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Phenotyping and Marker-assisted Gene Identification of Powdery
Mildew Resistance in Wheat Commercial Varieties and
Germplasm Resources from Hebei Province

YAN Rong1 , GENG Miao-miao', LI Xiao-jing2 , AN Hao-junz, WEN Shu-min',
LIU Gui-ru', WANG Rui-hui'
('College of Agronomy , Hebei Agricultural University /Key laboratory of Research and Utilization of Crop Germplasm Resources in
North China, Ministry of Education , Baoding 071000 *Baoding Academy of Agricultural Sciences , Baoding 071000 )

Abstract: Powdery mildew, which is caused by biotrophic fungus Blumeria graminis f. sp. tritici ( Bgt ) ,
is an important epidemic disease threating the wheat production in Hebei province of China. Identification of
disease-resistance genes in the commercially authorized varieties and breeding lines is of great significance
for efficient utilization and regional distribution of known resistance sources and effective managing of wheat
powdery mildew. In this study, 371 wheat accessions ( including 256 commercial varieties from 1956 to 2018
and 115 breeding lines ) from Hebei province were tested for resistance to powdery mildew at seedling stage
with independent inoculation with two isolates of E09 and E20, as well as marker-assisted identification of eight
genetically-mapped Pm genes. The results showed that 6.2% and 11.9% of accessions were tested to be resistant
to E09 and E20, respectively, while only 4.9% were resistant to both isolates. Marker-assisted assays showed
that resistance genes Pmlic, Pm2, Pm4b, Pm21, Pm24 and Pm35 were found in some accessions, while Pm12

was not detected. Almost half of the accessions were found to carry Pm&. It was shown that the ratio of resistance
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carrying accessions of authorized varieties were found to be much higher than that of breeding lines, indicating

that genetic germplasm improvement enhancement for powdery mildew resistance is an urgent task at present and

should be paid more attention. When using linkage or co-segregation markers for Pm gene detection, by means

of the method that the number of materials that the resistant reaction type consistent with result of the marker

detection occupies the total number of materials detected by the linkage marker of the gene, finding markers

linked to Pm12, Pm21 and Pm35 is highly effective. Taking advantage of the user-friendly markers targeting these

resistance genes, marker-assisted selection for resistance-carrying lines can be conducted in advance in contrast to

a test for resistance.

Key words: Hebei wheat; commercial varieties; breeding lines; Blumeria graminis f. sp. tritici; resistance

genes; molecular marker
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Table 1 Molecular markers and their primer sequences used for detecting powdery mildew resistance genes

HEA Fric SITH (5 —3") BALHES (cM) S5 30k

Gene Marker Primer sequence ( 5'— 3’ ) Genetic distance Reference

Pmlic Xbarc78 F: CTCCCCGGTCAAGTTTAATCTCT 0.8 [35]

R: GCGACATGGGAATTTCAGAAGTGCCTAA

Pm2 Xcfd81 F: TATCCCCAATCCCCTCTTTC 2.0 [36]
R: GTCAATTGTGGCTTGTCCCT

Pm4b Xics13 F: AGGGAAATACTGACGTAGCTT 1.3 [25]

R: GTCAAGAGGAAGAAGGAAAAG

Pm8 Xsfird3 F: TGGCTTCCAACAGCCCTAGC BA ) [37]
R: AGGCTTTTGCACCTTCTCTC

Pmi2 Xcaul27 F: TAGAGCAATCCAACTCACGG 0.2 [38]
R: AAGGGACTGACCCATCAGC

Pm21 Xcaul?7 F: TAGAGCAATCCAACTCACGG Bas ) [38]
R: AAGGGACTGACCCATCAGC

Pm24 Xgwm337 F: CCTCTTCCTCCCTCACTTAGC 2.4 [39]

R: TGCTAACTGGCCTTTGCC
Pm35 Xcfd26 F: TCAAGATCGTGCCAAATCAA 11.9 [40]

R: ACTCCAAGCTGAGCACGTTT
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Table 2 Wheat accessions in present study and their reactions to Bgt isoltaes EQ09 and E20
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B07-4056, 41 #7 4023, 418 6151, 4% 58,
T 201-37, 384 403
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Table 3 Marker-based genotypes for wheat accessions in this study

BEHZIE B A

A Frid . L . At H Al (% )
Accessions carried with specific Pm gene
Gene Marker Total Ratio
ShFl Varieties it % Lines

Pmlc Xbarc78 WA 585, 1k 25, (1% 215 £7 12-4027 4 1.1
Pm2 Xcfd81 4% 086, %A 700, 3L 738 16 477 479, 2012-6, Il fe ¥ 012, [k %% 013 7 1.9
Pm4b XicsI3 W 738 — 1 0.3
Pm8 Xsfrd3  ARAE 183,342 10 5, ok 1 5% 111 )y Tz 16 45 ik 337 4 58 1y 169 45.6
Pmli2 Xcaul?7 — — 0 0
Pm21 Xeaul27 A 145 40K 9123, 84 808 1 12-4027, £ H083-366 5 1.3
Pm24  Xgwm337 A1 811 — 1 0.3
Pm35 Xcfd26 — ek 01 1 0.3
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M1 2 3 4 5 6 7 8 91011 12 13 14 D 7 8 9 10 11 12 13
180bp_,a y 750bp :
or ool W ’

500 b

147bp i W g o “. 8 o o
M: marker pBR322/Mspl; 1: Chancellor; 2: MIN ( Pmlic) ; M: marker D2000; 1: Chancellor; 2: PI36879 (Pm8) ; 3. 3E3738;
3: 1455 4. FEHFT38; 5. JH93-5015; 6: F14086; 4: L#811; 5: JE93-5015; 6: £H083-366; 7: £i4X086;
7: HE#99; 8: FE868; 9: AH083-366; 10: HA345; 8: WEEIS; 9: BEM415; 10: HEAK7131; 11. #FH116021;
11: ARENS; 12: HE17; 13: BH5066; 14: 164479 12: F10-4393; 13: Hikol; 14: FE868
M: marker pBR322/Mspl, 1: Chancellor, 2: MIN (Pmlic) , M: marker D2000, 1: Chancellor, 2: PI36879 (Pm8) , 3: Jimai738,
3: Shimail4, 4: Jimai738, 5: Tang93-5015, 6: Shinong086, 4: Shixin811, 5: Tang93-5015, 6: ShiH083-366, 7: Shinong086,

7: Zhongxinmai99, 8: Jixing868, 9: ShiH083-366, 10: Jimai34, 8: Zhonglanmail, 9: Gaoyou9415, 10: Hannong7131,
11: Shijiazhuangll, 12: Hanmail7, 13: Shixin5066, 14: 16chu479 11: HengH116021, 12: Shil0-4393, 13: Pubing01, 14: Jixing868

B M1 2 3 45 6 7 8 9101112 1314 15 16 11 12 13

160bp—»' i
123 bp - 2

M: markerpBR322/MspI . Chancellor; 2: 419123 (Pm21) ;

M: marker pBR322/Mspl; 1: Chancellor; 2: Ulka/8Cc (Pm2) ;

3: HET38; 4: FIESSS; 5: PRE9; 6: Eizsij; E:&os& 3: BAT38; 4: TSI 5; JE93-5015; 6: FiH083-366;

8: ©AR12339; 9: WikF15; 10: HFE34; 11: HARENT; 7: FARO086; 8: WEHFIT; 9. Fffo415; 10: HRR7131;

12: Hgﬁl;_;ol;g FiHTS066; 14: 3F631; 15: FiHi6151; 11: §H116021; 12: £10-4393; 13: HUK01; 14: BLES6S

M: marker pBR322/Mspl, 1: Chancellor, 2: Ulka/8Cc (Pm2) |, M: marker pBR322/Mspl, 1: Chancellor, 2: Jinhe9123 (Pm2l) ,
e Se ) Ll RN 3: Jimai738, 4: Shixin811, 5: Tang93-5015, 6: ShiH083-366,
3: Jimai738, 4: Jimai585, 5: Zhongxinmai99, 6: Shimai25, : . .

D s - . . R 7: Shinong086, 8: Zhonglanmail, 9: Gaoyou9415,

7: Shinong086, 8: Jinhel12339, 9: Zhonglanmail, 10: Jimai34, 10: Hannone7131. 11: HengH116021. 12: Shil0-4393

11: Shijiazhuangl1, 12: Hanmail7, 13: Shixin5066, 14: Jimai631, : ong/isl, 11 heng e ’

15: Shixin6151, 16: ShiB07—4056 13: Pubing01, 14: Jixing868

M I 2 3 4 5 6 7 8 9 10 11

10 11 12

238 bp -
309 bp ™ 217bp —»
2426p oy g 201bp —~

M: marker pBR322/Mspl; 1: Chancellor; 2: Armada ( Pm4b) ;

3: BHFT738; 4: GBI 5: JE93-5015; 6: AH083-366; M: marker pBR322/Mspl; 1: Chancellor; 2: WFhE (Pm24) ;
7: FiAR086; 8: HIEE1S; 9: HEfho41s; 10: HRK7131; 3: HF738; 4. FFis1l; 5. JEI3-5015; 6: FAHO83-366;
11: f#H116021; 12: F10-4393; 13: Eikol; 14: FLES68 7: FR086; 8: WEEE1T; 9: BEfE9415; 10: HREK7131;
M: marker pPBR322/Mspl, 1: Chancellor, 2: Armada (Pm4b) , 11: #ifH116021
3: Jimai738, 4: Shixin811, 5: Tang93-5015, 6: ShiH083-366, M: marker pBR322/Mspl, 1: Chancellor, 2: Chiyacao (Pm24) ,
7: Shinong086, 8: Zhonglanmail, 9: Gaoyou9415, 3: Jimai738, 4: Shixin811, 5: Tang93-5015, 6: ShiH083-366,
10: Hannong7131, 11: HengH116021, 12: Shil0-4393, 7: Shinong086, 8: Zhonglanmail, 9: Gaoyou9415,
13: Pubing01, 14: Jixing868 10: Hannong7131, 11: HengH116021

G

1 2 3 4 5 6 7 8 9 1011 12 13 14

M: marker pBR322/Mspl; 1: Chancellor; 2: NCD3 (Pm35) ; 3: ¥*738;
4: AH811; 5: FE93-5015; 6: AHO83-366; 7: AAK086; 8: HHFIS;
9. Ffft9415; 10: HEA7131; 11. #FH116021; 12: £10-4393; 13: ko1,
14: #8638

M: marker pBR322/Mspl, 1: Chancellor, 2: NCD3 (Pm35) , 3: Jimai738,
4: Shixin811, 5: Tang93-5015, 6: ShiH083-366, 7: Shinong086,

8: Zhonglanmail, 9: Gaoyou9415, 10: Hannong7131, 11: HengH116021,
12: Shil0-4393, 13: Pubing01, 14: Jixing868

B 1 7S FHRExERa/MEM R BIREE R IEE R

Fig. 1 Products amplified with seven markers linked to target gene in some wheat accessions
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Table 4 Resistance gene combinations in the tested wheat accessions
o WA LR B
AR Accessions carried with specific Pm genes
Gene combinations

Al Varieties i % Lines
Pmlic T 585, 1 25, i 21 —
Pm21 A 145 47K 9123, Je A7 808 1 HO83-366
Pm24 fi3#r 811 —
Pm2+ 7 i1 086, %41 700 16 %] 479, 2012-6 , VI #F 012, "4 B¢ 013
Pmlc+Pm21 — 11 12-4027
Pm2+Pmdb+ 7 Wk 738 —
KAWL TR 868, A | 5 £ 15 45,304 34 15, T 631, JAARHE 004, AHT 005-3, 471 10-4393 i
Unknown Pm genes FiE# 99,4 7K 12339, ZE(f; 9415, £ 005-2, 41 B07-4056 , 41387 4023, £1# 6151, 3Lk 58,
AFT 115, A 99,1 93-5015, AFKITE 135, T4 201-37, 384 403

thaz 155, {4 1412, 45 9966, Hi#Z 18, P4 555,
THE 126, ARE 45,10 4 5, 5kEF 6 5,
1738 5066, 1 5835

x5 Hid7 M AMFEEES FIRCHBRE

Table 5 Detection efficiency of seven linked or co-segregation markers in wheat accessions

AR . B FRICHRIN S0 R — BB R [
f}i Reaction to ]\j;/j::l(aer NZT.\LE:i‘fifs]\ii N'umbef of marker éetection consist.ent Efj’jcijilf;i;i;cy
E09 E20 with resistance type in wheat accessions
Pmlic R R Xbarc78 84 4 4.8
Pm?2 R S Xefd$1 42 7 16.7
Pm4b R S Xics13 52 1 1.9
Pmi2 R R Xcaul?7 0 0 100.0
Pm21 R R Xcaul27 5 5 100.0
Pm24 R S Xgwm337 43 1 23
Pm35 S S Xcfd26 1 1 100.0

R: B0 ; S: B
R : the resistance to the pathogen, S : the susceptibility to the pathogen

E09 1 E20 B HL i P 42 920 8 1998 4F Z J i i B 5 Resistance

) /NZZ it Bl e B0 vt T o bR B T, 120 [ S usceptibility
R L B30 B A B F M A TG A /N 22 7
FE TR WA (R IR, 7 b A T A T — 0, A
T P VR 2 A AR T I ) 2 4%
48 1O PO P A PR SR B, AF 2016-2018 4F

—_

(=

(=]
T

I AAE (%) Frequency
&
[e]

HE 1 14 D H0E s B, A 8 A (i i 38 1l s 201
Eﬁjﬁp E/‘J 57.0% ) IEIL: 2018 ﬁz%% E/‘JO %ﬁ 3 ﬁzﬁ’ﬁg 0 1956—1997 1998-2015 2016-2018
8 it o T P L9 v (0 2 2018 4F ) Y &5 2R, .
N L A . o W 7€ 4FE45 Approved year

k25U B Y RN 22 A R IR B O KA B2 19562018 £ L AN

N " . - - 3 IR .
AR, T A B A T R 3 A T 2, B Pyl
DL http: //doi.org.10.13430/j.cnki.jpgr. 20190902001, Fig.2 Frequency for resistant or susceptible wheat

B2 1) accessions in Hebei province during 1956-2018
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