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(Triticum aestivum L.) -G pasS ;8 (Puccinia striiformis f. sp. tritici West.)

Application of Two-dimensional Electrophoresis to Identify the Resistance and
Sensitivity Sources of Yellow Rust Disease (Puccinia striiformis f. sp. tritici West.) in

Bread Wheat (Triticum aestivum L.)
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Table 1: Infection type and Coefficient of Infection and their abbreviated signs based on the modified Cobb scale
(Peterson et al., 1948)
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Safe
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Table 2: IEF electrophoresis program of wheat leaf against wheat yellow rust

o, J>1 (Jg) 5d; (celo) oo (@l oy Greliskeo) ol
Row Stage Voltage (V) Time (h) Power (w) Current (mA)
1 Gradiant 500 1 5 2
2 Stop 500 1 5 2
3 Gradiant 3000 1 5 2
4 Stop 3000 2 5 2
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6 Stop 8000 3 5 2
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Fig. 1: The dendrogram of cluster analysis of 14 wheat cultivars studied based on the moderate resistance to wheat
yellow rust
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Fig. 2: The pattern obtained from two-dimensional electrophoresis of extracted proteins from wheat leaves of
susceptible cultivar of Shahriar, A) Gel before analysis with Melanie software, and B) Gel after analysis
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Fig. 3: A pattern of two-dimensional electrophoresis of extracellular proteins from wheat leaves of resistant cultivar of
Pishgam, A) Pre-analysis gel with Melanie software, and B) Post-analysis gel
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Table 3: Analysis of variance of wheat yellow rust resistance indices in studied 14 wheat cultivars

b asls olslaz o Sl o 2Kl F &g
Indicators df Mean square Significant level

IT1 13 4.814 10.212 0.000

T2 13 8.215 14.377 0.000

IT3 13 13.059 27.288 0.000

DS1 13 1753.846 13.043 0.000

DS2 13 212.679 15.320 0.000

DS3 13 4324.945 56.194 0.000

Cl1 13 0.193 10.212 0.000

CI2 13 0.329 14.377 0.000

CI3 13 0.521 28.952 0.000
AUDPC1 13 118483.413 14.983 0.000
AUDPC2 13 182997.837 31.652 0.000
AUDPC3 13 591716.731 22.589 0.000

R1 13 0 1.247 0.273

R2 13 0 1.203 0.302

R3 13 0 2.195 0.022
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Table 4: Comparison of Wheat Yellow Rust Resistance Indices in studied 14 wheat cultivars

FB) IT DS Cl AUDPC r
Cultivars
IT1 IT2 IT3 Ds1 DS2 DS3 cii CI2 CI3 AUDPC1 AUDPC?2 AUDPC3 rl 2 3
bbass: 1.2 +0.2d 1.4 +0.24h 1.8 £ 0.2¢fg 3c 4f 14ef 0.12d 0.32h 2.24eh 245 f 63g 87.5ef 0.016 0.029 0.217ab
Bosotya
P 12+0.2d 1.2+0.2h 1.4 +0.24g 2c 3f 4f 0.08d 0.32h 0.24h 21f 24.5g 42f 0.039 0.016 0.099ab
Pishgam
Oyl 3 +0.44bc 4 +0.44bc 5.2+0.37a 33b 55bc 69b 13.2bc 33bc 57.96b 308bc 434b 742b 0.002 0.001  0.105bc
Syson
0355l 12+0.2d 1.4 +0.24h 1.4 +0.24g 2c 4f 4ef 0.08d 0.32h 0.32h 21f 289 49f 0.05 0 0.099ab
Gascogen
tuagald 1.4+0.24d 2 +0.31efgh 2.4 +0.24def 6c 12ef 16e 0.48d 2.4efgh 4.48de 63ef 98fg 161def 0.01 0.003  0.138ab
Shapesand
o eh 1.6 £0.24d 1.8 £0.2fgh 2.6 £ 0.24de 6¢ 8f 12¢f 0.72d 1.28fgh 3.84de 49f 709 119ef 0.009 0.006 0.099ab
Maihan
OM:j 2.2+0.37cd 3.2+0.37cd 4.2 £0.37b 18c 39cd 48c 4.32cd 17.16¢cd 30.72b 199.5¢cd 304.5¢cd 504c 0.006 0.001  0.138bc
mi
Aﬂ’_jd 1.8+0.37d 2.8 +0.37def 3.2+£0.37cd 12¢ 30de 31d 1.92d 10.8def 13.64cd 147def 213.5de 360.5cd 0.006 0.001  0.135bc
Navi
Ao gy ol,S <SS
Back cross roshan 1.2+0.2d 1.6 £0.24gh 1.8 +0.37efg 2c 6f Tef 0.08d 0.72gh 1.12¢f 28f 45.5g 73.5f 0.07 0.003 0.178a
zemestane
Zé)lj 1.2+0.2d 1.4 +£0.4h 1.6 £ 0.4fg 2c 4f 6ef 0.08d 0.32h 0.48h 21f 359 56f 0.05 0.09 0.155ab
are
P 3.4+0.4b 4.4 £0.4b 5.6 +0.24a 44h 64ab 78ab 21.12b 43.52b 71.76a 378b 497ab 875b 0.001 0.001 0.079bc
Sorkh tokhm
S;L":’“ 4.4 +0.24a 5.4 +0.24a 6 +0.0a 64a 82a 86a 43.52a 72.16a 86a 511a 588a 1099a 0.001  0.001 0. 3%
ahriar
g4 2 +0.44d 3 +0.44cd 4 +0.44bc 17c 35d 56¢ 3.4d 14cde 33.6bc 182de 318.5¢ 500.5¢ 0.006 0.006 0.168bc
Toos
I&BJ ld 2+0.31d 2.6 + 0.4def 3+0.31d 13c 22def 30d 2.6d 7.04defg 12d 122 .5def 182ef 304.5cde 0.003  0.006 0.118c
Alvan
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Table 5: Protein spots have a significant change in expression during two-dimensional electrophoresis of leaves of two
susceptible and resistant wheat cultivars to yellow rust

ol 103, 50 baS) ez wo o .Sl 18y 50 bas) cozx> v )0 (1Sl

osJojlet o sl slas b es 5 usliul slas plKiny polia o T A ole 1P L rals
Number The average percentage of spots in Average volume percent of spots in SR Decrease or increase
(Landmark) Shahriyar Sensitive cultivars + standard resistant cultivars Pishgam + IF (Induction factor) expression
error standard error

1 1.346 + 0.032 0514 +0.023 0.0015 0381 SRels
Decrease

2 1.131£0023 0.379 +0.015 0.0014 0.335 el
Decrease

17 0.368 £ 0.007 0.158 + 0.008 0.0031 0.429 ol
Decrease

31 0.021 £ 0.003 0.151 +0.001 0.0008 7.101 ol
Increase

33 0.031 + 0.004 0193 +0.014 0.0083 6.225 ol
Increase

55 0.633 £ 0.005 0.311 % 0.009 0.0011 0.492 Sels
Decrease

58 0.493 + 0.006 0.103 #0.018 0.0025 0.208 el
Decrease

84 0.109 + 0.009 0.793 + 0.004 0.0002 7.275 o8l
Increase

125 0.819 + 0.031 0.463 +0.013 0.0084 0.565 rals
Decrease

130 0.021 +0.001 0.151 £ 0.005 0.0016 7.101 A3
Increase

131 0.106 + 0.0008 0.21 +0.002 0.0005 1.981 ol
Increase

132 0.041 £ 0.0008 0.533+0.03 0.0062 13 ohalBl
Increase

141 0.492 + 0.015 0.269 + 0.001 0.0049 0.546 oels
Decrease

205 0.053 +0.008 0.585 + 0.015 0.0011 11.03 ol
Increase

253 0.193 # 0.007 0.092 +0.003 0.0071 0.476 el
Decrease

295 0.404 £ 0.001 1.05 £ 0,017 0.0007 2,599 ol
Increase

309 0.523 +0.011 0.163 +0.014 0.0025 0.311 els
Decrease

311 0.255 + 0.011 0.093 + 0.006 0.0067 0.364 rals
Decrease

337 0.017 +0.0005 0.286 + 0.025 0.0089 16.82 S5
Increase

359 0.015 +0.002 0.071 £ 0.0006 0.0022 4733 S5
Increase

360 0.043  0.0004 0.251 +0.016 0.0063 5.837 ol
Increase

361 0.011 + 0.0006 0.091 + 0.004 0.0025 8.272 oRlB
Increase

365 0.011 + 0.001 0.064 + 0.001 0.0014 5.818 U
Increase

380 0.015 # 0.0009 0.147 £ 0.001 0.0001 98 ol
Increase

385 0.264 +0.012 0.868 + 0.007 0.0005 3.287 ol
Increase

415 0.007 # 0.00004 0.047 + 0.0005 0.0002 6.714 ol
Increase

416 0.007 + 0.0001 0.086 + 0.001 0.0005 12.28 ol
Increase
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Fig. 4: Spots expressed and significant differences in two susceptible and resistant wheat cultivars during wheat yellow
rust stress
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