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1. Introduction
Sunflower (Helianthus annuus L.) is one of the most 
significant oilseed crops in Europe, mainly grown for its 
edible oil and confectionery uses. Turkey takes part in the 
second group of sunflower producer countries (totally 
27%) with China, Romania, Bulgaria, France, Hungary, 
and Spain (Molinero-Ruiz et al., 2015). Orobanche 
cumana Wallr. mainly parasitizes sunflowers (Pignone 
and Hammer, 2016). Sunflower broomrape (O. cumana) 
is a holoparasitic plant, devoid of leaves and chlorophyll, 
belonging to  Orobanchaceae  and causing a decrease in 
sunflower yield mainly in Europe and Asia (Parker, 2009; 
Pineda-Martos et al., 2014b; Pignone and Hammer, 2016). 
Although O. cumana  was described in 1825, O. cumana 
and O. cernua L. were used as synonyms until the 1980s 
(Pujadas-Salva and Velasco, 2000). Orobanche cumana and 
O. cernua differ in morphology, physiology, phenology, 
chemical content, host range, and molecular characteristics 
(Joel, 1988; Joel et al., 2007). Sunflower cultivation affects 
the distribution of  O. cumana,  mainly distributed in 

Southeast Europe, the Middle East, and Southwest Asia 
(Parker, 2013). This species has eight races (races A to H) 
breaking the tolerance mechanisms of sunflower hybrids 
tolerant to broomrape (Velasco  et al., 2007; Timko and 
Scholes, 2013), and the most virulent races are F, G, and 
H (Kaya, 2014a, 2014b; Molinero-Ruiz et al., 2015). There 
are various mechanisms such as recombination, mutation, 
gene flow, genetic diversity increase, and selection 
within gene pools that might be helpful to determine the 
emergence of new races of broomrape (Pineda-Martos 
et al., 2013, 2014a). Significant reduction in sunflower 
yield from 50% to 90% was reported in broomrape-
contaminated fields in several studies (Dominguez, 1996; 
Ciuca et al., 2004; Imerovski et al., 2013; Kaya, 2014a; 
Miladinovic et al., 2014). 

Molecular marker studies about genetic diversity, 
population structure, gene flow, and virulence genetic 
mechanisms for broomrape populations are scarce 
(Velasco et al., 2016). The first molecular studies about 
genetic diversity of the genus Orobanche were done with 
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isoenzymes (Verkleij et al., 1986; Castejón-Múñoz et al., 
1991). Later, dominant markers such as RAPDs and ISSRs 
were used for estimating the genetic diversity of O. cumana 
populations (Katzir et al., 1996; Gagne et al., 1998, 2000; 
Benharrat et al., 2002; Roman et al., 2002; Ciuca et al., 2004; 
Atanasova et al., 2005). In recent years, SSRs have been used 
more frequently due to their significant characteristics 
such as codominant inheritance, multiple allele numbers, 
and high polymorphism levels (Pineda-Martos et al., 2013, 
2014a, 2014b; Guchetl et al., 2014a, 2014b; Martin-Sanz et 
al., 2016). In the work of Pineda-Martos et al. (2013), 50 O. 
cumana populations from Spain were used for analysis of 
inter- and intrapopulation diversity with SSR analysis. The 
genetic recombination between distant populations was 
observed and it was reported to be an important driving 
force for race evolution. Pineda-Martos et al. (2014a) 
studied the genetic diversity and structure of O. cumana 
populations from Bulgaria and Spain with SSR analysis 
and reported bidirectional gene flow between studied 
populations. Jebri et al. (2017) studied genetic diversity of 9 
populations from Tunisia with SSR and SNP analysis. Two 
distinct gene pools of sunflower broomrape populations 
in Tunisia were reported by Jebri et al. (2017). PCR-based 
molecular markers indicated that the intrapopulation 
diversity of studied broomrape populations was small 
and also these populations were discriminated according 
to their geographical origin (Pineda-Martos et al., 2013; 
Molinero-Ruiz et al., 2014). 

Identification of broomrape races is useful for 
breeding studies and molecular marker analysis are 
effective possible ways of gaining knowledge of race types. 
According to the reviewed literature, there is no previous 
study about genetic diversity and characterization of 

Turkey’s O. cumana populations with SSR primers, except 
a study by Pineda-Martos et al. (2014b) that included two 
populations from Turkey. The main purpose of our study 
was to identify the genetic structure of six O. cumana 
populations from the Thrace region of Turkey via SSRs. 
The study is important in terms of testing the presence of 
findings that may indicate the formation of a new race in 
O. cumana populations of the Thrace region. 

2. Materials and methods
2.1. Plant materials
Seeds from six different O. cumana populations were 
collected from 2011 to 2013 in sunflower fields of the 
Tekirdağ, Edirne, and Kırklareli provinces of the Thrace 
region. Geographic locations and coordinates of different 
sunflower fields in which O. cumana seeds were collected 
are given in Figure 1. Bulked seeds belonging to each 
population were stored at 4 °C. Orobanche cumana 
populations were propagated in 2016 on plants of the 
sunflower (H. annuus) cultivar Özdemirbey. Multiplication 
of O. cumana populations and tissue collection were 
performed as described by Pineda-Martos et al. (2013). 
Fresh tissue samples from 20 individuals belonging to each 
population were collected before flowering began and they 
were stored at –20 °C until DNA extraction.
2.2. DNA extraction from O. cumana individuals
DNA isolation was performed with the plant tissues from 
20 individuals per population. Each tissue sample was 
ground using a ball mill (Retsch MM400). Doyle and 
Doyle’s (1990) CTAB-based DNA extraction method was 
used with some modifications for genomic DNA isolation. 
The quantification and qualification of isolated DNAs was 
performed as described by Elibol and Bilgen (2017). The 

Figure 1. Geographic locations and coordinates of six studied O. cumana populations.
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DNA samples were diluted to 10 ng/μL and preserved at 
–80 °C until PCR analysis.
2.3. SSR analysis	
Eight SSRs (Ocum-52, Ocum-70, Ocum-81, Ocum-87, 
Ocum-108, Ocum-141, Ocum-160, and Ocum-196) were 
chosen from 15 high-quality polymorphic SSR primers 
developed by Pineda-Martos et al. (2013) and these 
primers were used for the molecular characterization of 
O. cumana populations. The characteristics of the selected 
primers are indicated in Table 1. The PCR amplifications 
were performed as described by Pineda-Martos et al. 
(2013) using the Applied Biosystems ProFlex PCR System 
Thermal Cycler. PCR products were controlled by 2% 
agarose gel electrophoresis (1X TBE buffer, 100 V, 1 h). Gel 
Imaging System Vilber Lourmat Quantum ST5 was used to 
visualize the agarose gels. The DNA fragment analysis and 
determination of allele sizes were performed as described 
by Elibol and Bilgen (2017).
2.4. Data analysis
For each SSR locus, observed allele size range (bp) and 
observed allele number were determined. In statistical 
analysis of SSR data, allele and genotype frequencies, allele 
numbers (Na), effective allele numbers (Ne), total private 
alleles observed (Npa), Shannon’s information index (I), 
heterozygosity levels (Ho and He), fixation index (F), and 
polymorphic information contents (PIC) were estimated 
via the software programs POPGENE Version 1.31 (Yeh et 
al., 1999) and GenAlEx Version 6.3 (Peakall and Smouse, 
2006). 

Analysis of molecular variance (AMOVA) was carried 
out with the help of GenAlEx Version 6.3 (Peakall and 
Smouse, 2006) to estimate the genetic diversity level within 
and among populations and the significance of AMOVA 
results was evaluated with 1000 permutations of the 
acquired SSR data. Nei’s unbiased genetic distance measure 
(Nei, 1987) was used to estimate genetic relationships 
among populations. Cluster analysis according to Nei’s 
genetic distance matrix was done with the unweighted 
pair group method (UPGMA). An UPGMA phenogram 
was constructed with Molecular Evolutionary Genetics 
Analysis Version 6.0 (MEGA6) software (Tamura et 
al., 2013). Bayesian model-based cluster analysis was 
performed for SSR data to determine gene pools of 
analyzed broomrape populations using STRUCTURE 
Ver. 2.3.4 software (Pritchard et al., 2000) as described by 
Elibol and Bilgen (2017). 

3. Results
Polymorphism levels among six O. cumana populations 
collected from the Thrace region of Turkey were 
determined using eight SSRs (Table 1). A total of 23 alleles 
(mean value = 2.271 alleles/population and locus) were 
determined. Evaluating the six broomrape populations, 
Ocum-81 has the highest number of alleles (6 alleles), 
and the other SSR loci have 2 or 3 alleles (Table 1). Table 
2 shows genetic diversity parameters estimated by eight 
SSR loci in the studied O. cumana populations. In order to 
determine how informative the selected SSR markers were, 
PIC values were estimated. All studied SSR markers were 

Table 1. Characteristics of the SSR markers used to analyze the genetic diversity of O. cumana populations.

Locus Primer sequences (5′–3′) Tm (°C) Observed allele
size range (bp)

Observed
number of alleles

OCUM-52 F: 5’-PET-CATGTCTAAGCTTTTGGCTCG-3’
R: CAAGACTTGGAACAAGCAAATC 62 124–136 3

OCUM-70 F: 5’-NED-AAGCTGTAAACAATGCCTGAA-3’
R: CCTCCTCCAGTACCACTAGGC 58 103–105 2

OCUM-81 F: 5’-6-FAM-TTACAAGGTGAAACCACCCA-3’
R: CAGCTACTGTCCGCAAGAAA 58 73–99 6

OCUM-87 F: 5’-VIC-TTCTCGACAGCTTTGGGTAAA-3’
R: ATGCCAACTTCGAGTGATCC 62 122–131 3

OCUM-108 F: 5’-VIC-TCGTTAATAAGTGGTTCACGAAAA-3’
R: TGACTAAAAATAAAATGTACGGGTG 58 140–144 2

OCUM-141 F: 5’-6-FAM -CAGCAACTGTTTCTTCCATAGAG-3’
R: TCCAAGAAGAGGAAAAGAAGTGA 62 188–191 2

OCUM-160 F: 5’-NED-TGAGGGTTTGTAAAGTGGGC-3’
R: CGTACCTTATCCCTCCGTCA 62 130–134 2

OCUM-196 F: 5’-PET-GTATGTGCGCCCGTCTTG-3’
R: GGGGATGACTGTGTTTCGAT 58 193–201 3
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polymorphic, showing a PIC value of 0.289 (moderate). 
Ocum-81 (PIC = 0.544) was highly informative (PIC 
> 0.50). Four of the selected SSR markers (Ocum-52, 
Ocum-87, Ocum-108, and Ocum-160) were moderately 
informative markers having PIC values from 0.263 to 0.348 
(0.25 < PIC < 0.50). The remaining SSR markers (Ocum-
70, Ocum-141, and Ocum-196) had PIC values below 
0.25, meaning that they were slightly informative markers. 
Based on SSR data, the mean number of alleles per locus 
(Na) varied from 2.125 (P1-Avarız/Merkez/Edirne) to 2.375 
(P3-Karamusul/Lüleburgaz/Kırklareli and P4-Kuleli/
Babaeski/Kırklareli). The overall mean number of effective 
alleles per locus (Ne) was 1.667 ± 0.082 (varied from 1.485 
to 1.779). Three private alleles (Npa) were determined in 
the P1-Avarız/Merkez/Edirne, P3-Karamusul/Lüleburgaz/
Kırklareli, and P4-Kuleli/Babaeski/Kırklareli populations. 
P1-Avarız/Merkez/Edirne has one population-specific 
(private) allele (193 bp) for Ocum-196 (f = 0.125), P3-
Karamusul/Lüleburgaz/Kırklareli has one population-
specific (private) allele (124 bp) for Ocum-52 (f = 0.075), 
and P4-Kuleli/Babaeski/Kırklareli has one private allele 
(77 bp) for Ocum-81 (f = 0.025). 

The overall average value of Shannon’s information 
index (I) was calculated as 0.547, being highest in the P4-
Kuleli/Babaeski/Kırklareli population (0.603) and lowest 
in P5-Ballıhoca/Muratlı/Tekirdağ (0.497). Estimated 
values of mean expected heterozygosity (He) and observed 
heterozygosity (Ho) were 0.340 and 0.207, respectively 
(Tables 2 and 3). The level of observed heterozygosity was 

lower than the expected level, and this caused a positive 
mean inbreeding coefficient (FIS = 0.368) (Table 3). The 
deficit of heterozygotes within populations (FIS) across 
all the loci ranged from –0.019 to 0.675 and the fixation 
index of each locus (FST values) ranged from 0.151 to 0.551 
(Table 3). 

Nei’s (1987) genetic distance coefficients were estimated 
[ranged from 0.065 (P4–P6) to 0.439 (P3–P5)] among 
all possible population pairs for SSR data (Figure 2). As 
a result of AMOVA, a high percentage (66%) of genetic 
diversity was due to differences within populations (Table 
4). Thus, genetic diversity among populations accounted 
for 34% of the total diversity (Table 4). The UPGMA tree 
for SSRs according to Nei’s genetic distance is shown in 
Figure 2. The phenogram indicated that there were two 
main clusters, where cluster I grouped four populations 
from Edirne (P1 and P6) and Kırklareli (P3 and P4) and 
cluster II grouped two Tekirdağ populations (P2 and P5). 
The determination of the ideal number of groups present 
in the studied O. cumana populations was done with the 
graph of delta K values (Figure 3). Bayesian-based analysis 
of the populations from the Thrace region of Turkey with 
STRUCTURE analysis performed for six populations 
using SSRs demonstrated two main genetic clusters for K 
value of 2 (optimum K) and K value of 3 (the closest to 
2) (Figures 4 and 5), as in the UPGMA tree (Figure 2). In 
Figure 4, each column represents an individual belonging 
to specific population; two colors (red and green) denote 
a population cluster. STRUCTURE analysis has shown the 

Table 2. Genetic diversity estimated using eight SSR loci in O. cumana populations.

Population name
(year, code) N* PPL* Na* Ne* Npa* I* Ho

* He
* F*

Avarız/Merkez/Edirne 
(2012, P1) 20 87.5 2.125

(±0.227)
1.702
(±0.213) 1 0.559

(±0.121)
0.119
(±0.030)

0.350
(±0.075)

0.546
(±0.126)

Ballıhoca/Muratlı/Tekirdağ 
(2012, P2) 20 100 2.250

(±0.250)
1.752
(±0.286) 0 0.570

(±0.127)
0.219
(±0.042)

0.352
(±0.073)

0.222
(±0.146)

Karamusul/Lüleburgaz/
Kırklareli (2013, P3) 20 87.5 2.375

(±0.324)
1.600
(±0.193) 1 0.532

(±0.129)
0.169
(±0.055)

0.314
(±0.076)

0.310
(±0.152)

Kuleli/Babaeski/Kırklareli 
(2013, P4) 20 87.5 2.375

(±0.532)
1.779
(±0.179) 1 0.603

(±0.117)
0.213
(±0.082)

0.392
(±0.069)

0.426
(±0.182)

Ballıhoca/Muratlı/Tekirdağ 
(2013, P5) 20 100 2.250

(±0.164)
1.485
(±0.099) 0 0.497

(±0.065)
0.213
(±0.052)

0.305
(±0.046)

0.273
(±0.134)

Avarız/Merkez/Edirne 
(2011, P6) 20 87.5 2.250

(±0.412)
1.685
(±0.240) 0 0.519

(±0.139)
0.313
(±0.144)

0.325
(±0.085)

0.256
(±0.283)

Overall mean 20 91.67
(±2.64)

2.271
(±0.132)

1.667
(±0.082)

0.5
(±0.224)

0.547
(±0.046)

0.207
(±0.031)

0.340
(±0.028)

0.335
(±0.070)

*N = mean sample size, PPL = polymorphic loci (%), Na = mean number of alleles per locus, Ne = effective number of alleles, Npa = total 
number of private alleles observed, I = Shannon’s information index, Ho = observed heterozygosity, He = expected heterozygosity (Nei 
1987), F = fixation index, ± standard errors in parentheses.
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existence of two gene pools. The groups are represented by 
different colors (red, green, and blue) in the K = 3 grouping 
of populations (Figure 5).

4. Discussion
Understanding the genetic structure and genetic diversity 
of O. cumana populations, race evolution, and how 
different populations can interact with each other has 
significant value in gaining knowledge about its interaction 
with sunflower. There are limited studies about the genetic 
diversity of O. cumana populations with molecular markers 

at a global scale. Determination of among- and within-
population genetic diversity levels of studied populations 
and comparison of acquired information about genetic 
diversity with the other studies in the literature were 
achieved in this study. In our study, all studied SSRs were 
polymorphic. In comparison with other studies, Pineda-
Martos et al. (2013) reported that 15 SSR loci (eight of these 
SSRs were the same as in our study) were polymorphic in 
50 populations of O. cumana from Spain. Guchetl et al. 
(2014a, 2014b) studied populations from Romania, Russia, 
and Kazakhstan with 9 SSR loci (7 of these SSRs same with 

Table 3. Genetic parameters for each of the polymorphic SSR loci used in the analysis of 
six O. cumana populations.

Locus Ho He FIS FST

OCUM-52 0.192 0.326 0.413 0.236
OCUM-70 0.392 0.267 –0.465 0.151
OCUM-81 0.192 0.589 0.675 0.207
OCUM-87 0.183 0.345 0.469 0.344
OCUM-108 0.408 0.401 –0.019 0.182
OCUM-141 0.083 0.185 0.551 0.551
OCUM-160 0.142 0.401 0.647 0.177
OCUM-196 0.067 0.203 0.672 0.201

Mean ± SE 0.207
(±0.052)

0.340
(±0.053)

0.368
(±0.144)

0.256
(±0.047)

Figure 2. UPGMA tree constructed using Nei’s (1987) genetic distance values for six 
studied O. cumana populations based on SSR data.

Table 4. The analysis of molecular variance (AMOVA) for eight SSR loci.

Source of variation df* Sum of squares Variance components Percentage of variation

Among populations 5 224.967 2.051 34%
Within populations 114 453.500 3.978 66%

*df: Degrees of freedom.



BİLGEN et al. / Turk J Bot

43

our study) and reported that all the studied SSR loci were 
polymorphic. In the work of Molinero-Ruiz et al. (2014), 
genetic diversity of 11 populations from Romania, Spain, 
Hungary, and Turkey was assessed with 18 polymorphic 

RAPD primers. Pineda-Martos et al. (2014b) stated that 
the percentage of polymorphic SSR markers belonging 
to O. cumana (50.3%) is higher than the percentage of 
polymorphic loci of other marker types. Previous studies 

Figure 3. Delta K plot showing the best peak at K = 2 to determine the ideal number of 
groups present in the studied O. cumana populations using eight microsatellite loci.

Figure 4. Genetic structure of six O. cumana populations as defined by STRUCTURE (K = 2, the highest value of K).

Figure 5. Genetic structure of six O. cumana populations as defined by STRUCTURE (K = 3, the closest value to K = 2).
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showed that these differences are due to both the used 
marker system and the different geographical origins of 
the studied populations. 

A total of 23 alleles belonging to eight SSR loci (Ocum-
52, Ocum-70, Ocum-81, Ocum-87, Ocum-108, Ocum-
141, Ocum-160, Ocum-196) were determined in our 
study. Pineda-Martos et al. (2013) detected 19 alleles (2 
to 3 alleles/locus) for the same SSR loci as in our study. 
In the work of Guchetl et al. (2014a, 2014b), 17 alleles 
(2 to 4 alleles per locus) were detected for the same SSR 
loci, except Ocum-160, with our study. The results of 
band sizes and allele numbers of SSRs in various studies 
conducted with different O. cumana populations in the 
literature and in this study are consistent with each other. 
One of the most basic measures of genetic diversity in the 
studied SSR loci is the identification of allelic richness 
and private alleles. Three private alleles belonging to three 
different populations (1 private allele per population) were 
determined in our study. Pineda-Martos et al. (2014a) also 
found 1 private allele in only one population from Bulgaria. 
The genetic diversity within a population is relatively high 
(mean I = 0.547) in this study. Pineda-Martos et al. (2014a) 
reported the I value for O. cumana populations from 
Bulgaria collected on wild hosts and on the sunflower 
as 0.299 and 0.099, respectively. Founder effect in small 
populations, low frequency of some alleles (i.e. rare alleles), 
or disappearance of some alleles in the population may be 
the main reasons for low genetic diversity and a narrower 
genetic pool. In the work of Guchetl et al. (2014a, 2014b), 
a high I value was determined for populations from Russia 
and Kazakhstan, whereas populations from Romania had 
a very low I value (0.05). 

The natural dispersal range of O. cumana extends from 
Central Asia to southeast Europe and it especially infects 
Artemisia species. Towards the end of the 19th century, 
however, O. cumana infection began on sunflower in Russia 
after the increase of sunflower cultivation (Pineda-Martos 
et al., 2013). It is not yet known whether the infection on 
sunflower started by means of natural ability possessed by 
the broomrape or from a genotype of broomrape carrying 
mutations. Previous studies showed that populations from 
Russia and neighboring countries may have higher genetic 
diversity due to the intensive dispersal of seed from these 
regions.

Nei’s (1987) overall average observed heterozygosity 
(Ho = 0.207) was relatively lower than the average expected 
heterozygosity level (He = 0.349) in the studied O. cumana 
populations. The observed heterozygosity value being 
lower than the expected heterozygosity shows a departure 
from Hardy–Weinberg equilibrium and a possibility of 
inbreeding in the populations. Pineda-Martos et al. (2013) 
reported a low level of Ho (0.00 to 0.09) in four populations 
from Spain, which are genetically distant from the main 

genetic pools. They also reported higher He values in these 
populations (0.12 to 0.49). Pineda-Martos et al. (2014a) 
reported similar results in terms of heterozygosity levels 
in populations of O. cumana from Spain and Bulgaria. 
It has been reported that the analyzed SSR loci have a 
significant level of heterozygote deficiency, and the main 
reasons for this are a higher fixation index and selfing 
rate value. Guchetl et al. (2014a, 2014b) indicated higher 
heterozygosity in populations from Russia and Kazakhstan 
than populations from Romania. It is emphasized that 
geographic distance, different soil types, and climatic 
conditions might affect the level of heterozygosity in 
these populations. Gene flow (Nm) is one of the important 
factors affecting the distribution of genetic diversity both 
within and between populations. When all populations 
are evaluated together using FST values in this study, the 
Nm value is calculated as 1.741 in each generation. The low 
level of gene flow among populations is one of the reasons 
for the decrease in the genetic variation of the populations.

According to AMOVA results for SSR data, 34% 
of the total genetic diversity might be assigned to 
among-population differences and the remaining 
part to intrapopulation variation. Molinero-Ruiz et al. 
(2014) obtained 60% genetic variation among countries 
(populations from Spain, Hungary, and Turkey) and also 
indicated 87% within-population variation in five Turkish 
populations (from Tekirdağ and Kırklareli) by using RAPD 
analysis. Their pairwise AMOVA results showed that 
among-population variation increased with the increase 
of geographic distance. In a study by Pineda-Martos et al. 
(2013), populations in the main genetic pool had 100% 
of the genetic variation among populations, whereas 
other populations distant from the main genetic pool 
had 31.8% of the genetic variability among populations. 
Pineda-Martos et al. (2014a) also utilized AMOVA for 
populations from Bulgaria collected on wild hosts; they 
reported that 53.64% of the variation was due to among-
population variations. They also evaluated all populations 
collected on wild hosts and on sunflower together and 
found that 59.54% of the genetic variability was due 
to among-population variations as well. Guchetl et al. 
(2014a, 2014b) reported that a rather high proportion of 
the genetic diversity (78%) was due to within-population 
variation and the remaining part was due to variation 
between populations. Jebri et al. (2017) reported greater 
differences within populations (76.65% of total variance) 
than differences between populations (25.35%). In another 
study performed with O. cumana populations from Spain, 
Romania, Bulgaria, and Turkey via RAPD analysis, a low 
level of within-population diversity due to a low level of 
gene flow from various geographic distances resulting 
from self-pollination was reported (Gagne et al., 1998).
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According to the acquired UPGMA dendrogram 
and STRUCTURE analysis, our studied six populations 
can be divided into two main clusters. The Edirne and 
Kırklareli populations were in cluster I and the Tekirdağ 
populations were in cluster II. In the studies of Guchetl 
et al. (2014a, 2014b), two well-differentiated clusters were 
obtained: cluster I grouped populations from Russia and 
Kazakhstan, whereas cluster II combined populations 
from different regions of Romania. High levels of 
intrapopulation diversity and populations from Russia 
and Kazakhstan being in the same cluster were explained 
by genetic diversity and similarity of open-pollinated 
sunflower varieties that were cultivated since Soviet times. 
Molinero-Ruiz et al. (2014) reported that populations 
from close geographic regions grouped in the same cluster 
according to the geographic origin as in north and south 
Spanish O. cumana populations. Pineda-Martos et al. 
(2014b) indicated that cluster formation depends on the 
geographic origin and parasitized host types, and SSR 
markers had a high discriminating ability for O. cumana 
cluster analysis. 

Parasitic plant populations with high genetic diversity 
have the ability to infect plants by overcoming the 
host resistance mechanism. For sustainable and long-
term breeding programs aimed at improving resistance 
mechanisms of host plants such as sunflower against 
parasitic weeds such as Orobanche species, it is of great 
importance to determine the level of genetic diversity 
among and within the parasitic plant populations 
(Kaya, 2003), and also finding new resistance sources 
to diseases or parasites and increasing genetic variation 
of the cultivated sunflower is significant for sunflower 

breeders (Atlagic and Terzic, 2016). In addition, studies 
to determine the genetic diversity of parasitic biotypes in 
natural or agricultural areas are significant to understand 
the evolutionary mechanism of how wild parasitic plants 
transform to an agricultural plant infecting crops. The 
information gained from this study will provide important 
contributions to new studies about the genetic structure 
and diversity, and the evolution of the formation of new 
races, which will be carried out in O. cumana and close 
relatives. 

In conclusion, the determination of the genetic 
structure and also the presence of private alleles in some 
of the studied populations as a result of SSR analysis 
might indicate the formation of new races of broomrape; 
therefore, genetic marker analysis and phenotypic studies 
such as the determination of race in the populations in 
the Thrace region should be planned in the future. To 
understand and discover the genetic diversity, dispersal, 
and evolutionary mechanisms of race formation in O. 
cumana and close relative species as a global concept, 
further studies to be conducted to confirm race evolution 
in broomrape populations by sampling from all areas 
within the dispersal area will be useful for scientific 
researchers.

Acknowledgments
This study was funded by the Tekirdağ Namık Kemal 
University Scientific Research Projects Unit (Project No: 
NKÜBAP.03.GA.16.029). We thank colleagues from 
the English Language and Literature Department of our 
university for checking and improving the English of the 
manuscript.

References

Atanasova R, Batchvarova R, Todorovska E, Atanassov A (2005). 
Molecular study of broomrape (Orobanche spp.) by RAPD 
analyses. Biotechnol Biotechnol Equip 19: 51-60.

Atlagic J, Terzic S (2016). The challenges of maintaining a collection 
of wild sunflower (Helianthus) species. Genet Resour Crop Ev 
63: 1219-1236. 

Benharrat H, Thalouarn P, Theodet C, Veronesi C (2002). Orobanche 
species and population discrimination using intersimple 
sequence repeat (ISSR). Weed Res 42: 470-475.

Castejón-Múñoz M, Suso MJ, Romero-Munoz F, Garcia-Torres L 
(1991). Isoenzymatic study of broomrape (Orobanche cernua) 
populations infesting sunflower (Helianthus annuus). In: 
Proceedings of the 5th International Symposium on Parasitic 
Weeds, 24–30 June, Nairobi, Kenya, pp. 313-319. 

Ciuca M, Pacureanu M, Iuoras M (2004). RAPD markers for 
polymorphism identification in parasitic weed Orobanche 
cumana Wallr. Rom Agric Res 21: 29-32.

Dominguez J (1996). Estimating effects on yield and other agronomic 
parameters in sunflower hybrids infested with the new races of 
sunflower broomrape. In: Symposium I: Disease Tolerance in 
Sunflower, Beijing, China, pp. 118-123.

Doyle JJ, Doyle JI (1990). Isolation of plant DNA from fresh tissue. 
Focus 12: 13-15.

Elibol C, Bilgen BB (2017). Genetic diversity and molecular 
characterization of natural Pancratium maritimum L. 
populations by DNA markers. Turk J Bot 41: 569-578.

Gagne G, Roeckel-Drevet P, Grezes-Besset B, Shindrova P, Ivanov P, 
Grand-Ravel C, Vear F, Charmet G, Nicolas P (2000). Amplified 
fragment length polymorphism (AFLP) as suitable markers to 
study Orobanche cumana genetic diversity. J Phytopathol 148: 
457-459.

Gagne G, Roeckel-Drevet P, Grezes-Besset B, Shindrova P, Ivanov P, 
Grand-Ravel C, Vear F, Tourvieille de Labrouhe D, Charmet 
G, Nicolas P (1998). Study of the variability and evolution of 
Orobanche cumana populations infesting sunflower in different 
European countries. Theor Appl Genet 96: 1216-1222. 



BİLGEN et al. / Turk J Bot

46

Guchetl SZ, Antonova TS, Tchelustnikova TA (2014a). 
Interpopulation genetic differentiation Orobanche cumana 
Wallr. from Russia, Kazakhstan and Romania using molecular 
genetic markers. Helia 37: 181-191.

Guchetl SZ, Antonova TS, Tchelustnikova TA (2014b). Genetic 
similarity and differences between the Orobanche cumana 
Wallr. populations from Russia, Kazakhstan, and Romania 
revealed using the markers of simple sequence repeat. Russian 
Agricultural Sciences 40: 326-330.

Imerovski I, Dimitrijevic A, Miladinovic D, Dedic B, Jocic S, 
Kovacevic B, Obreht D (2013). Identification of PCR markers 
linked to different Or genes in sunflower. Plant Breeding 132: 
115-120.

Jebri M, Ben Khalifa M, Fakhfakh H, Pérez-Vich B, Velasco L (2017). 
Genetic diversity and race composition of sunflower broomrape 
populations from Tunisia. Phytopathol Mediterr 56: 421-430.

Joel DM (1988). Orobanche cumana–a new adventive weed in Israel. 
Phytoparasitica 16: 375.

Joel DM, Hershenhorn J, Eizenberg H, Aly R, Ejeta G, Rich PJ, 
Ransom JK, Sauerborn J, Rubiales D (2007). Biology and 
management of weedy root parasites. In: Janick J editor. 
Horticultural Reviews, Vol. 33. Hoboken, NJ, USA: John Wiley 
and Sons, pp. 267-350.

Katzir N, Portnoy V, Tzuri G, Castejon-Munoz M, Joel DM (1996). 
Use of random amplified polymorphic DNA (RAPD) markers 
in the study of the parasitic weed Orobanche. Theor Appl Genet 
93: 367-372.

Kaya Y (2003). Ayçiçeğinde Orobanş ve Mücadelesi. Tarım İstanbul 
Dergisi 84: 26-28 (in Turkish).

Kaya Y (2014a). Current situation of sunflower broomrape around 
the world. In: Current Situation of Sunflower Broomrape 
around the World, Proceedings of the Third International 
Symposium on Broomrape (Orobanche spp.) in Sunflower, 3–6 
June, Cordoba, Spain. Paris, France: International Sunflower 
Association, pp. 9-18.

Kaya Y (2014b). The situation of broomrape infestation, control 
methods in sunflower production areas in Turkey. In: 
Current Situation of Sunflower Broomrape around the 
World, Proceedings of the Third International Symposium on 
Broomrape (Orobanche spp.) in Sunflower, 3–6 June, Cordoba, 
Spain. Paris, France: International Sunflower Association, p. 
55.

Martin-Sanz A, Malek J, Fernandez-Martinez JM, Pérez-Vich B, 
Velasco L (2016). Increased virulence in sunflower broomrape 
(Orobanche cumana Wallr.) populations from southern Spain 
is associated with greater genetic diversity. Front Plant Sci 7: 
589.

Miladinovic D, Jocic S, Dedic B, Cvejic S, Dimitrijevic A, Imerovski 
I, Malidza G (2014). Current situation of sunflower broomrape 
in Serbia. In: Current Situation of Sunflower Broomrape 
around the World, Proceedings of the Third International 
Symposium on Broomrape (Orobanche spp.) in Sunflower, 3–6 
June, Cordoba, Spain. Paris, France: International Sunflower 
Association, pp. 33-38.

Molinero-Ruiz L, Delavault P, Pérez-Vich B, Pacureanu-Joita M, 
Bulos M, Altieri E, Dominguez J (2015). History of the race 
structure of Orobanche cumana and the breeding of sunflower 
for resistance to this parasitic weed: a review. Span J Agric Res 
13: 4.

Molinero-Ruiz L, Garcia-Carneros AB, Collado-Romero M, 
Rarancius S, Dominguez J, Melero-Vara JM (2014). Pathogenic 
and molecular diversity in higly virulent populations of the 
parasitic weed Orobanche cumana  (sunflower broomrape) 
from Europe. Weed Res 55: 87-96.

Nei M (1987). Molecular Evolutionary Genetics. New York, NY, 
USA: Columbia University Press.

Parker C (2009). Observations on the current status of Orobanche 
and Striga problems worldwide. Pest Manag Sci 65: 453-459.

Parker C (2013). The parasitic weeds of the Orobanchaceae. In: Joel 
DM, Gressel J, Musselman LJ, editors. Parasitic Orobanchaceae. 
New York, NY, USA: Springer, pp. 313-344.

Peakall R, Smouse PE (2006). Genalex 6: genetic analysis in excel. 
Population genetic software for teaching and research. Mol 
Ecol Notes 6: 288-295.

Pignone D, Hammer K (2016). Parasitic angiosperms as cultivated 
plants? Genet Resour Crop Ev 63: 1273-1284.  

Pineda-Martos R, Pujadas-Salva AJ, Fernandez-Martinez JM, 
Stoyanov K, Velasco L, Pérez-Vich B (2014a). The genetic 
structure of wild Orobanche cumana Wallr. (Orobanchaceae) 
populations in Eastern Bulgaria reflects introgressions from 
weedy populations. Scientific World Journal 2014: 150432.

Pineda-Martos R, Velasco L, Fernandez-Escobar J, Fernandez-
Martinez JM, Pérez-Vich B (2013). Genetic diversity of 
Orobanche cumana populations from Spain assessed using SSR 
markers. Weed Res 53: 279-289. 

Pineda-Martos R, Velasco L, Pérez-Vich B (2014b). Identification, 
characterisation and discriminatory power of microsatellite 
markers in the parasitic weed Orobanche cumana. Weed Res 
54: 120-132. 

Pritchard JK, Stephens M, Donnelly P (2000). Inference of population 
structure using multilocus genotype data. Genetics 155: 945-
959.

Pujadas-Salva AJ, Velasco L (2000). Comparative studies on 
Orobanche cernua L. and O. cumana Wallr. (Orobanchaceae) 
in the Iberian Peninsula. Bot J Linn Soc 134: 513-527.

Roman B, Satovic Z, Rubiales D, Torres AM, Cubero JI, Katzir N, 
Joel MJ (2002). Variation among and within populations 
of the parasitic weed Orobanche crenata from Spain and 
Israel revealed by inter simple sequence repeat markers. 
Phytopathology 92: 1262-1266.

Tamura K, Stecher G, Peterson D, Filipski A, Kumar S (2013). 
MEGA6: Molecular Evolutionary Genetics Analysis Version 
6.0. Mol Biol Evol 30: 2725-2729.

Timko MP, Scholes JD (2013). Host reaction to attack by root 
parasitic plants. In: Joel DM, Gressel J, Musselman LJ, editors. 
Parasitic Orobanchaceae. New York, NY, USA: Springer, pp. 
115-141.



BİLGEN et al. / Turk J Bot

47

Velasco L, Pérez-Vich B, Fernandez-Martinez JM (2016). Research 
on resistance to sunflower broomrape: an integrated vision. 
Oilseeds and Fats, Crops and Lipids 23: D203.

Velasco L, Pérez-Vich B, Jan CC, Fernandez-Martinez JM (2007). 
Inheritance of resistance to broomrape (Orobanche cumana 
Wallr.) race F in sunflower line derived from wild sunflower 
species. Plant Breeding 126: 67-71.

Verkleij JAC, Janssen J, Pieterse AH (1986). A preliminary study on 
Orobanche crenata and aegyptiaca from Syria. In: Proceedings 
of a Workshop on the Biology and Control of Orobanche, 
Wageningen, the Netherlands, pp. 154-159.

Yeh FC, Yang R, Boyle T (1999). POPGENE Version 1.32. Windows-
based Software for Population Genetics Analysis. Calgary, 
Canada: University of Alberta.


