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Detection of Late Blight Broad-spectrum Rpi Gene Markers
and Field Verification of Resistance in 255 Potato Germplasms

LI Kun', GUO Hua-chun'**
('Tuber and Root Crop Research Institute , Yunnan Agricultural University, Kunming 650201 ; *Yunnan Engineering Research

Center of Tuber and Root Crop Bio-breeding and Healthy Seed Propagation, Kunming 650201 )

Abstract: Potato (Solanum tuberosum L.) is the third most important food crop in Yunnan province, China.
Late blight has always been a devastating disease in potato production. Use of resistant varieties is the most
fundamental and effective way to control the disease. In this study, screening of broad-spectra Rpi genes using
molecular markers and evaluation of late blight resistance upon field inoculation were conduced in 255 potato
genotypes. The results showed that 69, 53, 51, 12, 23 and 75 varieties (lines) were detected with resistance
genes R8, RB, Rpi-blb2, Rpi-stol, Rpi-stol and Rpi-vntl.1, respectively. Eighty-one of the varieties (lines)
were found stacking multiple Rpi genes, and 77 of them were collected from CIP. Gained from field resistance
tests, 67, 31, 67 and 90 varieties (lines) were observed with high resistance, medium resistance, medium
sensitivity and high sensitivity, respectively. The domestic germplasm was found with lower resistance and rare
cases on stacking multiple Rpi genes. The gene RS largely contributed to the field resistance against late blight.
RS via stacking with other Rpi genes can improve the degree of resistance compliance and field resistance. This

study demonstrated that R8 has a high degree of compatibility with field resistance to late blight and could be
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used for marker assisted selection, which has implication for the future popularization and application of new

varieties (lines) and resistance breeding in Yunnan province.

Key words: potato; late blight; field resistance ; broad-spectrum resistant gene ; molecular marker
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FHEEY, CEMALETZfE. RECKHN
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RS — ThES B TR 25 A A A I A A
IR AE B PR 11X P A TR FRAS R, TR PR PR bR 4
R BOR G A A T AR MR

AR B SO MR L VT R R TE 209%~
30% , "™ FE AR i ik 50% LA b, 540 Hh DX H 4l
CL R EH S S R e () E SRR R 2R 2 —

H A, Bz B ia s Ak 2= 250 B i o L A
ACHE TN AE 77 BUAS , 3 JB8 M N 285 i B A e A
B 16 2 05 e DL SR MR R e 1k S B, B R S 1o
VIR H 22 PG B SRR A= S demissum BB
(Rpi, resistance Phytophtora infestans) %& K RI~R11
VERBUHER IR, 3 F & T RI .R2 R3a .R3b RS .R10
(973 F-FRic T B o3 T AR 4l B e £% (MAS,
marker-assisted selection) & F™“7' . RI~RII T RS
KT Rpi FEK A, AR 348 50 Rpi JE 1A, Bl
JE N R AR A, ER Rpi FER Y E B IR,
I, B ENTIFIG RAE T3 Rpi B, JF LS.
bulbocastanum 3% T 55—~ 1% Rpi 3& Kl RB/Rpi-
bib1, Bii J5 i 22 M\ S. bulbocastanum 5% T | 1% Rpi
3 [ Rpi-blb2 . Rpi-bIb3, M\ S. stoloniferum Wi [ T
Rpi-stol , )\ S.venturii 7% Rpi-vnt1.1, CA 1Y R i
Rpi B WS & 1T BN Fhsid, IR T
Gy FRRIC R B PR RO & T MR e P R
e,

B A AR S R EVEY , = MR
A5 R A A A S JRIAE RS R L, (L I8 5 i
TR0 ™ B[] B D P A2 S bR B Pk i, R 43
FAR R E e R PR R, A
F1 2550t A R
Table 1 255 potato materials used in the study

e DIPTSR 2 AR L R JE
T ET, FRATE AT 140 38 N AP FP (2R Kb
D5 A EEA T T RIR2 \R3b KD (20 ThRic ik , 7
I ZPUORARTER . HE, NEPR S8
7.0 (CIP, International Potato Centre ) 5| F T —FiL:8r
P, 26t — AL AP (R K& TR s
U5 PEikiE RS BRI HA AR H W Hiik , fefg i 24 1
IR R IREN AR B R] [ N A IR Hi M LY B RS
FLIH 5 RB REAS AT 27 B 200 R0 BRE 2 J8 | o 22 g It
ANF AT BT, BT AR STER TR R R T
% ; Rpi-bib2 HA B vi H [RIHTE , #5002 5 RB ik
L5451 5 Rpi-blb3 | Rpi-stol Fl Rpi-vntl. 1 ] Desiree %
FEDRRE AR XS TR [ R 43 W e o s it/ INF B i 5
RS .RB . Rpi-blb2 , Rpi-vntl. 1 Xt 3% [E ity A4~ 8 2% /)N
Fl” (HB1501 55 HN1602) HAG Hrik 2020 A5y
PEPEIX 6 1T 1% Rpi 3 K EL 4GB 194> FAmid, e
fTTAE 255 By BB B A RS0 AT , 4565 T G2 i 47
PEYE , BB IX S 0 F-hRie PR A R R I i ik
BT RR T, AT R S B A AT AR, Rt
B AR AL AR , T AMA W] 32 i ET BT A 5
FEERAEET BT R B
1 #Rl5R®
1.1 RIEH AR B

HE B 2 B ROl K 2= S 25 T I AR 5|
R 255 1y THAS R B (2 1), R IFALHE [H PR b 45 25
L TR A A ERSM LA E MR i)
I i 2 Sl R L2 B 1T 2021 4E 40, 2022 4F
4 F AT = B AW R 1R B b, B 00 44 Ak
RS AR, LA A s o R HE 5k R 20 355 1
F DNA $2H¢,

Fr MR R 3l 5 MR FR AU B MR FR B3

No. Accession Origin No. Accession Origin No. Accession Origin

1 300055.32 Elbr gt || 6 300137.31 FE bR || 11 301041.26 Rl b 4 s
2 300063.9 FE bR |7 301623.15 bR ey || 12 301044.36 [l B 8 s s
3 300065.4 FE R |]8 301624.95 FE R e |] 13 301045.74 [ bR Ey 8 .
4 300135.14 FEIBR L (|9 301026.23 FEBR e || 14 301055.53 Rl B 4 s
5 300135.3 PRty || 10 301037.85 bR e || 15 301056.54 [l B s s
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A MELZFR P37 b RN FR p 3l 7 MR FR KR

No. Accession Origin No. Accession Origin No. Accession Origin

16 302498.70 FEPR ey || 61 392637.10 bR b8 ey || 106 395109.29 [l B L s s
17 303381.106  [EBREBE L || 62 392639.34 bR ES e || 107 395109.34 [l BR Eh 8
18 303381.30 FEPR L || 63 392657.8 bR EY L[] 108 395111.13 B T s
19 304347.6 bRt || 64 392821.1 [l bR thas ey || 109 395112.19 [l b L s s
20 304349.8 [EPR LG || 65 393075.54 bR ES L[] 110 395112.32 [ T4 v
21 304350.18 PR || 66 393077.159  EPREBE LG (111 395112.36 by 4 s
22 304350.78 FPR e || 67 393077.54 FElbR s e || 112 395112.6 [l B L s s
23 304351.109  [EPRSEE L || 68 393079.24 [E PR S ey || 113 395123.6 [ PR 4 5 v
24 304351.31 FEPR LG |69 393079.4 FEBR e L || 114 395169.17 Rl by 4 e
25 304366.46 bRty || 70 393083.2 bR e || 115 395445.16 [l by L4 s s
26 304368.22 PRy || 71 393084.31 R hSE e || 116 395446.1 [l R Eh 8 s
27 304371.20 EPR G || 72 393220.54 bRy e |[ 117 395448.1 [ by 4%
28 304371.58 FEPR e || 73 393242.50 FlbR s e || 118 396004.225 [l b 4 s e
29 304387.17 [FEpr g || 74 393248.55 R s ey || 119 396004.263 [ B L s gy
30 304387.92 EPR L || 75 393280.57 bR e || 120 396004.337 b T4
31 304394.56 FEPR It || 76 393280.82 FIBR S || 121 396008.104 [l b T4 s s
32 304399.15 bRy || 77 393284.39 [ bR b e || 122 396009.240 [l B L s s
33 304399.5 [EPR L || 78 393339.242  [EBRIEE LG || 123 396009.258 [ T4 v
34 304405.42 FEPR s |79 393349.68 FIPR e || 124 396012.266 Rl by 4 s s
35 304406.31 PRty || 80 393371157 R HL |]125 396018.241 [l by L s s
36 374080.5 [EPR L |81 800923 bR ety || 126 396023.109 [ PR Eh S
37 377744.1 R e ey || 82 393371.58 bR e || 127 396026.101 Rl by L4 s s
38 380011.12 FEIPR ey |83 393382.44 [l bR chas Sty || 128 396026.103 [l B L4 s s
39 380496.6 [E Rt || 84 393385.39 [ BR hS e || 129 396027.205 [l BR Ey S
40 381178.14 FEIPR e || 85 393385.47 R E e || 130 396031.108 ES|N R LN
41 381379.12 bRyt || 86 393399.7 RS ey || 131 396031.119 [l by L s s
42 381381.9 [H PR || 87 393536.13 [E PR S e || 132 396033.102 [ PR 4 5 v
43 381403.16 PR ey || 88 393617.1 bRy ey |[ 133 396034.103 b 4 s
44 384321.3 EIPR T ey || 89 394223.19 FIBR s e || 134 396034.268 [l By L s s
45 384866.5 [EBR Bl |90 394223.9 EPr e || 135 396036.201 [ R T4 L
46 385558.2 EPR L |91 394638.3 bR e e || 136 396037.215 [l PR Eh 8
47 387164.4 EPR ey || 92 394895.7 bR e || 137 396038.101 [l by L4 s s
48 389746.2 [E PR e || 93 394898.13 [E PR S e || 138 396038.105 [ PR 44 5 v
49 391002.6 Rty || 94 394899.5 bRy || 139 396038.107 [l PR By
50 391011.17 FEbR || 95 394900.1 FIbR s e || 140 396043.226 FEl by L4 S s
51 391046.14 PRty |96 395011.2 [E PR S ey || 141 396046.105 [ ThA8s S gy
52 391065.81 Rty || 97 395015.6 bR || 142 396063.1 [l PR Eh 8
53 391580.30 PR T ey || 98 395017.14 FEIbR s e || 143 396063.16 Rl By 4 s
54 391585.179  [EFREAZEFL |99 395017.227  [EBRDEE G || 144 396180.22 [ b L s ey
55 391585.5 [ R E ey || 100 395017.229 BRI || 145 396240.2 [ PR Eh 8
56 391691.96 E R e || 101 395017.242  [EPREAE L || 146 396240.23 Rl b 4 s s
57 392025.7 FEPR Ty || 102 395037.107  [EBRDESE L || 147 396241.4 [l B L s s
58 392285.72 [EBR By || 103 395077.12 PRl || 148 396244.12 [l PR Eh S
59 392633.64 FPR S || 104 395084.9 bR ey || 149 396268.1 Rl b T4 s e
60 392634.49 PR ey || 105 395096.2 bR s e || 150 396268.9 [l by L s s
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A MR TR AU i MR FR e e MR FR 3
No. Accession Origin No. Accession Origin No. Accession Origin
151 396269.14 EPR Sty || 186 398208.505  HEPRILEE L |[221 HE H
152 396269.16 R Es ey || 187 398208.620  [EERISHE L |]222 65 TR TR
153 396272.12 Ry e || 188 398208.670  [EBRIEYE L || 223 G188 B AR
154 396272.18 Ry || 189 399001.44 FEBR I E L || 224 HEIS BFE AT
155 396272.2 R Es e || 190 399004.19 bR ey || 225 PAULERES ~FE ERAFD
156 396272.21 bR ey |] 191 399048.24 FEI bR |] 226 T 1418 AHHE
157 396272.37 bR Sy |] 192 399049.14 BRI L |]227 1208 ERELIES
158 396273.48 [ Br e e |]193 399049.16 bR ey |]228 THE 1428 ERETEES
159 396285.1 E PR || 194 399049.22 bR |]229 101-2 AT LR
160 397006.18 RS |] 195 399053.11 bR |]230 1131 ERELIES
161 397012.20 F R e bt || 196 399053.15 FEI bR ey || 231 1153 AEHER
162 397039.53 FE R ey ey |]197 399062.118  [EPREESE LG |]232 1214 EREREES
163 397054.3 bR Eh4S ey || 198 399067.14 bR s St ||233 14-12T19 ERELIES
164 397060.19 PR hS Huey || 199 399067.22 EPR A E L ||234 14-18A ERELIE
165 398098.205  [EIPREEE L |]200 399072.11 bRl || 235 14-6T8 HEWR
166 398098.231  [EPREESE LG || 201 399072.28 FE bR |]236 162-2 EREETES
167 398098.570  [EPRIEAE L |]202 399073.23 EPR A E L ||237 17-2 ERELE
168 398098.65 [EPR L ||203 399075.32 PRl || 238 19(2)-5D1 E-NTES
169 398180.144  [EIPRE S E Ly |]204 399075.7 bR e ||239 2012-20-5D1 EENTES
170 398190.112  [EERDEE L |]205 399078.11 FE BRI || 240 21-1 ERELES
171 398190.200  [EIPREEE L |]206 399079.22 bR e ] 241 21-3 EREREES
172 398190.404  [EIPREESE L |]207 399083.4 FE bRl |] 242 27-1 EREELES
173 398190.523  [EPREESE L |]208 399085.17 FE bR || 243 30-1 ERELES
174 398190.530  [EIPREEAE L |]209 399085.23 FEPR . || 244 34-2 ABE MR
175 398190.571 FEIPR s ||210 399085.30 FEbR sl || 245 38-133-01 AE MR
176 398190.605  [EPRILEE GG || 211 694474.16 bRl || 246 1520 ERELIES
177 398190.615  [EPREAE DL |]212 694474.33 [E RSl || 247 55-4A E-NTES
178 398190.735  [EPRESE L |]213 720072 BRI || 248 6-1 EREELES
179 398192.41 EFR % E L (214 800048 BRIl |]249 DL3 ERELIES
180 398192.553  [HBRIEYE L |]215 1-1039 [E RS ||250 1002-1 ERETE
181 398192.592 [EPREEE L |]216 1-1085 FEBR s || 251 14013-28 E-NTES
182 398193.158  [EPRDEE i |]217 BEN Hb g bRl 252 14013-35 ERELIES
183 398193.650  [EBREEYE L |]218 EATREEE S Hb 5 A 253 14013-66 EETED
184 398201.510 (PRI E L []219 FISan oy bRl 254 14013-6-L1 EREEEES
185 398208.29 FEIBR e || 220 TH iy 255 14013-127 EREELES

1.2 EFH DNARE K i Rpi EE 4 FHrid

i

LR 30 d P B TR =R, >R CTAB 74
RBIEHZH DNA, JEKZH DNA it 19% B ig e
FEHELDRASI A A PR =20 “CORAf

6 13k Rpi Fe K A FAmic (i B L2 2, th Lifg
FEI A TRA R A A G . PCRIIAZR 10uL:
5 uL 2xHieff® PCR Master Mix, 0.4 pL 10 pmol/L 5|
7,1 uL DNA AT, ddH,0 #ME % 10 uL, PCR ¥4

FREFE 94 CHAEYE 5 min; 94 “C 7284 30 s,55~65 °C
B K 30s,72 CHEM 20~54 5,30 MG ; 72 CHEAf
10 min, PCR;™¥)4 CLRAE,HLS uL ") 55 2 pL 5%
Loading Buffer &% , il 11 1.0% B i Wi 58 M o vk K
W, 7R AMT N I SR A5 T
1.3 MEmAEREEE

SR EH TR0 (1] 9 4K &5 , 9 (61 10 o A A K P
YERAZ YL IR . P Rk ARG | 15 K WS M5
s A TE O, R AP T e B0 e g Fe 4. it
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HEAE 255 13 CHEY M SR E A 1 Rpi FE DR IC AN B e FH 8] 46 1E

821

BTN AR = = (45 I BRI AH X 5k
18/ (PR B AR x9) x100, 32 bRitE : 0 2% , Johs
BE; 12, i BEIATRR (5 A AR 5% DL 53 9%, iR B
TAAR (5 A I TR FH 6%0~10% 5 5 2%, 9 BeE T AR o A
A AR 119%~20% 5 7 9%, s B THT AR o5 3 A i T AR
21%~50% ;9 9% , Jpg Bt ThI AR 7 284> THAR 50% LA Lo
MR VG I A ERAE IR 5 2k 9 B T LR R 2, b
R2 JiERpi EENFIRIE

Table 2 Molecular markers of broad-spectrum Rpi gene

FEBE 6 d A —k, e S U AR TETR A LA 5 I A
EHE . PURTEGOMBRES: B 5 0 i, Wil

BEUILT 30 A =BT (HR , highly resistance) , 5 15 4X
31~50 i #1451 (MR, moderately resistance) , %4 {7 46 X
51~70 A HHJE& (MS, moderately susceptible ) , Jk 115 75 5%
70 LA I A i 2 (HS, highly susceptible) . K ] Excel
2019553t I pr ki .

FEA bric 4 FK FIMFHI(5"—3") IR (C) 7R/ (bp) EZ B
Gene Marker name Primer sequence(5'—3") Annealing temperature Product size References
RS R8-Fd CTGGCGCTGGTTTTGCTATGC 59 682 (7]
R8-Fd TCTCTTCGACTTCTTCTTACGAGGTCTA
RB RB-629 F GAATCAAATTATCCACCCCAACTTTTAAAT 55 629 [13]
RB-629 R CAAGTATTGGGAGGACTGAAAGGT
Rpi-blb2 BLB2F GGACTGGGTAACGACAATCC 58 774 [11]
BLB2R GCATTAGGGGAACTCGTGCT
Rpi-blb3 Rpi-blb3 F AGCTTTTTGAGTGTGTAATTGG 63.5 305 [12]
Rpi-blb3 R GTAACTACGGACTCGAGGG
Rpi-stol Rpi-stol F ACCAAGGCCACAAGATTCTC 65 890 [12]
Rpi-stol R CCTGCGGTTCGGTTAATACA
Rpi-vntl.1 Rpi-vntl.1 F CCTTCCTCATCCTCACATTTAG 60 302 [12]
Rpi-vntl.1 R CTCATCTAATAGATCCTCCAC
51~601[8]45 2537, 31~40 [a] 4 23 {7, 81~90 [} A 21 {77,
2 HR5HH

2.1 HEBEFRIESELER

255 By MEBHAPE- S g e 5 7 i 2 (E1A) o
S IS 18 B 0~10 B A BHA B £, S 45 43 561~
70 [a]45 42 17y, 71~80 [a] 45 37 14y, 91~100 [a] 45 32 177,

S0p
| 45

A B

R TC R TCRN S
th O Lh O Lh

anfl (&) B H
S

Number of potato accessions

tn = L

R ® P

- - -~
Ay @

N
b‘\’('J ‘j\}9

L

Disease index

Number of potato accessions

11~20 [8]F 1243, 21~30 [8]F 1043 ,41~50 [8]F 817 -
PR R WNE 1B IR, mb e s m ek
K RE o B A 67 1y (26.3%) .31 43 (12.1%) . 67 13y
(26.3%) 19013 (35.3%) .,

C
100 ¢ 01
90 60} 58 ® HR
80 'z
o250}
70F % 8
60t —~ 240t
i } 5 gzu
40 F i "‘6 -
30t 0E 320
20} E
10} 2107
0
HR MR MS HS crp ERERTEA
kg 31l Self-bred line
Resistance level Feil Origins

AT 5B HIAIHTIE N C HUR AR IE HR s MR - T MS : HRUgG HS « g g CIP: [ PR Th 483 s TR A

A: Disease index distribution; B: Field resistance classification; C: Source of disease-resistant germplasms; HR: Highly resistance; MR :

Moderately resistance; MS: Moderately susceptible; HS: Highly susceptible; CIP: International potato centre; The same as below

E1

e H BT S E 4R

Fig.1 Evaluation results of field resistance to late blight
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ST BUER B IE (I 1C) , KB 67 1 =4tk R8.RB.Rpi-blb2  Rpi-blb3 . Rpi-vntl.1 . Rpi-stol 53 FFx
B S8 kIR FEBR SR, oM AR MR, IC(EBI2). & R84-FHRic BT 3 it 682 bp K/
31Oyrh U R 29 R IR T EIPR DR E 0 2 FER B & RB AT FRRICHM R RT Y4 1 629 bp K/
JHE b FR AR S AR A R Tt RSB, T Rpi-bIb3 Sy FARCA RS HY 305 bp
an A, RUIE N BRI = T EEAS  KRUNRESE R B, & Rpi-stol S FARICHT B AT YT H

EPUM B T U E I 890 bp K/INEESEF B, & Rpi-vatl. 15y Fhric k]
2.2 i Rpi & R8.RB. Rpi-blb2  Rpi-blb3 Rpi- 4141 302 bp K/MESF A BL. & Rpi-blb2 7y T-Fric
vntl. 1, Rpi-stol 53 FHric el BRI 38 s A B, FR A& R 774 bp K/NH

FIZE2 i 6 Xt 519 43 BTN 255 By M4 kb ARASHT, N ERACHT IR Rpi-bIb2 IR TRTIREEIN o

R& RB
2345678 9101112131415161718192021222324 M1 2 3 4 56 7 8 9101112131415161718192021222324

2000 bp
1000 bp
750 bp
500 bp
250 bp
150 bp

Rpi-hlh2 Rpi-bih3

2000 bp

1000 bp
750 bp
500 bp
250 bp —
150 bp

Rpi-stol Rpi-vntd |

2000 bp
1000 bp
750 bp

M:BM 2000+ DNA Marker; 1~23 : B:il (3554304 ) 5 24 - BP0 R
M :BM 2000+ DNA Marker; 1-23 : Parts of genotypes;24: Negative control
E2 DHZBMREET 6T L Rpi EEHARICHET

Fig.2 Detection of broad-spectrum Rpi gene marker in potato germplasms

W6 AT Rpi JEI S FARIC K AE A Rpi SR AY TARICBORR A (121 3B) , & A s A 7
(F3A), 255 By pHkke, & Rpi-vael 1 HE R AT RHE IR Rpi SR R RHRE 2, 43 5045 90 3 RN 8445y , 5 L
Z A 7503 s SRR IE & RS \RB . Rpi-blb2 F Rpi-  35.3% #132.9% ; U 245 341 Rpi LAY
stol JEEIRIRE, 735045 69 1 (5300 ST AN 23 65 MR, 20l A 56 40 A 19 43, o HE 22.0% 1 7.4% ;5 %
T Rpi-bIb3 FEN IR B > AL 1245 ST 403 Rpi SRR RHR A AL 6 173 14 2.4%.

A B o0
80 75 90
" 69 w 90F
=z g i@
g 701 2 sof
= % 60} m 3 0t
it =
W6 g 40 g sop
%5 30} FB 40T
W= < 23 o B
g 5 i= g 30r
£ 20} E t 19
5 12 5
Z 10r . Z 10F I
0 0
R Rpi-bib2  Rpi-bib3 Rpi-stol  Rpi-vati. | 0 | 2 3
MR IR % Rpidk F i WIS | 1% Rpidik PR i Bt
Broad-spectrum Rpi gene makers Number of broad-spectrum Rpi gene markers

A A5 Rpi 73 TARIC I B )1 Rpi SEN 3 FHRic N1
A:Distribution of broad-spectrum Rpi gene markers; B : Distribution of broad-spectrum Rpi gene marker numbers

El3 DHEE Rpi EE S Firicianl

Fig.3 Molecular marker screening of broad-spectrum Rpi genes in potatoes
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HEAE 255 13 CHEY M SR E A 1 Rpi FE DR IC AN B e FH 8] 46 1E
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23 BpEfmEEESE Rpi EE S FiRICER
FIPSES

RG5> FARIc S H P SE e 45 R (%3), &
B 64~ Rpi FEH 4y Fhrid e bu ik CRabt+h )
FZ AR (g B8O T oA . IR T
W% Rpi 5L K4y Fhric i TR A R (R A 1
FE=1% Rpi 3£ N 43 FHRic (5099 4 M B0 % 1% Rpi
FEH 3 FFric B BLEAR £0x100%) , Hi RS 731
PRic i BB ERT GFE B e, M 91.3%. HAR4y
FhRiC A R BT SRR A 5 5 50% , RB  Rpi-
blb2 ,Rpi-blb3 , Rpi-stol , Rpi-vntl.1 53§ knic 5 5 K
39.6%.39.2% .25.0% . 43.5% . 34.7%. V% R84y T
FRic vl B FAmic il Bk £, im0 Fhsicm)
GRS S AT i — 2P BTk S i Rpi HE A
Mo Fhrid.

HE—2 00T & R8 ILH (WA KL, e BRAL 7 RS Sk
KL 31 43 AR AT 2 0 5k 5 2 1 g B 75 RS
FERANHAD 14T 1% Rpi FEIR ) 22 3 R R A 2 0y
B RL s T RS SE I AILLAD 2 4~ DL BT 1% Rpi &
KL 16 03 B ORE R BR 10 thbieob , LA 3 Sy s bkt
K. [7] I 14013-28., 14013-35, 14013-66 ., 14013-6-

R3 TERpiEESFIRCSHEMEEESER

L1.14013-127 JiF 1002-1 5 H A G| JE & £ 12 (942
A2, Al R I PT 1002-1 7 RS FEH, HF AU RS KEIA
[ 14013-28 . 14013-66 . 14013-127 34 & H Mo 22555 5 1117
14013-35 55 14013-6-L1 AN 7 RS FE PRI 57 S e 28 7% o
UEAH RS FEDRIAE HH [l e i Ho ik P ke = 2 oailik, I
JETE S A Rpi BRI 3 FARIC A S5 A s RS JE [ 5
25 e AR B IR R = Pt , RS 4 Fnic vl ke i
TE BT T LRk

]I BB R 38 Rpi B R 20 TARIC 4Lk
F(FR3), & 44T 1 Rpi R4 Fhric MR 60,
Bk F PR bl s & 341 Rpi S 4 F A
WA B 190, 17 (3 I8 T R PR S48 v 2 R
T HF MR & 24018 Rpi 2N 4 ThRic bR
560, S4 IR T EFR S E L 2MIETFAE MR
AT Rpi FE A FARICH R 91 403 5 84 b4
R E A )1 Rpi DR 53 FAic . 3ty it
Iz T HR b RS 1 88 K6 5] RB 4y T-HRic A,
FLA AR A I B AT ) 3% Rpi R 73 F-FRid
Ui B N KR4 A B Z T3 Rpi SE 9L 1 % 24>
73 Rpi FERU MR o3 R U5 T [ bR A s

Table 3 Identification results of broad-spectrum Rpi gene marker and field resistance

brid mEC (%) btk iRl (R ) £ PR
Markers No. Ratio Resistance Name of variety (line)
JGRpi 84 32.94 P 396009.240,396046.105,512
No Rpi i 381379.12,393083.2,381381.9,391691.96, 398208.505 , 399001.44 , 399048 24,
399072.11,399075.32,399075.7,1153,21-3
U 300137.31, 304347.6, 380011.12, 389746.2, 393242.50, 395448.1, 396031.119,
396038.101, 396063.16, 396244.12, 398190.605, 398192.592, 399085.17,
399085.23 , % FVESE M 4R41 , 5 75, i %5 65, 14-6T8,2012-20-5D1,21-1,27-
1,30-1
EEC 304350.18, 304368.22, 304394.56, 304399.15, 381178.14, 800923, 393536.13,
394223.19, 394900.1, 395445.16, 395446.1, 396036.201 , 396180.22, 396268.1,
396268.9, 396269.14, 396269.16, 396272.12, 396272.18, 396272.2, 396272.21,
396285.1,397006.18,397012.20,397039.53,398192.41,398192.553,
398208.29,694474.16,694474.33,720072,800048 , A3 A L0 ¥, HHE 95,
KVGPE, 2 1208, 1131,1214,162-2,34-2,38-133-01,55-4A,6-1,DL3, 14013-
6-L1
RS 31 12.15 EH 391585.179,392634.49,392821.1,393385.39,393399.7,395017.14,395017.229,
395017.242,395112.19,395112.32,395112.36,395112.6,395169.17, 396012.266,
396240.2, 396272.37, 398208.620, 398208.670, JE % 1418, 14-12T19, 14-18A,
1002-1,14013-66
P 394898.13,398098.231,395109.34,398098.570
fUEC 398098.65,398190.112
EEC 396273.48,398190.735
RB 11 431 EPL 398098.205,398190.530,398190.615

i

301026.23,396018.241,396031.108,396038.105,397060.19,17-2
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#3(4)
Frid e HBl(%) btk il (R ) AR
Markers No. Ratio Resistance Name of variety (line)
B 397054.3, 41F 88
Rpi-bIb2 20 7.84 EPL 392025.7,399062.118
L 304351.109,385558.2,301055.53,391065.81
HUg 304399.5,391580.30,393075.54,393084.31,393371.157
B 300135.14, 301041.26, 304349.8, 304387.92, 380496.6, 391046.14, 392639.34,
393339.242,394899.5
Rpi-blb3 1.57 U 399004.19,399083.4,399085.30,1-1085
Rpi-stol 1.57 = 1-1039
R 19(2)-5D1
B 304366.46, 112 1428
Rpi-vntl.1 20 7.84 P 398180.144,398190.200
FHL 399079.22,399072.28,399078.11
R 301037.85,395084.9,396038.107,399067.22
% 302498.70, 304371.20, 304371.58, 393077.54, 3946383, 396004.263,
396004.337,398193.158,398193.650,398201.510,399067.14
R8.RB 7 2.74 B 392657.8,393385.47,396063.1,396240.23,398190.404
FHL 396026.103
g 398190.523
R8.Rpi-blb2 6 2.35 EPL 391585.5,393248.55,387164.4,392285.72,393371.58,395011.2
R8.Rpi-stol 1 0.39 P 3843213
R8.Rpi-vntl.1 8 3.14 & 301624.95,395015.6,395109.29,395123.6,396043.226
FHT 393079.4,395111.13
FgC 398190.571
RB .Rpi-stol 1 0.39 R 14013-35
RB.Rpi-vntl.1 15 5.88 FHL 396026.101
g 303381.106, 396009.258, 396004.225, 396027.205, 396033.102, 396034.103,
396034.268,396037.215,101-2
B 304405.42,395017.227,395037.107,395096.2,396241.4
Rpi-blb2 Rpi-vntl.1 10 3.92 Pl 301044.36
U 300055.32,300063.9,301623.15,384866.5
EEC 304387.17,391002.6,392633.64,393077.159,394223.9
Rpi-bIb3 .Rpi-stol 1 0.39 Fht 381403.16
Rpi-blb3 .Rpi-vntl.1 6 2.35 HL 399049.16,399073.23
FgC 399053.11
I 399049.14,399049.22,399053.15
Rpi-stol .Rpi-vntl.1 0.39 & 374080.5
R8.RB.Rpi-stol 1.57 FPL 393349.68,393280.82,14013-28,14013-127
R8.RB.Rpi-vntl.1 1.57 B 303381.30,396008.104,396023.109
FHL 39507712
R8.Rpi-bIb2 .Rpi-vnt1.1 1.96 EPL 393079.24,393617.1,394895.7,391011.17,393284.39
RB . Rpi-blb2 ,Rpi-sto] 4 1.57 PR 304351.31
% 301056.54,304350.78,304406.31
RB.Rpi-blb2 . Rpi-vntl.1 1 0.39 U 301045.74
RB .Rpi-stol ,Rpi-vntl.1 1 0.39 i 300065.4
R8.RB.Rpi-blb2 Rpi-stol 2 0.78 FPL 392637.10,393220.54
R8 .RB.Rpi-stol .Rpi-vntl.1 1 0.39 =Pt 393280.57
RB .Rpi-blb2 ,Rpi-stol , 2 0.78 i 393382.44
Rpi-vntl.1 i 3001353
Rpi-blb2 \Rpi-bIb3 | 1 0.39 FEC 3777441

Rpi-stol \Rpi-vntl.1




3 A HREAE 25500 THRR RN TIEIENG T Rpi HE DR ARICAS I KA e T 1 36 U 825

3 Jhe

T SR F B AR B A AR | T e ™ B
JER PN A A 7, A A A S it 2 el e
PEA P, A 24 Rpi B K, U3 Rpi HE A
REMS SC L) ISP, A0 ELA B T i Bk A R
MaR8 %5 # R3a.R3b,R4.RS,MaR9 % H RI . Rpi-
abptl .\R3a .R3b R4 .R8 .R9.R9a,Sarpo Mira 75 R3a .,
R3b R4 . Rpi-Smiral , Rpi-Smira2/R8"*% . HTIE M
ThRA SR [ B A b & BT AL 70 4 Rpi FEHL{H
KEB ARG ABARIE b 25, Sy b & 48 AR FH B
ARG ) v BRSO B e P R B G
B[R] B R B A A BRI
Stk 2z — | Wi 8% Rpi 5 (R1,R2. R2family .
R3a.R3b.R8.R10.RD ., RB/Rpi-blb1 , Rpi-blb2 . Rpi-
blb3 . Rpi-stol . Rpi-vntl.1 . Rpi-abpt . Rpi-phul . Rpi-
berl ,Rpi-btl 5§ )" or FHric g & , vl i 43+
Fricil Bk R AR 4 F A AR IR

B SR 255 3 M RHEEA T 6 A3 Rpi 55 [543
FARICKI , &I Rpi-vatl 1 5r TR0 A RS
75403, & RS FHRCRIM B 6943, & RB 43 Fhric
BIR R 5343, % Rpi-bIb2 53 FHRic ARG 511405,
& Rpi-stol 5y FHRic WA BLG 23 3, & Rpi-bib3 43
FHRCIA R 12403 . KR AEH174 403 ) A Fr sk
IE 1A 15 Rpi FE R A3 FHmic s % 24N 1% Rpi &
RbRIC BRI 5663, & 38l 4 4~ i Rpi J& R 43
FHRCIIA AT 250y REZA) 15 Rpi JEH 40 F
PRI A R A, HORER 4ok B E PR B8 2t .
ULHH Rpi-vntl. 1 1 R8 73 FHric AL L FP A H R
55, 1 Rpi-blb2 F Rpi-stol 4y FHric /0 , [ Py f
JERZ T Rpi R . BEAh BRI T 5 — AT
Ut SE N Rpi-chel™ 14y FAmic , (HARAEAT A0 44
R E . BRIX 6 415 Rpi BEH 3 FARid, RI.
R2 .R2family \R3a .R3b .R10.RD .Rpi-berl .Rpi-abpt
Rpi-bt1 %5 Rpi LR o Fhric ik R PERGI , A A T2 7
FEMERE R BT TR IR R — 2P 058 . IRl s
FH TG B e R 8 I e A B A AT A5 I Rpi BEIK, H i
B8 15 A4 JC 8 3k B K Hoxt B 9 Rpi 3 B #
HERR e300

R AR AR A AT A R A
BN E AR K AR, XX 255 13 b4 k001 5 g
s BT 2 . Hodhg 67 skl 31 40 4t
AR, 33X LR AT A Ay W66 952 5 0 1 7 R ) il b
Blo AHTPUE R TR, &I E AT R I T 1

PR NI T AR MR, =z BN
T 5 O dh A EL e e bl . A, S1EEE S R BT
TS F 2 B 48 T A8 B R P RN AT ak
B, A3HT Rpi SER 4> FARic 4Ll -5 H ] B e e
A ) 5 &R, & L RS RB , Rpi-blb2 , Rpi-blb3 | Rpi-
stol . Rpi-vatl.1 43 F 45 ic W 5T W & BEAR IR
91.3%.39.6%.39.2%.25.0% . 43.5% . 34.7%. M. Hi
AR R P RS 4 FhMic PR & FE B AR
62.5%, T 2B 5 465 LBk 93.0%, [RIAE UL 1% bR
OB B MERAYE . Elena 250 X6 2247y Eh 45 S i ]
252 JE A T Rpi-blb2 Rpi-blb3 Rpi-stol 43 F 5
i, O R BT A AR R 82.3% . 64% .
85.7%. Ifi Rpi-vntl.14yFF51C5 Elena % 43
FRic I a5 | P AH ], 1 R 1) 51 AN ), 40 35 1 i
Wi %A 225K, Elena 28" ¥) Rpi-vntl. 15y FHric H
(B 045 4 FR B AT 83.3%, T A F 55 W X 34.7%
Blossei 552X} 52 3 F ] it 2 K W Rpi-blb3 55 Rpi-
stol 43 FARIC, 10 43 75 Rpi-bIb3 4y TARCS 4 4y &
Rpi-stol 43 T-HRic AT RHA7E H R R BLH T R 478
PERPIYE. BR RS 4y FARicAh, A RiC Pt &
T B2 B AIG L mT BE Ry Rt HU ok L R [R) R 9 (RGA,
resistance gene analogues ) 8 HAMALE] TP 174345
ORI A R A o ARG ) 2 SR S B B[]
R0 0 ) o 4% S w0 B R I R P PE L i
N s U E TR o e N N O S s G
391585.179,392634.49 B4 , 720072 4 )85 5 [F] B
RIS b ORL 4 25 RN — 3, 4 377744.1 Fl
393382.44 (% 4 Rpi 2L H 43 FARC) AW %08 H
JB , [ 377744.1 7F Kaila ™' 5 F &PV s rh 3
PR 5 393382.44 7F Kaila ™ 3 & o M HU , i T
Y HIE 393382.44 A, X AT RE S AN [ B %
ARG

69 137 R8 /0 FHric MRk AT 63 (34T , 4 RS
oy Fhnic 5 HA Rpi FE K FARic RGBT, R80T
FRig 4 B ye o H BB e A3 A R B Bl =2 34 . i
90 {53 i I L AL 2 403 7 RS A3 FAmict, W RS 3
DR 76 W 2 A HH ) P ol E S BTk . e M R T
14013 2 G 19 5 0y = A 3R S L3R4 1002-1, Ui #
R8I BRI A% 45 J5 AR, FLJS A0t T ARAT o M e
R . RIS TR & R TAE T, il 38R RS
FER W Z B BWE R 26 AR 8 20 4T b ic il Bh e
FA R & RS SEH AR R, N ITAR R & T
. 396009.240.396046.105 . 1520 [FI4RF 25 i i 12
G, AE A EE AT AR L, T RE & A8 Hr i Rpi JE 4,
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AR Z Y8 T Rpi 5EDRUFN AT e s Bt AL il B2 1L
PRI

T A DR AR SS #) B FLAR AL AT B B b
WH SR S g 15 N BT A 41 4>
RFRME TR RS T A B /NR I 2, 2R B 0.3.4.3.4
L4 P A A BINFR L 35 AR BUNFICA AN
Ryu 262 % Bl 1999-2000 4 M\ 7 m WA 19 134 #R B
FRUAALSZEC R R 3, LA 3.4 5 AR BN A 30
Rl AHE TR 2507 % 2003-2005 4E M\ 2 48 I 117
PRERTR A T A 38 NI | HEASI H 26 4= B/ Nl
1 3.4.6.8.10.11 AL GE M, i 2R PR 28.69%
HEITAE S 13 A FP R T 186 BRE#E , AT
RUTBLL AL A =8, FAGI H 100 44 FE/NFPZEAS £
HPUNFI K 1.2.3.4.5.6.7.8.9.10.11, (5 22.1%. ZEiiE
FEONAHEE DR EE XA 19EK, B
A2 ST 1SR, O FZANAFEA AL SR A A &
R/ | R B ARG M 1 Rk ATA2 2SO RS . R 41 3k )
XF2018-2020 4 M= R 11 ELIXURAE Y 118 3 i Ak
AT AE TR/ R S R 1.2.3.4.5.6.7.8.9.10.11 HHF)
FLBIKIR M 26.7% .83.3% .87.3% . VU L iRIEFRW =
T W RE S TR RS 4 H 35 2%, A e RIS eI
O IR AL S Sy A2, I HLI J5LRE 1A 52 i 75 B
TN 2% s EHUNRI R £ 5 sk, DA EZ N
RENS SR RI~RIL BB Z/INAN . =30 Rpi K&
EL AR RE T MR BT ME TR R I T 1 Rpi
R BT S PP B e JE B . RIS Sl RS FE DRI (1) “ 4
G B, RS FEDRMS HAT Fesm itk | 2 52 450
1 45 S 2 B RS 43 F n id B9 A BE X KS09-7
(1.2.3.4.5.6.7.8.10.11) Fl KS11-26(3.4.6.7.8.11) 4>
B A BUE , X AT RS RS BN A K. IR
AWK RS 43 Fhric il o 4 F-Fric il B e 4 AR ik
1124 Rpi BRI RG BRI 2 F BP0 il

4 Fig

SR e FH [T IE 4 5 4l SRR 255 BB 98
TR RHTTERENG , 157 (3 A4 UL e , HLCHR 73t
PERPRHET [ PR S48 B bt o RS TR I 22 95
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