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Extended Abstract

Background: Wheat is the key crop in many parts of the world that has the largest cultivated
area. As much as 30% of all grains produced in the country belong to wheat, which is known as
the main food of half of the world's people. At the same time, environmental stresses, including
biotic stresses, have been one of the most important factors in reducing wheat yield in recent
years. Powdery mildew (Blumeria graminis f.sp. tritici) is one of the important diseases of wheat
that causes great losses to wheat production every year. On the other hand, the resistance of
resistant wheat genotypes is not constant over time, and the resistance of almost all resistance
genes commonly used in the world has been broken by new pathogenic strains of powdery
mildew. This is because research has shown that the high pressure imposed by resistance genes
on disease-causing populations has caused the rapid evolution of new pathogenic races, resulting
in the loss of resistance. For this reason, one of the most effective and logical methods of
controlling this disease, which is most compatible with the environment and sustainable
agriculture, is the identification and production of resistant cultivars.

Methods: In the present study, 32 different bread wheat genotypes (Triticum aestivum L.)
available in the Genetics Research Department and National Plant Gene Bank of Iran, Seedling
and Seed Breeding Research Institute, exposed to 10 different pathotypes (Maghan 1, Maghan 2,
Maghan 3, Maghan 4, Mughan 5, Gorgan 1, Gorgan 2, Sari 1, Sari 2, and Gonbad) of this
mushroom were assessed for their resistance level in the two-leaf stage under greenhouse
conditions. The investigated pathotypes of powdery mildew, collected from disease-prone areas
of Iran, included five pathotypes from Mughan, two pathotypes from Gorgan, two pathotypes
from Sari, and one pathotype from Gonbed Kavus. The disease isolates were propagated on the
sensitive Bolani variety, which lacks the Pm gene. Genotypes were inoculated with single-cloned
isolates by the rubbing method. One week after inoculation, the reaction of differential cultivars
toward the disease was examined based on a scale of 0-4 according to the Mains and Dietz
method. Based on this scale, pollution types zero, one, and two are in the resistant group, and
pollution types three and four are in the sensitive group. In this research, the Bolani variety was
determined as a sensitive control to powdery mildew disease.

Results: Among the 10 powdery mildew pathotypes collected from important contamination
centers in Iran, the examined genotypes showed the highest resistance to the Mughan5 pathotype.
Genotypes TN127, TN79, TN7, TN180, and TN72 showed the highest resistance to 10 pathotypes
on average. In total, the comparison of different powdery mildew pathotypes revealed that the
Mughan5 and Saril pathotypes showed the lowest and the highest pathogenicity, respectively. In
addition, the correlation between pathotypes was estimated to identify pathotypes with similar
pathogenic power, indicating that the Mughan5 pathotype showed the lowest correlation with the
other pathotypes, which probably uses a different mechanism for pathogenicity. Mughan2
presented the highest significant correlation, with Mughan3 (0.87) and Gorgan2 (0.81), which
indicates the similarity of the pathogenic mechanism in these three pathotypes. On the other hand,
the results of the cluster analysis divided the genotypes into two separate groups in terms of
resistance to powdery mildew, and many of the investigated genotypes were included in the
susceptible Bolani cultivar group. In addition, cluster analysis for powdery mildew pathotypes
showed that the Mughan5 pathotype was in one group, and the rest of the pathotypes were in
another group. Bi-plot and three-dimensional analyses based on the data analysis into principal
components for the first and second components (87.95% of the total variance changes) showed
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that the Moghan 5 pathotype had a lower correlation with the other pathotypes. The negative side
of the first component and the negative side of the second component showed the resistance of
the genotypes. Thus, the resistant genotypes were placed in area 1.

Conclusion: The genotypes examined in this research have not been evaluated so far for
resistance to powdery mildew. Therefore, sources of resistance identified in this way are reported
for the first time. In general, a potential variation was observed among the genotypes with respect
to different pathotypes. In terms of pathogenicity, the Mughan5 pathotype showed the least
pathogenicity among the examined genotypes. Resistant genotypes in this research can be used
as promising genotypes in wheat breeding programs. Overall, the findings of this research indicate
a desirable diversity among the genotypes studied in terms of resistance to various strains of the
disease. However, since identifying the resistance of mature plants requires screening the
genotypes under field conditions and takes a considerable amount of time, it is suggested to utilize
molecular markers associated with resistance to powdery mildew in future research.
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Figure 4. Image of cluster analysis of different pathotypes in bread wheat genotypes based on disease index with
bootstrap =1000.

oy Sl JoB BB jlade &S Woges angi |y IS @l adlio aS ol L ol slaadlie 4y 4 50« ol pogMe

oyl (Y Jsin) Milise (gim A 5 sdm 95 clyloges  uilyly Sl JS 5l aops AV Legases (PCT) ol

ol 0ad 03l LIS Y Jods 0 w23 b ol (sladdlie 039 a8 g0 a8 |y (glow e ld Jlai il laculbgil o 29390
Lo d YA+ g FAY b sl s pows 5 pgd sloadlio ] 5l am

OB PS5 g YV 53 (639 S §)low cabigph Ve (sl ol sloadlhe 4 o5 =Y Jga
Table 2. Principal component decomposition for 10 powdery mildew disease pathotypes in 32 bread wheat genotypes

PCo  PCo PCs PC PCs PCs PC. PC PC PC, Gemtypi/ii.r;n)tf{
035 026 014 009 024 095 006 065 220 610 ™7
008 015 009 012  -065 057 08l 1.03 118 -0.66 TN1O
011 022 041 -061  -044 012 -020 062  -174  -175 TN72
001 050 000  -048 005  -058 010 032  -006 097 TN74
020 005 000 067 017  -024  -150 050 054  -6.66 TN79
013 010 025 -010 08I 060 072 013 072 -0.64 TN82
018 037 041  -010  -020  -014 026 024 01l 1.34 TNg4
007 005 007 004 002  -002 023 0I5  -005 184 TNS7
2017 000 005 007  -034 009 005 0.6  -0.04 154 TNG5
0.0 008 056  -025 002  -043 017  -L18 000 030 TN101
007 020 007  -042 012 048  -0.19 040 011 158 TN112
007 005 007 004 002  -002 023 015  -005 184 TN113
2015 030 040 049  -110 059 036 026  -1.01 071 TN116
2017 009 091 =007  -049  -005  -094 030 023  LI3 TN120
007 005 007 004 002  -002 023 0I5  -005 184 TN126
0.14 046 00l 2045 063 081 071 067 119 382 TN127
005 015 031 045 062 066 083  -122 218 020 TN145
019 031 0.61 026  -022 010 025  -023 00l 1.42 TN146
018 037 041 010  -020  -0.14 026  -024 0l 134 TN175
027 028 030 -039 009  -044 030 009  -023 147 TN177
006 023 044 011 043 -032 047 090  -1.63  -6.76 TN180
012 017 013 007 014  -002  -023 002  -005 175 TN184
010 007 047 082 002  -063 074 04l 076 013 TN199
032 032 015 053 047 1.01 006 072 068 072 TN200
2029 001 2002 070 038 001 021 062 028 131 TN201
0.5 003 005 012 005 006 015 022  -040 174 TN202
023 007 038 029 015  -056 031 033  -019 147 TN274
2019 043 004 026 003  -030 00l 047 005 1.59 TN283
2013 043 002 -042 045 057 008 068 010 096 TN285
2018 002 006  -001 =010 003  -005 003  -007 165 TN291
007 005 007 004 002  -002 023 015  -005 184 TN292
007 013 007 019 007 023  -021 028 0.3 171 Bolani
003 006 010 003 015 02l 024 029 069  8.10 Eigenvalue
030 0,60 101 131 150 207 235 200 692  8L.04 Variance (%)

100 99.70 99.10 98.09 96.78 95.28 93.20 90.85 87.95 81.04 Cumulative (%)
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Figure 5. Biplot diagram based on principal component decomposition data for the first and second components in
32 bread wheat genotypes in the face of 10 powdery mildew pathotypes
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Figure 6. Three-dimensional diagram based on data of decomposition into principal components for the first,
second and third components in 32 bread wheat genotypes in the face of 10 powdery mildew pathotypes
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