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| ABSTRACT |

Broomrape, a noxious parasitic weed from several families, causes severe damage to
economically important vegetables and field crops in Egypt. It can reduce crop yield as much as 90
to 100%. Identification of broomrape species based on morphological characters faces major
difficulties. Therefore, the precise discrimination of such parasitic weed is considered the first step
toward effective and specific weed management. Thus, in this study molecular markers were used as
powerful and rapid identification techniques for the most major Orobanche species in Egypt.
Sixteen sequence related amplified polymorphism (SRAP) primers and nine inter simple sequence
repeat (ISSR) primers were employed to assess the genetic diversity among three most important
Orobanche species. The SRAP and ISSR analyses showed that, 132 out of 170 and 80 out of 106
markers, respectively, were detected as polymorphic markers (77.6 % and 75.4 %) among the tested
Orobanche species. The Orobanche species were characterized by 32 genotype-specific markers,
20 for SRAP and 12 for ISSR that would be considered as useful markers for Orobanche species.
UPGMA cluster analysis separated the three broomrape species into two main clusters, the first
one comprised of two species O. ramosa which infect different plants and O. aegyptiaca. While, the
second cluster included only O. crenata. This clustering indicates that the tested species have
common genomic segments. Our results indicated that SRAP—based molecular could be used for
characterization of the studied broomrape species as considered more reliable and robust than
other molecular markers used. Moreover, investigating the variability in broomrape species is
crucial when attempting to develop weed control means.
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INTRODUCTION | families such as Solanacea, Fabaceae and

Umbelliferae (Joel et al., 2007). ver 73 million

roomrape is chlorophyll-lacking root hectares of farmland under cultivation in the
Bparasite of many dicotyledonous Southerp , Middle East gnd Easj[ern Europe,
species, causing severe damage to and regions of North Africa are infested with
economically important vegetables and crops Orobanche (Amsellem et al., 2001 and Abgng
from several families. Egyptian broomrape is et al, 2007). In some cases, crop yield
one of the most common species, where it reduction reaches up to 100% (Rolland et a.,/

parasitizes a wide range of crops belonging to 2016 and Abdalla., et al. 2016). This crop
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production loss is estimated as hundreds of
millions of dollars that affecting globally the
livelihoods of 100 million farmers (Abang et
al., 2007 and Gevezova et al., 2012).
Broomrape varies in host plant range; some
parasitizing an enormous range of crops, while
others are more specific. Orobanche ramosa
L. has the widest host range, parasitizing many
solanaceous crops such as tomato, tobacco and
potato, members of  Brassicaceae,
Leguminaceae, and several other families. O.
aegyptiaca Pers. has a host range similar to
that of O. ramosa, and is also parasitic on
carrot, legumes such as common vetch, and
crucifers including oilseed rape. O. crenata is
the most widespread and troublesome
broomrape in Egypt, parasitizing mainly on
legume crops. Management of this parasitic
weed presents serious problems in agriculture,
because it is closely associated with the host
root and is hidden underground for most of its
life. Accordingly, an economically means of
controlling such weed is difficult and rather
not effective. The distinguishing of Orobanche
species among other flowering plants based on
visual features faces great difficulties even
when accurate observation of mature plants is
performed and is often subject of debate (Zeid
et al., 1997). Musselman (1994) explained that
there is inherent morphological variability
between Orobanche populations. Even the host
may influence the morphology of the parasite
(Musselman and Parker, 1982). This would
lead to hindering the assessment of economic
importance of broomrape as noxious
agricultural weed species. Thus, the accurate
identification of such parasitic weed comprises
the first step in developing meaningful weed
control strategies. For better control of this
noxious weed, identification of the Orobanche
species is particularly needed because of the
differences in the host preferences of the
various species (Portony et al., 1997 and
Atanasova et al, 2014). The number of

available characters used in distinguishing
species is limited posing taxonomic problems.
Recently, molecular markers have been a
beneficial tool for characterizing and
differentiating many Orobanche species more
precisely and specifically (Rolland et al.,
2016). Molecular markers ISSR and random-
amplified polymorphic DNA (RAPD) offer
many advantages over phenotype-based
approach as they are stable and detectable in
all tissues (Eizenberg et al., 2012). The use of
genetic markers to recognize broomrape
species infestation in the field can contribute
to determining its spatial distribution, which
can be an important first step toward effective
and specific weed management. More
recently, sequence-related amplified
polymorphism (SRAP) first raised by Li and
Quiros (2001).This marker is dominant, easy,
simple, inexpensive and effective for
producing fragments with high reproducibility
and versatility. Furthermore, SRAP markers
are used to multiply coding regions of DNA
with primers aiming open reading frames.
SRAP markers have proven to be strong and
highly variable, as AFLP, are attained through
a significant and less technically demanding
process (Robarts and Wolfe, 2014). These
techniques had been applied extensively in
genetic diversity analysis and comparative
genetics of different species (Fan et al., 2010;
Guo et al., 2012; Wang et al., 2012 and Aneja
et al., 2013). To the best of our knowledge,
there are a few studies examining the genetic
diversity and relationship of broomrape using
SRAP marker. Therefore, the present study
aimed to investigating the molecular
differentiation of the most noxious and spread
Orobanche species in Egypt using SRAP and
ISSR markers in order to relate morphological
and molecular data for Orobanche species
under the study. Genetic relationships among
Orobanche species and the phylogenetic
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relationships within this genus were also
determined.

| MATERIALS AND METHODS |

Plant material

Eight mature Orobanche species were
collected from natural populations in
agricultural fields in Giza governorate, Egypt.
The collected broomrape species under the
study and their host plants are listed in Table

(D).

Morphological studies

The morphological characterization of
Orobanche species under the study was
visually identified by the Department of Flora
Research and Plant Taxonomy, Agricultural
Research  Center, Egypt. Morphological
studies were based on nine different
discriminating visual characters (Boulous
2002; Mohamed and Musselman 2008; and
Sharawy and Karakish 2015) as shown in
Table (3).

Molecular studies
DNA extraction

Total genomic DNA was isolated from
frozen shoot and inflorescence which was
grounded in liquid nitrogen using I-genomic
plant DNA extraction mini kit (Intron
biotechnology, Boston, USA; (CAT
NO.17371) according to the manufacturer’s
guidelines.

SRAP markers

Polymers chain reaction amplification
was performed in a 20 pL reaction volume
containing 1 ul DNA (50 ng/uL), 10 uL master
mix (Gene DireX, CAT NO.MB208-0100), 1
puL from forward and reverse primers (2
uM/uL of primers) and 7 pL of nuclease free
water. Sixteen SRAP primer (Bio Basic
Canada Inc.) combinations (Table 2) were
screened by PCR. Amplification of PCR was
achieved according to Li and Quiros (2001)

methods. The conditions were programmed
with denaturation step at 94 °C for 4 min and
followed by 5 cycles at 94 °C for 1 min, then
annealing at 35 °C for 1 min, and extension at
72 °C for 1 min, followed by 35 cycles of
denaturation at 94 °C for 1 min, and annealing
step at 50 °C for 1 min., then extension step at
72 °C for 1 min Finally, the analysis was
completed with one cycle of a final extension
at 70 °C for 5 minutes.

ISSR markers

Nine ISSR primers (Table 2) obtained
from Bio Basic Canada Inc. were used. PCR
analysis was carried out in 20 pl reaction
mixture containing 1 pl genomic DNA (50
ng/ul), 10 pL master mix, 1 pl of 10 uM of
ISSR Primers, then complete the total volume
with  ddH,0 to 20 pl. The amplification
conditions were carried out in a thermocycler
UNO II, Biometra. The PCR program started
with denaturation step at 94°C for 4 min,
followed by, 37 cycles at 94°C/ 1 min for
denaturation, and annealing at 52 °C/1 min,
then elongation step at 72°C/2 min. Finally a
terminal extension cycle at 72°C/ 5 min
(Zietkiewicz et al., 1994).

The products of PCR of both markers
were resolved by 1.5 % agarose gel in Ix
TAE buffer, DNA bands visualized with
ethidium bromide staining (0.5 pg/mL), and
photographed under UV light using gel
documentation system (Bio-Rad® Gel Doc-
2000). One hundred bp DNA ladder (Promega,
USA) was used as molecular weight size
marker.

Data analysis

The PCR products were scored on the
basis of presence (1) or absence (0) of the
bands.The data obtained from SRAP and ISSR
analyses were collected together to measure
the genetic similarity coefficient between two
samples according to the Dice coefficient
(Sneath and Sokal, 1973). The tree diagram
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was produced by clustering the similarity data
with the UPGMA method using systat ver. 7

(SPSS Inc. 1997 SPSS Inc.3/97 standard
version) software.

Table (1): The Orobanche code, species and host plant.

No Orobanche species Host plant
(visual identification)

1 O. crenata Chickpeas (Ch)
2 O. crenata Lentil (Le)

3 O. crenata Safflower (Sa)

4 O. crenata Faba bean (Be)
5 O. ramosa Eggplant (Eg)

6 O. ramosa Turnip (Tu)

7 O. ramosa Cauliflower (Ca)
8 0.

aegyptiaca

Tomato (To)

Table (2): The nucleotide sequences of ISSR and SRAP primers.

ISSR Sequence of Primer SRAP primer
code (5'-3)

Forward primer (5'-3") Reverse primer (5'-3')
UBC808 (AG)8C EM1:GACTGCGTACGAATTAAT MEL:TGAGTCCAAACCGGATA
UBC809 (AG)IG EM2:GACTGCGTACGAATTITGC ME2:TGAGTCCAAACCGGAGC
UBC810 (GA)8T EM3:GACTGCGTACGAATTGAC ME3:TGAGTCCAAACCGGAAT
UBC817 (CA)SA EM4:GACTGCGTACGAATTITGA ME4:TGAGTCCAAACCGGACC
UBC823 (TC)8C MES:TGAGTCCAAACCGGAAG
UBC824 (TC)8G
UBC826 (AC)8C
UBC862 (AGC)6 (GAC)2AGA
UBC873 CAGACAA
| RESULTS AND DISCUSSION | short calyx and blue flowers. While,O.

Identification of broomrape species based
on morphological traits

Morphological distinguishing based on
stem and flower (corolla, calyx and anther), as
the most identification characters keys of
Orobanche, revealed that the eight studied
species are belonging to three distinguished
species identified as O. crenata, O. aegyptiaca
and O. ramosa. O. ramosa and O. aegyptiaca
are morphologically similar to one another,
have similar host ranges. However, O.
aegyptiaca can be identified by its relatively
more branched stem, larger corolla, relatively

ramosa has smaller corolla, short calyx, laxer
inflorescent, and white to pale blue flower.
Whereas, crenata has been discriminated by
its unbranched stem, long calyx, denticulate
margins of the corolla lobes and dense
inflorescence (Table 3). Although the number
of available characters used in distinguishing
species are limited, the pattern of interspecies
variation observed in this study was in
agreement  with  previous  taxonomical
characterization based on morphological
differences among broomrape species under
the study (Mohamed and Musselman, 2008;
Plaza et al., 2004 and Sharawy and Karakish
2015).
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Table (3): Morphological characters of different Orobanche species.

Species Stem Flower
Diameter branching Calyx Corolla Corolla Corolla Anther Capsule
(cm) Length  length margin color (mm)
(mm)
O. crenata Different 3 Un-branched 15-18  3-5 Crenate White to Hairy- 9-11
dark violet  glabrous
or yellow
O. aegyptiaca 15-20 1 Branched 10-13  2.5-4 Rounded Violet-blue Hairy 6-9
O. ramosa 10-40 Lessthan1  Branched 5-8 1.2-1.8 Rounded Violet-blue  Glabrous 5-6
to bluish or
whitish
SRAP analysis morphologically identified) broomrape species

There is little information in Egypt about
the genetic diversity among Orobanche
populations based on the molecular markers.
In this study genetic diversity among and
within Orobanche populations was determined
and compared with other studies. Due to the
advances in DNA, molecular markers are now
increasingly available for wuse in cultivar
identification, molecular identification, and
marker assisted selection in plants. Among
various molecular markers, SRAP is a
relatively new PCR marker extensively used
recently for germplasm characterization,
cultivar identification, molecular mapping and
gene cloning (Esposito et al., 2007 and Mutlu
et al., 2008). SRAP is a useful technique for
the estimation of the genetic variability
because it has shown a high degree of
reproducibility and discriminatory power, as
well as a high polymorphism rate in many
genetic studies (Alghamdi et al., 2012). In our
study sixteen SRAP primers were used to
study the polymorphism levels among three
(previously eight species which were

collected from natural populations in
agricultural fields in Giza governorate. SRAP
primer combinations showed different levels
of polymorphism among the broomrape
species as illustrated in Fig (1). SRAP analysis
resulted in a total of 170 markers detected
among the eight broomrape species (Table 4).
Only 132 of them were polymorphic markers
(77.6 %). The highest number of bands (13
bands) was generated by using both EM1-ME1
and EM3-ME4 primers, while the lowest one
was 8 bands that was generated with three
different markers (EM2-ME2, EM2-MES and
EM4-ME1). The EM3- ME3 primer recorded
the highest polymorphism percentages (100
%) while the lowest percentage (58.3%) was
recorded by both EM3-ME2 and EM2-ME4
primers. Ennami et al., (2017) assessed the
genetic variation among and within Moroccan
O. crenata populations, growing in faba bean
fields, using SRAP. They could identified 101
markers as 98 bands were polymorphic
(97.02%), indicating considerable genetic
variation of these O. crenata populations.
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Table (4): PCR amplicons obtained from SRAP markers in Broomrape species.

Primer name  Total bands Polymorphic Polymorphism % Band size

band range
EMI-ME1 13 11 84.6 41-1000
EMI1-ME2 9 6 66.6 59-1185
EMI1-ME3 9 7 71.7 66-417
EMI1-ME4 12 9 75 157-713
EMI-MES5 12 11 91.6 89-914
EM2-ME1 10 9 90 70-893
EM2-ME2 8 5 62.5 85-928
EM2-ME3 10 8 80 121-581
EM2-ME4 12 7 58.3 54-853
EM2-MES5 8 7 87.5 87-710
EM3-ME1 10 8 80 68-444
EM3-ME2 12 7 583 44-1174
EM3-ME3 12 12 100 90-1220
EM3-ME4 13 8 61.5 131-768
EM3-MES5 12 11 91.6 120-1339
EM4-ME1 8 6 75 84-1000
Total 170 132 77.6

EM1-ME3 EM2-ME4

SR —

EM2-MES EM3-ME2

EM2-ME3 EM3- ME3 EM4-ME1

Fig. (1): SRAP profile demonstrating polymorphism among the broomrape species. M refers to
DNA marker of 100 bp ladder. Lanes 1-8 represent all broomrape host plant samples
(Ch: Chickpeas, Le: lentil, Sa: Safflower, Be: Bean, Eg: Eggplant, Tu: Turnip, Ca:
Cauliflower and To: Tomato), respectively.
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ISSR analysis

ISSR markers were the powerful tool in
genetic fingerprinting and variation analysis
(Aghaei et al., 2012). ISSR is the best method
for fingerprinting and a useful alternative to
single-locus because large numbers of DNA
amplicons are amplified in reaction,
representing multiple loci from across the
genome (Roman et al., 2002; Hristova et al.,
2011 and Aghaei et al., 2012).Nine primers
were used in the detection of polymorphism
among three broomrape species. These primers
generated reproducible and easily scorable
ISSR profiles with a total of 106 markers
(Table 5 and Fig.2). Only 80 out of them were
polymorphic markers (75.4 %). The highest
number of bands (20 bands) was generated
using the primer UBC873, while the lowest
one was (8 bands) generated by both UBC817
and UBC826  primers. The  highest
polymorphism percentage was recorded by
using UBC817 and UBC824 primers (100 %)
while the lowest percentage (50 %) was
detected by using UBC826 and UBC873. The
use of ISSR technique in studying broomrape
diversity is relatively recent approach, which
enable researchers in this field to identify
several Orobanche species (Benharrat et a.,
2002), and to distinguish populations of O.
crenata and P. ramosa (Benharrat et al., 2002;
Roman et al., 2002 and Buschmann et al.,
2005). Abedi et al. (2014) studied the genetic
polymorphism among 44 O. aegyptiaca
individuals using inter-simple sequence repeat
(ISSR) markers. According to their data, 261
discernible bands were amplified using 20

ISSR primers in which 245 (94%) were
polymorphic, indicating considerable genetic
variation among the examined individuals.
Their results demonstrated the potential
usefulness of ISSR markers for determination
of genetic variation in O. aegyptiaca. Sharawy
and Karakish (2015) used five ISSR primers to
differentiate between the Orobanche species
belonging to section Orobanche from species
belonging to section Trionychon.

Genotype identification

The presence of unique SRAP markers
among the various broomrape species
indicated the utility of the approach for
fingerprinting purposes. Twenty markers out
of the 132 polymorphic SRAP markers were
found to be genotype-specific (15.15 %). The
three broomrape species were characterized by
twenty (16 positive and 4 negative) unique
SRAP markers (Table 6). Therefore, these
SRAP markers would be used as associated
markers for the broomrape species. Moreover,
six ISSR primers produced twelve unique
markers (7 positive and 5 negative) ranging
from one for UBC826 and UBC808 to four for
UBC824 as shown in Table (7). The results
showed that all techniques used in this study,
i.,e. SRAP and ISSR showed different
genotype-specific molecular markers which
can be used to discriminate between studied
broomrape species and considered suitable
tools for sufferable fingerprinting diagnostic
markers for all broomrape species under the
study.
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— - ’

UBC809

UBC823 UBC873

Fig. (2): ISSR profile demonstrating polymorphism among the eight broomrape species. M refers
to DNA marker of 100 bp ladder. Lanes 1-8 represent all broomrape host plant samples
(Ch: Chickpeas, Le: lentil, Sa: Safflower, Be: Bean, Eg: Eggplant, Tu: Turnip, Ca:
Cauliflower and To: Tomato), respectively.

Table (5): PCR amplicons obtained from ISSR markers in Broomrape species.
Primer name Total bands  Polymorphic band  Polymorphism %

UBC809 13 10 76.9
UBC810 10 7 70
UBC817 8 8 100
UBCR808 16 13 81.2
UBCS823 10 9 90
UBCS824 10 10 100
UBCS826 8 4 50
UBCS862 11 9 81.8
UBCR873 20 10 50
Total 106 80 754

Table (6): Broomrape species specific unique SRAP markers.

Species SRAP unique markers Total markers
Positive Negative
O. crenata (Ch) EM3-MES (1100, 1600, 1800) ~ ——=-=mmmmn 8

EM1-MES5 (610, 720, 890, 1000)
EMI1-ME3 (215)

O. crenata (Le) EM3-ME3(1960,1990) EM2-MEI (250) 4
EMI1-ME4 (1100)
O. crenata (Sa) EMI-ME1 (195) e 1
0. ramose (Eg) e EM2-ME3 (540) 1
O. ramose (Tu) EM3-ME4 (760) e 1
O. ramose (Ca) EM1-ME2 (150, 780) EM3-ME5 (500, 700) 4
O. aegyptiaca (To) EM4-ME1 (600) e 1
Total 16 4 20
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Table (7): Broomrape species specific (unique) ISSR markers.

Species ISSR unique markers Total markers
Positive Negative
O. crenata (Le) UBCS824 (13000 e 1
O. crenata (Be) UBC824 (270, 400, 780) UBCS826 (310) 6
UBC873 (700, 800)

O. ramosa (Eg) - UBC809 (290) 1

O. ramosa (Tu) - UBC808 (95) 1

0. aegyptiaca (To) UBCS823 (150, 930, 950)  ———-—-- 3

Total 7 5 12

Genetic similarity among broomrape (0.863) was between O. ramosa (Eg) and O.

species

Determining the genetic dissimilarity
between individuals is an important point for
clustering and analyzing variation (Kosman
and Leonard, 2005). The genetic similarity
ranged from 0.510 between O. crenata (Le)
and O. aegyptiaca (To) to 0.952 between O.
crenata (Sa) and O. crenata (Be) using SRAP
data (Table 8). The scoring data resulting from
ISSR were analyzed as presented in Table (9).
The estimated genetic similarity among the
broomrape species based on ISSR ranged from
0.516 to 0.863. The highest genetic similarity

aegyptiaca (To), while the lowest genetic
similarity (0.516) was between O. crenata (Sa)
and O.ramosa (Ca). To obtain more balanced
values for genetic similarity among species
and an equilibrated dendrogram representation
of the relationships among these species, data
of SRAP and ISSR profiles were combined
and summarized in Table (10). Combining
data showed that the highest similarity was
0.867 between O. crenata (Sa) and O. crenata
(Be), while the lowest similarity was 0.525
between O. crenata (Le) and O.ramosa (Ca).

Table (8): Broomrape species similarity matrix based on SRAP analysis.

0. 0. 0. 0. 0. 0. 0.
Species crenata crenata crenata crenata ramesa ramosa ramosa aegyptiaca
(Ch) (Le) (Sa) (Be) (Eg) (Tw) (Ca) (To)
O. crenata (Ch) |
O. crenata (Le) 0.876 |
O.cremata (Sa) — (¢54  0g40 1
O. crenata (Be) 0.864 0.849 0.952
0. ramosa (Eg) 0.669 0.634 0.588 0.588 1
0. ramosa (Tw) 0.626 0.616 0.620 0.586 0807 |
O. ramosa (Ca) 0.642 0.606 0.570 0.570 0917 0.815 1
O. aegyptiaca (To) 0.527 0.510 0531 0.531 0757 0.721 0.736 |
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Table (9): Broomrape species similarity matrix based on ISSR analysis.

0. 0. 0. O. ramosa 0. 0. 0.
Species crenata  crenata crenata crenata (Eg) ramosa ramosa aegyptiaca
(Ch) (Le) (Sa) Be) (Tuw) (Ca) (To)
O. crenata (Ch) |
O. crenata (Le) 0.802 |
O.cremata (Sa) — 9; (g8 1
O. crenata (Be) 0.838 0.800 0.818 |
O.ramosa (Eg)  0.661 ) 55 0.630 0.661 1
O.ramosa (Tw)  0.666 ) 55, 0.682 0.698 0.821 !
O. ramosa (Ca) 0.558 0.525 0516 0.564 0.733 0.806 1
O. aegyptiaca (To) 0.666 0.569 0.666 0.682 0.863 0.854 0.819 1

Table (10): Broomrape species similarity matrix based on the combined data between SRAP and

ISSR analysis.

0. 0. 0. 0. 0. 0. 0. 0.

Species crenata  crenata crenata crenata ramosa ramosa ramosa aegyptiaca
(Ch) (Le) (Sa) (Be) (Eg) (Tu) (Ca) (To)

O. crenata (Ch) |

O. crenata (Le) 0.842 |

O. crenata (Sa) 0815 0.852 |

O. crenata (Be) 0.846 0.835 0.867 |

O. ramosa (Eg) 0666 4 575 0610 06290 1

O. ramosa (Tu) 0622 533 0.642 0641 0818 |

O. ramosa (Ca) 0.584 0.525 0528 0557 0805 0.816 1

O. aegyptiaca (To) 0.616 0.548 0.635 0.634 0.83 0.852 0.808 1
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Cluster analysis

To determine the genetic relationships
among the broomrape species, the scoring data
resulting from each marker type assay was
used to compute the similarity matrices and
then used in cluster analysis to generate
dendrogram using UPGMA analysis. The
relationships among species have been
represented as a dendrogram. In SRAP
analysis, the dendrogram divided the
broomrape species into two main clusters (Fig.
3), the first one included two species O.
ramosa and O. aegyptiaca that branched into
two sub-clusters; first sub-cluster included O.
ramosa species that infect different plants (O.
ramosa (Eg), O. ramosa (Ca)) with same
linkage distance and O. ramosa (Tu), while the
O. aegyptiaca (To) represent the second sub-
cluster. In contrast, the second cluster included

only O. crenata specie that branched into two
sub-clusters; first sub-cluster included O.
crenata (Sa) and O. crenata (Be) while, the
second sub-cluster included O. crenata (Ch)
and O. crenata (Le). Based on ISSR data, the
cluster analysis divided the broomrape species
into two main clusters (Fig. 4). The first one
included two species O. ramosa and O.
aegyptiaca that branched into two sub-
clusters; first sub-cluster included O. ramosa
(Eg) and O. aegyptiaca (To) with same linkage
distance and O. ramosa (Tu) alone, while the
O. ramosa (Ca) represent the second sub-
cluster. The second cluster included O. crenata
and branched into two sub-clusters; first sub-
cluster included O. crenata (Ch) and O.
crenata (Be) while the second sub-cluster
included O. crenata (Le) and O. crenata (Sa).
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Fig. (3): Cluster analysis of the broomrape species as revealed by SRAP data.
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Fig. (4): Cluster analysis of the broomrape species as revealed by ISSR data. A dendrogram was

constructed based on the combined data from the two types of markers, SRAP and
ISSR, as shown in Fig. (5).The dendrogram for combined data showed that the
dendrogram divided the broomrape species into two main clusters. The first one
included two species O .ramosa which infest different plants (Eg, Ca, and Tu) and O.
aegyptiaca (To). The second cluster included O. crenata only that infest (Sa, Be, Ch and
Le). In addition, the dendrogram of combined data was very similar to SRAP
dendrogram than ISSR dendrogram. This clustering indicates that these species have
common genomic segments. Furthermore, SRAP markers could be discriminate closely
related species such as O. crenata and O. ramosa. Indeed, the results of this combined
data were agreed with the visual identification of infested host plants with Orobanche in
Table (1).
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Fig. (5): Cluster analyses of the broomrape species as revealed by the combined data across

SRAP and ISSR analyses.

SRAP markers were more trustworthy,
as they have the highest average
discriminating power among the different
markers such as SSR, AFLP, ISSR and RAPD
(Budak et al., 2004). Moreover, SRAP
markers have the asset to amplify coding
regions of the genome with primers targeting
open reading frame, and explain the regions
with inherent biological significance (Robarts
and Wolfe, 2014).

| CONCLUSION |

For better control of such parasitic and
devastating weed, characterization of the
broomrape species is particularly needed
because of the differences in the host
preferences of the various host plant species.
In addition new and more virulent populations

are currently appeared which are very difficult
to  discriminate = using  morphological
characteristic alone. Consequently, the need
for analyzing their genetic variability using
molecular discrimination should  be
considered. Our results suggest that using
SRAP and ISSR analyses represent efficient
and rapid tools for determining the genetic
diversity and relationships among broomrape
species. Furthermore, the generated unique
markers could be wuseful markers to
differentiate between the closely related
broomrape species used. The pattern of
interspecific variability and genetic distances
observed in this study using SRAP and ISSR
markers were in agreement with previous
taxonomical  characterization based on
morphological differences among the studied
Orobanche species. Our findings showed that
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SRAP-based molecular could be used for
characterization of the studied broomrape
species as considered more reliable and robust
than other molecular markers used.
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