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In this study, we report genetic characterization of Oro-
banche cumana, the causal agent of sunflower wilting
in Serbia. The genetic diversity of this parasitic plant
in Serbia was not studied before. Random amplified
polymorphic DNA (RAPD) markers and partial rbcL
gene sequences analysis were used to characterize the
O. cumana populations at the molecular level. While
phylogenetic analyses of RAPD-PCR amplicons were
performed using unweighted pair-group Method analy-
ses, rbcL gene sequences were analyzed using neigbor
joining method and minimum spanning tree. Molecular
analyses of RAPD-PCR analysis revealed high genetic
diversity of O. cumana populations which indicated
high adaptive potential of this parasitic weed in Serbia.
Further analyses of rbcL gene using minimum span-
ning tree revealed clear differences among diverse
sections of Orobanche genus. Although this molecular
marker lacked the resolution to display intrapopulation
diversity it could be a useful tool for understanding the
evolution of this parasitic plant. Our results suggested
that O. cumana has great genetic potential which can
lead to differentiation of more virulent races which is
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important for determining crop breeding strategies for
their control.
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Orobanche cumana Wallr. (broomrape) is a holoparasitic
plant found as the main parasitic plant on sunflower roots
in many countries, causing severe yield losses in sunflower
crops (Fernandez-Aparicio et al., 2016; Pineda-Martos et
al., 2013). Successful infection of O. cumana suppress host
defense responses and turned host roots to a source for ef-
ficient nutrient for the parasite (Yang et al., 2020). They
are native primarily in the Mediterranean region (i.e., North
Africa, the Middle East, and southern Europe), as well as
western Asia, where they cause significant crop damage
(Parker and Riches, 1993). O. cumana has seriously devas-
tated sunflower producing countries in central and eastern
Europe as well as Mediterranean countries causing great
economic losses (Calderon-Gonzalez et al., 2019). In Ser-
bia, broomrape was first discovered in 1951 by Aéimovi¢
(1977) and has appeared almost every year with varying
intensity since then (Masirevi¢ and Medi¢-Pap, 2009).

In Serbia, O.cumana can be found in the different ar-
eas where sunflower is intensively cultivated, primarily
in Backa and Banat regions (MaSirevi¢ and Medi¢-Pap,
2009). Due to drastic reduction in morphological characters
commonly used in taxonomic identification, difficulties
in species identification within the genus Orobanche are
recognized (Manen et al., 2004). Recently a new race of O.
cumana was dicovered with no difference with other O. cu-
mana races, but with ability to parasitize beside sunflower
and with host-range expanding to Solanaceae crops (Dor et
al., 2020). In order to get better identification of O. cumana
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species molecular identification is necessary.

To improve species identification and phylogenetic
studies molecular analyses of several plastid genes were
conducted (Manen et al., 2004; Wolfe and dePamphilis,
1997; Young et al., 1999). Molecular studies on genetic
diversity within and among populations of O. cumana were
performed in Spain (Castejon-Muiioz et al., 1991; Malek et
al., 2017; Martin-Sanz, 2016; Pineda-Martos et al., 2013),
as well as between population from Romania, Bulgaria,
and Turkey (Gagne et al., 1998). Genetic studies of O.
cumana diversity and race composition were performed in
Tunisia, Turkey, and Moldova (Bilgen et al., 2019; Duca
et al., 2017, 2019; Jebri et al., 2017). The random ampli-
fied polymorphic DNA (RAPD) markers are often used to
detect variability within an Orobanche population (Atana-
sova et al., 2005; Katzir et al., 1996; Paran et al., 1997;
Williams et al., 1990). Polymorphic amplification products
were found useful in detection of small genetic differences
among individuals and in distinguishing populations (Gagne
et al., 1998; Joel et al., 1998; Roman and Rubiales, 1999).
The genus Orobanche consists of 170 species, grouped in
four sections: sect. Orobanche (=sect. Osproleon Wallr.),
sect. Trionychon Wallr., sect. Gymnocaulis Nutt., and
sect. Myzorrhiza (Philippi) Beck. (Manen et al., 2004).
Orobanche species were also investigated using the rbcL
nucleotide sequence as a molecular marker for identifica-
tion and better understanding of phylogenetic relations
(Benharrat et al., 2000; Manen et al., 2004; Wolfe and de
Pamphilis, 1997).

To study variability within and between populations of
O. cumana, genetic DNA variations among individuals
were investigated, using RAPD markers and rbcL gene
sequences. The tested hypotheses were that (1) there is a
genetic diversity in the O. cumana population from Serbia
since growing areas of sunflower are located in diverse
geographical regions and (2) analysis of partial »bcL gene
sequences could provide better understanding of genetic
relatedness among O. cumana collected in Serbia and with
different Orobanche species.

Materials and Methods

Plant material. O. cumana plants were collected from
infested sunflowers in the main agricultural sunflower-
growing areas in four districts and 11 locations in Serbia
(Table 1). Three fields were sampled per location, and for
each field from 50 to 300 mature O. cumana plants were
collected at equal distances across a diagonal transect of
the field. Plants collected in one or three fields in the same
locality were assigned as population. Samples were placed

Table 1. Area of origin and codes of Orobanche cumana popula-
tions used in study

Area of origin Districts Location Code
Eastern Serbia Bor District Negotin 0C-3
Northern Serbia ~ South Banat Vrsac 0C-2
Northern Serbia ~ North Backa Subotica 0oC-4
Northern Serbia ~ North Backa Subotica 0oC-7
Northern Serbia ~ North Backa Subotica 0OC-10
Northern Serbia ~ North Backa Feketi¢ 0C-6
Northern Serbia ~ North Backa Feketi¢ 0C-9
Northern Serbia ~ North Backa Feketi¢ 0C-12
Northern Serbia ~ West Backa Kula 0C-5
Northern Serbia ~ West Backa Kula 0C-8
Northern Serbia ~ West Backa Kula 0OC-11

in separate paper bags and stored in a field refrigerator at
4°C until returning to the lab. Seeds were separated from
the plants and stored in glass jars at 4°C in the dark.

DNA extraction, amplification, and electrophoresis.
Genomic DNA was extracted from plant dried material us-
ing DNeasy Plant Mini Kit (Qiagen, Valencia, CA, USA)
following manufacturer protocol. Most rbcL sequences
were amplified with primers RH1 and 1352R (Wolfe and
dePamphilis, 1997). PCR reactions were performed in a
volume of 25 ul PCR reaction mixture for #bcL consisted
of 0.64 uM of each primer, 1 U Tag polymerase buffer (50
mM KCI, 10 mM Tris-HCL pH 9.0, 0.1% Triton X-100;
Promega, Madison, WI, USA), 2.0 mM dNTPs, 2.0 mM
MgCl,, and 0.0125 units of Tag DNA polymerase (Pro-
mega) and 30 ng of genomic DNA. PCR conditions were
set according to the protocol described by Wolfe and deP-
amphilis (1997).

The resulting PCR products were separated by electro-
phoresis on 1% agarose gels in 0.5% TAE buffer for 2 h
at 5 V/em and the amplicons were purified (purification
kit, Qiagen) for sequencing (Macrogene, Seoul, Korea).
Sequences were compared with other related sequences
of O. cumana representatives using BLAST program of
NCBI for primary identification. O. cumana sequences
were deposited into NCBI GenBank. The list of O. cumana
DNA accession numbers and list of different »bcL gene
sequences obtained from the NCBI database, including 30
Orobanche species are provided in Table 2.

RAPD analysis. PCR reactions were performed in 25
ul reaction volume containing 30 ng of genomic DNA,
0.2 mM of the dNTPs (Fermentas, Lithuania), 0.5 uM of
primer, 50 mM KCl, 10 mM Tris, 1.5 mM MgCl,, and 1
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Table 2. Orobanche specimens used in this study their geographic origin, reference and GenBank accession numbers

Species names Area of origin Reference GenBank accession no.
O. cumana (OC —2) Vrsac This study KP222282
O. cumana (OC —3) Negotin This study KP222283
O. cumana (OC —4) Subotica This study KP222284
O. cumana (OC —5) Kula This study KP222285
O. cumana (OC — 6) Feketi¢ This study KP222286
O. cumana (OC —7) Subotica This study KP222287
O. cumana (OC —8) Kula This study KP222288
O. cumana (OC —9) Feketi¢ This study KP222289
O. cumana (OC — 10) Subotica This study KP222290
O. cumana (OC—11) Kula This study KP222291
O. cumana (OC — 12) Feketi¢ This study KP222292
Orobanche cernua - Wolfe and dePaphilis (1997) U73968
Orobanche cumana France Delavault and Thalouran (2002) AF090349
Orobanche rigens France Manen et al. (2004) AY582259
Orobanche rapum-genistae France Manen et al. (2004) AY582255
Orobanche cf. gracilis Italy Manen et al. (2004) AY582199
Orobanche cumana France Delavault and Thalouran (2002) AF090350
Orobanche coerulescens Austria Manen et al. (2004) AY582190
Orobanche aconiti-lycoctoni Spain Manen et al. (2004) AY582181
Orobanche uniflora USA Manen et al. (2004) AY582180
Orobanche fasciculata - Wolfe and dePaphilis (1997) U73970
Orobanche californica USA Manen et al. (2004) AY582178
Orobanche corymbosa - Wolfe and dePaphilis (1997) U73969
Orobanche alsatica Austria Manen et al. (2004) AY582182
Orobanche amethystea Spain Manen et al. (2004) AY582183
Orobanche artemisiae-campestris Swityerland Manen et al. (2004) AY582184
Orobanche bartlingii Croatia Manen et al. (2004) AY582186
Orobanche caryophyllacea Georgia Manen et al. (2004) AY582187
Orobanche cernua var. cernua Spain Manen et al. (2004) AY582189
Orobanche cernua var. australiana Australia Manen et al. (2004) AY582188
Orobanche crenata Greece Manen et al. (2004) AY582196
Orobanche gracilis Spain Manen et al. (2004) AY582197
Orobanche hederae France Manen et al. (2004) AY582201
Orobanche lutea Georgea Manen et al. (2004) AY582206
Orobanche minor Greece Manen et al. (2004) AY582208
Orobanche pubescens Greece Manen et al. (2004) AY582275
Orobanche teucrii France Manen et al. (2004) AY582269
Orobanche transcaucasica Georgia Manen et al. (2004) AY582272
Orobanche mutelii France Manen et al. (2004) AY582247
Orobanche nana France Manen et al. (2004) AY582248
Orobanche ramosa Spain Manen et al. (2004) AY582251
Orobanche tunetana Spain Manen et al. (2004) AY582273

U of Tag DNA polymerase (Kapa Biosystems, Woburn,
MA, USA). The primers used were as follows: OPA 02
(5-TGCCGAGCTG-3"); OPA 01 (5'-CAGGCCCTTC-3");
OPA 13 (5'-CAGCACCCAC-3'); OPB 01 (5'-GTTTC-
GCTCC-3"); OPB 10 (5-CTGCTGGGAC-3") (Moretti et

al., 2004). Amplification was carried out in the thermal cy-
cler (Eppendorf, Hamburg, Germany) under the following
condition: initial denaturation at 94°C for 5 min, followed
by 45 cycles at 94°C for 1 min, 37°C for 1 min, and 72°C
for 2 min, with a final extension at 72°C for 5 min. PCR
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products were separated in a 1% agarose gel in TAE buf-
fer (Tris-acetate 0.04 M, EDTA 0.001 M) at 70 V for 4 h,
visualized under UV light after staining with ethidium bro-
mide and photographed.

Data analysis. The positions of the bands were assessed
visually and each amplification band was treated as a unit
character and was scored as present (1) or absent (0). The
NEIGHBOR software of the PHYLIP computer package
(Felsenstein, 1993) was used to create a phylogenetic tree.
Distance matrix was constructed by using the mathematical
equation proposed by Nei and Li (1979) based on the pro-
portion of shared DNA fragments and the unweighted pair-
group method (UPGMA) with arithmetic means was used
for clustering.

To evaluate the phylogenetic relationship between the O.
cumana population in Serbia and different Orobanche spe-
cies, the phylogenetic tree was constructed. Neighbor join-
ing (NJ) analyses were performed with nucleotide sequenc-
es of partial rbcL gene sequences which were assembled
and edited using FINCHTV v.1.4.0 (http://www.geospiza.
com). Multiple alignments and comparisons of sequences
of different Orobanche species were performed using
CLUSTALW integrated into MEGAG6 software (Tamura et
al., 2013). A bootstrap analysis with 1,000 replications was
performed by the same software.

The minimum spanning tree (MST) was generated in
SplitsTree software (Huson and Bryant, 2006) by using our
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Fig. 1. Map of Serbia showing localities in which Orobanche cu-
mana populations were collected.

sequences and sequences obtained from NCBI database
that represents Orobanche species diverse sections. Gener-
ated sequences served as the tree nodes. The method esti-
mated a probability of ancestry for each individual species.
Individuals were assigned to one cluster or jointly to two
or more clusters if their genotypes indicated that they were
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Fig. 2. Agarose gel electrophoresis of random amplified polymorphic DNA-based polymerase chain reaction: (A) OPAOI, (B) OPA02, (C)
OPBO01, (D) OPA13, fingerprint patterns obtained from 11 Orobanche cumana populations from Serbia. Lane M, DNA molecular size
marker (GeneRuler DNA LadderMix); lane 1, OC-2; lane 2, OC-3; lane 3, OC-4; lane 4, OC-5; lane 5, OC-6; lane 6, OC-7; lane 7, OC-

8; lane 8, OC-9; lane 9, OC-10; lane 10, OC-11; lane 11, OC-12.
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closely related.

Results

Plants of O. cumana were collected from sunflower fields
located in four districts including North Backa (Subotica,
Feketi¢), West Backa (Kula), South Banat (VrSac), and
Bor District (Negotin) (Fig. 1). DNA was extracted from
obtained seeds and was used for evalution of genetic diver-
sity of population. For molecular analysis RAPD profiles
were generated with OPAO1, OPA02, OPA13, and OPB01
primers.

For each of the four primers, a polymorphic banding pat-
tern was observed. RAPD analyses of these populations
are shown in Fig. 2. Differences among populations were
assessed visually based on migration patterns of the PCR
products. The bands were clearly differentiated by agarose
gel electrophoresis.

RAPD profiles obtained with OPAO1 primer generated
PCR products ranged in size from approximately 500 bp
to over 3,000 bp. Similar DNA patterns were observed
for all tested populations, with two characteristic bands on
1,600 and 2,500 bp. The third band with size of 750 bp was
amplified for populations OC-2 (Vrsac), OC-3 (Negotin),
OC-4 (Subotica), OC-8 (Kula), OC-9 (Feketi¢), OC-10
(Subotica), and OC-11 (Kula), except for populations OC-5
(Kula) and OC-6 (Feketi¢), OC-7 (Subotica) and OC-12
(Feketic).

RAPD patterns obtained with OPB01 primer for all
investigated populations showed very similar profiles indi-
cating that this DNA marker is not very useful in determin-
ing genetic diversity. OPBO1 primer gave reproducible ge-
nomic PCR profiles with bands of approximately 500 bp to
over 3,000 bp. The OPBO1 primer provided amplification
patterns that included three specific polymorphic bands
(550, 2,100, and 3,000 bp). Only the populations OC-5
and OC-6 obtained from Kula and Feketi¢, respectively
(Fig. 2C, lanes 4 and 5) were found different from the other
populations. Population OC-5 had unique bands on posi-
tion 600 bp and population OC-6 on position 550 bp, but
no bands were observed on 2,100 bp and 3,000 bp which
were characteristic for other populations.

RAPD DNA profiles generated with OPA(2 primer were
complex and varied significantly among the isolates (Fig.
2B) ranging from 400 bp to over 6,000 bp. Visual analysis
of OPAO2 DNA profiles differentiated 11 DNA pattern
profiles.

OPA13 primer sets gave reproducible RAPD DNA
profiles with bands ranging from approximately 200 bp
to over 2,500 bp. Visual analysis of RAPD DNA profiles

0C-5

—0C-11

0.0C8

— 0¢-12

0.0¢8

0.031

Fig. 3. Dendrogram of distances between Orobanche cumana
populations tested for random amplified polymorphic DNA

profiles. Bar represents the estimated relative distance between
isolates.

obtained with OPA13 primer clearly differentiated seven
DNA pattern profiles. A dendrogram produced by UP-
GMA clustering showed three different clusters (Fig. 3).
The first group consisted of O. cumana populations OC-5
and OC-6 obtained from Kula and Feketi¢, respectively.
The second group consisted of populations OC-7 and OC-8
from Subotica and Kula, and the third group consisted
of populations OC-9, OC-10, obtained from Feketi¢ and
Subotica, and population OC-11 and OC-12 from Kula
and Feketi¢. Negotin OC-3 and Subotica OC-4 populations
were also included in this cluster. DNA profiles generated
from O. cumana population OC-2 originating from Vrsac
did not group in any of the mentioned clusters.

For additional determination of genetic diversity of O.
cumana populations, a molecular analysis of the »bcL gene
from O. cumana plants collected in Serbia was performed
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Fig. 4. Neighbor-joining tree showing the phylogenetic relation-
ship of 11 populations of Orobanche cumana from Serbia and
those of reference strains present in the NCBI databank, based on
partial sequences of genes rbcL. Bootstrap values (expressed as
percentages of 1,000 replications) are given at the nodes. Scale
bar = estimated nucleotide substitutions per site is 0.005.

and sequences are available in GenBank database under ac-
cession numbers KP222282-KP222292 (Table 1). The se-
quences of the rbcL gene of O. cumana plants from Serbia
did not match 100% with any of the published O. cumana
rbcL gene sequences in the NCBI database, they were
grouped as a monophyletic cluster (Fig. 4). Partial rbcL
gene sequences from this study were compared with other
Orobanche species representatives of diverse Orobanche
genus sections obtained from NCBI database, and showed
that sequences of representatives of populations from Ser-
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Fig. 5. Mini spanning tree splits genealogical network for repre-
sentative species of four sections of Orobanche genus (section
Orobanche colored in red, section Myzorrhiza colored in yellow,
section Gymnocaulis colored in green and section Trionychon
colored in blue) and populations of O. cumana from Serbia (des-
ignated as OC). Each strain is represented with separate node,
size of a node is presented with the number of the isolates: 1,
O. mutelitAY582247; 2, O. tunetana AY582273; 3, O. nana
AY582248; 4, O. ramose AYS582251; 5, O. crenata AY582196; 6,
O. artemisiae-campestris AY582184 and O. minor AY 582208,
7, O. transcaucasica AY582272; 8, O. hederae AY582201;
9, O. amethystea AY582183; 10, O. pubescens AY582275;
11, O. alsatica AY582182; 12, O. bartlingii AY582186; 13,
O. coerulescens AY582190; 14, O. lutea AY582206; 15, O.
aconiti-lycoctoni AY582181; 16, O. cumana AF090350; 17, O.
caryophyllacea AY582187; 18, O. teucrii AY582269; 19, O.
cernua var. australiana AY582188; 20, O. cernua var. cernua
AYS582189; 21, O. cumana (Serbian population); 22, O. cumana
AF090349; 23, O. rigens AY582259; 24, O. gracilis AY582197,
25, O. rapum-genistae AY582255 and O. cf. gracilis AY582199;
26, O. californica AY582178; 27, O. corymbosa U73969; 28, O.
fasciculata U73970; 29, O. uniflora AY582180.

bia were clustered in same clade with O. cumana and O.
cernua species.

An MST generated from partial DNA sequences of 7bcL
gene of O. cumana from Serbia and representative se-
quences data available in the NCBI, depicted the relation-
ships among Orobanche spp. The MST constructed using
statistical parsimony with split network revealed no am-
biguous connections between species and clearly clustered
four sections of Orobanche genus. Most haplotypic groups
contained only one species except for haplotype 6 (O.
artemisiae-campestris and O. minor), haplotype 21 (O. cu-
mana OC 2-12), and haplotype 25 (O. rapum-ganiste and
O. cf. gracilis), resulting in 29 distinct haplotype groups.
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MST is shown in Fig. 5, where the colors represent four
Orobanche sections, section Orobanche colored in red,
section Myzorrhiza colored in yellow, section Gymnocaulis
colored in green and section Trionychon colored in blue.
The reconstructed MST agreed with the NJ phylogenetic
tree and recovered hierarchical phylogenetic relationships
between O. cumana and O. cernua. It is noticeable that
sequences of O. cumana were located at the interior nodes
of the tree and were linked with the two different O. cernua
varietes.

Discussion

Different studies on the genetic diversity of O. cumana
populations from various European countries have indi-
cated that populations from eastern Europe belong to one
main gene pool, while populations from Spain belong to
a second main gene pool (Castejon-Muiioz et al., 1991;
Gagne et al., 1998; Molinero-Ruiz et al., 2014; Pineda-
Martos et al., 2013). It was also discovered that the Span-
ish populations were closer to the Romanian population,
than the Bulgarian and Turkish populations (Gagne et
al., 1998). The authors reported low intrapopulation and
high interpopulation genetic variation as well as little gene
exchange between geographical regions (Gagne et al.,
1998). In Spain, most of the populations had low intra-
and interpopulation diversity, with only a few populations
with high intrapopulation genetic diversity (Pineda-Martos
et al., 2013). In recent studies, Martin-Sanz et al. (2016),
discovered two distant O. cumana gene pools, one in cen-
ter and another in the south of the country. The RAPD
technique was used to assess genetic diversity in Serbian
populations using four different primers, and it showed
high intrapopulation diversity. The OPA13 and OPA02
primers were more discriminative in differentiating the O.
cumana populations than OPAO1 and OPBO1 primers. The
UPGMA analyses revealed the existence of genetic vari-
ability among the populations which resulted in a phyloge-
netic tree where populations were grouped in four diverse
clusters. Plants collected from northern Serbia (Subotica,
Kula, and Feketi¢), showed more than one genomic pat-
tern indicating that at least three different populations of
O. cumana parasitize sunflower in this region. Populations
from Negotin, located in eastern Serbia, suggested similar
profiles as some isolates from northern Serbia.

It can be concluded that O. cumana plants collected from
diverse agricultural regions in Serbia are members of the
same population with great genetic heterogeneity. Our
results differ from those obtained in other countries where
high levels of variation among populations and low intra-

population variability were found (Gagne et al., 1998). This
could be explained by geographic position of sunflower-
growing areas which are located near the country borders
and sunflower-growing areas in Romania, Bulgaria, and
Hungary. The broomrape has very light seeds and can
be easily spread by water, wind, animals and by human-
derived agricultural and cultivation practices, as well as
crop-seed trade and the use of contaminated sunflower
seed stocks (Satovic et al., 2009), which can overpass spa-
tial distances or barriers common in natural ecosystems
(Pineda-Martos et al., 2014). Further, intensive gene flow
among populations significantly influences genetic events
and differences in all above-mentioned populations of O.
cumana, which probably lead to high genetic heterogeneity
in Serbian population of O. cumana. Close relation among
the populations of O. cumana from Negotin and northern
populations suggests that probably use of contaminated
sunflower seed contributed to spread of specific genotypes.
Genetic diversity among the populations suggests the pos-
sibility of seed introduction from different areas and ge-
netic recombination between different populations (Pineda-
Martos et al., 2013). Seed exchange among diverse districts
could give possibilities for genetic recombination between
distant population which could lead to the intrapopulation
diversity in Serbia. All of these gene exchange mechanisms
involved may be a good path for creating new genetic vari-
ability and virulence change (Pineda-Martos et al., 2013).
In this study, the use of the RAPD technique to assess
genetic diversity was very useful in variability examina-
tion within and between O. cumana populations, which is
important for improvement of crop breeding strategies for
O. cumana control.

Many authors have previously suggested the use of rbcL
gene sequences in phylogenetic research at inter- and intra-
specific genetic levels (Benharrat et al., 2000; Manen et al.,
2004; Wolfe and dePamphilis, 1998). In the present study,
the partial sequence of the »bcL gene that encodes the large
subunit of ribulose-1,5-bisphosphate carboxylase/oxygen-
ase was also examined and found to be suitable for phylo-
genetic analysis of Orobanche species which is in accor-
dance with Wolfe and dePhamilis (1998). Partial sequences
of the rbcL gene and constructed MST tree clearly divided
Orobanche species into four sections of Orobanche genus
and suggested that all O. cumana populations from Serbia
were clustered in one monophyletic subcluster together
with representative sequences of O. cumana and O. cernua.
Close relationship between these two species was presented
with direct connection of the nodes of the tree, suggest-
ing a strong relationship between these two species. The
MST tree provided further information about the relations
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among Orobanche species and showed existence of differ-
ent O. cumana haplotypes. O. cumana populations from
Serbia represent one haplotype and differ from O. cumana
haplotype originated from France obtained from NCBI
database. Although rbcL gene sequences were found to be
very informative at the interspecific level, it was interesting
to reveal it can cluster distinct O. cumana haplotypes.

The rbeL gene as a molecular marker did not have the
resolution to display intrapopulation diversity, but it could
be a valuable method for studying the evolution of geo-
graphically remote populations. Since RAPD analyses
revealed intraspecific variations were present among popu-
lations in Serbia, further investigations are needed to study
phylogenetic relations with populations from other coun-
tries. High genetic potential revealed in this research impli-
cates that more virulent races could appear and that deter-
mination of broomrape genetic structure is very significant
for new control strategies of this parasitic plant. It is impor-
tant to note that the overall efficiency and effectiveness of
weed control programs and also most appropriate means of
combating the weeds will be enhanced by the knowledge
on genetic relatedness or diversity available within local
and regional populations and varieties of O. cumana.
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