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#XF R#XE GAM wWALK HILE aAH

GEIAL A R B2 BT O T AEAF TR AT, Rl A s Ve F AR S5 AR B 5 SR 28
AAEYE IO R E P AL 4 E N e a5 430064 )

FE: AT E 61 AN £ 5 & Sufh af @Bk ag S K-F A s A B, 2016 FAAF iR A X
R KT P THELAEREAREALRGINTRES B 269K LIOTEGHAEA , 5 A EFF T 614
N F UG & e AP AT SO E 5 A NTSYSpe 2.10e 2R st 43X su 7 2 A B 247 R £ 5475 A 354
R A AR 29 A4 Sdndt @R A B D Z A AR 61 AN KB &S Ar AT A oA LA ag o T
61 /M EE&E RIS ahmAR, EREF,60ANMNEEERFFANGRIEFLEAR Z 7, B
% 55475 BL5008 .48 % £ %) %% 5] # X165 A £ 101 2366 F 18 A AP i 4 5E , St
R KT 97.0%; At % 5303 HR 11-5272 Fo e Y8222 5 10 /N Fa A 64 Fo b 471 & 12 42.0%~56.1% 2.
] 3 & 0943 5 33 AN S AP e IR R AN T 37.9% . RESM TR 61 AN E&mArom s Kk,
FHIEA NA A, 2P A T Ab 69 St I 5 72 42.0%~56.1% Z14] 5 5 11 £ A 5 11 £ 35 30 A S A,
TSI DT 32.7%; 5 IV EH 2A S Al Lt 30 5 %) 4 53.5% 42 53.2%, 5 V EH 18 A Fadt,
FEIRFEH KT 97.0%; B £ B 7R B TF — R BLIUHIRFEARL 69 S AF LA AR R AL 0 F0ik
BEHFF. AMREFHR2AAND LG E R EHEPm AR, L P H#E11-5272 68 Pm30, &4+
1503 47 Pm2 .Pm5a .Pm6.Pm19 %= Pm30, Vs Y8222 4 Pm5a .Pm6.Pm19%= Pm30, % 154-15 57
Pm5a .Pm6.Pm7 .Pml9#= Pm2+ta, %A} % 5303 5 6 A S Ab &4 Pm2 4= Pm30, 4 % 75 5 5/~ uAb
A0 Pm5a.Pm6 #= Pml19,#% % 24 5 5 6 /> # &K PmS5a.Pm6.Pml9 F= Pm2+ta. #F 5 £,
54.1% 09 /) )G &-Su At b G b gm A B SR A T 37.9%, AEE B AT X R B LA
89 R, B B iX oy K G B Sn AF A S AP AL e 5% R ETRE e la ]
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Evaluation of resistance to powdery mildew in 61 Chinese wheat cultivars and
postulation of their resistance genes

Shi Wengi Gong Shuangjun Zeng Fansong Xiang Libo Yang Lijun Yu Dazhao’
(Hubei Key Laboratory of Crop Diseases, Insect Pests and Corp Weeds Control; Key Laboratory of Integrated Pest

Management on Crops in Central China, Ministry of Agriculture; Institute for Plant Protection and Soil Sciences,
Hubei Academy of Agricultural Sciences, Wuhan 430064, Hubei Province, China)

Abstract: To analyze the resistance of 61 wheat cultivars and postulate their resistance genes to pow-
dery mildew, 269 wheat single colony of powdery mildew isolates were collected from nine cities
which grew wheat in China in 2016, the resistance frequencies of 61 wheat cultivars were estimated by
the mean of inoculation detached leaves segments of each cultivar with 269 isolates, respectively. Clus-

ter analysis was carried out with UPGMA (unweighted pair group method with arithmetic mean) model
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of the software NTSYSpc 2.1e based on the phenotypic resistance data. And resistance genes of the 61
cultivars were postulated by comparing resistance spectra of the cultivars to 35 differential isolates with
those of materials possessing known resistance genes to these isolates. The results showed that the resis-
tance spectrum of each cultivar differed significantly from that of others, the resistance frequency of 18
wheat cultivars such as Guohaomai No. 5 and No. 7, BL5008, series of Mianmai and series of Qianmai,
Chumai No. 16, Neimai 101 and 366 were higher than 97.0%, while the resistance frequency of ten
wheat cultivars such as Taikemai 5303, Han 11-5272, Lin Y8222 and so on, were between 42.0% and
56.1%. Among the 61 cultivars, 33 cultivars such as Zhengmai 0943 had resistance frequency lower
than 37.9%. Cluster analysis indicated 61 cultivars could be classified into five groups. Group one in-
cluded 11 cultivars and out of them, resistance frequency of eight cultivars to all isolates was between
42.0% and 56.1%. Groups two and three including 30 cultivars with resistance frequency lower than
32.7%. Group four including two cultivars with resistance frequency 53.5% and 53.2%, while the fifth
group composed of 18 cultivars with resistance frequency higher than 97.0%. The cultivars come from
the same cities and with the similar frequency of resistance had been clustered to the same group. It
showed that they might have a similar genetic background of resistance. Results of Pm gene postulation
showed that Han 11-5272 contained Pm30, Anke 1503 possessed Pm2, Pm5a, Pm6, Pm19 and Pm30,
Lin Y8222 contained PmS5a, Pm6, Pm19 and Pm30,Yun 154-15 contained Pm5a, Pm6, Pm7, Pml9 and
Pm2+ta, Taikemai 5303 and other five cultivars possessed Pm2 and Pm3(0, Huamai No. 7 and other
four cultivars possessed PmSa, Pm6 and Pmli9, Yangmai No. 24 and other five cultivars contained
PmSa, Pm6, Pm19 and Pm2+ta. It indicated that 33 cultivars among the 61 cultivars, counting for
54.1%, had frequencies of resistance lower than 37.9%, suggesting the epidemic risk of wheat powdery
mildew. Those cultivars should be monitored strictly when they are planted in epidemic regions.

Key words: wheat powdery mildew; resistance frequency; resistance gene; gene postulation

INZE LR S — R i Bt N B A
A FCRRAT R VR B/ INAZE B AT Blumeria graminis
f. sp. tritici 518 o YA AL T AE TR A TS
LR 9 T R TR A, 90 4 E AR B AR Al S5
DGt , A AT R A T ARAE 533 05 hm* L L,
AESRA) 3 I N PR 0 32 U7 t AL (hittps://www.
natesc.org.cn) , £ BA ™ HE i 2 /N 2 A A 7 )
BURE . BiTR/INE ORI A DA U A (A it
FRFE I RSO SR BTN R A
&P H 5 A8 5, KRR IR B —Bo i b
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FRELPERESE (2RI, 1980) o F 4 [ 4% 4 X A]
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894, A AE 5T ANEA3 a5 | (Ullah et al., 2018) .
Horp AN Pm3 %543 52 [H] (Yahiaoui et al., 2004 ; Bhul-
lar et al.,2009) . Pm38(Krattinger et al.,2009) F1 Pm21
LK (He et al.,2018) 9 5ok, BAAf/INAZ S A &
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(S48 ,2009 5 #5745, 2013 5 EARAESE,2017) .
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T4, 20105 B 2245, 20105 IG5, 2017) X H
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FET Flor (1955) fA 5 PR X L A 2% 13, Loegering
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CL AP SE R, M 3 4 e R AP 2L R 1
FIRETE . Z IR IR /N AR (B 224
2010; EEEIESE 2017 EIRESF,2017) NE 5550
(DS, 2011) M/ INZZ 8595 (G 420555, 2007 ) 4
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KARAEZE X 9T R AR 3 5 1 269 PR FRLAE 1 HE
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22 UK 95 R ERLPRL - ME B AR AL 269 K , 43001 T 2017 41
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Table 1 Sixty-one wheat cultivars and their postulated Pm genes

[ERL AT R R A S Pm BE RS
Unit of breeding or providing Cultivar Pedigree Pm gene postulation
HRHR T lb BB 1§ 11-5272 11802-6018/ 4 22 Pm30+?
Handan Academy of Agricultural Sciences Han 11-5272 Han 02-6018/Jimai 22
ik 11-5276 1 02-6018/%5 % 22 AR
Han 11-5276 Han 02-6018/Jimai 22 Unknown
LA REI T B FRIA 5303 WA 36/186172//ifk 0458 Pm2+Pm30
Tai’an Academy of Agricultural Sciences Taikemai 5303  Jimai 36/Han 6172//Huai 0458
TR A AR B/ N BT BT KAz 0943 *97199/5 4 19 ARH
Wheat Research Institute, Henan Academy Zhengmai 0943  Zheng 97199/Jimai 19 Unknown
of Agricultural Sciences
PG AR B/ N A BIFSE T I Y8222 i) 20165/%% 4 22 Pm5a+Pm6+
Wheat Research Institute, Shanxi Academy Lin Y8222 Linyou 20165/Jimai 22 Pmi19+Pm30
of Agricultural Sciences I Y8253 4l 145/DH6187//5532 22 0
Lin Y8253 Linyou 145/DH6187//Jimai 22 Unknown
Hl A RN B2 B /N W 5% 22K 0422 22 R23/JHA 18 4
Wheat Research Institute, Gansu Academy Lantian 0422 Lantian 23/Zhoumai 18 Unknown
of Agricultural Sciences
o E OB B YRR 5T T Tz 4072 984121//H 5286 Pm2+Pm30
Institute of Crop Sciences, Chinese Academy Zhongmai 4072  984121/Yan 5286
of Agricultural Sciences HhZ2 5051 JRAR 194042 21 A
Zhongmai 5051 Yannong 19/Yannong 21 Unknown
1%k 198 T4 22/6369//% 4 22 Pm2+Pm30
Lunxuan 198 Jimai 22/6369//Jimai 22
£ 9088 954072/ 14 KA
Luyan 9088 954072/Zhongyou 14 Unknown
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2% 1 Continued
EER UL A g/ A DA it ES Pm BRI
Unit of breeding or providing Cultivar Pedigree Pm gene postulation
fe Ml B~ fife 1313 DE 2 22012 30 Pm5Sa+Pm6+Pm19
Suzhou Academy of Agricultural Sciences Wansu 1313 Jimai 22/Huaimai 30
VLI RAEF L A R F] 1657226 W 22/83 21 ARHI
Jiangsu Dahua Seed Group Co. Ltd Huamai 226 Huaimai 22/Lumai 21 Unknown
275 W7 158//1M2 8788 PmSa+Pm6+Pm19
Huamai No. 7 Yangmai 158/Xiaoyan 8788
VLR HL R ]l XM B2 B 5 T Wik 24 {22 17// (322 117822 18) Pm5a+Pm6+
Institute of Agricultural Sciences in Lixiahe Yangmai No. 24 F3]BC_1}F7 Pm19+Pm(2+ta)
Region of Jiangsu {[Yangmai 17//( Yangmai 11/
Yumai 18)F3]BC_1}F7
LA AN RLA BT B LGR1503 Bk 354/J 938//i55 2% 22 Pm2+Pm5a+Pm6+
Institute of Crop, Anhui Academy Anke 1503 Shaan 354/Zhou 93S//Jimai 22 Pm19+Pm30
of Agricultural Sciences 2F} 1506 035350/ 3 | 2//JE 2 18 e
Anke 1506 Ji 935-352/Lumai No. 1//Zhoumai 18 ~ Unknown
BRI R %52 D31 B 05 S kR Ak PmSa+Pm6+
Xiangyang Academy of Agricultural Sciences ~ Xiangmai D31 Xiangmai 25 isolated by pedigree Pmi19+Pm(2+ta)
breeding
AN BB P 42 0439 17 95145k 9817 PmSa+Pm6+Pm19
Liu’an Academy of Agricultural Sciences Wanximai 0439 Yangmai No. 9/Yangda 9817
4 BT AOL BLABe /N AT BT FZA s 6289-4/06-367 AIRE S Pm21
Wheat Research Institute, Mianyang Guohaomai No. 5 May contain Pm21
Academy of Agricultural Sciences [H5i 65 (4089/99-1572)F1//06-374 0
Guohaomai No. 6 Unknown
FZE 75 MY07-228/MY09-122 TTRE S Pm21
Guohaomai No. 7 May contain Pm21
BL5002 4422-3-1/1275-1 K1 Unknown
BL5008 B4R 001//)MIE 93166 TTRES Pm21
Guinong 001/Xiaoyan 93166 May contain Pm21
4172 903 GHM3/R141 T HEE Pm21
Mianmai 903 May contain Pm21
44 1416 81063/2%111045076//47 7% 367 T REE Pm21
Mianmai 1416 81063/Taishan 045076//Mianmai 367  May contain Pm21
244721419 JI1 06 i 6//4 % 37/HY-SR-7 T HEE Pm21
Mianmai 1419 Chuan06Pin6//Mianmai 37/HY-SR-7 May contain Pm21
47 603 011-1492-1493/BL379 T RES Pm21
Mianmai 603 May contain Pm21
44 302 XKO086-2/4ii 1848//Mt /% 25/BM12-71
Mianmai 302 XK086-2/Mian 1848//Long”ai No. 2/ HIRET Pm21
BM12-71 May contain Pm21
417303 BT 9534/ 1E 4212/45 1971-9834  WIRET Pm21
Mianmai 303 Xinmai 9534//Yixuan 4212/ May contain Pm21
Mian 1971-9834
4115224 (45 0878/5563)/ (41 05Z13/43 08Z8)// W[ RES Pm21
Mian 15724 41 06-367 May contain Pm21
(Mian 08Z8/5563)/(Mian 05Z13/
Mian 08Z8)//Mian 06-367
RO BLABEF CAE T ik 24 [ 155/ 22 10455 Pm2+Pm30
Institute of Characteristic Crop Research, Yumai 24 Guoyou No. 1/Yumai No. 10
Chongqing Academy of Agricultural Sciences ¥ 25 Lo0/02321//R938 A
Yumai 25 Lo/02321//R938 Unknown
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££3 1 Continued
LR A g P A DA T R Pm B[RS
Unit of breeding or providing Cultivar Pedigree Pm gene postulation
U B2 B E T BT JII4 606 TR N B Il e 4 ARA
Crop Research Institute, Sichuan Academy Chuanmai 606  Dwarf male-sterile wheat group Unknown
of Agricultural Sciences through recurrent selection
JIIZ 608 1122 42/98-266//)11% 44 ARH
Chuanmai 608 Chuanmai 42/98-266//Chuanmai 44 Unknown
NI Z 42 SynCD768/SW3243//)1] 6415 A1 Unknown
Chuanmai 42 SynCD768/SW3243//Chuan 6415 JNZ 42
S A AE e FARBT T P 19 9665F8/5 %28 FIRET Pm21
Institute of Upland Crop, Guizhou Academy Qianmai 19 9665F8/Xiafan 28 May contain Pm21
of Agricultural Sciences 720 SiAe 775/ 5 %28 AT Pm21
Qianmai 20 Guinong 775/Xiafan 28 May contain Pm21
BH22 T17#6970012/2038 FIRER Pm21
Qianyu 22 Jieyan 970012/2038 May contain Pm21
w21 PR 001//4 5 26/ % 13 AIRET Pm21
Qianmai 21 Guinong 001//Mianyang 26/Xiafan 13~ May contain Pm21
w22 TIAHE970012//45 FH 26/ H %13 FIRER Pm21
Qianmai 22 Jieyan 970012//Mianyang 26/Xiafan 13 May contain Pm21
TRALRN P EBR AR YIRS = 154-2 RAEF ARH
The Institute of Food Crops, Yunnan Academy  Yun 154-2 Not found Unknown
of Agricultural Sciences 5 154-15 RAFH| Pm5a+Pm6+Pm7+
Yun 154-15 Not found Pm19+Pm(2+ta)
Z 154-64 RAF PmSa+Pm6+
Yun 154-64 Not found Pm19+Pm(2+ta)
3117755 ARAF] ARH
Wenl1Chan55 Not found Unknown
VUMY R A7/ N2 5 E e ) 1620 YO08-2116/4i1% 41 R
Triticeae Research Institute, Sichuan Shumai 1620  Y08-2116/Mianmai 41 Unknown
Agricultural University W7 1622 Syn-SAU-69/996-999//Y28///)1|1ZZ 44~ Pm5a+Pm6+Pml9
Shumai 1622 Syn-SAU-69/996-999//Y28///
Chuanmai 44
F)F 1645 JIIE 24/20828 Pm5a+Pm6+Pml9
Shumai 1645 Chuanyu 24/20828
DU Ay R A A AR TS BT N 32 (JI14¢27/80978)F6 PmSa+Pm6+
Institute of Ecological Agriculture, Chuannong 32 (Chuannong 27/80978 )F6 Pm19+Pm(2+ta)
Sichuan Agricultural University
SEMEIN AR~ OF T T A 16 [(NZ 85/ 3)F1//E 4 104]F10 FIRE Pm21
Chuxiong Agricultural Sciences Research Chumai No. 16 [(Neimai No. 8/Jian 3)F1// May contain Pm21
and Extension Institute Chongzu 104]F10
LA 56 AR R 932-625/m A Ub ARA
Yunmai 56 822-16-7-3 Unknown
High generation material 932-625/
High generation material 822-16-7-3
LT RL B NZ 101 (99-1572/m0501)F13 FRET Pm21
Neijiang Academy of Agricultural Sciences Neimai 101 May contain Pm21
M 141 (F08-4117/09P41)F11 ENGL
Neimai 141 Unknown
M2 366 (Balandal88//4 fH 26/92R133) F8 FIRET Pm21
Neimai 366 (Balandal88//Mianyang 26/92R133) F8 May contain Pm21
YE LT A A Fh T RS KA 986 Bk 253/(97)107 ARH
Zhumadian Jinnong Seed Co. Ltd Wunong 986 Shaan 253/(97)107 Unknown
GRS BT s AR AR AR L0711 JHA 19// T3 4< 64/1842 18 ARH
Anhui Agricultural University & Annong 0711 Yannong 19//Bainong 64/Yumai 18 Unknown

Anhui Longping High-Tech Seed Co. Ltd
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#F3 1 Continued

LR UL A g P A DA T B Pm B[RS
Unit of breeding or providing Cultivar Pedigree Pm gene postulation
IR AR/ 5N TREHORBIETE L 420017 4% 906/15 4 18 Pm5a+Pm6+
College of Agronomy, Henan Agricultural Chunfeng 0017  Lankao 906/Yumai 18 Pm19+Pm(2+ta)
University/National Wheat Engineering
Technology Research Center
TR A ARl AT BR A 7 ez 197 B 10578418 Pm5a+Pm6+
Henan Bodu Seed Co. Ltd Yanhao 197 Yumai No. 10/Yumai 18 Pm19+Pm(2+ta)
SR AR B 42 0746-2 9428-50/3FM 137/ 7 21 Pm2+Pm30
Heze Academy of Agricultural Sciences Hemai 0746-2  9428-50/Laizhou 137//Lumai 21
oA Rl B #2750 Tal*I1-2/FE N/ /4 64225 Pm2+Pm30
Weifang Academy of Agricultural Sciences Wei 2750 Tal*11-2/ Dwarf male-sterile wheat//
Wei 64225
& Tl B EBE AR 1212 B 141652 21//305 30/i8 852421 KA
Yantai Academy of Agricultural Sciences Yannong 1212 Lumai 14/Lumai 21//Jimai 30/ Unknown

Yun 85-2421

7 RAWER T
1.2 A&
1.2.1 D EE &SRS B GBI E RN T

BT 2017 47 7—12 A E Rl B4 Bk
L i Y T i s [ e Y R AN - S R
29 N5 B RIPT IR HE R (Pm JE IR ) /N2 56 5 4 )
FERIAEI R 12 e ¥R T G, B A Al 5 51
PHRHEFT 1 &, B &% 5061, 76 18~20°C .16 hHE IR/
8 h B ZE IR E 10 OB . R AR
BV S0 /N T LRI T B BT R AR (B 7 ZE 4
2009) KR AANES 1IR3 BT 3 em KA I
Bt ARUGE I FIT5 50 pg/mL ASFFBEBRK) 10 cmx
10 cm WA Al BT A RS N o iRt
KR A AT, RN 200~400 1~/ em?, 27 5 §5
5 min PRI T I0RE . R 26988/ N2 IR TR
FIFHERRAR IR 2 61 4~/NEE 5 2% b Fl_ L d- A 7t
PEYEE 5 FH 35 BRSSO 29 45 B AT G 3k
K/ INAERPRLRT 6145 28 R EA TR, LA T
Shy kG 42 P B R A B A8 MUY  E AP S — AR R
X R S T 75% KRR . BRI
FISE N [RIRERR P 7 31N BEAE o 3R EL AR, 67 10~
12 d J5 A K 0 1 0 O LA 0~4 98 F2 13 79 4740 %
(BES24K, 1988) o O Y . i AR TOHEE ; 0,78« i f
P I BUIRBE R, M ARG SRS 5 18 L, e B
/N, ELAR— /N L mm, TR 22 )20 ] U (e nt i
TR IR EBE  (HA5i 4k, r it b 2 Y. e, i
FRBEEAR/NT 1 mm (B 22258, RNiEs%, g
A AR 3 AL Rk, it R EE L AR K
Flmm, HZ)ZE, P E KRR E R 455
B R AR — KT I mm, 2R, =i
% JRBEE R o KRRV 0~24%(0.0;. 1 FI2 )0 Ky

7. Unknown resistance factor(s).

AR, PR N 5 3~4 G0N SE TN, A SO
1.2.2 D EEE AT Ggm E 6 FUH IR ) e

A 1.2.1 1 269 PR BT HE TR AR EE R T 61 4>/
F 5 B RS TS R BB A T S SRR 1,
JEFEFIE R 00 THEEAS 5 5 S PP 269 PR B RE 4T
PEBIR B R =k % AR R S B MR E<100% .
P IX 269 H TR B 1 SR AR b X A 43 TR RE BT, H
SPSS 19.0 A A X F A il Bl E 4T B A (] B A4 4 22
SRR A Fish” s AR SS o B> iAot 269 1k
PARERIBTERAELE (0. 1) R NTSY Spe 2.10e
Y E AL 20 - ¥4 5 (unweighted pair group method
with arithmetic mean, UPGMA )i i A 78250047
123 D EE&EBARGHmAR A aIEF

HRAE Flor (1955 ) it 3 K X 35 R B 3L . Loegering
et al.(1971) & Loegering (1978) & H (1) 35 %k [A] 4
S5 B 35 MRABEE S A AR SR T 29 2 A
UL RN BERLRT 61 A~/ N T 4 it ol , AR 41 6 780
BTG A AR A A X L D AT R Y
FLUORLN A, Y S SR 5 X e
PRIV 75 1) BT i A 2 RN S L B D B B Pl oAS
TG R UK, YRR AN S — X T
9 Ji DR VAT T 1) TR AR 2 AR AN S TR, THTRK T
9 i R SO AT 3l 3 5 — D HEBR R, IR 4 U X AN RF
Y A E A XA PUR LA 5 B, AR i S
AP SR SRS AU LR TR A S B
FIE A XA B PR A AR 1) S5 7 5 B A TR AR 53X A 1o
S R A R AR 5E 4 — B0, R FH X A R S A
bR T S ZPUR IR AN A PR T s
TS A B O i SR S R i AH ) i
AL, TR A AR R T B e R
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2 BEREHM

2.1 INEEEEIYT 269tk A BEE TS

61 A~ /NFE T 2% fh R 269 Bk FOR G B 6 P
49 Pk R A, RUIPTIE R T 5 2R (G5 R ARS]
). KN R FE 523 65 81 BL5002 % A s F bk
PR , i HAY 594 SRR AT RERR S A LR R LM
K7

AR SR EISR R  F 5 5 5/ T5 .
BL5008 . 432 751 [ 34 7 165 .\ NF 101
F1366 5 18 A4~ i Bl I PLIG 32 T8 , BrdESUR ) KT
97.0%, o5 B3 i Fl S B 1Y 29.5% ; BB ZZ 5303 1
11-5272 Fl Il Y8222 45 10 /4> i A i) BT o 45 R AE
42.09%~56.1% 2 [d] ; HoAx 33 4N BB BOHTPES R /N T
37.9% , LI EZEF 65 FIBL5002 (BT F &K,
Bko(F3),

At A ) b B R JEOR T, DU )14 2 BE T Al Bt
BEE B 124> d Rl BRE 522 6 45 Fi BL5002
PSRN e 104 SR B AR AP ATR
BIRTF 97.4%; VU114 NI AL B2 e & B N
72 101 N 2 366 B PTHEAT R K T 98.5%., ik
SRR T BN A I A RAN AR = B A R &
165, 254 Z G i BRIES A2 19 542 20 X FEfH T
TR BT AR (12.5% F162.5%) Hh , Heax b
FITPEITUR IS 94.4% L) L s 2547 16 5 B Xt 22 fHTH
B R PSR R (62.5% ) A1, %o HEAx T Bk 19 it
PRI TE 88.9% LU ..

W 614/ Ja £ SRSk B 9T 1Y R A
BEAR B0 M0 5 G 7 B AR HEA T Fisher” s A 5 A 5
RIL 61 /N I 28 P AT 314 i 22 A7 e XF
LA GERE BT R 5 T R 22 el W 3 5 A
16 ~/INAZ Ji5 & i BloRE ke ) AS TR) T B RE A B 1 A 2R
ToE 25 1A 14D /INZ I 4 SRR R 9 ST Y
BRI 2Pk 2% PR T % 25 5 (%
3). H EHZZE 55 EH5E 75 BL5008 . 41 %
903 . 41 7 1416 . 41 5% 1419 . 43 % 603 . 43 % 303 . 4
15724 255 22 KN 22 366 3K 11 4~/INAZ Ji 4 i oot
FIAT 9 AT B B BB A R 34 100.0% , 20 5 1)
Ei IR TIE S
2.2 INEGEATIRT 269 BREBR R M E R K51

UPGMA RE0Hras R iR, LIAHRIZRE 0.7 4
BE AT 614>/ NAZ J 28 Al 434 TLILL I IV FTV

H(5R4) . PUPEMRAE R —Ju B 0y SR R 3R]
— s SIS 1A R, H 4 T R
IR 25 5 0 2, O oAy 8 1 A B ki 2
15 42.09%~56.1% 2 [A] 5 2 T1 204155 29 4~ & Bl , fi ik
BRI /INT 27.5% 5 55 T4 AL 55 %5 % 1622, it
WIR A 32.7% 5 55 TV Al A Er A2z 75 FIlE PG 27 0439,
UM R 53 )k 53.5% F1 53.2% , H X645 T B RERG
PR 22 3 B 5 VAL S 18 S Fh, B As
RETKT 97.0% , BPrrEfli—24 .

23 MEEEEMIAMRERNES

X614~/ INZZ Ji & R R BT 11 49 0 2k DR 4 S 245
IR A 214/ N S5 & S AP AT e S A B
R SR L 1B 11-5272 & Pm30, %R 1503 &4
Pm2 . Pm5a. Pm6., Pm19 1 Pm30, I Y8222 &% A
Pm5a.Pm6.Pmi19 Fl Pm30, = 154-15 & Pm5a.
Pm6 Pm7 Pml19F Pm2+ita, %R 5303 25 6 N5
A Pm2 R Pm30, 4652 755 SR & PmSa .
Pm6 1 Pm19,37% 24 55 6 M Fh &4 Pm5a .Pm6 .
Pm19 ¥ Pm2+ta.

2 W, W 11-5272 5 Pm30 HOPTIG HEA — 2,
LA 2 WK FLM 9 B BRI RR A7 AE 22 57, 4 5o
Pm30. B 5303 . H1 37 4072 FEE 198 i & 24
T 22 0746-2 #2750 3 6 > f Bl HEDN B T %A
Pm2 . Pm30 5, Al figid & A e dum i N . Befs
13132 4852 75 e P % 0439 B2 1622 %) 77 1645
XS AN A HE KR T & PmSa. Pm6 F1 Pm19
Gh AT BBIA F A H e BUR AR N . Il Y8222 R L
1503 #EMH R T &4 Pm5a. .Pm6 .Pm19F1 Pm304},
AREIA S A HEhUR I RH . & D31 B 24 . =
154-64 )14 32 . F3F 0017 fEZ 197 3X 6 4~ 5L Fh,
MEER T &4 PmSa .Pm6 . Pm19Fl Pm2+ta 51, 7] GE
WEHH YRR . = 154- 15 {1 HER T &F
Pm5a .Pm6 .Pm7 .Pm19 1 Pm2+ta b, Al ik &4 H
EhUREER .

AMFFE R, AT SE RIS 18 A Hi s
KT 97.0% B /NZE J %% st R AN B0 , 4RI 56 2 iy
Tl o] B & A B SE K Pm21 (BB G SR I HIA
W77 505 4837 226 1% 77 33 KB FF 1354 KR 47 5138,
JII 2% 608, 2= 154-65 ., 3C 11 7% 55 504 986 1% 9 > i
i, 5 A B R BTSN ], T RE S A Bt
FEHZ A EHUREEA



1094

LR/ B A S

464

£3 o1 MINEREERIX 9T EHRE E AR HUERE S

Table 3 Resistance frequency of 61 wheat cultivars to tested isolates of Blumeria graminis f. sp. tritici from nine cities in China

AR Resistance frequency (%)

B A A KL Rl £ AL
ST . . . orth-east
Rl Huang-Hual—Hal plain of  Middle and lower plaln along Yangtze river of plain of Bk
. winter wheat winter wheat . P
Cultivar spring wheat  Tqtal
WM &M M M e RN e MREE  (n=269)
Xuzhou Luoyang Suzhou Yangzhou Taizhou Xiangyang Suizhou Shiyan Harbin
(n=38) (n=42) (n=65) (n=60) (n=9) (n=8) (n=22) (n=7) (n=18)

i 11-5272 50.0 35.7 44.6 233 66.7 37.5 59.1 57.1 77.8 43.5 0.001
Han 11-5272
#F11-5276 0.0 2.4 13.8 6.7 0.0 0.0 9.1 0.0 5.6 6.3 0.212
Han 11-5276
P 5303 632 643 431 217 100.0 50.0 864  57.1 77.8 52.8  <0.001
Taikemai 5303
A 0943 7.9 7.1 6.2 11.7 0.0 0.0 9.1 0.0 0.0 7.1 0.893
Zhengmai 0943
IIfi Y8222 68.4 66.7 40.0 233 100.0 37.5 81.8 71.4 77.8 532 <0.001
Lin Y8222
I Y8253 0.0 4.8 0.0 5.0 0.0 0.0 0.0 0.0 5.6 2.2 0.379
Lin Y8253
R 0422 10.5 16.7 4.6 33 0.0 0.0 0.0 0.0 0.0 5.9 0.158
Lantian 0422
FZZ 4072 68.4 64.3 44.6 26.7 100.0 62.5 90.9 71.4 77.8 56.1  <0.001
Zhongmai 4072
35051 0.0 2.4 0.0 1.7 0.0 0.0 0.0 0.0 0.0 0.7 0.797
Zhongmai 5051
ek 198 71.1 61.9 50.8 20.0 88.9 50.0 90.9 71.4 72.2 55.0 <0.001
Lunxuan 198
E D31 0.0 19.0 13.8 3.3 0.0 37.5 9.1 714 38.9 13.4  <0.001
Xiangmai D31
mefE 1313 71.1 64.3 36.9 20.0 88.9 37.5 81.8 71.4 55.6 49.8  <0.001
Wansu 1313
155226 57.9 50.0 20.0 13.3 66.7 50.0 63.6 57.1 5.6 34.6  <0.001
Huamai 226
245 53 28.6 354 5.0 0.0 62.5 9.1 71.4 61.1 23.4  <0.001
Yangmai No. 24
ZRF1503 50.0 500 32.3 16.7 66.7 37.5 72.7 57.1 72.2 42.0  <0.001
Anke 1503
LZH} 1506 0.0 2.4 0.0 1.7 0.0 0.0 0.0 0.0 0.0 0.7 0.824
Anke 1506
HwE75 789 333 738 233 0.0 50.0 773 28.6 83.3 53.5  <0.001
Huamai No. 7
19088 2.6 4.8 1.5 6.7 0.0 0.0 0.0 0.0 0.0 3.0 0.828
Luyan 9088
e PH 22 0439 78.9 28.6 72.3 25.0 0.0 62.5 86.4 28.6 72.2 532 <0.001
Wanximai 0439
555 100.0  100.0  100.0  100.0 100.0 100.0 100.0  100.0 100.0 100.0
Guohaomai No. 5
EEEARE 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Guohaomai No. 6
[E 53 7% 100.0  100.0  100.0  100.0 100.0 100.0 100.0  100.0 100.0 100.0
Guohaomai No. 7
BL5002 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
BL5008 100.0 100.0 100.0  100.0 100.0 100.0 100.0  100.0 100.0 100.0
2877903 100.0  100.0  100.0  100.0 100.0 100.0 100.0  100.0 100.0 100.0

Mianmai 903
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£53% 3 Continued

PiPEAT K Resistance frequency (%)

A N e % X
B A A K KL Rl £ L
: . . . . . North-east
o Huang-Huai-Hai plain of ~ Middle and lower plain along Yangtze river of . .
riti . . plain of Xl
. winter wheat winter wheat . © P
Cultivar spring wheat  Tqta]
T W fEM BN =M #[H Fiti TiE BIREE  (n=269)
Xuzhou Luoyang Suzhou Yangzhou Taizhou Xiangyang Suizhou Shiyan Harbin
(n=38) (n=42) (n=65) (n=60) (n=9) (n=8) (n=22) (n=7) (n=18)
4 1416 100.0 100.0 100.0 100.0  100.0  100.0  100.0  100.0  100.0 100.0
Mianmai 1416
47 1419 100.0  100.0 100.0 100.0 1000  100.0  100.0  100.0 100.0 100.0
Mianmai 1419
#5603 1000 100.0 1000 100.0  100.0  100.0  100.0  100.0 100.0 100.0
Mianmai 603
#57 302 97.4 100.0 100.0 100.0  100.0  100.0  100.0  100.0 100.0 99.6 0.379
Mianmai 302
#4303 100.0  100.0 100.0 100.0 1000  100.0  100.0  100.0 100.0 100.0
Mianmai 303
4415724 100.0  100.0 100.0 100.0 1000  100.0  100.0  100.0 100.0 100.0
Mian 15724
JI1# 606 2.6 00 108 0.0 0.0 0.0 9.1 0.0 27.8 56 0.001
Chuanmai 606
JI15 608 105 143 292 0.0 0.0 25.0 9.1 0.0 0.0 123 <0.001
Chuanmai 608
W24 500 262 277 11.7 44.4 12.5 59.1 429 77.8 33.5 <0.001
Yumai 24
225 0.0 0.0 6.2 0.0 0.0 50.0 45 0.0 5.6 3.7 <0.001
Yumai 25
19 100.0 100.0 100.0  100.0  100.0 125 100.0  100.0 94.4 97.0 <0.001
Qianmai 19
3220 100.0  100.0 100.0  100.0  100.0 625 100.0  100.0 100.0 98.9 <0.001
Qianmai 20
WE 22 1000  100.0 1000 100.0  100.0  100.0  100.0  100.0 100.0 100.0
Qianyu 22
W21 100.0 100.0 100.0 983 1000  100.0  100.0  100.0 100.0 99.6 0.753
Qianmai 21
LS P) 100.0 1000 985 1000 100.0  100.0 955  100.0 100.0 993  0.468
Qianmai 22
71542 0.0 2.4 10.8 10.0 0.0 12.5 9.1 0.0 11.1 7.1 0259
Yun 154-2
7:154-15 53 9.5 18.5 0.0 0.0 37.5 13.6 429 55.6 13.8 <0.001
Yun 154-15
75 154-64 26 286 492 33 222 62.5 136 714 66.7 27.5 <0.001
Yun 154-64
117255 26 190 400 5.0 0.0 0.0 13.6 0.0 5.6 15.6 <0.001
Wenl1Chan55
F# 1620 0.0 48 18.5 1.7 0.0 25.0 18.2 14.3 0.0 g2  0.001
Shumai 1620
FF 1622 263 214 415 367 222 375 455 286 16.7 327 0250
Shumai 1622
EF7 1645 0.0 0.0 4.6 1.7 0.0 125 9.1 429 5.6 4.1 0.002
Shumai 1645
165 1000 97.6 1000  100.0  100.0 62.5 90.9  100.0 88.9 97.0 <0.001
Chumai No.16
J14¢ 32 00 190 354 1.7 333 62.5 136 714 61.1 21.9 <0.001

Chuannong 32
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£F3k 3 Continued

PUHEAT K Resistance frequency (%)

==
HHEIGA Z X KT R A ZIX AL X
LT . . . North-east
o R Huang-Huai-Hai plain of ~ Middle and lower plain along Yangtze river of lain of ik
H winter wheat winter wheat P o
Cultivar spring wheat  Toa]
M WH N I el A S I FERE  (n=269)
Xuzhou Luoyang Suzhou Yangzhou Taizhou Xiangyang Suizhou Shiyan Harbin
(n=38) (n=42) (n=65) (n=60) (n=9) (n=8) (n=22) (n=7) (n=18)

=56 0.0 0.0 L5 1.7 0.0 182 0.0 0.0 22 0022
Yunmai 56
P2 101 100.0 1000 985 1000  100.0 1000  100.0  100.0 100.0 99.6  1.000
Neimai 101
M 141 79 143 7.7 5.0 0.0 45 0.0 0.0 67 0722
Neimai 141
NZ 366 100.0 100.0 100.0  100.0 100.0 100.0 100.0  100.0 100.0 100.0
Neimai 366
JI1Z 42 0.0 0.0 4.6 0.0 0.0 4.5 0.0 0.0 1.5 0.400
Chuanmai 42
ok 986 53 238 323 33 25.0 182 00 5.6 156 <0.001
Wunong 986
#40017 0.0 14.3 32.3 1.7 222 62.5 13.6 71.4 61.1 20.1 <0.001
Chunfeng 0017
ﬂg,% 197 0.0 14.3 30.8 6.7 333 62.5 13.6 71.4 61.1 21.2 <0.001
Yanhao 197
A2 0746-2 71.1 52.4 43.1 21.7 100.0 50.0 773 71.4 72.2 51.3 <0.001
Hemai 0746-2
‘;%2750 65.8 31.0 29.2 11.7 55.6 37.5 59.1 57.1 72.2 379 <0.001
Wei 1750
i;{g 1212 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Yannong 1212
LA 0711 0.0 0.0 0.0 0.0 0.0 45 0.0 0.0 0.4 0.243
Annong 0711

n: ST EBET S EMREL P 4 Fisher K H G 480 T/ PAH, P<0.05 3R /0% | M ETEMPUMESRAE & 2255 - A
[RITTEAR R, BRI . n: Number of isolates of different city groups; P: the values calculated by Fisher’s exactly test, P<

0.05 indicates at least one population has significant difference on resistance frequencies; -+

not be performed.
3 e

Bl 2 B 25 AR 4K, /NZE ORI B Y BRI 2 A
KB (Parks et al., 2008) , 3% — 5P (i 45 HAT B
L R A O ) S R A R TR A LAE 5 P
OB BB /NFR TR o ASBF SR IR 61 4>/
E SR gy Uik S i | s S8 virk = RN R U S T2
ARMEAE Y M) FhAE 2 A2 P I & Ak
AR IS e I VA2 X KT R IiE & 2 X 2R
JbFF 2 X A3 /INAE P X, SR B 269 RN PR
PR 61 /N S 28 /N2 R EA T B PR 2, &
AT 334 S FP BT RAR T 37.9%, i b/ N A2
J5 £ AP B 54.1% , Ui B X 8 5 Rl an g ) R
Bh DA 20T A WA B 3 PR e e 2 1T 5 3K s

-.: identical populations where test could

MITAT o X FURY AT BB PE ) 18 A il b 32 22
MERY| N R BE RIS 1675, 5751k
B P9 28 BT )14 VLT S BB TR
2 B FE MR A M 3 S by # 2 R AR
R A L X i ST O R b e (A T R
BRI F IR ZH X R B &2
INZE TR R B IR R B2 TAEZ — 455

J A8 W G ORHEA TH 0 SRR 5 AT Ry . AR
PR T 2011 4EX0 i [E 12048 (AR X)) /NZ L f
I TR R R A BE R 5 M AT T RS0 M1 (Zeng et al.,
2014) , I E/INAZ FUBYR TR BFR [RAEAEAR KR A8
5,180 Pm HE DI 12148 (A X W AR BMEAE
TE B 25 5, 0 Pm2 F Pm19 %5 14 AN 5] X I8 14 7
PIPTPENRAEAE 0 3 22 55 . ARBFSE R 24T 71>
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M EAHYURIER Pm2, 705 78R3 5303 HH A2 4072,
Ik 198 RN 1503 1 4 24 5 R & 0746-2 1
2750, A 1A S A PORFER Pm19, Wik Y8222

FH D31 EAE 1313 342 24 SR F 7555 %ok

F 9 AN B9/NZZ R R R PR B B AR A7 A S

ZE5 5 Y RO AT P M DU 25 SRAHAT

F4 ol MMERERAFUEHRES TR ER S5

Table 4 Clustering analysis of 61 wheat cultivars and their distribution in each resistance frequency

ShANE No. of cultivars

HRE i S0 Pm LA COHR
. . 0x. x
Group Cultivar Postulated Pm gene Rf<37.9% 619 Rf297.0%
I WB11-5272 Z=8EEE 5303 116 Y8222 147 4072 Foik 198, Pm30, Pm2+Pm30, 3 8 0
WEfE 1313 4852 226, LR 1503 i 22 24 i 47 0746-2 #E2750  PmSa+Pm6+Pml9,
Han 11-5272, Taikemai 5303, Lin Y8222, Zhongmai 4072, PmS5a+Pm6+Pml19+
Lunxuan 198, Wansu 1313, Huamai 226, Anke 1503, Yumai 24, Pm30, Pm2+Pm5a+
Hemai 0746-2, Wei 2750 Pm6+Pm19+Pm30, ?
n MB11-5276 FB3 0943 Il Y8253 22K 0422 W14 5051 . FE4 D31, PmSa+Pm6+Pml9, 29 0 0
Y3 245 2R 1506 EHHIF 9088 | [HEE 4 65 \BL5002 )1 % 606, PmSa+Pm6+Pmi9+
JII4Z 608 i1 22 25 . 5 154-2 . = 154-15 . 5 154-64 3L 11 7255, Pm(2+ta), PmSa+
A 1620 F)747 1645 11432 . 52 56 N2 141,112 42, Pm6+Pm7+Pm19+
KA 986 FF 0017 M2 197 M4 1212 L4 0711 Pm(2+ta), ?
Han 11-5276, Zhengmai 0943, Lin Y8253, Lantian 0422,
Zhongmai 5051, Xiangmai D31, Yangmai No.24, Anke 1506,
Luyan 9088, Guohaomai No. 6, BL5002, Chuanmai 606,
Chuanmai 608, Yumai 25, Yun 154-2, Yun 154-15, Yun 154-64,
Wenl1Chan55, Shumai 1620, Shumai 1645, Chuannong 32,
Yunmai 56, Neimai 141, Chuanmai42, Wunong 986, Chunfeng 0017,
Yanhao 197, Yannong 1212, Annong 0711
m #1622 Shumai 1622 Pm5a+Pm6+Pmli9+? 1 0 0
v 1855 75 Wivi A 0439 PmSa+Pm6+Pml9+? 0 2 0
Huamai No. 7, Wanximai 0439
v EEE S S [H5EE 75 BL5008 44 903 44 1416 414 1419, 2(Pm21) 0 0 18

A7 603 47 302 437 303 4527 15224 857 19 85320,

WE 22 B 21 B3 22 HEE 1675 (NFE 1013 366

Guohaomai No. 5, Guohaomai No. 7, BL5008, Mianmai 903,
Mianmai 1416, Mianmai 1419, Mianmai 603, Mianmai 302,

Mianmai 303, Mianmai 15724, Qianmai 19, Qianmai 20,

Qianyu 22, Qianmai 21, Qianmai 22, Chumai No. 16,
Neimai 101, Neimai 366

Rf: PUHAIE; 2. RIPUIER T Rf: Resistance frequency; 7: unknown resistance factor(s).

YiHiE , Pm12 Pm13 .Pml16.Pm20.Pm21 .Pm30
X 6~ /INZE R B 3 R 1 3 B A s I B
PE, A B/NRD R W22 55 (45 Pml . Pm2 . Pm3
(Pm3a .Pm3c.Pm3f) .Pm4(Pm4b) .Pm5 .Pm6 .Pm7 .
Pm8 Pk R 2ok 3 s E B s L pobk (B AR
BWEMREFMIZMAET AT R BRI PR
PE(ZEHEZ M N, 2009) . H T B -pirEm)
FU R B 35T 3L A Pm2 . Pm4a . Pm4b . Pm21
H1 Pm30(Hua et al.,2009) . AHFFE HHHEWT & A Pk
I K Pm2 1 Pm30 R A 1 & B, LR K2 75
42.09%~56.1% ZI0] . /INAZ S Rh AR 42 37 BA AT 1)
PR POIE (B HE4E ,2014) , T3 i FISHE AR 5E
HHEAH Pm21 B (CEHPES,2015) o AIREs R
TR, /INE 5 % R 4R 2 1419 ZR 5% R iy 4 A

37, % FHAUE S Pm21 2500, ] IHEWTIL & Pm21
B s R 16 5 02 R IR T N A 85 & LA s, w4t
Wi &5 Pm21; 548 Pm21 4532 1419 FIAE S 165
XF 269 B 1KY DA B TR AR B 2R R S | i
Ut e BUiEE ) 1 Pm21 T ST 20 4F, 2Tk
ERERESCOISE P TsE/ R - Sr IR (EE/ TN R
(2010) FlI#X 28 25 45 (2013) 4, H b & Ak £
M L BT Pm21 A6 B 1 EUORY R B TR AR , RS
SREFXT Pm21 v BE H BB R MV G W

S5 DR R 4 S ] 8 ) — BB L P JE IR (HLIR) 2
SR AR R EL RN L DR 2R ) BIR ], A7 2 20 35 PR R A
FERAT AN e iE o R R S R M. ok AR
E M Pm21(Cao et al.,2011) TR E [ F & MM
Pm 3L, & HETHUHE SR Prikde) B9EH , m H G



1098 iR 7/ AN N 4645

AN BRSO PETE R R A5 75 5t T 8 Rg s 1L
(BRF45,1997) . AW LR AR R, EZEE
55 EZEH 75 BL5008 44 903 4 1416 4
1419 .41 77 603 4527 302 .4 47 303 .45 15724 B4 2%
19 57 20 57 22 43 0504 B4 32 0507 JEF 165,
INZZ 101 N2 366 iX 18 i Bl AT Al GE & A Pm21
B AR APURE I . X ARBIEGT A B BT A
(4 7INZ I 5 i P B 18 AT R e Py o 0 2
P25, B T 48 5 00 oA R 2 7R B o e P O
B p S DR R RN TN A 1 D e e A T
(K45, 2010) 577, IF4H B R 3SR, % H T &
P 3 R in A S ) FBEIE
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