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Conventional and molecular breeding for broomrape  
resistance in sunflower
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Sandra Cvejić, Boško Dedić, Vladimir Miklič
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Abstract

Broomrape (Orobanche cumana Wallr.) is a flowering plant that significantly reduces the yield of 
sunflower and causes great economic losses. Genetic resistance, obtained by crossing cultivated sun-
flower with wild relatives, proved to be the most effective way to fight it, but because of the appearance 
of new races of the pathogen, it is necessary to find new sources of the resistance. Intensive research 
on the molecular level has focused on the development of specific DNA markers, in order to facilitate 
and accelerate the introduction of resistance into cultivated sunflower.

Key words: sunflower, broomrape, resistance, molecular markers

Introduction

Broomrape (Orobanche cumana Wallr) is the flowering plant that parasitizes in sunflower (Heli-
anthus annuus L.) and can reduce yields by more than 50%. It has a high potential for breeding and 
fine seeds, which allows it to easily expand its distribution area. Therefore, broomrape needs to be 
controlled by using available strategies, although the use of resistant sunflower cultivars is the most 
reliable way to control the parasite (Dedić et al. 2009, Miladinović et al. 2011).

Achieving sustainable sunflower resistance to broomrape is one of the most important goals in 
sunflower breeding (Pacureanu et al. 2009, Fernandez-Martinez et al. 2010). The introduction of 
resistance genes into cultivated sunflower began in the early 20th century. These genes are mostly 
found in wild relatives of cultivated sunflower, especially in species Helianthus tuberosus L., Helian-
thus maximiliani Schrad., and Helianthus debilis Nutt (Fernandez-Martinez et al. 2008). Vranceanu 
et al. (1980) defined the five broomrape races (A, B, C, D and E), and five dominant genes (Or1, 
Or2, Or3, Or4 and Or5) that provide resistance to these races. In order to facilitate identification of 
broomrape races, Vranceanu et al. (1980) formed a set of differentials for Or1, Or2, Or3, Or4 and Or5, 
which included lines Kruglik A-41, Jdanovsky 8281, Record, S-1358 and P-1380. The set was later 
complemented with the line LC1093 carrying Or6 (Pacureanu et al. 1998).

The widespread use of resistant genotypes of sunflower increased the selection pressure and lead 
to the emergence of new races of broomrape. Pacureanu et al. (2004) found that there are differ-
ences between new races that infect fields in Turkey in comparison to those present in Romania, 
and that there are differences in the populations present in Romania and Serbia in comparison to 
those of Spain. While testing races E and F from different geographic areas, Pacureanu et al. (2003) 
came to the conclusion that the same race from different countries differ in virulence. The authors 
have found that the most virulent races were from Turkey, followed by the ones from Romania, 
Spain, and Serbia.
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Conventional Breeding - Wild Species as Resistance Genes Sources

According to Fernandez-Martinez et al. (2007), wild sunflowers are a source of resistance genes that 
can provide protection not only from existing, but also from new, more aggressive races of broomrape. 
Resistance genes found in wild species of the genus Helianthus and have been incorporated into culti-
vated sunflower genotypes by interspecific hybridization (Škorić et al. 2010). 

Resistance to race F was found in germplasm of both cultivated and wild sunflower (Fernandez-
Martinez et al 2000, Pacureanu et al. 1998). Jan and Fernandez-Martinez (2002) crossed the wild sun-
flower species H. maximiliani, H. grosseserratus Mart., and H. divarticatus L. with cultivated sunflower 
and developed four populations (BR1-BR4) resistant to race F in Spain, while genotypes resistant 
to races E and F were developed through interspecific hybridisation with H. tuberosus (Škorić et al. 
2010). Cvejić et al. (2012) found the source of resistance to race G and more virulent races in an inbred 
line derived from interspecific hybridization with Helianthus divarticatus. The inbred lines possibly 
resistant to race G were developed from crosses with H. tuberosus. 

Molecular Breeding - Development of Molecular Markers

To create a resistant line it is necessary to have reliable evaluation of resistance breeding material. 
Phenotypic evaluation of resistance is laborious, time-consuming, highly dependent on the environ-
mental conditions and therefore prone to errors. Resistance evaluation using DNA markers is much 
more reliable and faster method. 

Previous molecular studies were mostly related to the mapping of the gene Or5, that confers resis-
tance to race E of the broomrape. Lu et al. (2000) identified five RAPD and SCAR markers significant-
ly linked to the Or5 gene. Markers RTS05, RTS28, RTS40, RTS29 and RTS41 were mapped at 5.6, 13.6, 
14.1, 21.4 and 39.4 cM, and the RAPD marker UBC 120_660 was located distally at a distance of 22.5 
cm from the Or5 locus. Lu et al. (1999) linked the marker RTS05 with RFLP markers S009 and S010, 
and thereby position the gene on LG17 GIE Cartisol RFLP map. Tang et al. (2003) found that the Or5 
is located on LG3 on the map of Yu et al. (2003), and identified ORS1036 as a closely linked marker.

In addition to studies on monogenic resistance, Perez-Vich et al. (2004) investigated the quantita-
tive nature of broomrape resistance of sunflower and identified five loci important in the defence to 
race E, and six loci involved in the defence to race F of broomrape. Letousey et al. (2007) found that 
the defence mechanism is different in two resistant genotypes, but that in both it involves an increased 
expression of the gene for methionine synthase, glutathione S-transferase and quinon-oxidoreduc-
tase, and callose synthetase.

As the broomrape resistance is introduced into cultivated sunflower from various sources, the ori-
gin of the material is an important factor when it comes to mode of inheritance and the position of 
resistance genes. Pacureanu et al. (2009) found that the resistance to the race F could be controlled 
either with two recessive genes or one dominant gene, in inbred lines depending on the origin of the 
inbred lines. These differences are apparent at the molecular level, and it is often the case that the 
marker is specific to the material on which it has been developed (Imerovski et al. 2011). For this 
reason, the work on molecular marker development in Institute of Field and Vegetable Crops is di-
rected to the development of markers on NS breeding material. Besides working on the development 
of markers for Or5, current research is aimed to the mapping of a new gene that provides resistance 
to broomrape races higher than F (Cvejić et al. 2012). By comparing the molecular profile of resistant 
and susceptible genotype, a polymorphism was observed on LG3 of SSR map. Accordingly, it can be 
assumed that the new gene is located on this linkage group (Imerovski et al. 2012). Further tests on 
the mapping population will determine the exact position of the gene, and enable the development of 
specific molecular marker that will accelerate the introduction of resistance to new races of broomrape 
into the commercial sunflower lines.
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Conclusions

Broomrape is serious constrain in sunflower production. Cultivated sunflower has limited genetic 
variability and it lacks genes for broomrape resistance, but wild species constitute valuable source of 
resistance genes. Marker assisted selection has proved to be a valuable tool in sunflower breeding pro-
grams for broomrape resistance gene identification, accelerating and facilitating broomrape resistance 
breeding.
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