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Abstract. The pattern of expression of the pathogenesis-related (PR) proteins transcripts was studied in four winter 
wheat cultivars (Sepahan, Shirody, Chamran and Marvdasht) differing in resistance to powdery mildew. In current 
study the genetic variation for powdery mildew tolerance was investigated and proteins related to this disease ana-
lysed via leaf protein electrophoresis. The expression of these transcripts was studied under natural conditions dur-
ing autumn, winter, and early spring of 2008-2009 at field site. The leaf protein samples of genotypes were analyzed 
simultaneously with powdery mildew disease occurrence. For this purpose leaves protein were purified by extrac-
tion buffer. SDS-PAGE method was applied for extraction and resolving of these genotypes. The results of SDS-
PAGE showed 25 bands on gel and they had high polymorphism almost in all genotypes. In relatively tolerant 
genotype (Shirody), bands 9 and 19 kDa (P9 and P19) differed from susceptible genotype (Marvdasht). The P9 and 
P19 bands in tolerant genotype have weak and sharp resolution. In the sensitive genotype this banding pattern has 
a reverse orientation. Study of these bands is in progress. Thus, appearance of P19 and P9 protein bands represent 
the tolerant and sensitive genotypes to powdery mildew disease respectively. 
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Introduction 
 
Stresses induce the creation of many types of proteins in 
plants. A series of novel soluble proteins, defined as 
pathogenesis-related (PR) proteins, are induced as a re-
sult of a hypersensitive reaction of host plants when 
plants are infected by incompatible pathogens (Ohashi 
& Ohshima 1992). Higher plants accumulate several 
types of "pathogenesis-related (PR)" proteins in re-
sponse to infection by pathogens such as fungi or vi-
ruses (Kitajima 1999). 

Specifically, protective plant proteins induced in 
pathological or related situations have been intensively 
investigated from an agricultural perspective. These in-
ducible or constitutive defence mechanisms of higher 
plants are relatively conserved during the course of evo-
lution (Bowles 1990). 

For instance, PR proteins, which have been studied 
in many plant species to date, are classified into seven-
teen families (PR-1 to PR-17), regardless of the original 
plant species. The sequence similarities, serologic or 
immunologic relationships, and enzymatic properties 
are the basis of this classification (van Loon et al. 1994, 
van Loon & van Strien 1999). 

PR proteins were first illustrated in tobacco plants 
infected with tobacco mosaic virus (Gianinazzi et al. 

1970, Van Loon & Van Kammen 1970). Pathogenesis-
related proteins are distinguished by specific biochemi-
cal properties. They are low-molecular proteins (6-43 
kDa), extractable and stable at low pH (< 3), thermosta-
ble, and highly resistant to proteases (van Loon 1999). 

Powdery mildew (Erysiphe graminis f.sp. tritici) in 
wheat is a disease of growing importance mainly due to 
the increasing use of high-yield short-stem varieties of 
wheat, carrying specific resistance genes. This fungus 
produces a lot of conidia in relatively short cycles so 
that this pathogen is genetically high variable. As mil-
dew is a wind-dispersed disease, it is possible to obtain 
representative random samples of regional populations 
from the atmosphere in order to monitor its characters, 
such as virulence (Svec et al. 1993). Powdery mildew 
continues to be an economically important problem of 
winter wheat production (Kahrizi & Farshadfar 2002). 
Powdery mildew is an important disease of wheat in 
specific regions of the world, including parts of China, 
Africa, North and South America, and Europe (Fritig et 
al. 1998, Van Loon et al. 1994). 

The aim of the present paper is to determine the 
electrophoretic protein bands pattern, related to pow-
dery mildew of some wheat cultivars and the tolerant 
genotypes to this disease. 
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Materials and Methods 
 
This study was carried out with four cultivar (Sepahan, Shi-
rody, Chamran and Marvdasht) based on Randomized Com-
plete Blocks Design (RCBD) with three replications at the re-
search farm of the Agricultural College, Razi University, Ker-
manshah, in the 2008-2009 cropping season. Leaf proteins ex-
traction and gel electrophoresis was done in Medical Biology 
Research Centre, University of Medical Sciences, Kermanshah, 
Iran. The genotypes used in this study were given by Dryland 
Agricultural Research Institute. 

In this experiment, in order to evaluate the reaction of 
wheat to powdery mildew, four genotypes were cultured. Cul-
ture spacing was 30 cm. Observation on disease incidence was 
recorded according to the method described by Wang and col-
laborators (1995). Therefore, 10 leaves of each plant were se-
lected randomly. Ranking was based on the percent of leaf sur-
face that was infected and then severity of infection (SI) was 
calculated. 
 

Protein purification, Gel Electrophoresis and Staining 
Leaves were powdered separately by liquid nitrogen. During 
the experiments the powders were separately kept in cold -
80°C until extraction. 

Leaves’ proteins were extracted by extraction buffer (Tris-
HCl, pH=8.5; NP-40, 2%; PMSF, 1mM and EDTA, 1mM) fol-
lowing the method described by Xi and collaborators (2006) 
with some modifications. SDS-PAGE method in resolving gel 
with 12.5% acrylamid and stacking gel 5% acrylamid was ap-
plied for extraction and resolving of these genotypes. Then, af-
ter gel electrophoresis, protein bands were revealed by 
Coomassie Brilliant Blue R-250 staining and destained by 
methanol and acetic acid. Dissociating polyacrylamide gel elec-
trophoresis (SDS-PAGE) was adopted after Laemmli (1970) 
with some modifications. Protein assay was made according to 
Bradford (1976). The molecular weight of each band was identi-
fied by the standard curve obtained from the standard pro-
teins. Standard proteins used and their molecular weights 
were: ovotransferrin (78 kDa), bovine serum albumin (66 kDa), 
ovalbumin (45 kDa), actinidin (29 kDa), β lactoglobulin (18 
kDa) and lysozyme (14 kDa). 

 
 

Results and Discussion 
 
The evaluation of powdery mildew was conducted us-
ing severity index (SI) measurement. There was a varia-
tion for powdery mildew disease susceptibility among 
the studied cultivars in the field (Table 1). Estimated Se-
verity Index (SI) of studied genotypes helps to know 
which of the cultivars is more tolerant or susceptible to 
disease. Based on Wang and collaborators (1995) disease 
SI index, the Shirody cultivar with minimum SI (27.77) 
was distinguished as the most tolerant cultivar to pow-
dery mildew among the investigated genotypes. Ac-
cording this method the Marvdasht cultivar with maxi-
mum SI (44.44) found as the most susceptible genotype. 
Further SI indicates the more sensitivity to disease. 
Therefore the Sepahan and Chmran cultivars with in-
termediate SIs (33.33 and 30.55 respectively) recognized 

as semi-sensitive and semi-tolerant genotypes. The 
Chamran cultivar with less SI is more tolerant than 
Sepahan. The severity index has been used as a useful 
criterion for disease evaluation for powdery mildew in 
Sainfoin (Kahrizi & Farshadfar 2002), root rot in sugar 
beet (Karimzadeh et al. 2007) and leaf blight in Castor 
(Mamza et al. 2008). 
 

Table 1. Severity Index of different winter wheat 
genotypes under powdery mildew stress. 

 

Genotype name  Severity Index (%) 
Sepahan 33.33 
Shirody 27.77 
Chamran 30.55 
Marvdasht 44.44 

 
 

The comparison of disease evaluation and protein 
pattern provide useful information about relationship 
between tolerant or susceptible genotypes and protein 
expression. 

The SDS-PAGE protein pattern of four wheat culti-
var is shown in Figure 1. The wheat protein profiles 
were composed of approximately 25 bands. The used 
method has the advantages of simplicity, high sensitiv-
ity and good accuracy and this experiment proved that 
SDS-PAGE is a practical and reliable method for wheat 
identification. 

 

 
 

Figure 1.  SDS-PAGE of four winter wheat cultivar in 
powdery mildew stress conditions. The arrows indi-
cate variation in different regions. 1: Sepahan, 2: Shi-
rody, 3: Chamran and 4: Marvdasht cultivars. 

 
Tolerant (Shirody) and sensitive (Marvdasht) culti-

vars showed polymorphism in 9 and 19 kDa bands.  
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These bands in tolerant genotype have a weaker and 
sharper resolution. In the sensitive genotype this band-
ing pattern has reverse orientation. Finally, there is a 
positive and negative correlation between 19 and 9 kDa 
bands’ expression with powdery mildew resistance. The 
other two cultivars are intermediate for these protein 
bands. The SDS-PAGE results are in agreement with 
powdery mildew filed assay. Other SDS-PAGE poly-
morphic bands such as in 8, 15, 20, 22, and >100 kDa 
protein bands are not explainable with disease results.  
The P9 and P19 are introduced as powdery mildew 
markers in wheat for first time and recommended that 
study in a more range of wheat genotypes. 

Recently, protective proteins of higher plants have 
drawn much attention from plant breeders. Because de-
fence-related proteins usually provide a plant with re-
sistance to stresses, varieties that are apt to intensively 
induce such proteins can be agriculturally valuable 
(Fritig et al. 1998). 
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