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Identification of Powdery Mildew Resistance Genes in Wheat

LI Feng, CAI Yue, ZHAO Zhiyong, REN Wenbin, FAN Jianchun, ZHANG Anhong

(Institute of Cotton Research, Shanxi Agricultural University, Yuncheng, Shanxi 044000, China)

Abstract: Wheat powdery mildew, caused by Blumeria graminis {. sp. tritici, is a devastating foliar
disease that significantly threatens wheat production. In this study, molecular marker and Sanger se-
quencing were adopted to analyse the composition or sequence variation of 17 cloned or common pow-
dery mildew(Pm) resistance genes in 40 wheat varieties mainly from Yuncheng city. Molecular markers
were used to identify the 15 Pm loci, and the results showed that five loci(Pm2, Pm6, Pm8, Pm30
and Pm52) were identified as single gene or gene pyramiding. The frequency of Pm2, Pmé6, Pm§8,
and Pm30 in the tested varieties was 35%, 20%, 20%, and 10%, respectively. Five varieties( Yun-
mai 2008, Jimai 22, Zhongmai 30, GA20015, and Liangxing 99) have both Pm2 and Pm6 , and com-
bination of Pm& and Pm30 was only detected in Yunhei 1619 and Jinzimai 33. To analyse the variation
of partial resistance gene Pm46 , a pair of specific primers was designed to amplify the full-length ge-
nomic sequence of Pm46 in the 40 varieties. A predicted 4 708 bp DNA fragment was obtained in 34

varieties whereas no amplicon was obtained from the remaining six colored wheat varieties. By marker
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analysis, the six varieties all carry 4Ag(4E) chromosome of blue-grained wheat, which is the donor of

ThMYC4E. Pm46 gene was sequenced in the 34 varieties and 3 haplotypes were identified, all of

which encode susceptible proteins. Additionally, allelic variation analysis of Pm5 gene in the tested

materials revealed that only Linnuo 178 carries the resistant allele Pm5b, while the resistant allele

Pmbe was not detected. The phenotypic identification results show that germplasm carrying the Pmé6

and germplasm carrying the blue-grained wheat 4 Ag chromosome exhibit good resistance to the local

powdery mildew races in Yuncheng, which can be further used for future wheat genetic improvement.

Keywords: Wheat; Powdery mildew; Resistance gene; Sanger sequencing; Molecular marker
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Table 1 Information of the tested material

ETRE Ok S Do IO IR
No. Material A1 Pedigree Resource
o N ¢ 22/ 2% 84 (5 4 84, £ K 21/HFHE 5326)
1 H 2 110 Jinmai 110 Shannong 22/Jinmai 84 (Jinmai 84 : Fengzao 21/Handan 5326)
9 B 14 W 74 Aycl3145/08-13(08-13 32 5 21/18¥F 5326)
Yunmai 14 guan 74 Aycl3145/08-13(08-13: Yunfenghan 21/Handan 5326)
E o 2229 114 22/ WA 999CHRAR 999 ML 2 5/ 9511 Fr/ /4 BLU14-15) IR /N2 T i A BA
3 YL ai 2229 Shannong 22/ Yannong 999( Yannong 999: Yanhangxuan 2/Lin 9511 Irrigated-land
unmat Fi1//Yan BLU 14-15) Wheat Breeding

Research Team

4 iB# 2008 TEAE 23U 23. 053 22/ B F 13) /R AL 99

Yunmai 2008 Jimai 23(Jimai 23: Jimai 22/Yumai 13)/Liangxing 99
5 E# 2113 Yunmai 2113 B A 1521 /M4 999 Yunmai 1521/ Yannong 999
6 ¥ # 22 Jimai 22 935024/935106

7 iz M 161 Yunhei 161 B2 15 (%)/5041(#%) Luozhen 1(purple) /5041 (blue)

8 iz 2 1619 Yunhei 1619 B 15 (%) /99w7 Luozhen 1(purple)/99w7

9 i5 M 14207 Yunhei 14207 432 703/ 4R %32 526(#5) Dongfeng 703/ Hedongwumai 526(blue)

10 4 M 1608 Donghei 1608 08WB254 /& 10604 08WB254/Tai 10604

11 L 901 Zaonuo 901 MERL 85 /7702// R 2 99 Aizao 8/7702//Liangxing 99

12 T 33 Jinzimai 33 A3 Unknown 5,/ 25 A A

13 WZEEF 526 Hedongwumai 526 86243/7EBS7(i#5) 86243/7EB87 (blue) Colored Wheat

14 %4 3 2 Qinlii 3 K Unknown Breeding Research Team

PEAe 2208/99w25//99w25 (45 L)

N L
15 8572 101 Yunzimai 101 Xinong 2208/99w25//99w25(purple black)

16 iZ M 202 205w9(92-1/ W A 5 42 5263 1) /FF A 1718
Yunhei 202 205w9(92-1/Hedongwumai 526 ; blue) /Shunmai 1718
17 %% 178 Linnuo 178 A Unknown
18 %% 168 Linnuo 168 A Unknown
7777777777777777777777777777777777777777777777 e R R R
19 7 Xuezao AN Unknown China Agricultural University
R B 5 R
A A H W) 2 BE 5T
20 /IME 81 Xiaoyan 81 /IMIE 54/8602 Xiaoyan 54/8602 Institute of Genetics and
Developmental Biology,
e Chinese Academy of Sciences
21 iz 5 2165 Yunhan 2165 AR Unknown
22 11 4¢ 22 Shannong 22 Tal(Ms2) Tal(Ms2)
=1 2 B 3 3
23 JME 155 Xiaoyan 155 ME 101/BUR 66(RIE 66 5F 91102/3F 935031)

Xiaoyan 101/Liangxing 66 (Liangxing 66:Ji 91102/]Ji 935031)

24 GA19081 A Unknown
08CA137/1li4 17CILA 17. 1156 /3 137)

2 112 30 Zhongmai 30 (6 A137/Shannong 17(Shannong 17: L156/Laizhou 137)

26 GA20015 AR Unknown

27 17GA42 AR Unknown

28 % 226 Zhongmai 226 A Unknown

29 ARl 20162 Zhongke 20162  Ai¥ Unknown

30 XDX81-4 A Unknown AR/ B R BA
Dryland Wheat Breeding

31 fii% 819 Hangmai 819 H8/7* 6 H8/Chan 6 Research Team

32 fii % 802 Hangmai 802 H8/r% 6 H8/Chan 6

33 13 6150 Zhongmai 6150  Aif Unknown
34 13 6151 Zhongmai 6151  Aif Unknown
35  /ME PD149 Xiaoyan PD149 A1 Unknown
36 4 K 2025 Nongda 2025 A Unknown

A 19/58 5 6185 61818 5 92-18/# K 9 &)

- B B
37 25 1411-2 Yunhan 1411-2 Yannong 19/ Yunhan 618(Yunhan 618: Yunhan 92-18/Xinchun 9)

38 iz 5. 137 Yunhan 137 iz 5 5 23-35/4 6154 Yunhanzao 23-35/Chang 6154
39 K2 99 Liangxing 99 ¥ 91102/4 % 14//PH85-16 Ji 91102/Lumai 14//PH85-16

40 J&Z 18 Zhoumai 18 W% 185/8% 9 5 Neixiang 185/Zhoumai 9
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A:Pm2;B:Pm6;C:Pm8;D:Pm30;E:Pm52, M:DL2000;P . FHHEXT B N B XF B (Chancellor) s 1~40: i /NE # 8}, G 5 R % 1,
K Pm2, Pm6. Pm8. Pm30 FPm52 K H 4 B4 %5 88 4330 & Ulka/8cc. Timgalen.Kavkaz,5P27 FI R 99, Sk /R BHMERR S 5007 .

P. Positive control; N: Negative control(Chancellor) ; 1—40. Wheat materials in table 1. Ulka/8cc, Timgalen., Kavkaz, 5P27. and
Liangxing 99 carring known Pm genes were used as positive control {or detection of Pm2, Pm6, Pm8, Pm30, and Pm52, respectively. Ar-
rows indicate positve bands.

B 1 Pm2.Pm6.Pm8.Pm30 MPm52 EERIRIERT 40 /N EMBIHBRN LR

Fig. 1 Detection of Pm2, Pm6 , Pm8, Pm30, and Pm52 genes in 40 wheat materials using specific markers
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Table 3 Distribution of Pm genes and infection type at seedling stage in the tested materials
g@f Mﬁf‘ial Pm?2 Pmé6 Pm8 Pm30 Pmb52 4Ag IT
1 P 110 Jinmai 110 -+ — — _ + . 4
2 B4 14 W 74 Yunmai 14 guan 74 — — + — _ . 3
3 &7 2229 Yunmai 2229 — - + — _ _ 3
4 iz 4 2008 Yunmai 2008 + + — — + _ 2
5 % 2113 Yunmai 2113 - + — - + _ 2
6 P # 22 Jimai 22 + + — - + _ 5
7 iZEH 161 Yunhei 161 — — — + _ + 9
8 iz #1619 Yunhei 1619 — — + + _ o 3
9 iz M 14207 Yunhei 14207 — — — — — 4 2
10 A M 1608 Donghei 1608 — — - — _ _ 4
11 BHE 901 Zaonuo 901 — — — _ + o 1
12 B3 33 Jinzimai 33 — — + + + _ 4
13 M4 5% 526 Hedongwumai 526 + - — - — + 5
14 %4t 35 Qinli 3 - - + _ _ 4 5
15 EHE 101 Yunzimai 101 — - — T + + 9
16 iz & 202 Yunhei 202 - — + - — + P
17 Ifi %% 178 Linnuo 178 + — — _ + _ 3
18 k%% 168 Linnuo 168 + — — _ n _ A
19 B2 Xuezao — — _ _ o - A
20 /ME 81 Xiaoyan 81 — — — _ _ _ 3
21 iz 5 2165 Yunhan 2165 —+ — — — _ _ 4
22 1 4¢ 22 Shannong 22 — — — _ + _ 1
23 /ME 155 Xiaoyan 155 + — — _ + _ 3
24 GA19081 + — — _ + _ 5
25 H142 30 Zhongmai 30 + + _ _ + _ 9
26 GA20015 + + _ _ + _ 5
27 17GA42 — — + _ + _ 1
28 h 3 226 Zhongmai 226 — + — _ + _ 9
29 ARl 20162 Zhongke 20162 — — — _ + _ 1
30 XDX81-4 — — — _ _ _ 9
31 fiiZ 819 Hangmai 819 + - - - + - 3
32 fi# 802 Hangmai 802 — + — _ + _ )
33 14 6150 Zhongmai 6150 — — - — _ _ 4
34 H1% 6151 Zhongmai 6151 + — — - + — 3
35 /M PD149 Xiaoyan PD149 — — — — _ _ 3
36 4¢ K 2025 Nongda 2025 — — — — _ _ 3
37 iZ 5 1411-2 Yunhan 1411-2 — — — — _ _ 5
38 25 137 Yunhan 137 — — — — — — 2
39 R A& 99 Liangxing 99 + + — — + _ 1
10 Jil 7 18 Zhoumai 18 — — + — _ _ 3
+ B — B
-+ Positive; —: Negative.
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290 It 250 W 40 B, DT 9k 2> 22 o R TR R /N A2
Mf et S BER AL A R 2 B & Pm46 Bt
5 S5 r L TN, AR Pm46 35 DI B 5% T 1
X} 4D Yt iR EE F 51 %) Pm46ht-F2 Al Pm46ht-R2
(£ 2)  0F 40 B3/ AR (RO (& DT s R Y-
B A 34 M ORHRE B B Hh AR E B — T 4 708
bp 1 B bR 457 (B 2) , H Ay 6 3 Mk H Ay 24,
VIRt /NE . S FARC RIS R BoR L iX 6 7
FHRHS & AT WL 4 Ag(AE) e o R Do) | 2 i ok g
W Bal (ThMYC4E ) LR, v BB ¥ T 4D b1
Pm46 LR (F 3, £ 2 MR 3. R &, #
W AAg Ytk 0 b R R A4 G b il S5 R
M%(F 1), XF 34 # R hPm46 8 3 N E T
HEAT— AR, eI B 3 PR AL (| 4, 5
JEG A A S o e — B MR 22 1y
B 1, AR 2 RS 3 NMANE T EA
Leud08Val I E e . 0 & 9 1 B4 ks Bf% Y 3
TES 2 AR F A —A SNP.LHE 3 Mk, ok
51 LR 7 5 H R AR,k S B Y 35 Ok R A
LT GRS T il O RE L 2 8 1, BB 34
By INZE R RS & A Pmd 6 BIF00 S5 5L

M1 3 4 5 67 8 9 10 11 12

M:DL2000;1~22 . i3l /N 2 #h Ak, 2 5 ) 2% 1,
1—22: Wheat materials in table 1.

1

7 8 9 10

Pmb i 55AR 38 )3 51 A8 55 0] 4] 43 o HapGA.,
HapGG . HapCG Fl Pm5-KN199 4% HapGA
Y hPmb5e (Pm5d ) s HapGG 335 Pm5-BMDM i
Pmb5b ,HapCG B4 Pmba .Pm5-CS M1Pm5-ND |
HrhPmba . Pm5-CS . Pm5-ND , Pm5-BMDM , Pm5-
KN199 JEIRSNSE N, Pmbe J& T i A 450 A8
S (HapGA,2.4%) , A E A, ELk APV
KSR A b, H 1940 AR AR LI — T
HLA&& s LB ) )35 PR R AE s PmSb AU A 51 AE 3
AN BLPTME T L O B AR DU R R b O
Pmbe S AH G BTG 55 AL 5L XL R ] WGGB202 5]
Yot E iy 40 By FPBTHEAT T RS LA 29 RS
Poya 257 bp R B EY W 11 0 M R
i Pm5-KN199 BF5 AL XF 29 4y #E b I 7 25 21
278,28 13 )E T HapCG, B S AL AL L 1 13 (il
K& 178) 8 HapGG, KA 3| HapGA , it B 4 i
FEHTH/NEFER AR T Pmbe (K 5) . I HapGG
JEPm5b i J&Pm5-BMDM M4 Pm5b F 4G 1) 33
bp HRSY BETE T RS AR IC Del5b (£ 2), #ig
F L ZRiC X Pmba . Pm5-ND . Pmbe . Pm5-BM-
DM FPmb5-CS ZE i F P B 5% KN R 296 bp,

13 15 16 17 18 19 20 21 22 M
Pm46
B2 #MawmBrPmis EMERNTREY E
Fig. 2 Amplification of full-length Pm+46 genomic gene
12 13 14 15 16
| 4Ag995

T~16: A/ NEM B G5 R 1. 4Ag995.4Ag1689 Al ThMYCAEsp 7351 4Ag Yo CUAKIRT (4 Ag Je (LA R R B Bal 45 5B
7—16: Wheat materials in table 1. 4Ag995,4Agl689, and ThMYC4Esp indicate 4AgS, 4Agl., and Bal speciflic markers, respectively.
B3 #f/AZE Ba EEKN

Fig.3 Molecular verification of blue aleurone(Ba) gene on 4Ag

1kb
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Fig. 4 Schematic diagram of Pm46 haplotypes
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XFPm5b HE Y 1 K /R 263 bp. ffi ] Del5b
XF A0 oy /INZZ P BT AT B4 R I A5 AR WoR , HAE
kG 178 thy™ Hf i — & A T HapCG (24 300
bp) BN UL T AR 178 AU E A Pm2,
AT PmS b PR 55 0 B K (8] 6)
2.3 R EE RS T

Sk B LB B i DR 3 IR b XA T R B
A BNFR I AR RSB 40 43 /NZE SRR (RO HEFT
THW AR E R D, Y B 785
R EFP G 10 &), B3 /N 22 b k3 3R R[]
T2 Y PR R YL B (| 7 W Hh o 17 R
TR - 23 15 bR R B R IR (R 3) ., M IE
R B A, fEPm52 5 a5 A6 W BH 4 14 4 8 Bk R
B 99 RIS HUA , FLA AL I R 2 3R 20 A W
BB AR I s B P S AR 4k Pme AN SR /N 4Ag

HapCG(Pm5a)

HapCG(Pm5-ND)
HapGA(Pm5e)

HapCG(Pm5-CS)
HapGG(Pm5b) &
HapCG(28 materials)

HapGG(Linnuol178) &

(R /INFZ P RE R IR 2 ST o X A b A 3N AT
REFI M. e hPm6 £ 5Pm2 3 4E: & A
Pm8 WM B R BN, 28 3 PR WK, I
A i FU A I O IR AT, 5 B He A — R TR
M B Pm2 1A RN R R K B 4 ik 8] 4
P, FEA R R HURROR s W PmSb (/N I
K 178 Ry bR & g SRR T, Wt AR /N Fif
PIPLPE B 2% s & A Pm30 MR RA 4 iy, Hidb 2
BIHTHG . 2 03 B Gz BB 1619,3 2 44 33,4
90 . H 2 5 At 55 K I A7 HE W0 X AR M AR B
FRE g hite. 7o, — SR & DL b o ik
PR (A7 50 19 4 sk I B K Sl 2 P Bt & 3
Grh R B AT AT RE A I Al R R B R A g
HE 27 55 7 R Ji R Bl A B PR ) R HE R 43 B e A
HE D,

Fig.5 Sequence alignment of Pm5 alleles

M 1 2 3 4 5 6 7 8 9

10 11

12 13 14 15 16 17 18 19

-‘m““ == “‘&. - “““i.i%— 296 bp

M:100 bp DNA 2 FHdRifE s 1~19 . B /N bR g5 W 2% 1,

M: 100 bp DNA marker; 1—19: Wheat materials in table 1.
6 Del5h ¥R i2 4% 2 M4 MPmSh

Fig. 6 Detection of Pm5b by specific marker Del5h

3Pms)  5(Pm6)  9(4Ag)

13(4Ag) 19

<+ 263bp

20(Pm2) 36

3:387 222935184 2113;9.38 8 1420713 VA AR 522 526519 #5521 .08 5 2165;36: R K 2025, 5 L3RR Fp 0T 57 455 417 (9 BH Mk

it PR m AR 4

3: Yunmai 2229; 5: Yunmai 2113; 9: Yunhei 14207; 13: Hedongwumai 526; 19: Xuezao; 21: Yunhan 2165; 36:. Nongda 2025.
The detected positive genes or exogenous chromosome of each germplasm are in parentheses.

7 BoNERM(R)EHAMNREEZFEE

Fig. 7

Infection characteristics of powdery mildew on partial wheat varieties at seedling stage
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