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Abstract ; To clarify the resistance levels to powdery mildew and stripe rust, as well as the distribution
patterns of resistance genes in wheat germplasm resources from Zhejiang Province, and to explore
elite resistant resources suitable for the wheat-growing regions in the middle and lower reaches of the
Yangtze River, this study performed seedling resistance identification on 241 wheat accessions from
Zhejiang Province[ 177 landraces and 64 bred varieties(lines) ] using Blumeria graminis f. sp. tritici

physiological race E09 and Puccinia striiformis f. sp. tritici physiological race CYR32. Molecular
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markers were used to analyze the composition of resistance genes. The results showed that among the
241 accessions, 57(23.65%) were resistant to powdery mildew, consisting of 51 bred varieties(lines)
and 6 landraces; 66(27.39%) were resistant to stripe rust, including 24 bred varieties(lines) and 42
landraces; and 24(9. 96 %) showed resistance to both diseases, containing 22 bred varieties(lines) and
2 landraces. Molecular detection of seven powdery mildew resistance genes(PmZ2, Pm4 , Pmbe , Pm§,
PmZ21, Pm24, and Pm60) revealed that Pm4 and PmZ21 had the highest detection rate, with 23 acces-
sions carrying each gene, yet no target Pm genes were detected in 16 accessions. Among eight tested
stripe rust resistance genes(Yrd, Yr9, Yri0, Yrl5, Yr28, Yr30, Yr46, and YrZH84), Yrl0 showed
the highest detection rate with 23 carriers, all of which were landraces, yet 13 accessions(including 5
landraces) had no detectable target stripe rust resistance genes. Among the 24 accessions with dual re-
sistance to powdery mildew and stripe rust, 12 carried both types of resistance genes, while Zhenongmai 7
and Zhe 21 were detected without any of the tested resistance genes. Agronomic trait analysis revealed
that bred varieties(lines) had superior performance in plant height, thousand-kernel weight and other
traits, which could be directly used as elite resistant donors for wheat disease resistant breeding.
Based on the above results, both the wheat bred varieties(lines) and landraces in Zhejiang Province
contain good resistance resources to powdery mildew and stripe rust. The resistance sources for pow-
dery mildew and stripe rust are mainly concentrated in the bred varieties(lines) and landraces, respec-
tively, ang show a clear differentiation characteristic.

Keywords: Wheat; Powdery mildew; Stripe rust; Resistance identification; Resistance genes
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Table 1 Molecular markers for detection of powdery mildew and stripe rust resistance genes in wheat
4 T .. B e vE BE 213
. Molecular . ot Annealing Fragment
Gene Primer sequence(5 —3) o . Reference
marker temperature/C size/bp
Pm2 Xcfd81 F: TATCCCCAATCCCCTCTTTC
58 260 [31]
R:GTCAATTGTGGCTTGTCCCT
TaPM2 F:GGTTTGAATCCAAGAGATGATGCATATTTGAT - 219 [32]
R: TAAGTGGTAATAGCTCAATCTGAGAACCTT 0 ’ ’
Pm4 JS717 F:AGGTGGACATCCTAGGCGCT
55 926 [33]
JS718 R:GATCTGGGTACCACAGCACCG
Pmbe Wme364 F:ATCACAATGCTGGCCCTAAAAC 61 204 [34]
R:CAGTGCCAAAATGTCGAAAGTC
Pm8 sfrd3 F: TGGCTTCCAACAGCCCTAGC
60 862 [35]
R:AGGCTTTTGCACCTTCTCTC
Pm21 MBH1 F:GCCATTATAGTCAAGAGTGCACTAGCTGT - . [36]
R:AGCTCCTCTCGTTCTCCAATGCT ’
Pm24 WGLP-218L F:CCTAAAATCTATGACTTCGGTCTC
58 2 380 [22]
WGLP-218R R:CACATCCTCATCAAACCACTT
Pm60 M-Pm60-S1 F:CTCACAGTTCCACACTGATAT - 831 [37]
D < <
R:CTCCATCAATCTCAAGTTCTTCG
Yr5 S1320 F:CAATAGTTAGGCAAATTACATCG 60 156 [38]
R: TGCAAAGTACCTCATTTTGAGAA
Yr9 H20 F:GTTGGAAGGGAGCTCGAGCTG
60 1589 [39]
R:GTTGGGCAGAAAGGTCGACATC
Yrlo YrioF F: TGGCCTACATGAACTCTGGAT
60 543 [40]
YrioR R: TCAAAGACATCAAGAGCCGC
Yrl5 Wmcl28 F:GCGGGAATCATGCATAGGAAAACAGAA 60 209 [41]
R:GCGGGGGCGAAACATACACATAAAAACA B
Yr28 cib-Yr28M2 F: TCCCAGAGCTGAGCTTGCT
57 242 [42]
R:CTTGTCCAGTGGCTCAGAA
Yr30 Xgwmb33 F: AAGGCCGAATCAAACGGAATA 60 150 [43]
R:GTTGCTTTAGGGGGAAAAGCCC
Yrd6 cfd71 F:CAATAAGTAGGCCGGGACAA - 198 [447
D
R: TGTGCCAGTTGAGTTTGCTC
YrZH84 Xcfa2040 F: TCAAATGATTTCAGGTAACCACTA 60 210 [45]
R: TTCCTGATCCCACCAAACAT 7
200
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Fig. 1 Statistics of powdery mildew and stripe rust resistance
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of 241 wheat germplasm resources from Zhejiang Province
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Fig.2 Powdery mildew resistance gene composition of 57

wheat germplasm resources from Zhejiang Province

M:DNA marker;1:NC66(Pm21);2:#7 23;3:#7 43;4: 47 608;5: #f 611;6.#7 168; 7. #7 228;8. #7 188;9. 7 518;10: # 1405;11 . 47
1526312 %7 1505513 : W7 1526-2; 14 #F 14-166;15. 97 3;16. %7 1519;17 . #F 024 ;18 %7 1638;19:#r 1625;20: W1 1737;21. % 10;22. % 11;
23 W 12-2524 87 1452537 18, £L(F7k Fm HAr &,

M: DNA marker; 1: NC66 (Pm21); 2: Zhe 23; 3: Zhe 43; 4: Zhe 6083 5: Zhe 6113 6. Zhe 1683 7. Zhe 2285 8: Zhe 1883 9: Zhe
518; 10: Zhe 1405; 11: Zhe 1526; 12: Zhe 1505; 13: Zhe 1526-2; 14: Zhe 14-166; 15: Zhe 3; 16: Zhe 1519; 17: Zhe 024; 18: Zhe
1638; 19: Zhe 1625; 20: Zhe 1737; 21: Zhe 105 22: Zhe 115 23: Zhe 12-2; 24: Zhe 14; 25: Zhe 18. The red arrow indicates the target
band.
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Fig.3 Detection of powdery mildew resistance gene Pm21



EHCR KRB WL 241 03 /NZERERE U0 F0 4% 55 9 Do PP T A6 T « 1191 -
30,
ﬁ§20'18 1
@g 15
£ 11
5 10}
£
E H |_| 222 2
o I_||—||—||_I|—||—|.—..—.I_I.—. ﬁ.

“ Q X
4 *K‘ g&\ ‘@ .@' 4’" & «23’ Q&\ A& {{" Q"’ (\g@@‘ X@"’ (\gi" 4{“ 4&"’ & Q3’
.@ Q&" & \ {(\

»‘
WS A

:&
Q &px

F:H Gene

4 HLE 66 MNETMRBRMZFRERAM

Fig. 4 Stripe rust resistance gene composition of 66 wheat germplasm resources from Zhejiang Province
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M:DNA marker;1: 8§ 502(Yr10) ;2 5484 3 A58k 24 L5806 K 4255 P 5 6 ZLERET s 7. MM 20 3% 5 8 IR IA 25 9. WAl &
1020 T 511 5 PHTE 12 2 8513 F/NZE 14 050 22 5 15 AEA T 5 16 B9 SR 225 17 . W 908 (25 25) 5 18 i 908 (HE %) ;19 #i 159;
20 FBEAFLL ;21 W0 1635224 687523 M 1L/ ;24 . 7S HE/NZE 525 sk = A B, LD A H Sk KRR HARSA .

M: DNA marker; 1: Luyuan 502(Yr10); 2. Lizhimai; 3. Baikeguangtoumai; 4:Hongkeguangtoumai; 5: Baipu; 6: Hongtieding;
7. Songpuhongtou; 8: Wugongmai; 9: Songpu; 10: Hongzhiliao; 11: Luoyangqing; 12: Lifuhuang; 13: Zaoxiaomai; 14: Hongkeheshangmai;
15: Huashupu; 16: Gangguomai; 17: Zhe 908 (Jinyun) ; 18: Zhe 908 (Panan); 19: Zhe 159; 20: Aiganhong; 21: Zhe 163; 22: Zhe
687; 23: Qushanxiaomai; 24: Liuhengxiaomai; 25: Fangtousanyuehuang. The red arrow indicates the target band.
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Fig.5 Molecular detection of strip rust resistance gene Yri0
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Table 2 Gene composition and resistance to powdery mildew and stripe rust of 24 wheat
germplasm resources in Zhejiang Province
resistance resistance
o7 KKK Datousuoyihuang MR HR Yr5 +Yrlo
Landraces IR AE Wugongmai MR MR Pmd +Yr5 +Yr10 +Yrl5
"""""" W%  Wi168ZheléS M HR ve
Line i 228 Zhe 228 M MR Pm21
Wi 1625 Zhe 1625 M MR Yr5 +Yrl5
Wi 1737 Zhe 1737 M MR Pmd4 +Yr5 +Yr28
Wi 1412 Zhe 1412 M MR Pmbe +Pm21 +Yrl5
W4 Zhe 4 M IM Pmd4 +Pm2] +Yr5
W1 Zhe 1 M NI Yri5 +Yr28
Wi 23 Zhe 23 M MR Yr5 +Yrls
Wi 43 Zhe 43 M M Pm4 +Pm21 +Yr5 +Yr30
# 608 Zhe 608 IM HR Yr28
Wi 611 Zhe 611 IM IM Pm4 +Yrl5
W 12-2 Zhe 12-2 M NI Pm21 +Yrl5 +Yr28
Wi 14 Zhe 14 MR MR Pm4 +Pm21 +YrZHS84
Wi 18 Zhe 18 M HR Pm2 +Pm21 +Yr5 +YrZHS84
Wi 19 Zhe 19 M MR Pm4 +Yr30
# 21 Zhe 21 M MR /
#1823 Zhe 1823 M NI Pm4 +Yrl5 +Yr28 +YrZHS84
#1829 Zhe 1829 M NI Pm21
Wi 1836 Zhe 1836 M MR Yr5 +Yr30
Wi 1840 Zhe 1840 M HR Pm21
Wi & 7% Zhenongmai 7 IM MR /
18v3-6 M NI Pm21 +Yrl5
/T
/:None.
RI SSHOEAMBFAEERNEMBEIERZERSE T D
Table 3 Statistical analysis of main agronomic traits in 95 wheat germplasm resources
resistance to powdery mildew or stripe rust
PEAR KT Type - {H n i 22 ’Eﬁgﬁ( W . i B2
Trait Mean SD CV/% Kurtosis ~ Skewness
B o7 fh B Landraces 118. 60a 9.93 8. 37 3. 84 —1.47
Plant height/cm B WU (R) Bred varieties(lines) 75.15b  5.57 7.41 1.09 0.67
W HiJ7 & FP Landraces 157. 20 2.72 1.73 0.18 0. 40
Growth period/d # WL F (R ) Bred varieties(lines) 158. 40 1.18 0.74 5.37 2. 20
Bk HuJ7 & FP Landraces 7.21 1.50 20. 79 1.96 0. 90
Spike length/cm AR O Bred varieties(lines) 7.41 0. 69 9.32 —0.01 0.34
TR R W75 Al Landraces 48.02 3.45 7.19 2.17 —0.63
Grain number per spike g5 g 5 f () Bred varieties(lines) 44.63 4.60 10. 29 1.07 —0.61
T Hb 77 F Landraces 32,71 3.09 9. 44 —0.32 0.11
Thousand-grain weight/g 2y £ (£ ) Bred varieties(lines) 35. 24 3.29 9.34 0. 42 —0.83

FPRCT R B NG T REFROR B — VRN TR 2R RILE 0. 05 /K b i #1285

Values are means; Different letters denote significant differences between two types with the same trait at 0. 05 level.
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