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Resistance Valuation and Molecular Marker Identification of Powdery
Mildew Resistance-Related Genes in 96 Wheat Varieties(Lines)
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Abstract: To provide excellent germplasm resources for wheat breeding against powdery mildew(a ma-
jor disease affecting wheat production), this study evaluated the adult plant resistance (APR) of 96
wheat varieties(lines) from diverse sources to powdery mildew under natural infection and artificial in-
oculation in Yunnan and Zhejiang. Molecular markers for 13 known Pm genes were used to screen the
materials. Results showed that 67 varieties (lines) exhibited resistance, including 28 highly resistant
(HR) materials (29. 17%). Resistance genes were detected in 62 materials, with Pm4b having the
highest detection frequency, followed by Pm21. In terms of gene composition, materials carrying a
single resistance gene predominated (58. 1%), while only one material combined five different Pm
genes. Notably, resistance genes PmZ2, Pm4a , Pm4b , Pm8, Pml18, Pm34, Pm35, and Pm52 were
detected in some susceptible materials, indicating their resistance may have been overcome by the
pathogen. In contrast, Pm21,Pm24,Pm26, Pm57, and PmTm4 retained stable resistance.
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PR3 AT L 7 7E 6D YL i, Bl JS Lu %60 5
Be Tz, B S MIHLT MPm24b HA7 58
AW F S . Pm26 T Y K 2BS I, ok
JEF LA 5 BF A2 ok /N F O Rh TTD140%
Pm34 MPm35 YR IEF 5T X (Aegilops taus-
chii) , B0 T 5D Gea i, 0 = 3 4k W] — A~ 2
HE D Pm52 J& 2BL b B9 — A S P 0 3k (R
RFE RN R A 997, Pm57 K A P8 /R #ir il ¢
¥ (Aegilops searsii) 2SS Ye a1k , & i i AY 58 B
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Table Information on origin of tested wheat materials
i R ke 5 i R ok 5 3t Gt 4k S
No. Materials Origin No. Materials Origin No. Materials Origin
IR A o B 1638 T o D T
Sumai 3 Taixing, Jiangsu Jinkemai 1638 Suzhou, Jiangsu Zhongzhi 4 Lanzhou.Gansu
, b T 5 1625 LI s BNE LT B % X
Nanjing, Jiangsu Ning 1625 Nanjing, Jiangsu Qianxingmai 1 Xingyis Guizhou
3 D23 VL5 A 16 JeHI % 1737 YL ER I 69 63 1405 L5 H 5t
h h Nanjing, Jiangsu " Guangmingmai 1737 Yancheng, Jiangsu Huamai 1405 Nanjing, Jiangsu
\ s LI A v EEE 62 -1 o k%161 TR R 5
) Yancheng, Jiangsu ) Xiangmai 62 Xiangfan, Hubei Nongmai 161 Nanjing, Jiangsu
; s T 5 bl T . #itE2D AT B
Taixing, Jiangsu 17 Yangfu 01 Lixiahe,Jiangsu Zhehua 2 Hangzhou, Zhejiang
] veos L35 45 o 173410 LR b EWELD L35 45
Yangzhou, Jiangsu 17 Yangfu 10 Lixiahe,Jiangsu Jindanmai 1 Yangzhou, Jiangsu
LM 17 %4 11 pAIDiN R T ARl
7 Y611 Yangzhou,Jiangsu 10 17 Yangfu 11 Lixiahe,Jiangsu & ZW1809 Hangzhou, Zhejiang
LA M 17 # 12 HPiN Y ] - FRAR |
8 Y612 Yangzhou,Jiangsu 41 17 Yangfu 12 Lixiahe,Jiangsu & ZWis1s Hangzhou, Zhejiang
o wEu L4 PEENSTE T S0 L o ywises W
Yangmai 14 Yangzhou, Jiangsu 17 Yangfu 14 Lixiahe,Jiangsu ° Hangzhou, Zhejiang
10 7 E-BY M 43 17 'l 17 aIpiN R T 76 JW1829 WAL
Yangmai 17 Yangzhou, Jiangsu 17 Yangfu 17 Lixiahe,Jiangsu Hangzhou, Zhejiang
L s )1 4 EERLE Tt LA s BT b
Mian 168 Mianyang, Sichuan 17 Yangfu 18 Lixiahe,Jiangsu ) Hangzhou, Zhejiang
VY 1] 4 BH 17 %8 19 b NE T - i RAR T
12 BL228 Mianyang, Sichuan 45 17 Yangfu 19 Lixiahe,Jiangsu 8 ZW1836 Hangzhou, Zhejiang
13 PR 188 hawix 72 16 17 #k 20 fpiN = ] 79 ZW1838 i RAR |
Qingfeng 188  Yangzhou,Jiangsu 17Yangfu 20 Lixiahe,Jiangsu ) Hangzhou, Zhejiang
L kT ey e o U2 TR w0 zwisio AT b
Xinong 979 Yangling , Shaanxi 17 Yangfu 21 Lixiahe,Jiangsu Hangzhou, Zhejiang
15 TF 518 [N p 48 17 4 22 AN 81 #7908 Wil iE
Ningfeng 518 Nanjing, Jiangsu 17 Yangfu 22 Lixiahe,Jiangsu Zhe 908 Zhuji, Zhejiang
o A AT ¢ o 174 26 L o bk T35 45
Xiaomai Z8 Jiaxing, Zhejiang 17 Yangfu 26 Lixiahe, Jiangsu Yangmai 4 Yangzhou,Jiangsu
17 £ 1405 LA T 50 17 H '’ 30 AN 83 NERE S FRART
Hua 1405 Sugian,Jiangsu 17 Yangfu 30 Lixiahe,Jiangsu Yiwumai Zhuji, Zhejiang
T 1529 VLIRFE at - W vL B ) AR
18 Ningmai 1529 Nanjing, Jiangsu 51 19ZWFP114 Hangzhou, Zhejiang 84 2001-508 Hangzhou, Zhejiang
71526 JADiN::p - 7 HILHUM - [ RUEAN Wi
19 Ning 1526 Nanjing, Jiangsu o2 19ZWpiz1 Hangzhou, Zhejiang 85 Manjianghong Wenzhou, Zhejiang
T 1505 L5 L - L5 T 5L AN WL T
20 Ning 1505 Nanjing, Jiangsu 53 19ZwWP129 Nanjing, Jiangsu 86 Bendixiaomai Ninghai, Zhejiang
ot £ 15 VLR ER - N, . NINEEN
Jemg 1526 Lk ! fii% 165 T £ JRiL % WL iy
21 Guangmingmai Yancheng, 54 § b . 87 : . L o
- . Xinmai 165 Xinyang, Henan Houliaomai Linhai. Zhejiang
1526 Jiangsu
hawix 72 - W 24 LM : IRAR W)l
22 NJ1018 Yangzhou, Jiangsu 55 Yangmai 24 Yangzhou, Jiangsu 88 3412-908 Hangzhou, Zhejiang
93 P 144166 LR M 56 % 15-133 I HM 39 HIX 55 URAR |
Y Yangmai 14-166 Yangzhou,Jiangsu N Yang 15-133 Yangzhou, Jiangsu : Shengqu 5 Hangzhou, Zhejiang
o Bk 11 2 L ko2 T o | THAE T 48
Xiangmai 21 Xiangfan, Hubei h Xunong 029 Xuzhou, Jiangsu Kuanghongxiaomai  Jinhua,Zhejiang
25 HiBHE 35 LM 58 ek 22 VLR 2 01 R 908 b RAN RS
Jingyunmai 3 Yangzhou, Jiangsu Huaimai 22 Huaian, Jiangsu Maike 908 Linan, Zhejiang
2 T 1519 AN 2Py 59 P 511 Bk 74 1) 1 g9 JEFTLL 4419-312 Wi VLI %
Ningmai 1519 Nanjing,Jiangsu Xinong 511 Yangling . Shaanxi Aiganhong 4419-312  Linan.Zhejiang
Jeat ®HE 19 73 el SRFFLT 4471-313 VLI 22
27 zhb024 Beijing 60 Zimai 19 Suzhou, Anhui 93 Aiganhong 4471-313  Linan,Zhejiang
Je e LA LA 12 TLIR T
28 zhb027 Beijing 61 NK1602 Hefei, Anhui 9 Zhenmai 12 Zhenjiang.Jiangsu
k|- LA - B 15 YL LT
29 zhb028 Beijing 62 DPs4 Hefei, Anhui 9% Zhenmai 15 Zhenjiang, Jiangsu
30 Lhb032 It x 63 FbZ 08H106 ] g F 06 TEYE 126 L35 P 5
h h Beijing ©  Zhengmai 08H106 Zhengzhou,Henan Ningmaizi 126 Nanjing, Jiangsu
. It s e 1412 ] 1B 58
31 zhb034 Beijing 64 Gannong 1412 Handan., Hebei
) . WKL W 22 L5 M
32 S1570 Hangzhou, Zhejiang 65 Yangmai 22 Yangzhou, Jiangsu
33 Wite 15 E Rkl 66 2L 700 WAL &
Zhehua 1 Hangzhou, Zhejiang Yinbo 700 Xingtai. Hebei
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(MR) , 1 7HE AR /NT 1 mm, B2 KRB 4k;“3”
P, FHEMS)  HFHERLHERZKRKT 1 mm, A~
B2 R RR 7w R (HS) 1 HER
R R Ml R T AR s
1.3 DNA £H

DNA # 82 % Huang 209 19 J5 B, s AE 2k
#E. W E R R B 1~2 em, A R 3R
¥ 800 pL CTAB & B . #& K (200 r -
min~ ) EP 5 min, A 65 CHLA & 45 min,
BB 15 min BIETE S —W, 1 000 r + min~ ' &
> 1 min, ITA 600 pL fEY « G405 « 5 IGEE(25¢
24: 1), FNEUFEEY 20 G EE 2 min = AH5
B, 12000 r+ min " B> 10 min, B F 15 500
pLo A 0. 8 AR B TR RN B (—20 °C) . &
FWAT 3~5 K, —20 C# & 30 min, 10 000 r *
min ' B0 5 min, WA BEHUOIE , F48 FIEW
A 600 pL BTC/K B, 7 % 15 VR UTTE . 10 000
re min ' &0 4 min, F LE R, A 600 pl
5% M TCIK SR SRS R . 10 000 ¢+ min™" B0
4 min, F FIHWEXT 2 hoimA 200 pL L& -F

KIE#E DNA, T —20 CHEAF & .
1.4 PCR ¥ 1%

FIH B 25 A 9 Pm2, Pm4a . Pm4b . Pm§.,
Pmli18.PmZ21.Pm24.PmZ26.Pm34.Pm35.PmbZ2.
Pmb57 F1PmTm4 P 43 F Fric i b4 k3 47
Rl . P A FARIC i 51 B (GR 2) 48 B R
A=W s w BT A K

il TE 2% vh ¥ %5 it DNA 1E b Bl , PCR
RWARFR 10 pL, 5519 % (F/R, 2 pmol -
L 1 pL,DNA #it 1 ¢ (50 ng), Mix 5 pL.
ddH, O #h55 % 10 pL. R FEF .94 CHIAEHE 5
min; 94 ‘C ZFM 30 s.iB 2k 30 sCGREEILFE 1,72
°C 4EAf 35 5,34 MER B J5 72 CLEH 5 min, 4
CRAT .

1.5 k&N

TR B2 5 KT 10 bp (FRICHEH 2% 1
BENE MR BEE (100 mL K BTk 2 g BEARKE) fL
PKHEATRZIN . HUK A AR R 200 VL HLTK 9~10
min, f# /] Baygene G520M % IK 1§ 141X ¢ | ¥,
INETDESE R SRE T N
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Table 2 Target genes and their related molecular marker information

HEFEM swEs e id BN 5% ik
Targe gene Sequence of primer(5 —3") temperature/C Size/bp References
™
o
. a0
. e
m
v
o
o
Pmst TOCGTITTAGGTOGACGACATAGATAGA " - 359

R:GCGCCACGGGCATTTCTCATAC
P ETOMONTCOTOCAMTOM . an
. e
i BSCIGGCTTATCATOGCCT . w o
PmTmd F:CATGGAAACACCTACCGAAA 55 190.172.162 [19]

R:CGTGCAAATCATGTGGTAGG
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TP 8 R BE22 546 10 bp LAY BRI
10 Y0 SR 79 I Ik e 6 e /B Uk (PAGED #F 47 K .
B E MWK 40% Acarylamide I . 10%
TBEEW . SR H & TAEW :40% Acarylam-
ide ¥ W 250 mL, 10% TBE % # 100 mlL,
ddH,O E & £ 1 000 mL, %8 100 pL « (100
mL) ' F B A i R B, 1 000 pL o+ (100
mL) ' i A TEMED, il 45 . fdi F 200
VOFE R el e L o A R A DR AL SR TS
170 V{H JE HL ¥k 2 h, YA Loading Buffer i 4§ 7/~
F 4 s kil B 38 BE B IR 3 em b4 IR H
VK. {1 XEPU-1126 ML & e X C | 16, B7 38
EiSRiETa N

1.6 HEHH

FILFE A L Afolk K s oF- 5 (http: //202. 127,
42.47.6010/SDSite/ Home/Index) 3 B F ()
RUEABTHR TS B R & A (RO A
B WL RO B 2= B E R i de it . Se it 00 A
MZE A R %5 M GraphPad Prism 8. 0 52 %,

2 HEREHH
2.1 96 MBI BEMBIE

Xof AR/ IN 22 B R 0 9 St SRR S 1 o B
SE L R BEATER G 0 A o P P A — B0 Kl DL
e e AT 0 R oL B (R 3L DRI A 67
Ty B BB . 29y bERERBUE R . o, midt
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Table 3 Identification results of powdery mildew resistance of tested wheat materials
Yk Resistance Ptk Resistance PitE Resistance
Lk Ga ik Ga ik Ga
Material KM HZ Compre- Material KM HZ Compre- Material KM HZ Compre-
hensive hensive hensive
I 35 LB 1638 g 4 5
Sumai 3 MS HR MS Jinkemai 1638 HR MR MR Zhongzhi 4 HR I HR
. . T 1625 BE 1T
D8 MS HR MS Ning 1625 NI 1 NI Qianxingmai | HR 1 HR
JeW #1737 #1405
Dz3 NI HR HR Guangmingmai 1737 HR I HR Huamai 1405 I HR HR
4 62 K3 161
D43 HR 1 HR Xiangmai 62 MR MS MS Nongmai 161 NI 1 NI
; 17 #h@ 01 . Witk 2 % . .
D46 HS HR HS 17 Yangfu 01 MR MS MS Zhehua 2 NI MS MS
17 %48 10 BHE 1S
Y608 1 1 1 17 Yangfu 10 MR HR MR Jindanmai 1 MR MR MR
Y611 HR HR  HR 17 ¥4 11 HR HR  HR ZW1809 MR 1 MR
17 Yangfu 11
Y612 MS MS  MS 17 it 12 NI  HR  HR ZW1818 HR 1 HR
17 Yangfu 12
Bk 14 . . . 17 i 14
Yangmai 14 MS MS MS 17 Yangfu 14 HR 1 HR ZW1823 NI 1 NI
W 17 . . 17 4@ 17
Yangmai 17 MS MS MS 17 Yangfu 17 HR MR MR ZW1829 HR HR HR
44 168 17 %% 18
Mian 168 NI 1 NI 17 Yanglu 18 1 1 1 ZW1832 NI HR HR
BL228 NI  HR  HR 17 ¥ i 19 NI NI ZW1836 NI NI
17 Yangfu 19
PRF 188 17 #4520
Qingleng 188 HR MR MR 17 Yangfu 20 NI 1 NI ZW1838 HR MS MS
P4 979 . . 17 k& 21 .
Xinong 979 MR MS MS 17 Yanglu 21 NI HR HR ZW1840 NI 1 NI
TF 518 17 i@ 22 i 908
Ningfeng 518 MR MR MR 17 Yangfu 22 NI HR HR Zhe 908 HR MS MS
INZE 78 . . . 17 %4 26 W45 . .
Xiaomal Z8 HS MS HS 17 Yangfu 26 NI HR HR Yangmai 4 MS MS MS
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(42K 3 Continued table 3)

Hi P Resistance Pt Resistance PPt Resistance
4k YN 4k PEYN kL RN
Material NGNS Material A Material A
KM HZ Compre- KM HZ Compre- KM HZ Compre-
hensive hensive hensive
£ 1405 17 % 4@ 30 HIBAE
1k
Hua 1405 HR HR HR 17 Yangfu 30 MR MS MS Yiwumai MS MS MS
T 1529 MR HR MR 19ZWP114 MR HR MR 2001-908 MS MS  MS
Ningmai 1529
T 1526 ; ERARAR . .
Ning 1526 NI MR MR 19ZWP121 MR HR MR Manjianghong MR MS MS
F 1505 A H N S )
Ning 1505 NI 1 NI 19ZWP129 HR HR HR Bendixiaomai HS MR HS
JJEMAE 1526 e MR MR fii% 165 HR 1 HR JRILA MS  MS  MS
Guangmingmai 1526 Xinmai 165 Houliaomai
W 24
NJ1018 HR HR HR . MR HR MR 3412-908 MR MS MS
Yangmai 24
Y 14-166 # 15-133 HIX 55
Yangmai 14-166 T I NI Yang 15-133 NI I NI Shengqu 5 HR  HR  HR
k21 WAk 029 . UREIY S S
Xiangmai 21 MR I MR Xunong 029 M3 HR MS Kuanghongxiaomai MS HR MS
BB 3 W 22 A 908 .
Jingyunmai 3 HR I HR Huaimai 22 MR I MR Maike 908 MS HR MS
TH 1519 PiAe 511 SEFFLT 4419-312
Ningmai 1519 NI HR HR Xinong 511 MR HR MR Aiganhong 4419-312 MS HR MS
HH 19 SBFFLL 4471-313
zhb024 MR HR MR Jimai 19 MR 1 MR Aiganhong 4471-313 HS HR HS
zhb027 HR MS  MS NK1602 MR MR MR ik 12 I  HR HR
Zhenmai 12
zhb028 MR HS MR DP34 MS 1 MS Wi 145 NI 1 NI
Zhenmai 15
i ¥ # 08H106 TERK 126
#hb032 NEMS MS oy cngmai 0gH106 MR 1 MR Ningmaiz 126 ~ HR ~HR  HR
i 1412 Wi 1502
zhb034 MR I MR Gannong 1412 NI I NI Zhemai 1502 HS HS HS
S1570 MR HR MR % 22 HR HR  HR
Yangmai 22
Wite 15 21 700
Zhehua 1 MR HR MR Yingbo 700 HR HR HR

T8 s NL AL R8s HR S P MR P s MS: HUEG HS: m&, KM:R W HZ A .
I. Immune; NI: Nearly immune; HR: Highly resistant; MR: Moderately resistant; MS: Moderately susceptible; HS: Highly sus-
ceptible. KM :Kunming; HZ: Hangzhou.

) !@- +
a 2.08%  4.17% b k) Reseanzt8 = SR Susceptible
13.54% = ’s
225 24
26.04% ‘g
£ 20
- | 3]
NI 8
-. == HR 213 13
|\ == MR
29.17% § MS E 10
) HS &
TS5 4
T 2
25.00% 0

I NI HR MR MS HS
itk Resistance

a: NEGCHER BB b AR RHUEM B, 169 s NI AT %00 s HR: i bt s MR 40 MS: HUgk; HS: =ik,
a:Proportion of materials with different resistances; b: Number of materials with different resistances. I: Immune; NI: Nearly im-
mune; HR: Highly resistant; MR: Moderately resistant; MS: Moderately susceptible; HS: Highly susceptible.
1 96 MhEMRKHBEBFRES

Fig. 1 Distribution of powdery mildew resistance of 96 materials
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MEVE 28 6y, i 29. 17 % s M BHAT 2 6y, 53 il
JE Y608 Fl 17 #7548 185 e Mok 13 1y . 046 T
15057 1625. 47 168 .44 14-166 .17 #%46 19.17
iR 20,3 15-133. P& 1412, ZW1823, & %
161.ZW1836.,ZW1840 FI4t# 15,5 13.54% ;
U A RPECHE L 4 0 R 24 R 25 403 43 ) o
25.00% F 26. 04 % 5 fm Bl B (RO A 4 1, 43 5
J DA6 /N 78 A H/NAE FT zhb028,
2.2 96 M RMAMBERDH

Iy FRRICAE I 25 5 (8 2,58 4 R WL KA R
WA 62 O AR AT RIN H E AR LI, 7 65. 6226, Ay
MORLA R D 2] H bR B, 3 — 2 G0t (K] 3a M
3 KB, FiR 62 4y b kb, Pm2, Pm4a .Pm4b .
Pm&8. Pmi18, Pm21. Pm24. Pm26. Pm34. Pm35.
Pm52.Pm57 MPmTm4 Bk 1353 58 19. 35% .
12.90%.29. 03%.3. 23%.3.23%.27. 42% .
11.29%.3.23%.20.63%.12. 70% . 4. 76 % Fl

a SOPOIHOQPRPIFEY F I RIS b PePpyd

3.17% . Pmd4b WK th F8 5w, A 18 By /N2 b A
(R)HEAZEN., PmS.Pm52 . Pm26 MPmTm4
B R K P S Pms MM R R 95 % 3 %
T 2 1529, B M 42 FEE AT 20 4419-312 &
Pmb52. 45484 12 A48 % 20 &4 Pm26,S1570
ML E 19 &% PmTmd, & FH Pm21., Pm24.
Pm26 Pm57 FPmTmd4 B 8438 h Bt m & F
(%), 1£ # #f Pm2, Pm4a . Pm4b . PmS., Pm52,
Pm18.Pm34 MPm35 W) # i & 3T B 41 K
( 3a), M 3b kA .62 0 b Kb & HHiE
FE R AR R H B B . A 58, 100 [R5 A 2 N4t
o R MR 17 4035 5 25, 806 5 [T 4 3 M4t
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Fig.2  Molecular marker analysis results of partial materials
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Table 4 Distribution of powdery mildew resistance genes in tested wheat materials

*ZF*‘Jr ?JLH" A Genes
Materials Resistance Pm2 Pm4a Pm4b Pm8 Pmb2 Pml8 Pm2l Pm24 Pm26 Pm34 Pm35 Pm57 PmTm4
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(3% 4 Continued table 4)

R bk JH Genes
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“R”: Resistant; “S”: Susceptible; “—”. Negative; “-+”. Positive.
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Fig.3 Characteristics of the powdery mildew resistance genes in the tested materials
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