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Development of Specific Markers for Pigm in Marker-Assisted Breeding of Panicle Blast
Resistant japonica Rice

ZENG Shengyuan, LI Chuang, DU Cancan, SUN Liting, JING Dedao, LIN Tianzi, YU Bo, QIAN Huafei,
YAO Weicheng, ZHOU Yiwen, GONG Hongbing"

(Zhenjiang Institute of Agricultural Sciences of the Ning-Zhen Hilly District, Jurong 212400, China; "Corresponding author, E-mail: 1179809265@cq.com)

Abstract: [Objective] Pigm is a broad-spectrum resistance gene to rice blast, which is isolated from Gumei 4, a variety
with durable resistance. Pigm is allelic to Piz, Piz-t, Pi2, Pi9, Pi40 and so on, but shows different resistance spectrum. To
breed resistance variety carrying Pigm with molecular marker-assisted selection, discovering Pigm-tightly-linked markers
is important. [ Method ] We identified a unique DNA sequence of Gumei 4 by genomic sequencing, and developed a set of
specific markers tagged to Pigm base on the sequence divergence. Then, by means of molecular-assisted selection and
background gene screening, Pigm was pyramided to three representative japonica varieties belonging to different
ecotypes from Yangtze-Huai River Area. [Result] An InDel marker Pigm-4 which is closely linked to the functional
unit of Pigm was developed. Pigm-4 showed distinct specificity by genotype screening of various rice varieties, and can
distinguish the genotype of Pigm from its alleles Piz, Piz-t, Pi2, Pi9 and Pi40. Although receptors carry with resistant
genes such as Pib+Pi54 (Wuyun 2674), Pib+Pita (Wuyunjing 27), Pib+Pi54+Pb1l (Zhendao 18), respectively, but none
of them can defense high virulence blast pathogen. Relevant introgression lines were established and inoculations of
introgression lines indicate that Pigm can promote resistance level to rice panicle blast significnatly in different japonica
backgrounds. [ Conclusion] Pigm can be used as a beneficial gene source in the breeding of blast resistant japonica rice,
and Pigm-4 is an excellent marker for the molecular marker-assisted selection of Pigm.

Key words: Pigm; specific-marker; japonica rice; panicle blast; resistance
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Table 1. Typical varieties and their genotype in Pigm-4 locus.

b Variety s T | 6bF Variety S T ah# Variety s T ah#8 Variety s T
B 45 Gumeid i TGMS 29 i 11-32B i #TE8 5 Xudao® j 3
9311 i Swarna i + 9B Zhong 9B i 1) 3 5 Huajing 3 7 3
FE5% 64 Peiai 64 i Phalguna i [##% 1B Minbiao 1B i #JE 5 5 Huajing 5 g 3
B 5 16 Nanjing 16 i Ajaya i 1l 1B Zhenxian 1B i HFE 5 5 Huaidao 5 ¥ 3
B E 11 Nanjing 11 i Budda i 41fill 2B Zhenxian 2B i HEFE 9 5 Huaidao9 of 3
FE8A 2 5 Guichao 2 i Palung 2 i ##4ill 3B Zhenxian 3B i #Ff6 5 Yandao 6 J 3
E#*4 Tufengzhan i RUSTYLATE i P & 2B Neixiang 2B i #7511 Yandao 11 7
IR8 i TeR Si Chut i P& 5B Neixiang 5B i HiEo 5 Yanjing 9 J
TR30 i I Hi#% 4 8 Guangluai 4 i I & 638 Guangzhan 638 i HEE 2 5 Yangyujing 2 7
RS2 i LA110 i Y588 i %1% 4038 Yangjing 4038 J
IR64 i =K 72 Yunhui 72 i 124E 648 Peiai 645 i FHE1 5 Ningjing 1 7
IR72 i IR65600-27-1-2-2 i H #H Nipponbare THE3 5 Ningjing 3 i
F¥#1F 5 Molixiangzhan i FLEE Yetuozai i #[F 422 Lunhui 422 TS § Ningjing 5 7
G Maweizhan i I~ 122 Guang 122 i Balilla 48 46 Nanjing 46 J
BiEfl 2 5 Yangfuxian 2 i & 4 Aill 10 Taizhongxian 10 i MM &ER Gehuxiangnuo BIHE 5055 Nanjing 5055 7
HEH Wuxiangxian i G Yugiugu i Lemont FZHE 9108 Nanjing 9108 ¥

P 5 Kieqingzao

IR71466-75-3-B-1

A B 57 Nongken 57

FIFEIE Suhuxiangjing

t#28; 55 Qisiruanzhan i Caozhao-2 i %5 Koshihikari IEJE 981 Tongjing 981
BT 45 Yangdao 4 i IRBB60 i HAEE Guihuahuang FHE 15 Wujing 15

3037 i IR24 i 02428 HEE 35 Wuyyjing 3
#% 5 Chaofengzhan i GalJale i ILHMEE Hangzhouxiangnuo RIZHE 7 5 Wuyunjing 7
F# 1 5 Zhongxiang 1 i ZALE i HIRIF 4901 Yangfujing 4901 RIZIT 19 Wuyunjing 19
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1 3 2
2 2 2
2 2 2
2 2 2
2 3 2
2 2 2
3 2 2 3
3 2 2 3
3 2 2 3
3 2 2 3
2 2 2 3
2 2 3 3
2 2 2 9
2 2 3 3
2 2 3 3
2 2 3 3
3 2 3 7 3
2 2 3 j 3
2 2 3 ¥ A4
2 2 3 B 3
2 2 3 j 3
3 2 3 i3
2 2 3 i3
JEFFF Longtefu i 2 IREBB7 i 2 I 65 Yujing 6 3 I 23 Wuyunjing 23 J 3
B S Nantehao i 2 %1% Hacannong i 3 Woaiga 3 FUZEFE 27 Wuyunjing 27 J 3
w559 Yanhui 559 i 2 Basmati 370 i 2 FIE 49 Xiangjing 49 3 FUZHE 29 Wuyunjing 29 F 3
FPFE 46 Milyang 46 i 2 TKM 6 i 2 448 Saisanishiki 3 WA 35 Changnongjing 3 7 3
5% Teqing i 2 ChiPda i 3 BHE Zhenzhuai 2 WAHE 7 S Changnongjing 7 7 3
E32 i 2 | Calcag i 3 I Suyunuo 3 | REE1 S Wulingjing 1 7 3
FIE Qimiaoxiang i 2 | Padisiam kuning i 2 w4 7 5 Tingdao 7 3 || #if% 88 Zhendao 88 7 3
BE 4 Yuexiangzhan i 2 Y134 i 2 & Huangjinging 3 | ##E 99 Zhendao 99 7 3
Newrex i 2 Hta 7204 i 2 JL4E 294 Liaojing 294 3 F1f% 11 Zhendao 11 7 3
Cpslo 17 i 3 Co 43 i Z 4% 1033 Shennong 1033 3 H#iTE 14 Zhendao 14 7 3
Habataki i 2 Seberang i 2 &k 167 Taipei 167 3 HF2 18 Zhendao 18 ¥ 3
$E1HL 502 Diantun 502 i 2 | SriRoja i 2 | k&3 2 Shuijing 3 i 3 | ## 19 Zhenmo 19 j 3
EPEER Baxihandao i 2 || Chorofa i 2 B¥ 95 Zaofeng 9 J 3 | £ 11 Yanjingll 7 3
EFEM 1 S TNL i 2 Cisadane i 3 A2F 1898 Nongyu 1898 o 3 FATFE 15 Zhendao 15 7 3
/MR Lixiaonuo i 2 | IRGC 40275 i 3 IT111 i 3 | #4717 Zhendao 17 J 3
HLEE 201 Xiannuo 201 i 2 || IRGC 23364 i 1 | $1 € Ningjing 1 j 3 || #216Zhendao 16 j 3
THR Cungunuo i 2 | rGC 5075 i 2 863B i 3 | #4417 817 Zhennuo 817 J 3
F% 4 Fengaizhan i 2 || TIRGC 43675 i 2 A< 8 S Kunnong 8 J 3 || #if% 21 Zhendao 21 J 3
BG 90-2 i 2 | #k 527 Shuhui 527 i 2 %+ Hanfeng J 3 | Z¥E 18 Shengdao 18 7 3
TKMY i 2 | %62 Anxuns i 2 | Fok 11 Xiushui 11 i 3| ®iEs 2 Yujings j 3
Cisanggarung i 2 | P 8006 Zhonghui 8006 i 2 #HIE2 S Yanjing 2 i 3l 9469 ¥ 3
Khazar i 2 | rozos i 2 4 13 Shengdao 13 J 31 c4a8 I 3
Hnankar i 2 | #i¥% 559 Yanhui 559 i 2 #IT. 06 Chunjiang 06 J 3 | Amol3(Sana) I 2
Maoauthukha i 2 | BE¥k 63 Minghui 63 i 2 JT¥E 5 5 Liacjing 5 J 3 | Mrigs I 2
Bs BRC 28 i 2 || rRes47 i 2 || %58 105Eyi 105 i 3 | Shwe Thwe Yin Hvyv I 2
PSBRC 66 i 2 | BA4E 86 Minghui 86 i 2 | Kairyo Mochi i 3| Bg3oo I 2
J\F 3% Babaomi i 2 | #%tk 577 Mianhui 577 i 2 HPFH 23 Milyang 23 J 2 | Bgo41 1 2
SLG1 i 3 | Ktk 177 Chenghui 177 i 2 | ##% Dianjing i 2| croos i
BaSmat i 2k & 2 5 Yuanhui 2 i 2. Binam Jj 3 Dhan 4 1 2
Bhavam i 2 Fidk 727 Chenghui 727 i 2 Azucena Jj 2 Pusa (Basmatil ) 1 2
IRAT 352 i 3 || ¥Rtk 7954 Zhehui 7954 i 2 SAL-BVT-BAO il 2 || 123 Zhongchao 123 I 2
Tal OMMoloai i 2 %1k 818 Yanghui 818 i 2 Dacca 6 J 3 MiLagrosa zawa Banday I 2
MR77(Seberang) i 3 &4 Huazhan i 2 Giza 14 J 3 || Thena349 I 3
R6 i 3 | #itk 084 Zhenhui 084 i 2 Biniapan J 2 | Basmati 385 I 3
At354 i 3 | #itk 62 Zhenhui 62 i 2 Asominori J 2 p-5 I 2
BG304 i 2 | #itk 46 Zhenhui 46 i 2 FKFEF Wudadaozhong J 2 | M202 I 2
X2 i 2 A1 832 Zhenhui 832 i 2 AP423 J 2 Razza 77 I 3
x22 i 2 % 498 Shuhui 62 i 2: Ai YehLu i 2 EiRo I 3
X223 i 2 D3745 i 2 F7K 519 Xiushui 519 J 3 Rubio I 3
c7 i 2 FEHK 82 Zhenhui 82 i 2 7575 867 Suxiu 867 i 3 serendah Kynin 1 3
C70 i 2 | #4100 Zhenhui 100 i 2 Je4% 31 Longjing 31 J 3 || Dular A 3
QS5 i 2 | CBB23 i 2 JE¥E 41 Longjing 41 J 3 OM997 A 2
%P5 4 Suiyangzhan i 2 IR72 i Z: HEFF 6 5 Lianjing 6 J 3 Ziri A 3
Govind i 2 #H 5 Huanghuazhan i 2 JE¥E 75 Lianjing 7 3 3 || Kentan Nangka I 2
UPR 191-66 i 3 [ K3+ BTianfeng B i 2 #K 3 S Xudao3 . 3 | Ginga F 3

1l 97 Zhenshan 97

MR Niaoqgianyou

L o o . T T O S S i S O i 0

HIZEFE 21 Wuyunjing 21

S—EAMEE: AR R TR AR, AR TS, F— &R, T Pigm-43EL 1 -82bpW A, 2—126bpi L 3—155 bpiir .
S. Property, i. indica, j, japonica. 1, indica-japonica intermediate type: A, Aus; I, Java: F, Aromatic. T, Pigm-4 genotype; 1. 82 bp; 2, 126 bp; 3, 155 bp.
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Table 2. Sequencing and selecting markers for Pigm in this study.

NS ERFI4(5-3") SR FI(5%-3") et B Hig
Name Forward primer (5'-3") Reverse primer (5'-3") Physical location / bp Purpose
Sepigm-4 TCGCAGCCATCCAAAGTGAGTC ~ TACACCTGCGAATCAAATCACT 10 435 917—10 436 503 ¥ Sequencing
Pigm-2 TCTGAATTATTGTGGTCGTG CCGTTCACATCAGTTTTTCT 10 366 681—10 366 821 KrillARic MAS
Pigm-4 ATGCTCGATTCGTTACATTT CGTCCCACACTTTCTTTTT 10 436 075— 10 436 229 KrillAric MAS

®3 KMMBEEREENSIMESR

Table 3. Information of molecular markers for screening rice blast resistance genes.

Bt B

ER7R-37| Frid Bk I 514)(5"-3" 553" E=PEN
Target gene Marker name Forward primer(5'-3’) Reverse primer(5'-3") Expected Reference
fragment / bp
Pib Pibdom GAACAATGCCCAAACTTGAGA GGGTCCACATGTCAGTGAGC 365 [12]
Pi9 PB9-1 TAGACTCCTTCCAAGT TTGACT TGTGATTTTCAGAATTT TCGT 180 [12]
Pi2 AP22 GTGCATGAGTCCAGCTCAAA GTGTACTCCCATGGCTGCTC 143 [12]
Pizt Pizt-PA ATGTGGATGCTGTGTTAT TAGTTTGCTGCTCAATAAGTA 176 [20]
Pi5 11817 GATATGGTTGAAAAGCTAATCTCA ATCATTGTCCTTCATATTCAGAGT 1450 [12]
Pi54 Pikh-1 CAATCTCCAAAGTTTTCAGG GCTTCAATCACTGCTAGACC 216 [12]
Pikm Pikml TGAGCTCAAGGCAAGAGTTGAGGA  TGTTCCAGCAACTCGATGAG 174 [5]
Pikm2 CAGTAGCTGTGTCTCAGAACTATG AAGGTACCTCTTTTCGGCCAG 290
Pita / pita YL155/YL87 AGCAGGTTATAAGCTAGGCC CTACCAACAAGTTCATCAAA 1042 [12]
AGCAGGTTATAAGCTAGCTAT CTACCAACAAGTTCATCAAA 1042
Pb1l Pbl-1 ATCAACGCTACCTTCCC GTGCCATCACAATTTCTTC 159 [21]

e Z M8 bR /K ARG 78 BT 73 AR HE(IRRT, 2002) 1 25
TR B P
15 ZHRFEAFEERESSESM

W iiz2674. Rizk27. HERE18%3N kN
A BEAT R 0 P S R ARG, ARG ) 3 IR A
Pita. Pib. Pi54. Pikm. Pbl. Piz-t. Pi9. Pi5. Pi2,
Hrh, Pita. Pib. Pi54. Pi9. Pi5. P24 54
MWARIC 5] EH Wus2 Piz-ti e Bt bRic 51 B 6
Bl pikm R S A1 5] H Costanzo22!, Pbl
(IR S PEARIC 51 B P75 25 X B RRE () B
BAF&R3,
1.6 SARZRMRBWESPigMEE IR 737

M20145E IEZEF 4G, LAiE2674 55 1545 2%
2~ B 5 201444 A RGE K27 . BHAG 18 N BEA,
58/ W45 538, ZJRESNAE, AL EARF A
Pigm-4¥5ic fit &1 F Pigm-2 b ic &nill,  2220174F1E
2, 7P HIEIAE EBCsF, « BC,F AL, % &6 H bR Eapk .
PR R BEAT R0 A7 7] 45 5

2 HFHREN
21 FFREMARCHIRESIE

Xt 1O BE AL 5140 R0y 45 R 7 B 4 W A 57 4
PR 45 ITDNA TSI 548 RE HARHS AL, 45

ME4 5273 bp, 1M 5931 1AHEL B2 T 44 bp(El1).
RAE L2 5, AT T T InDelbrid Pigm-4(3£2).

HR I 7 45 R Lo 22 5, FRATTAEPigm L iR 15
T BOWRERE P A1 22 7 R LT T InDel brid
Pigm-2(3%1).

H—PFH Sepigm-4 Fric /AT Pi9.
Pi2.Piz.Piz-t.Pi40 H {44 i Fl 75-1-127.C101A51+
Toridel. Fukunishiki. IR65482 #EATH 44, WLk
X RIME SRR TINS5 4 SAREME 1). #id
Pigm-4 ARic A RIS A1 271 AR S Rk, 3L
AN — I R FSRIE R ARE A B AT G 5 5 4 5
—A AL, M Pigm-4 EATRGRAEE T
& 1. E2).

22 ZEEANEEREER

FIHS bR e iis2674. RisH27. A
1853 i TR I . AR I iEiZ2674 8 Pib. Pi54
AP Ris278 Pita. PibPi ANkt
K, 48F5184 Pib. Pi54. Pb1Z53 Mtk 3L K (#£4).

X3 ZARE AT IR EM S e, Ris
2674, BIB K27 K AERG 18 IS0 4) W N9 (5
B TR RIS (), IENPib4A-+Pib A K Y
A0 7 5 EE T (R BUR IR ) (RS BS NFR 1 F-
ANFAEDUE, Pitat+Pib 1) 3E A B 20 A (U 58 o 15
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Pigm(GI4)

3311

Piz (Fukunishiki)
Pi40 (IRG6482)
Nipponbare
Pi2(C101451)
Pi9(75-1-12T)
Pizt (Toride 1)

Pigm(GM4)

89311

Piz (Fukunishiki)
Pi40(IRE5482)
Nipponbare
Pi2(C101451)
Pi8(76-1-127)
Pizt (Toride 1)

Pigm(GM4)

9311
Piz(Fukunishiki)
Pi40 (IRGE482)
Nipponbare
PiZ(C101461)
Pi9(75-1-12T)
Pizt (Toride 1)

Pigm(GI4)

9311

Piz (Fukunishiki)
Pi40(IRG5482)
Nipponbare
Pi2(C101451)
PiB3(76-1-12T)
Pizt (Toride 1)

1 B84 SHFINSHERFERNIDFIILEER
Fig. 1. Sequence alignment of different Piz alleles amplified with Sepigm-4.

A M 1T 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18

100 bp

B M 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18

100 bp

457

A Bl 1~18 JKIESr B NEALHE 4 5. IR65482. C101A51. 75-1-127. Toride 1. Fukunishiki. 3@ 2674/484F 4 5 BCsFs 40 &, 9311, Bk 82, 4K
832, JMK 177+ BRMK 727, 57K 519, B 2674, BISAT 27, HHAG 88 HMG 18 JHHNE 19; B E 1. 2 kB AKIZE 2674, M 4 5, 3~18 ikid

JiRiZE 2674/45H5 4 5 E4> BCsF, Bk,

In Fig. A, Lanes 1 to 18 represent Gumei 4, IR65482, C101AS51, 75-1-127, Toride 1, Fukunishiki, BC;F; homozygous lines of Wuyun 2674/Gumei 4, 9311,

Zhenhui 82, Zhenhui 832, Chenghui 177, Chenghui 727, Xiushui 519, Wuyun 2674, Wuyunjing 27, Zhendao 88, Zhendao 18, and Zhennuo 19, repectively.

In Fig. B, 1, Wuyun 2674; 2, Gumei 4; Lanes 3 to 18 represent some BC;F, individuals derived from Wuyun 2674/ Gumei 4.
E2 Pigm-47E 3845 FEAEI(A) R 7 BB (B) R M LS R
Fig. 2. Diversity detection of Pigm-4 marker in relevant parents and segregation population.
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Table 4. Distribution of R genes and resistance level of the three receptors.
ZARFE 7 EAASR . - . it 24
RARELS REESH Pi54 Pbl Pib Pita i
Variety Ecotype Resistance level
122674 Wuyun 2674 IB#ff Late maturing mid-season japonica rice + - + 9(HS)
HJZ 27 Wuyunjing 27 F1 R Medium maturing mid-season japonica rice - - + + 7(HS)
%18 Zhendao 18 FLAEAE Early maturing late japonica rice + + + 5(MS)
+ R BRREEE; - R HARHER . HS— @& S— k.
+, With target gene; -, Without target gene; HS, High sensibility; MS, Medium sensibility.
3R5 Pigm-2 X Pigm-44&30 A [ B 32 B AR B E BV
Table 5. Genotype distribution in different backcross population detected by Pigm-2 and Pigm-4.
. LR 2 LR R
HEAR Frid . L
Individuals with different genotype
Population Marker - - - -
Pigmpigm pigmpigm
Hi22674/4 45 BCsF; Wuyun 2674/Gumei 4 BCsF, Pigm-2 89 62
Pigm-4 92 59
HIZFE27/4 45 BC4F; Wuyunjing 27/Gumei 4 BC4F, Pigm-2 43 50
Pigm-4 41 54
HFH18/4 4§45 BC4F; Zhendao 18/Gumei 4 BC,F, Pigm-2 35 32
Pigm-4 35 32

AR 7 5 D FEIR I R /NI (R 4) o
2.3 PigmERE N RIEFEITRENITR

sl blikiz2674. RiskE27. 18 NEEA,
58/ Mg45 2228 BI5Z, FIFH P 3 bR L Pigm-4 K&
Pigm-2£5 ], =ANSEAR5 ) E A 2IBCsF, BCJFy K&
BCF,, *iliz2674/4 45 414 FIBCsF #1151
AR TR, IR FH Pigm-2 45 10 A6 ) 3] 1y
R 2 N Pigmpigm. pigmpigm/MA 5y 71 /&89 624k,
ifii Pigm-4 7 1 K& W 21 1) & & B4 24 Pigmpigm <
pigmpigm AN S 51l 292 . SO%k , H SANAZ e Bk (D
PR PR ICIE R A — SR bR, 0 s K27/ Mg 4
SBCFARO3A BAR AT AL, R I Pigm-24R 1046
T3 3 R B A Pigmpigm. pigmpigmFANA 2y 512
43, 50%k, TMPigm-4bricd A Pigmpigm. pigmpigmi
ARG FIE41. 52Kk, WA SRR R
18/ M4 ST A BCF ARIL TH 674 BLpk dE A7 Rar il
& B Pigm-2 . Pigm-4 A5 10 & I 2 i) FE RN
Pigmpigm. pigmpigm¥/MA5°835 K324k, (HA4
MIHEARRGERS . E3).

Z SRR BRGNS 160 AN H bR
PR MNEEARSY )52 88+ 39. 33 #R)IK Pib. Pi54.
Pita. Pbl %5 4 /NEERIEEATEI, 88 NMHiz 2674/
Mg 4 SATAN BCsF, BpRIHE T 72651 Pib.
Pi54 FE[K; Iz 27/40M8 4 5 BCLF, Hbk by
Pigmpigm. PibPib. Pi54Pi54. PitaPita {5 37 1>,
A 2 AN EERRR I B Pis4, HiRG 18/8 M 4 5 BC,F,
Bk R R AN Pigmpigm. PibPib. Pi54Pi54.

Pb1Pbl [ HARA 314, A 2 /N AR AAS I 2 Pbl.
FrLABR Pigm 2G5k, HRPuiEHERE S Z AR —
B RS 156 1o
53 ) % 485 45 Pigm 2% & 44 11 1601~ B Ax B bk 22
PigmIX BN K AEACHe, H2 HARPIMEEER S 2458
A — B 14N PR D 25 58 (LA 2 Bk R T A
R CE R EPUEER). 45 R 2R FAPigmE K 1
AR SZARSE AT i 22 35 B k3 1 v HL 0 R 7 o B
#%  Pigm-2 B Pigm4HH HER
Line Pigm-2 Pigm4 Resistance level
wu2674-1 I |
Wu2674-2 .
Wu2674-3 I
Wu2674-4 I
Wu2674-5 I
Wuyunjing27-1 |
Wuyunjing27-2 [ !
Wuyunjing27-3 [ |
Wuyunjing27-4 I !
Zhendzo18-1 NN |
Zhendz018-2 NN >
Zhendaol18-3 NGNS |
Bl pds homozygous recessive
&5
B3 SARATRELEBHARME

Fig. 3. Resistant level of the recombination individuals
between Pigm-2 with Pigm-4 of introgression lines.
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1—iRiz2674; 2—RiB2674(Pib+Pi54+Pigm); 3—Rizk27; 4—Riz

AH27(Pis4+Pita+Pigm); 5—HJZAH27(Pita+Pigm); 6—#ifi18; 7—#H

F# 18(Pib+Pi54+Pb1+Pigm); 8 —4i%%18(Pib+Pi54+Pigm).

1, Wuyun 2674; 2, Wuyun 2674(Pib+Pi54+Pigm); 3, Wuyunjing 27; 4,

Wuyunjing 27 (Pi54+PitatPigm); 5, Wuyunjing 27(Pita+Pigm); 6,

Zhendao 18; 7, Zhendao 18(Pib+Pi54+Pb1+Pigm); 8, Zhendao 18(Pib+

Pi54+Pigm).
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Fig. 4. Resistance level of different combination patterns of
R genes.

F1/N R R SUE HLE(E3) . (B AEPigm P AN E AR
FAERZ 124 bk b, 84 Pigm-247 £ 4l B P 1
Pigm-4£7 578 & BRI P10 LUk 21087.5%, 1T )
AP AT AH B S R 2 BRI BT A% 9 50% (K1), &
B2 M Aric i H bR R iEH —E M=, (52
Pigm-4 &5 H AR E: R 5T

3 WHie

Piz AL — A& 9 I NBS-LRR Jof % A
%, A5 EDE KRBT Piz. Pi2. Pi9. Piz-t. Pi26.
Pi40. Pi50. Pigm % 8 NMEAEAER, H Pi2,
Pizt #E N2 R4 R FEAEH, Pi9 4 R2, T1fij Pi50
W7E R4 A7 8 EF=AE T 4 . Deng 2522 a)se
L TXF Pigm fRERE, BEFIERE Pigm & 13 4o
PERIFER %, X ATREM S Pigm %5 Piz-t &5 Hph &5 47
FERPUE M FEEE, H Pigm % PigmR(R6)
5 PigmS(R8)ILFIME, #iFeKfafitt 5/ & H-F
fir, o, PigmS RILHRMBAE MIHRHE, 7EAH
A RIE R BEER. WX A BARFTIRD
Pigm-4 fii-T R12 53T X, % 4 5 Pigm-4 frid
FREIX B B4 5 Piz. Pi2. Pi9. Piz-t. Pid0 it
ISR R AR 2 HOKAG M A MR, R I 2
4 SHRNAREROUER, W THH 4 St
BEIXERE RS, DURe S H YRR & AT
E—E IR, EH FHRANF

SR H ARSI, PigmIk AT /KRS 55 6 4
AR 10 036 773—10 042 226 bpN . TEE6YL A%
B EEEMAE T 2 A EER RO, W
dt 5 e RIWXET L ALK, A 7 A3 BT HA 2, Hd3!!,
IR AL RIS R AR, A AR —E
HAHESOC SR, A Y 32 Rk I HA L A7
F9336376—9 338 569 bpkt, SPigmi#Edi. AL,
BAE S ONT ™ 0 RS 975 Pigm 3 IR () [+]) Bf % B 32 4
AR MR, B EL 2R  3E ik, i
TImERbRL S BB R %, BinERAE
KRN RES T BT Re s/ o AT 5 R
MR Re S B AR B %0E8, HHEFPigm-4
BRI M, Pigm-247 T-Pigm 72 kbit,
TS A T DA R Pigm R 7% [E] I SN A2 A .

AN [ VR R ZH X Pigm B B 3 W e 57 4 B 1% 2k A
BA i, BT — S B iR
DXHE T FRORERE it Bh b FEANAEAEPigm AR R Y . [Tt
FPigmF N BPKERG At M, T REA BT 2 25 0 R KA
IR DU o« 703 B A LRI i 2 DT ) e 1 A
SR AR MALAEZES, WPb1P¥, AHE 7 A
FH 73 590 45 i AN [R) 0 1 22 DR P BV Hp R i = A [)
AR ZS BRI R (o oRE L IR BAHRORE | B B R
NZAR, EAER A FERERY 5 FPigmxf #& A
FERRSUE BIPE RN, 25 R, TLMERE DORERE
PhESRIE 1A R R PR DR, (R X 5 EE )
(7G5 /NFR L KPS A, i DA — B Hb AR
i INFROR AR AN, WA AT RE 5] RS 2 MR O )
TR, TPigMTEAS [F] RIS 5 b 3 v A e 3=
XK ARSI U S5, IR B R YUK, #—2
WEBIPigm ] LS HAL BRI R R “ e s, 7R
R FE Pt & Fhom LRI

EELE 2, Deng PR 7 % W] Pigm JE
A RIKFER = E R WA E— e g, BI7E PRI
TR [ B 34 0 445 S 2 AT CRAE K R AN R =, AN i
P2 5 RE RS2 A i Fob g H AR I AT S KR 1 i 4R
i Ff Maratelli, MWAF=BIMAREH K, eTRR M
RBCU ORERG ok e E B R 2200 . a0 H AT
HEH FURERE R 45 50 R — Mk 90% LA E(nAHE 5T 3
AR PR 25 SERIAE 93% 5 47), FiLh Pigm &
3 T A 4 3 HE AR R R 1 P R —
WIIE, AR H AL R EAE T 4~5 48, Bk
WP Pigm TERERG & AR ORI HANE, 075 E 4k
g HA DAY 5, Hadt— D IR R
e 2R R .
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