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ABSTRACT 
 

Orobanche crenata is an annual parasitic weed that causes heavy losses to its host crop faba bean 
(Vicia faba). Determining the genetic diversity in Orobanche germplasm is a preliminary crucial 
step in faba bean breeding.It helps in identifying liable criteria of host tolerance. The current study 
aimed to determine the genetic diversity for Orobanche collected from two divergent locations in 
Egypt (Giza and Sids). The inter simple sequence repeats (ISSR) markers were used to determine 
genetic relationships among and within the collected groups. The number of produced fragments 
covered 218 to 980 bp of the total of Orobanche crenata genome. The five used primers generated 
a total of 73 ISSR products with an average of 14.6 products / primer. The polymorphic information 
content (PIC) ranged from 0.86- 0.94. 
Analyses of molecular variance indicated significant difference within each region. The difference 
between the two locations was not significant (3%) due to great variation within locations (97%). 
The cluster analysis devided the 96 Orobanche samples into five sub-clusters. The study signified 

Original Research Article 



 
 
 
 

Abdalla et al.; BJI, 16(3): 1-11, 2016; Article no.BJI.27216 
 
 

 
2 
 

the efficiency of ISSR molecular technique in estimating genetic relationships across the two 
divergent locations at the genomic level. It also was consistence with the predominantly 
allogamous behaviour of O. crenata. Because of Orobanche diversity, faba bean breeders should 
develop host varieties with heterogeneous background and don‟t release any pure line host in 
infested soils. 
 

 
Keywords: Genetic variability; Orobanche crenata; ISSR; diversity; Faba bean. 
 
1. INTRODUCTION 
 
Faba bean, Vicia faba L. is an important pulse 
crop in Egypt. It is used mainly as human food to 
prepare several local popular dishes. The 
Orobanche crenata Forsk is an annual parasitic 
plant that causes heavy losses to its host faba 
bean. Recent investigations supported by 
molecular taxonomy analyses have resulted in 
re-definition of Orobanchaceae family. According 
to this classification Orobanchace aeconsists of 
89 genera, containing 2061 species. On the 
Balkans the family Orobanchaceae is 
represented by 3 genera Orobanche includes 25 
species; three of which are present in Egypt 
(crenata, aegyptiaca and minor) they are widely 
spread in Bulgaria, Southern Europe, Russia, 
Middle East and Northern Africa. They cause 
losses in crop productivity estimated at hundreds 
of millions of dollars annually that affect the 
livelihoods of 100 million farmers [1]. However, 
Grenz and Sauerborn [2] hypothesized that 
Orobanche spp. may have a geographic 
distribution in all Mediterranean climate areas, 
part of monsoon, savanna and winter dry climate 
regions of Central America, Australia and South 
Asia. Orobanche seeds live in soil for many 
years, until germinated by exudates from proper 
host(s) [3,4]. Faba bean losses vary according to 
host genotype, level of parasitism, sowing date, 
soil moisture, temperature and other factors 
[5,6,7,8,9]. Host yield loss may reach 100% crop 
failure. In their review on breeding faba bean for 
tolerance to Orobanche in Egypt, Abdalla and 
Darwish [9] reported on Orobanche parasitism, 
host variability, variability of parasite, screening 
techniques for tolerance/resistance, genetics of 
host resistance / tolerance, nature of host 
resistance / tolerance and finally achievements 
and future prospects. Some authors were of the 
idea that Orobanche species does not vary in 
aggressiveness / virulence. However, other 
authors reported on the variability of this parasite 
[10,11,8,12]. Relation of faba bean and 
Orobanche was studied during three seasons 
1979/80, 1980/1981 and 1981/82 [8] using 209 
faba bean land races. They reported variation for 
both host and parasite. Orobanche varied in 

colour and was of single or multi-spiked nature. 
Orobanche parasitizing a host plant ranged from 
13 to 114 g fresh weight and from 2 to 14 g dry 
weight. The authors recommended combining 
different tolerance genes from local and exotic 
faba bean genotypes differing in their genetical 
back grounds to breed faba bean for uniform 
resistance to Orobanche. Fischbeck et al. [10] 
and Radwan et al. [11] conducted pot 
experiments using 22 faba bean lines against 9 
accessions of broomrape, 8 of which were 
collected from five Governorates in Egypt and 
the ninth was obtained from Syria. The authors 
reported clear differences in aggressiveness/ 
virulence among parasite accessions. This was 
reflected in different effects on vegetative and 
reproductive growth of the faba bean hosts. 
Host-parasite relationships were reported to be 
also dependent upon environmental conditions. 
Nawar et al. [12] studied the parasitic ability of 
three broomrape accessions collected from El-
Behera Governorate (Egypt) on two faba bean 
varieties. Accessions varied in their effects at 
different growth stages of the two faba bean 
cultivars. 
 
Breeding faba bean to broomrape tolerance and 
the interaction between the host and the parasite 
are by no means an easy task because:(a)faba 
bean is partially self-pollinated crop, cross 
pollination may reach 67% [13] in presence of 
pollinating agents. Growing faba bean lines 
under insect free cages may maintain the line 
identity but will result in inbreeding effects. 
However, growing faba bean lines in open field 
may result in cross breeding and loosing the line 
identity in a few generations [14]. (b) Orobanche 
is an allogamous plant with expected genetic 
diversity. (c) Interaction between host and 
parasite is liable to environmental effects. (d) 
Characters of the host plants are variable both 
vegetative and generative characters are 
affected by Orobanche parasitism and liable 
criteria of host tolerance might be No. of podded 
plants / line, No. pods / plant, seed yield / plant 
…etc. (e) Absence of differential set of hosts that 
may discriminate between virulent (aggressive) 
accessions of the parasite. 
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The previous difficulties complicating the host x 
parasite interaction, therefore, molecular markers 
may be used to investigate the diversity in                    
O. crenata. Molecular markers are segments of 
chromosomes which don‟t necessarily encode 
any traits and are not affected by the 
environment, but which are inherited in a 
Mendelian fashion [15]. The Inter-simple 
sequence repeats (ISSR) are semi-arbitrary 
markers amplified by polymerase chain reaction 
(PCR) in the presence of one primer 
complementary to a target microsatellite. ISSR 
markers are suitable for investigating genetic 
diversity among O. aegyptiaca genetic groups 
and able to discriminate between individuals [16]. 
Each band corresponds to a DNA sequence 
delimited by two inverted microsatellites 
[17,18,19]. ISSR markers have several benefits 
over other techniques: first, it is known to be able 
to discriminate between closely related 
genotypes [20,21] and second, it can detect 
polymorphisms without any previous knowledge 
of the crop‟s DNA sequence. ISSR markers are 
quick and easy to handle and more informative 
for the evaluation of genetic diversity [22,23]. 
ISSRs have been used in genetic diversity 
studies in different crop plants [24,25,26]. 
Measuring diversity among O. crenata parasitic 
populations is not easy in terms of virulence 
because differential host sets are still not 
available in any of the cultivated hosts. Few 
studies have found low differentiation among O. 
crenata populations according to “race-
specificity” [27,11]. Molecular marker analysis 
(RAPD) carried out among O. crenata 
populations from Spain and Israel from faba 
bean, chick pea and vetch, indicated within 
population diversity [28]. In Egypt Zeid et al. [29], 
have shown low inter population divergence. 
Hassanien et al. [30] used molecular marker 
analysis (RAPD) among three isolates of                
O. crenata and reported variation between them. 
Genetic variation also determinate by using SSR 
markers for O. cumana [31]. The main objective 
of this work was the comparison of O. crenata 
populations from two locations in Egypt using 
ISSR markers. 
 

2. MATERIALS AND METHODS  
 

2.1 Plant Materials  
 

Ninety six O. crenata Forsk plants were sampled 
as individuals from naturally infected faba bean 
plants of two locations in Egypt: Giza (1 to 44) 
and Sids (45 to 96) during the growing season of 
2013/2014. Five primers (Table 1) were used to 
differentiate O. crenata plants [28]. 

Table 1. Inter simple sequence repeat DNA 
primers used in the analysis of O. crenata  

populations  
 
Primers  Sequence (5 –3) 
ISSR-807 AGA GAG AGA GAG AGA GT 
ISSR-810 GAG AGA GAG AGA GAG AT 
ISSR-835 AGA GAG AGA GAG AGA GYC 
ISSR-841 GAG AGA GAG AGA GAG AYC 
ISSR-857 ACA CAC ACA CAC ACA CYG 

 
2.2 DNA Extraction and PCR Analysis  
 
The genomic DNA was isolated from the shoot 
tip of Orobanche plants using CTAB protocol 
[32]. Orobanche shoot tips were ground to a fine 
powder in liquid nitrogen and extracted with hot 
CTAB. The purity of isolated DNA was quantified 
spectrometrically (Nano Drop, ND-1000, 
Nanodrop Technologies Wilmington, Delaware, 
USA) by measuring absorbance at 260 nm and 
visualized under UV light after electrophoresis on 
1% agarose gel. 
 
PCR amplifications were carried out within 20 µl 
reaction volumes. containing 1 µl plant genomic 
DNA, 4 µl 5x buffer, 2 µl MgCl2 (25 mM), 2 µl 
dNTPs (2 mM), 2 µl primer(10 pmol), and 0. 3 µl 
Taq (5U/ µl) DNA polymerase. PCR condition 
was an initial denaturation at 94°C for 7 min 
followed by 35 cycles each of 94°C for 30 s, 
52°C for 0.45s, 72°C for 2 min. with a final 
extension at 72°C for 5 min. Amplifications 
products were electrophoresed first on gels 1.5% 
agarose in TAE buffer and also electrophoresed 
in QIAxcel high resolution kit. 
 
2.3 Statistical Analysis  
 
Amplified fragments were scored manually for 
the presence (1) or absence (0) of homologous 
bands to develop a binary matrix of different 
ISSR phenotypes. A cluster analysis based on 
the similarity matrix was performed using the 
neighbour joining method [33]. A cluster analysis 
based on the similarity matrix was performed 
using the UPGMA (unweighted pair group 
method with arithmetic mean) method of 
NTSYSpc ver. 2.21o (Exeter Software, Setauket, 
NY, USA) [34]. The analysis of molecular 
variance (AMOVA) was used to partition the total 
phenotypic variance into between and within 
individuals within regions and between regions. 
The polymorphic information content (PIC) value 
for each locus was calculated using the formula 
of Roldan-Ruiz et al. [35]. The STRUCTURE 
software [36] was used to identify the number of 
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genetic clusters within the data set, and to assign 
all the individuals to these clusters using the 
admixture model. First, we analysed the 
„reference‟ data set by modeling cluster 
assignments for K=2–12 clusters. We made 11 
independent runs for each K to confirm 
consistency across runs. In all simulations, we 
performed a burn-in period of 100 iterations and 
1000 Markov chain Monte Carlo iterations. 
 
3. RESULTS 
 
An initial screening of the ISSR primers for clear 
and repeatable band profiles showed that 5 
primers (Table 1) of 17–18 bp, of which all of 
them were anchored at 3‟ end for increased 
specificity yielded amplified products. Number of 
products generated by these primers was found 
to range from 9 to 20 bands of different sizes 
ranging from 218 to 980 bp (Table 2). The primer 
ISSR 857 gave the maximum number of bands 
20 and primer ISSR 807 produced the least with 
only 9 amplicons. PIC value shows high variation 
between primers where it ranged between 0.86-
0.94 (Table 2). 
 
Analysis of molecular variance (AMOVA) showed 
that the source of variation within regions used in 
this study was 97% of the comparing to only 3% 
among the regions (Table 3). 
 
In each location, huge genetic variation proved to 
exist as detected by ISSR primers (Figs. 1 and 
2). Fig. 3 comprised 44 samples collected from 
Giza. The dendrogram based on UPGMA clearly 
showed that there is two major clusters, at the 
20% level of similarity the first cluster has two 
individuals (G7 and G9). The second cluster 
contained the rest of the individuals that splitted 
into four lines. Fig. 4 showed that Sids samples 
(52 samples) divided into two main clusters and 
had from six sub -clusters and sample (S24y) it 
was different about the rest of samples and came 
in separate sub cluster, also the samples (S23y 
and S26hy) came in separate sub-cluster and 
they were closest to each other with 22%. 
 
The dendrogram based on neighbour joining 
method clearly showed that there are five major 
clusters (A, B, C, D and E). The cluster (A) has 
29 samples where 55% were from Giza. Cluster 
(C) 14 samples most of them from Sids except 
two samples (G28, G33) from Giza. Cluster C 
has 15 samples all of them from Giza. Cluster D 
and E were mixed between Giza and Sids. 
Cluster D has 24 samples where 71% were 
collected from Sids (Fig. 5). The majority in 

cluster Structured analysis based on clustering 
groups produced four clear groups and did not 
gave the same results of neighbour joining 
method and divided the individuals into distanced 
groups. Groups (1, 2 and 4) have 16, 28 and                   
18 samples respectively, distributed equally 
between the two locations. In group (3) Sids 
samples were prevalent on Giza samples.                       
The yellow color of stem and flowers                                 
was dominated on the violet color (Figs. 6 and 7). 
 

Table 2. Summary of inter simple sequence 
repeat primers used in the analysis of                    

O. crenata  
 
 Marker  No. of loci  PIC 
ISSR-807 9 0.86 
ISSR-810 13 0.91 
ISSR-835 17 0.94 
ISSR-841 20 0.94 
ISSR-857 14 0.91 

 
4. DISCUSSION 
 
In this study we estimated the genetic diversity of 
96 O. crenata individuals collected from Giza 
(46%) and Sids (54%). In each location (Giza 
and Sids) samples were collected from about 
one acre used as Orobanche sick plots in the two 
locations. However, still no enough studies 
estimated the genetic variations of O. crenata 
samples collected from different regions in Egypt 
where faba bean is considered as the major 
legume crop. This study identified a significant 
genetic variation in each sick plot which is 
expected because of several reasons such as 
seed dispersal by humans, animals, machinery, 
soil, water, wind and host seeds may have 
contributed to gene flow between plants of the 
Orobanche parasite. Maybe the most importat 
reason is that O. crenata is reported to be 
predominantly an out-crossing parasitic weed 
[37]. Therefore, each Orobanche plant in this 
study considered as different genotype than 
neighbouring plant within location. From the 
evolutionary point of view the diversity of O. 
crenata matching the diversity of V. faba the host 
species which is an autogamous crop with cross 
pollination that may reach to 67% [13]. The result 
will be host population in the field with very 
heterogenous nature that vary between complete 
homozygous and complete heterozygous and 
intermediate. In other words the dynamic nature 
of the host faba bean will result in                     
populations in field where each plant will be 
different genotype (similar to the situation of 
Orobanche). 
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Fig. 1. ISSR profile of sample genotypes of Orobanche crenata I  produced with primers (ISSR 
807, ISSR 810 and ISSR 835 G (1-12) = samples colle cted from Giza, S (1-12) = samples 

collected from Sids 
 

 
 

Fig. 2. ISSR profile of sample genotypes of Orobanche crenata I  produced with primers ISSR 
841 and ISSR857G (1-12) = samples collected from Gi za, S (1-12) = samples collected from 

Sids 
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Fig. 3. Dendrogram of Orobanche crenata  based on distance obtained from ISSR marker using 
UPGMA method in Giza, (y, p) refers to samples colo rs yellow and purple respectively 

 
Table 3. Analysis of molecular variance for the par titioning of random amplified polymorphic 

DNA variation among regions and within regions  
 

SOV Est.  
df  SS MS Var. % Stat  P-value  

Among regions 1 32.75 32.75 0.42 0.03   
Within regions 94 1186.19 12.62 12.62 0.97 PhiPT 0.03 
Total 95 1218.94 45.36 13.04    

 
The use of molecular markers may be a suitable 
method for the identification of parasitic groups in 
parasite populations [38]. AMOVA analysis 
revealed that only 3% of Orobanche total 

variation was attributed to the variability between 
locations and 97% among individuals (within 
locations). This agreed with results of Romàn                 
et al. [28] who reported high variation (71%) 
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within individuals compared to the (24%) 
between regions and (5%) between populations. 
The variability in our study (97%) higher than that 
reported by Roman et al. [28] (71%) however, we 
have to keep in mind that Roman et al. [28] 
studied only six populations from faba bean, 
chick pea and vetch. Moreover, in their studies 
they referred to locations (6) as populations and 
introduced in the AMOVA among regions 
(countries) source of variation. 

 
Such variability reported in O. crenata by 
different authors (this study, Fischbeck et al. [10], 
Radwan et al. [11], Abdalla and Fischbeck [8], 
Nawar et al. [12], Zeid et al. [29], Romàn et al. 
[28] and Hassanien et al. [30]) should inforce the 
faba bean breeders to follow specific strategy for 
breeding for Orobanche tolerance in order to 

overcome the heterogeneous nature of the 
parasite. 

 
The cluster analysis (Fig. 5) showed that our 96 
samples from two locations, irrespective of their 
genetic diversity were finally divided into five 
different sub-clusters (A, B, C, D and E). 
However, the dendogram does not show clear 
separation of the samples based on the region. 
Abedi et al. [16] found similar results by using 
ISSR markers for investigating genetic diversity 
among O. aegyptiaca in Iran. The fact that only 
five clusters emerged from the 96 samples                      
of Orobanche (5%) indicates that the virulence/ 
aggressiveness of the parasite may not that huge 
compared to its wide genetic diversity 
investigated by ISSR. 

 

 
 

Fig. 4. Dendrogram of Orobanche crenata  based on distance obtained from ISSR marker using 
UPGMA method in Sids, (y, p) refers to samples colo rs yellow and purple respectively 
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Fig. 5. Dendrogram of Orobanche crenata  based on distance obtained from ISSR marker using.  
Neighbor joining method. (y, p) refers to samples c olors yellow and purple respectively 

 

 
 

Fig. 6. Bilateral charts to determine the optimal n umber of K 
 

4.1 Implications on Faba Bean Breeding 
Strategy  

 
Breeding strategy of faba bean for Orobanche 
tolerance necessitates the following: (a) Ruling 
out the possibility of developing pure line host 
varieties to be grown in an Orobanche infested 
field because of the genetic variability of the 
parasite. (b) Developing faba bean varieties of 
heterogenous nature to tolerate Orobanche 
parsitizm. (c) The new developed varieties 
should be “location specific” as far as possible. 
 
Geographically wide adapted varieties should not 
be recommended in the faba bean breeding 

strategy to tolerate Orobanche. (d) The 
recommended synthetic varieties should be 
composed of high yielding components with 
different genes controlling natures of resistance/ 
tolerance to Orobanche. In a related concern, 
Abdalla et al. [39] compared inbreds, open 
crosses and poly-crosses of faba bean.                       
They found poly-crosses to be superior and best 
performing especially those poly-crosses with 
less numbers of parents. Similarly Ghaouti                     
and Link [40] compared inbred, poly-crosses and 
check varieties for organic farming in                         
five locations in Germany. They reported 
synthetic population to be the best performing 
stock. 
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Fig.7. Genetic relatedness of 96 genotypes of Orobanche crenata  analysed by structure 
program. Numbers on the y-axis indicate the members hip coefficient and on the x-axis 

indicate the genotypes code. Genotypes with the sam e color belong to the same genetic 
groups 

 
Some authors questioned presence of                 
O. crenata races. It is clear from this study that 
O. crenata had great genetic variability. The 
existence of physiological races of O. crenata 
needs the development of a set of differential 
hosts that may be able to discriminate between 
races. Whenever, such hosts (or other means) 
are available, then races of O. crenata could then 
be named. 
 
5. CONCLUSION 
 
In conclusion, this research revealed the 
existence of wide genetic variation among 
Orobanche crenata plants from Egypt collected 
from faba bean naturally infested field. ISSR 
markers were suitable to study identifying genetic 
diversity among O. crenata individuals. The 
breeders have to consider this high genetic 
variation in O. crenata when they breed faba 
bean for tolerance / resistance to Orobanche. 
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