91.1 8.9 0
BrID10123 A05 7 2 4 3 81.6 8.4 10.0
BrID90105 A06 3 2 2 2 71.6 28.4 0
BrID101161 A06 3 2 2 2 67.9 32.1 0
BrID90095 A06 3 2 3 2 68.9 31.1 0.5
BrID90043 A07 2 2 2 2 61.1 389 0
BrID10503 A07 3 2 2 2 71.6 28.4 0
BrID10269 A08 2 2 2 2 79.5 20.5 0
BrID10727 A08 3 2 2 2 93.7 6.3 0
BrID90111 A08 2 2 2 2 72.6 27.4 0
BriD101217 A09 4 4 4 4 0 35.8 64.2
BrID101225 A09 2 2 2 2 36.8 63.2 0
BrID90319 A09 2 1 2 2 70.5 29.5 0
BrID90069 A09 2 2 2 2 83.7 16.3 0
BrID10577 Al0 3 2 2 2 86.8 13.2 0
BrID10909 A10 3 1 2 2 86.3 13.7 0
71 Total 167 102 131 125
¥4 Mean 2.9 1.8 2.3 22 73.4 233 33
MBS 66 72 52
Number of

accessions

E: GIAFAT “BrID” (K124 InDel 514, AT “*7 [FOW4F5 SSR 514, LA NBEHL SSR 5147,

Note: The marker named with“BrID ”is InDel primer, the marker named with“*”is gene-specific SSR primer, the rest are random SSR primers.

22 KBRBAREWDT

I Structure 2.1 FATR R HSBEARSEMREAT 2007, 45 R WK 3¢ (1) 54138 S R i 2
K =3 (RIlx A\ Hardy-Weinberg ~F-fif (I AEECH 3) B AR fFI0MER oK, PRIERE 190 4 KA
SRR b 3 ANTEE, B ST. S2 AT S3 (1) o S1WWEE 66 A RIH L, &b AR &R, Hb3
WM BB T 50%, HAREME (R 1D BISMELE 53.9% ~ 96.8% 1. S2 WHEH 72 t34f
BHHE, Hrb 10 AR, & 13.9%, 6243 Fis 15 86.1%, &M BRI MEALE 45.9% ~ 95.5%2 [,
3 MR A EAE 50%LL R o S3 WA 52 ed ki, 4 AR, N 7.7%, 48 4 Fy,
07 92.3%, SRR EAE 44.1% ~ 97.6%2 1], FHorb 4 D3RR MEAE 50%LL T .
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o -
121131 157 164 145 159 177 130 184 123 118 126 128 186 116 IT‘ 165 187 150 149 113 148 1&0 43 _ 142
180 171 132 162 147 170 117 II4 137 120 182 141 119 133 127 163 154 146 152 153 155 188 122 178 183

5 135 IS‘S IM 169 168 181 189 95 56 106 86 89 S8 7157 S0 97 8 78 6 3 1nx @0 o8
179 124 174 111 190 172 138 107 88 102 43 60 103 72 55 63 67 52 %6 54 91 1 61 62

BBOEL IR SR Bt/ %

The individual’s estimated membership fractions of genetic background

81 8 101 85 108 100 I‘Sﬁ 1 53 1 14 69 8% 76 5 B4 9% 65 136 47 3% 44 25 46 M0
4 77 %4 4 66 1090 S1 140 158 105 167 73 68 151 161 139 7 144 80 1% 22 49 37 30 34

S3 »

15 74 35 45 50 17 18 28 13 70 134 26 110 2110 38 79 12 75 129
92 11027 33 16 20 48 23 24 41 115 93 31 36 125 40 32 9 6 87

F#} Accessions

B 1 XBXBEEUITER
20, g, WO MEORARIEERAEE ST, S2. S3ILLHl, HARBUE T ELEHBOR, ORI 43 BIAH 20 B 10 T etk oK
Fig. 1 Result from Chinese cabbage structure analysis
Red, green and blue represent the individual’s estimated membership fractions of S1, S2 and S3.

The classification of accessions is based on the ratio of different colors.

23 KBEXMEAENBEBTESH

AR HTEE L, 190 AR ShZE I (8] 24 72 ~ 107 d, M 72~ 79, 80 ~ 89, 90 ~ 99,
100 ~ 107 d AR 5024 31, 80+ 624 17 1,

S1 MEAFH M EE IS (0] 24 80 ~ 89 d UM ELIT & bl ey, My 42.4%, RN 90 ~99d F172~79d
IR RE, 23505 33.3%A01 16.7%. S2 WREFRHEERFI7] 4 90 ~ 99 d (PRI by bl e &, b 48.6%,

KAy 80 ~ 89 d AT EL 5 30.6%. S3 M HEH I EL I (7] 24 80 ~ 89 d 1 72 ~ 79 d AT KL 43l fr 56.6%
F130.8% (FE2) .

TFAERTA Y 83 ~112.d, Hid 83 ~89. 90 ~99. 100 ~ 109 A1 110 ~ 112 d AR 51 Ky 43, 754
68 Fl 4 £}

S1 AL IFAENS ) 4 90 ~ 99 d F1 100 ~ 109 d KA EFET &7 EL AR LA s, 2051k 39.4%F1
37.9%, HK 83 ~89d ARl 15 19.7%. S2 WEEFIFAEHSE] A 100 ~ 109 d FIA RS KH5r, H
54.2%, HKH 90 ~99 d HIFTEL 1 36.1%. S3 WAEH FFAEIT ] g 83 ~ 89 d 1 90 ~ 99 d [F#4 KL Fir
dr Le AR B R, 2 ok 48.1% K1 44.2% (K 3)

2.4 EihZErTEF0FFIEES 8 FHKEKHY SSR #A InDel #Ri2 447

KT, 15 13 DRI 17 ANZEAT R R 05 5l s e A e i ) 2 NMEERAE P < 0.01
KA (2) , BT A0L. A02. A03. A06. A07. A0S Fl A10 EBEE L,
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7 7
60 - JS1 #ZS2 MS3 60 JS1 #ZS2 MS3
50 r
Z -
M 3 % 9
H 8 30 ¢ H 8
T8 o2+ g
~ ~
10 %
0 s s s (v
72~79 80 ~ 89 90 ~ 99 100 ~ 107 83 ~89 90 ~ 99 100 ~109 110~112
HER I /d FFAEmF 1/ d
Bolting time Flowering time
2 FETHFEXAFMENBEESIT B3 FREHXAXRFENEERSH
Fig. 2 Variation analysis of Chinese cabbage bolting time Fig. 3 Variation analysis of Chinese cabbage flowering time

15 M7 A S EE TR e e, Horp SSR A7 A1 9 AN, InDel £7 5 6 A, SCHEFLRE it ) /& Nal4G02

(b) , PAHASET 0o 12 /M7 st IR OCHE, Horfr SSR AV 55 9 />, InDel £ 41 3 AN, JCHAFENE

2 O110D03 (b) , PAHZISET 0. 10 MG S HHEERS ] . TR I TR #BAH GG, fH5 SSR {7
AT, InDel f7 853 4> (K 3) o

F3 SmEME. FERERERXNFCAREPE

Table 3 Marker loci associated with bolting and flowering time and their P values

Frid R e " P{H P value
Marker Linkage group Alleles AL (3] Bolting time JFAER ] Flowering time
0O110D03 A0l a 0.001
b 0.004 0*
Nal4G06 A01 b 0.008
Ra3H09 A0l b 0.006 0.007
BrID10433 A01 a 0.004
b 0.001
FT-SSR-P1” A02 a 0.005 0.001
Nal4H11 A02 b 0.009
f 0.004 0.004
BrID10605 A03 a 0.008
Nal14G02 A03 b 0" 0.003
DDF1-SSR-P1c’ A06 c 0.007 0.005
ENA6 A07 a 0.004 0.004
BrID10727 A08 b 0.003 0.004
EJU4 A08 a 0.004
BrID10909 Al0 a 0.001 0.001
b 0.001 0.001

e fF5 “#” AR PHEAT 0,001, HARTEAFSWEEE PAEIIKTET 0,001 H/NT 0.010 X515 18 HH IR A5 A7 HE DR E K20 /5373
Foxhas by o FI L,
Note: The P value that less than 0.001 is indicated with “#” . The P value that more than or equal to 0.001 and less than 0.01 is without any

mark. Alleles amplified by each primer from large to small are a, b, cand f.

31 BHAREMNR

EA SR 7 B it ASE DS RUHSCH D St HEDIBIT SRR A AE R R 1 DL o ARG P BITR (10 2
REBRMIHTITE, A A RARIE N R A 565 5 B A BE 2 (AR, DI R DB BRAA
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PRREAR LR, SIMT AR AT BE AR TS 5, T D FLAE T ORI A S i o ) B AR 245 3 AR
ABITEI 190 40K AR R 13 AR mAUH SRR AP AE ST, (H23tkedl sy
(A TEBEAT T, AR AL 0 AR B — RS IR (STOERE P2 BT o Ll A A% 2157
AR R FE Y (ST AP LLE BT A EUBIHIR AN (ISR SR 22 R, & A 1ok A
MBI E A o 3 AiAE S2 A1 S3 WA ) b i AT R T ARy SR A A3 A1 /2 ST AR 1K
AR FASRMBRARCAL S, DIWPAT A B LA BTl 3R o 20 A e S2 Rl S3 WA Fy
PR REZ RSl 0T DA 4 58 HAT B ARG 1 SR e R
32 SFIREIA—MEIR KBS AT

AFFER ST A PR Rl EL . e AR a2 (ldE 72~ 99 d: JHE 83~ 109 d)
S2 A1 S3 A HHASRHI A AE . FFAE I ARG A B (S2 WERFh A 80 ~ 99 d, JFAE 90 ~ 109 d;
S3 WA A 72~ 89 d, JFHE83~99d) o RANEIRAIAL TS 05 7> T/ 73 FEA — e Kk 2
TP HRIBI TR B T e G R TTARI R ORI 2 TR, ORI 2D MK B S
PRILEAFDERE (ST 82 S3) Xil£L JFAERS I uadk, FFlid 3 AR08 0 iEAmid iy T S b,
KRR o AR DR B EPERS AT 45 PR A4 QTL LU, KRIKMMral LUE #4608 th 5 R M A
HUPR A BAT R 2 DRSO I A, A B PR e, Rl B M) S0 N 22, A
i SRRV IR, WETCRIIR, A JE bl BBt Ry 1 PP M BT B — o WA A AT FL SRS
AIFA, AR TEIT R HARYEAR KR SRARIC, AT AE3E 20 T R AR L REHE DR (0 I 5 A il o T
fE -

ABFFUH AL . — R id [ -5 A PRIRAESCHK, B4 O110D03 (b) S iZEif ], JF AL
(AT ORI, 1% 4 R T T AR A IR 2 1) T AT A FORBAR AT OG- R DR AT B RIETT i e 7 )
AR AR RO S B BCEAT ) — R 22 205 1R Y
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