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Abstract 
Stemphylium blight is the most serious and devastating disease of onion limiting the quality and quantity 

of both bulb and seed. Molecular analysis using 9 RAPD primers was done to assess the genetic diversity 

among the 36 S. vesicarium isolates from onion obtained from different geographical areas of Kashmir 

valley. All the 9 RAPD markers used during the present study revealed a moderate level of 

polymorphism in different isolates of S. vesicarium. In the present study maximum scored bands were 

160 in SV-A04 marker with maximum polymorphic bands (10) showing 6.25 per cent polymorphism. 

The lowest scored bands were 7 in marker “SV-F02” with only two polymorphic bands showing 28.57 

per cent polymorphism. In total, 579 bands were scored of which 54 were polymorphic, thereby showing 

9.32 per cent polymorphism. Genetic dissimilarity of the isolates varied from 1.00 to 0.14.The present 

study provides insights into the extent of genetic diversity available in 36 S. vesicarium isolates from 

onion obtained from different geographical areas of Kashmir valley. 
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Introduction 

Onion (Allium cepa L.) is one of the most important crops in the world that belongs to the 

family Alliaceae. It is also used as a common favourite spice, salad and vegetable in many 

countries of Asia. It is also used as a condiment for flavoring a number of foods and medicines 
[1, 2]. Many fungal, bacteria, viral and nematodes diseases besides abiotic factors effect onion 

crop [3]. Among the fungal diseases stemphylium blight is the most serious and devastating 

resulting in yield loses [4].  

The disease is characterized by the appearance of small yellow to orange streaks which soon 

develop into elongated, spindle shaped to ovate elongated diffusate spots surrounded by 

pinkish margins. Losses of about 80-85% occours to crop due to severe demage from disease 

on leaves and seed stalk [5]. 

The most efficient and economical method to manage plant diseases is the use of resistant 

varieties. Cultivation of resistant varieties can be an effective approach to reduce the cost of 

cultivation, risk of development of resistance in pathogen, risk to human health and 

environmental pollution. However, knowledge regarding diversity of the pathogen population 

is prerequisite for success in disease resistance breeding and development of management 

strategies [6].  

Molecular analysis can be applied to estimate genetic diversity of the pathogen population so 

that the germplasm of national importance is tested for resistance against all different pathogen 

genotypes occurring across the diverse onion growing areas of the State.  

Among the molecular markers, RAPD (random amplified polymorphic DNA), which depends 

on random amplification of DNA with short primers, offers a cheap and simple DNA-based 

marker that is quick and easy to assay.  

This procedure requires only small quantity of DNA and doesn't need primer construction, 

since random primers are already commercially available. In general, valuable data regarding 

genetic variations within and among populations of a species can be generated by using RAPD 

markers [7]. Keeping the above facts in view, the present study involved RAPD markers was 

undertaken to estimate the genetic diversity of S. vesicarium isolates collected from different 

geographical regions of Kashmir valley.  
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Material and Methods 

Isolation and pathogenicity of S. vesicarium isolates 

Onion leaves bearing the typical symptoms of Stemphylium 

blight, collected from thirty-six onion fields from four 

districts of the Kashmir valley, viz., Baramulla, Srinagar, 

Budgam and Anantnag during surveys were immediately 

brought to laboratory for isolation of the pathogen. The 

isolations of the pathogen from the diseased samples collected 

from different onion fields during survey were carried out by 

tissue bit transfer method [8]. The pathogenecity of the isolates 

of causal fungus was established by proving the Koch’s 

postulates on potted onion plants (cv. Yellow Globe) as per 

the method adopted by Bassalote-Ureba et al. [9]. In all thirty 

six cultures, proved pathogenic on susceptible host “Yellow 

Globe” and were named as Sv-01, Sv-02, Sv-03; Sv-04, Sv-

05, Sv-06 ; Sv-07, Sv-08, Sv-09 from three different onion 

fields from wadura, Achabal and Pattan of district Baramulla 

respectively, Sv-10 Sv-11 Sv-12; Sv-13, Sv-14, Sv-15; Sv-16, 

Sv-17, Sv-18 from Shalimar, Danderkah, and Noorbagh of 

district Srinagar, respectively, Sv-19, Sv-20, Sv-21; Sv-22, 

Sv-23, Sv-24; Sv-25, Sv-26, Sv-27 isolates from Chadoora, 

Magam, and Ompora of district Budgam, respectively, Sv-28, 

Sv-29, Sv-30; Sv-31, Sv-32, Sv-33; Sv-34, Sv-35, Sv-36 from 

Sangam, Bijbhera and Larnoo of district Anantnag, 

respectively and were used for study of genetic diversity. The 

cultural, morphological and pathogenic variability of these 

isolates is discussed in Hassan et al. [10].  

 

Molecular variability of pathogen isolates 

The genetic diversity of thirty-six pathogenic S. vesicarium 

isolates associated with Stemphylium blight of onion 

collected from different was studied by using random 

amplified polymorphic DNA (RAPD) markers [11]. The details 

of RAPD markers used during the present study is available in 

Table 1. 

Genomic DNA extraction  
CTAB method [12] was used for isolation of genomic DNA of 
collected isolates of S. vesicarium. Assessment of quality and 
quantity of the DNA was checked in 1% agarose gel by 
staining DNA with ethidium bromide (0.1µg/ml). Marker of 
known concentration was also loaded along with DNA 
samples and the gel was run at 100V for 1 hour in 0.5xTBE 
buffer. DNA concentration and quality of each sample was 
ascertained by comparing with that of standard marker. 
 

Primer selection 

A set of eleven decamer oligonucleotide primers (Integrated 

DNA Technologies) were screened with two randomly 

selected isolates for polymorphism [13]. The primers showing 

consistency in polymorphism among isolates were selected 

for RAPD profiling of all the thirty-six S. vesicarium isolates. 

The base sequence and annealing temperature of the primers 

used for screening are listed in Table 1. 

 

PCR amplification 
Polymerase chain reaction (PCR) [14] for RAPD analysis of 
each isolate was performed in volume of 25 µl reaction 
mixture in 0.2 ml PCR tubes containing 125ng genomic 
DNA, 1.5mM MgCl2, 0.2mM each of dNTP’s, 0.4pmol of 
each primer, 1U Taq DNA polymerase and 2.5µl of 10X PCR 
buffer. PCR was performed in a T-Gradient Whatman 
Biometra thermal cycler. The reaction mixture in PCR tubes 
were given short spin or vortexed in microcentrifuge (Thermo 
Scientific, Thermo Electron Corporation) and placed in 96 
well thermal cycler. The PCR conditions include initial 
denaturation at 94 oC for 5 minutes followed by 35 cycles at 
94 oC for 1 minute, at annealing temperature (Table 1) for 1 
minute, 72 oC for 60 seconds and a final extension at 72 oC 
for 6 minutes. 
 
 

 
Table 1: RAPD primers, their sequences and annealing temperature for PCR analysis of different isolates of Stemphylium vesicarium 

 

S. No. Primer Primer sequence (5' to 3') Annealing temperature (oC) 

1. SV-A03 AGTCAGCCAC 34.30 

2. SV-A04 AATCGGGCTG 35.10 

3. SV-A05 AGGGGTCTTG 32.60 

4. SV-F01 ACGGATCCTG 33.30 

5. SV-F02 GAGGATCCCT 30.90 

6. SV-Y01 GTGGCATCTC 32.10 

7. SV-Y02 CATCGCCGCA 42.10 

8. SV-Y03 ACAGCCTGCT 37.40 

9. SV-Y04 GGCTGCAATG 34.40 

10. SV-Y05 GGCTGCGACA 41.20 

11. SV-Y06 AAGGCTCACC 34.10 

 

Visualization of PCR products 

5µl of the 6X loading dye was added to 25µl of the amplified 

product so as to obtain a final concentration of the loading 

buffer in reaction samples to 1X. The PCR product was 

resolved on 1.2% agarose gelsprepared in 0.5X TAE buffer. 

Ethidium bromide was added at concentration of 0.5µg µl-1. 

The samples was run at 5V/cm under UV light and 

photographed using Alfa Imager gel documentation system 

(Alfa Imager EC, Protein Simple, USA). 

 

Data Analysis 

Data generated by RAPD primers 
Nine polymorphic and reproducible primers viz., SV-F01, SV-
F02, SV-Y02, SV-Y05, SV-A04, SV-Y03, SV-Y04, SV-A05, 
and SV-Y01 were used for RAPD profiling. The band pattern 

obtained from agarose gel electrophoresis was digitalized to a 
binary-matrix (0 and 1 for absence and presence of RAPD-
bands, respectively). The data of all the primers were 
combined. DARwin software (version 6.0.12) [15, 16] using the 
Jaccard coefficient was used to generate dissimilarity matrix 
and dendrogram was thus constructed on the basis of 
unweighted pair group method of arithmetic average 
(UPGMA) clustering. 

 

Results and Discussion 

Polymorphism using Random amplified polymorphic 

DNA (RAPD) primers 

Only nine primers that gave clear and polymorphic 

amplification patterns were used for genetic diversity analysis 

for fingerprinting of 36 isolates of Stemphylium vesicarium 
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obtained from different geographical regions (Plate 1). The 

number of scorable and polymorphic bands ranged from 7 to 

160 and from 2 to 10, respectively (Table 2). Highest scored 

bands were 160 in SV-A04 with highest polymorphic band 

(10) showing 6.25 per cent polymorphism. The least scored 

bands were 7 in SV-F02 with least polymorphic bands (2) 

showing 28.57 per cent polymorphism. In total, 579 bands 

were scored, of which 54 were polymorphic, thereby showing 

9.32 per cent polymorphism. 

 

 

 
 

Plate 1: RAPD profile of 36 isolates of S. vesicarium using SV-Y02 and SV-Y05 

 

Table 2: Polymorphism survey in 36 Stemphylium vesicarium isolates based on RAPD genotyping 
 

Primer Scored bands Polymorphic bands Polymorphism (%) 

SV-F01 71 07 09.85 

SV-F02 07 02 28.57 

SV-Y02 108 06 05.55 

SV-Y05 80 07 08.75 

SV-A04 160 10 06.25 

SV-Y03 47 07 14.89 

SV-Y04 41 04 09.75 

SV-A05 50 06 12.00 

SV-Y01 15 05 33.33 

Total 579 54 9.32 

 

Dissimilarity coefficient 
Jaccard’s pair-wise dissimilarity coefficient values were 
calculated among S. vesicarium isolates based on RAPD data. 
Genetic dissimilarity of the isolates varied from 1.00 to 0.14 
(Table 3) with maximum of 1.00 between Sv-14; Sv-03 and 
Sv-14; Sv-04 and Sv-14; Sv-05 and Sv-14; Sv-06 and Sv-14; 
Sv-07 and Sv-14; Sv-08 and Sv-14; Sv-09 and Sv-14; Sv-10 
and Sv-14; Sv-12 and Sv-14; Sv-13 and Sv-25; Sv-14 and Sv-
26; Sv-14 and Sv-27; Sv-14 and Sv-28; Sv-14 and Sv-29; Sv-

14 and Sv-30; Sv-14 and Sv-31; Sv-14 and Sv-32; Sv-14 and 
Sv-34; Sv-14 and Sv-26; Sv-04 and Sv-28; Sv-03 and Sv-28; 
Sv-04 and Sv-28; Sv-06 and Sv-27; Sv-26 and Sv-28; Sv-25 
and Sv-28; Sv-27 and Sv-29; Sv-28 and Sv-30; Sv-28 and 
between Sv-07 with rest of all the isolates while as the 
minimum average genetic dissimilarity of 0.14 between Sv-19 
and Sv-20 belonging to same geographical location indicating 
that these two isolates have the least resemblance among 
themselves as compared to all other isolates.  
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Table 3: Jaccard’s dissimilarity matrix based on RAPD data between 36 isolates of Stemphylium vesicarium 
 

 Sv-1 Sv-2 Sv-3 Sv-4 Sv-5 Sv-6 Sv-7 Sv-8 Sv-9 Sv-10 Sv-11 Sv-12 Sv-13 Sv-14 Sv-15 Sv-16 Sv-17 Sv-18 

Sv-1                   

Sv-2 0.45                  

Sv-3 0.78 0.84                 

Sv-4 0.90 0.87 0.65                

Sv-5 0.55 0.73 0.63 0.77               

Sv-6 0.68 0.66 0.72 0.84 0.65              

Sv-7 1 1 1 1 1 1             

Sv-8 0.65 0.63 0.58 0.80 0.67 0.66 1            

Sv-9 0.55 0.75 0.77 0.87 0.58 0.54 1 0.69           

Sv-10 0.71 0.77 0.70 0.76 0.64 0.68 1 0.52 0.54          

Sv-11 0.83 0.91 0.69 0.70 0.67 0.72 1 0.63 0.64 0.36         

Sv-12 0.91 0.93 0.90 0.95 0.87 0.71 1 0.88 0.73 0.76 0.75        

Sv-13 0.65 0.7 0.69 0.76 0.62 0.52 1 0.57 0.52 0.52 0.69 0.82       

Sv-14 0.95 0.91 1 1 1 1 1 1 1 1 1 1 1      

Sv-15 0.77 0.85 0.81 0.88 0.65 0.76 1 0.88 0.66 0.88 0.83 0.8 0.88 0.92     

Sv-16 0.61 0.71 0.75 0.85 0.64 0.55 1 0.59 0.47 0.60 0.70 0.83 0.36 0.94 0.68    

Sv-17 0.70 0.70 0.8 0.92 0.73 0.58 1 0.76 0.57 0.65 0.81 0.85 0.63 0.91 0.8 0.5   

Sv-18 0.68 0.73 0.72 0.78 0.66 0.70 1 0.56 0.57 0.3 0.5 0.78 0.5 0.88 0.80 0.45 0.55  

Sv-19 0.66 0.80 0.7 0.8 0.6 0.73 1 0.65 0.55 0.56 0.6 0.86 0.70 0.9 0.5 0.5 0.76 0.41 

Sv-20 0.7 0.8 0.64 0.79 0.63 0.72 1 0.58 0.64 0.47 0.52 0.85 0.69 0.89 0.60 0.47 0.75 0.39 

Sv-21 0.58 0.75 0.65 0.82 0.56 0.62 1 0.55 0.40 0.51 0.60 0.84 0.55 0.91 0.57 0.33 0.6 0.38 

Sv-22 0.76 0.77 0.67 0.77 0.70 0.70 1 0.57 0.71 0.41 0.57 0.87 0.52 0.90 0.79 0.48 0.73 0.33 

Sv-23 0.64 0.73 0.63 0.81 0.62 0.65 1 0.45 0.58 0.48 0.57 0.87 0.52 0.90 0.75 0.27 0.62 0.33 

Sv-24 0.66 0.79 0.65 0.78 0.56 0.62 1 0.60 0.51 0.33 0.55 0.84 0.5 0.96 0.72 0.46 0.6 0.32 

Sv-25 0.71 0.77 0.6 0.76 0.59 0.68 1 0.52 0.65 0.31 0.36 0.76 0.65 1 0.79 0.60 0.71 0.45 

Sv-26 0.8 0.84 0.95 1 0.86 0.86 1 0.94 0.78 0.82 0.94 0.87 0.94 1 0.86 0.94 0.75 0.9 

Sv-27 0.68 0.73 0.81 0.84 0.70 0.7 1 0.66 0.54 0.61 0.66 0.8 0.52 1 0.7 0.38 0.73 0.59 

Sv-28 0.95 0.91 1 1 0.95 1 1 0.93 0.89 0.94 1 1 0.93 1 0.92 0.94 0.91 0.94 

Sv-29 0.83 0.82 0.6 0.81 0.73 0.68 1 0.59 0.70 0.60 0.65 0.83 0.70 1 0.79 0.66 0.71 0.58 

Sv-30 0.68 0.82 0.83 0.91 0.76 0.77 1 0.73 0.72 0.75 0.73 0.72 0.73 1 0.77 0.68 0.94 0.77 

Sv-31 0.65 0.75 0.64 0.79 0.6 0.54 1 0.45 0.48 0.47 0.52 0.85 0.45 1 0.81 0.33 0.63 0.39 

Sv-32 0.63 0.72 0.66 0.72 0.61 0.64 1 0.56 0.51 0.39 0.5 0.81 0.61 1 0.78 0.52 0.66 0.44 

Sv-33 0.65 0.75 0.73 0.83 0.71 0.54 1 0.69 0.53 0.65 0.74 0.8 0.52 0.95 0.72 0.33 0.5 0.52 

Sv-34 0.71 0.76 0.62 0.76 0.69 0.69 1 0.56 0.57 0.45 0.56 0.76 0.66 1 0.78 0.57 0.72 0.5 

Sv-35 0.62 0.66 0.8 0.86 0.7 0.57 1 0.72 0.5 0.56 0.72 0.77 0.60 0.94 0.75 0.42 0.52 0.54 

Sv-36 0.69 0.74 0.68 0.78 0.63 0.66 1 0.59 0.6 0.44 0.53 0.83 0.68 0.95 0.75 0.55 0.64 0.48 

 
 Sv-19 Sv-20 Sv-21 Sv-22 Sv-23 Sv-24 Sv-25 Sv-26 Sv-27 Sv-28 Sv-29 Sv-30 Sv-31 Sv-32 Sv-33 Sv-34 Sv-35 Sv-36 

Sv-20 0.14                  

Sv-21 0.24 0.28                 

Sv-22 0.44 0.36 0.41                

Sv-23 0.38 0.29 0.23 0.30               

Sv-24 0.42 0.40 0.34 0.29 0.35              

Sv-25 0.5 0.40 0.51 0.48 0.48 0.46             

Sv-26 0.90 0.95 0.88 0.96 0.96 0.83 0.88            

Sv-27 0.5 0.54 0.52 0.6 0.54 0.62 0.47 1           

Sv-28 0.95 0.95 0.91 0.95 0.95 0.96 1 0.8 1          

Sv-29 0.61 0.6 0.57 0.53 0.53 0.51 0.54 0.94 0.68 1         

Sv-30 0.68 0.66 0.73 0.80 0.76 0.77 0.61 0.91 0.53 1 0.91        

Sv-31 0.5 0.48 0.40 0.42 0.29 0.40 0.47 0.95 0.4 0.95 0.47 0.72       

Sv-32 0.48 0.46 0.5 0.51 0.46 0.44 0.31 0.86 0.45 0.95 0.62 0.57 0.33      

Sv-33 0.60 0.59 0.46 0.58 0.48 0.51 0.65 0.90 0.54 0.95 0.65 0.66 0.41 0.46     

Sv-34 0.58 0.51 0.5 0.56 0.46 0.5 0.52 0.91 0.64 0.95 0.52 0.69 0.46 0.38 0.4    

Sv-35 0.62 0.61 0.53 0.65 0.55 0.53 0.62 0.83 0.57 0.94 0.73 0.63 0.56 0.41 0.28 0.34   

Sv-36 0.56 0.5 0.48 0.54 0.44 0.43 0.5 0.87 0.66 0.95 0.60 0.72 0.5 0.37 0.38 0.16 0.26 - 

 

Cluster analysis 

Cluster analysis was conducted on the taxonomic distance 

matrix with the Unweighted Pair Group Method based 

Arithmetic Average (UPGMA) and dendrogram generated 

(Fig.1). Dendrogram showed one independent lineages 

compromising of isolates (Sv-07) and one main clusters. 

Cluster I was subdivided into one independent lineage 

compromising of one isolate (Sv-14) and cluster Ia showing 

an average genetic diversity of approximately 2.4 per cent and 

genetic similarity of 97.6 per cent between them. Cluster Ia 

was subdivided into two clusters Iaa and cluster Iab. Cluster 

Ia compromised of two isolates (Sv-26 and Sv-28) and cluster 

Iab compromised of rest of the isolates showing an average 

genetic diversity of approximately 3.9 per cent and genetic 

similarity of 96.1 per cent between them.  
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Fig 1: Dendrogram of 36 isolates of Stemphylium vesicarium generated by unweighted pair group method arthimetic mean (UPGMA) analysis 

of RAPD bands obtained with 09 primers. 

 

The present study is the first report dealing with the study of 

genetic diversity using RAPD markers in S. vesicarium 

causing Stemphylium blight of onion in Kashmir. The study 

of genetic diversity using RAPD markers during the present 

study revealed moderate level of genetic diversity. These 

findings show that RAPD markers can be used in revealing 

genetic diversity of S. vesicarium causing Stemphylium blight 

of onion in Kashmir. RAPD markers have been already used 

for the study of genetic diversity in S. vesicarium in several 

earlier studies [17, 12].  

The analysis of RAPD data revealed that there was no 

agreement of clustering of different fungal isolated from the 

same geographical region/district since isolates from different 

districts were clustered together. For instance, sub clusters Ia, 

Iaa and Ibb contained isolates from different districts. Our 

results are in agreement with the results of some earlier 

studies. For instance, 55 and 69% polymorphism was reported 

in S. lycopersici isolates using RAPD (Random amplified 

polymorphic DNA) and ISSR (inter simple sequence repeat) 

markers, respectively [18]. High genetic diversity was observed 

in S. solani isolates from cotton and tomato using RAPD 

markers [17]. It was reported that variation due to geographic 

region was observed for the tomato isolates but not for the 

cotton isolates. The perfect state of Stemphylium species 

belongs to Pleospora (Pers.er.Fr.) Rabenh is formed under 

prolonged cold conditions (4 oC) prevalent in Kashmir valley. 

Formation/occurrence of perfect state on this fungus on onion 

has been already reported [19]. Therefore, substantial 

variation between different fungal isolates can be attributed to 

the phenomenon of sexual hybridisation. The high genetic 

diversity reported in some studies may be due to mutation, 

recombination (sexual or parasexual), migration (gene flow) 

and adaptation to diverse hosts 

 

Conclusion  

Therefore, in conclusion, we can say that RAPD markers 

were found suitable for studying genetic diversity in this 

pathogen. RAPD data revealed a high level of genetic 

diversity within populations. High diversity indicated that S. 

vesicarium is quickly evolving fungus and has potential to 

overcome management strategies using fungicides and 

resistant varieties. 
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