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Table 1. Bread wheat accessions used for the study of resistance to wheat leaf rust

Accession code Origin Accession code Origin
KC 4435 India KC 4631 Afghanistan
KC 4438 India KC 4635 Afghanistan
KC 4442 Russia KC 4638 Afghanistan
KC 4446 USA KC 4639 Afghanistan
KC 4447 USA KC 4640 Afghanistan
KC 4481 USA KC 4644 Afghanistan
KC 4482 USA KC 4652 Afghanistan
KC 4492 Uruguay KC 4654 Afghanistan
KC 4494 Uruguay KC 4657 Afghanistan
KC 4504 USA KC 4662 Afghanistan
KC 4506 USA KC 4668 Afghanistan
KC 4509 Germany KC 4669 Afghanistan
KC4518 USA KC 4671 Finland
KC 4519 USA KC 4675 Finland
KC 4520 USA KC 4680 Turkey
KC 4521 USA KC 4696 Japan
KC 4522 USA KC 5004 Spain
KC 4525 USA KC 5005 Spain
KC 4529 USA KC 5006 Spain
KC 4530 USA KC 5010 Spain
KC 4531 USA KC 5011 Belgium
KC 4532 USA KC 5012 Belgium
KC 4533 USA KC 5017 Russia

Table 1. Continued dalol =Y Jgux

Accession code Origin Accession code Origin
KC 4534 USA KC 5021 Russia
KC 4535 USA KC 5028 Italy
KC 4553 USA KC 5030 Italy
KC 4554 USA KC 5034 Japan
KC 4557 USA KC 5036 Russia
KC 4560 USA KC 5040 Italy
KC 4561 USA KC 5041 Italy
KC 4568 USA KC 5042 Russia
KC 4575 Spain KC 5048 Italy
KC 4577 Spain KC 5058 Spain
KC 4586 Netherlands KC 5061 France
KC 4587 Netherlands KC 5086 Portugal
KC 4588 Netherlands KC 5100 Portugal
KC 4593 USA KC 5101 Portugal
KC 4598 France KC 5102 Portugal
KC 4599 Netherlands KC 5103 Portugal
KC 4600 India KC 5104 Portugal
KC 4604 USA KC 5105 Portugal
KC 4607 USA KC 5106 Portugal
KC 4612 Afghanistan KC 5113 Portugal
KC 4613 Afghanistan KC 5117 Portugal
KC 4614 Afghanistan KC 5118 Portugal
KC 4618 Afghanistan KC 5125 Portugal
KC 4625 Afghanistan KC 5126 Portugal
KC 4626 Afghanistan KC 5127 Portugal
KC 4630 Afghanistan - -
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Table 2. Avirulence/virulence formula for isolates of wheat leaf rust used in the resistance evaluation of bread
wheat germplasm

Isolate Avirulence

Virulence

Khozestan
Lril9, Lr27+31+10, Lr28, Lr29

Mazandaran L9, Lri0, Lrl6, Lri19,
Lr27+31+10, Lr28

Lrl, Lr2a, Lr2b, Lr9, Lrl5, Lrl6, Lr2c, Lr3, Lr3ka, Lr3bg, Lri10, Lrll, Lri4a, Lri4b, Lrl5, Lri7,
Lrl8, Lr20, Lr21, Lr23, Lr24, Lr25, Lr26, Lr30, Lr32, Lr33,
Lrb, Lr36

Lrl, Lr2a, Lr2b, Lr2c, Lr3, Lr3ka, Lr3bg, Lrll1, Lri4a, Lri4b,
Lrl5, Lrl7,Lrl8, Lr20, Lr21, Lr23, Lr24, Lr25, Lr26, Lr29,

Lr30, Lr32, Lr33, Lr36, Lrb

Golestanl
Lr20, Lr26, Lr27+31+10, Lr28
Golestan2
Lr20, Lr26, Lr27+31+10, Lr28

Lrl, Lr2a, Lr2b, Lr9, Lr10, Lr19, Lr2c, Lr3, Lr3ka, Lr3bg, Lrll, Lri4a, Lr14b, Lrl5, Lri6, Lri7,
Lrl8, Lr21, Lr23, Lr24, Lr25, Lr29, Lr30, Lr32, Lr33, Lr36, Lrb

Lrl, Lr2a, Lr2b, Lr9, Lrl4a, Lr19, Lr2c, Lr3, Lr3ka, Lr3bg, Lr10, Lrll, Lri4b, Lri5, Lri6, Lri7,
Lri8, Lr21, Lr23, Lr25, Lr29, Lr30, Lr32, Lr33, Lr36, Lrb
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Table 3. Host response and infection type descriptions used in wheat leaf rust system

Host response (class) Infection type Disease symptoms
Immune 0 No uredinia or other macroscopic sign of infection
Nearly immune ; No uredinia, but hypersensitive necrotic or chlorotic flecks present
Very resistant 1 Small uredinia surrounded by necrosis

. Small to medium uredinia often surrounded by Chlorosis or necrosis;
Moderately resistant 2 . . .

green island may be surrounded by chlorotic or necrotic border

Heterogeneous X Random distribution of variable-sized uredinia on single leaf
Heterogeneous Y Ordered distribution of variable-sized
Heterogeneous Z Ordered distribution of variable-sized
Moderately susceptible 3 Medium-sized uredinia that may be associated with chlorosis
Susceptible 4 Large uredinia without chlorosis
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Table 4. Statistical indices of frequency distribution of infection coefficient in the resistance evaluation of bread
wheat germplasm to wheat leaf rust

Statistics Value
Mean 0.39
Median 0.30
Standard deviation 0.41
Skewness 0.35
Standard error of skewness 0.24
Kurtosis -1.56
Standard error of kurtosis 0.49
Range 1
Minimum 0
Maximum 1

YA



VPl gl o)l fpajl 090 (e Slisions logtd K 4 pylie (S wlie (plulid 50U pasS wadle)) JUy2

7 Mean =039
Std. Dev. =0.406
W =97

40

Frequency

20

0 T T T T
1] 0z 04 06 0g 1 12
CI

OB S de 50 50 paiS (sloged S5 (55l Sl O paiS mudlip 5 slhe 0 Dbl 5o (ST pd SlglE ms Jlogei o) S
Figure 1. Frequency distribution of coefficient of infection in the resistance evaluation of bread wheat
germplasm to wheat leaf rust at the field in Gorgan
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Figure 2. Graphical presentation of correlation coefficients between isolates of wheat leaf rust in resistance
evaluation of bread wheat germplasm at seedling stage in greenhouse
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Table 5. The results of principal component analysis based on infection type of selected bread wheat accessions
to isolates of wheat leaf rust at seedling stage in greenhouse

Principal components

Pathotype First Second
Golestanl 0.07 -0.92
Golestan2 0.54 0.26
Khozestan 0.56 -0.27
Mazandaran 0.63 0.13
Eigen Values 2.09 1.94
Proportion of Variance 0.52 0.27
Cumulative Proportion 0.52 0.79
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Figure 3. Distribution of selected bread wheat accessions in the biplot of the first two principal components
based on infection type to isolates of wheat leaf rust at seedling stage in greenhouse
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Figure 4. Graphical presentation of genetics distances between selected bread wheat accessions based on
infection type to isolates of wheat leaf rust at seedling stage in greenhouse
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Figure 5. Dendrogram of cluster analysis of selected bread wheat accessions by Ward method based on infection
type reaction to isolates of wheat leaf rust at seedling stage in greenhouse
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Table 6. Evaluation of the accuracy and conformity of the grouping derived from cluster analysis using
discriminant function analysis

Predicted group members

Clusters 1 > 3 5 Total
1 5 0 0 0 5
2 0 5 0 0 5
Number 3 0 0 ) 0 )
4 0 0 0 14 14
1 100 0 0 0 100
Percent 2 0 100 0 0 100
3 0 0 100 0 100
4 0 0 0 100 100
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Multidimmensional Scaling (MDS)
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Figure 6. Distribution of the origin of bread wheat accessions based on infection type reaction to isolates of
wheat leaf rust at seedling stage in greenhouse using multi-dimonsional scaling method
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Table 7. Reaction of selected bread wheat accessions to isolates of wheat leaf rust at seedling stage in greenhouse

Accession Pathotype
Golestanl Golestan2 Khozestan Mazandaran
4435 R R S R
4447 S S S S
4509 S S S S
4518 S S S R
4521 S S S R
4531 S R R R
4532 S R S R
4534 S R S R
4593 S S S R
4631 S S S S
4668 S S S S
5011 S S S s
5030 S S S R
5034 S S S R
5036 R S S S
5040 S S S S
5041 S S S S
5042 S S S S
5086 S S S S
5100 S S S S
5102 R S S S
5103 S S S S
5113 S S S S
5117 S S S S
5118 S S S S
5127 S R S S
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Abstract

Leaf rust is one of the most important wheat diseases in the world and Iran and the use of resistant
cultivars is the most effective tool against this disease, however, the resistance of the cultivars becomes
ineffective following a selective pressure on the pathogen, which makes the search for new resistance
genetic resources unavoidable. The present study was performed to identify these sources of resistance
in wheat germplasm. Therefore, 97 accessions from the bread wheat collection of National Plant Gene
Bank of Iran were investigated under natural infection condition at Eraghi-Mahale Research Station,
Gorgan, Iran, in 2017-2018. The results showed that 46.4% of the studied accessions had a zero infection
coefficient that were selected for evaluation at the seedling stage. Seedling evaluation was performed in
greenhouse using four pathotypes with determined virulence-avirulence factors. The results of
qualitative and quantitative analyzes grouped the studied accessions into different groups with specific
resistance to one or more pathotypes. Comparison of resistance response of the accessions with
avirulence/virulence formula in the pathotypes indicated the possibility of presence of Lri4a in the
accession 5127. Furthermore, these comparisons revealed the possibility of presence of unknown
resistance genes in many of the accessions under study. The results of this study showed the valuable
capacity of the bread wheat germplasm to possibly identify new genes and sources of resistance to leaf
rust. Therefore, it is suggested that additional research be done to evaluate and screen the bread wheat
germplasm.

Keywords: Brown rust, Gene bank, Pathogen, Resistance gene, Virulence

1. Research Assist. Prof., Seed and Plant Improvement Institute, Agricultural Research, Education and
Extension Organization (AREEO), Karaj, Iran

2. Research Assist. Prof., Agriculture and Natural Resources Research Center of Golestan, Agricultural
Research, Education and Extension Organization (AREEQ), Gorgan, Iran

" Corresponding author: mzahravi @yahoo.com

29



