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Abstract: Cultivated sunflower in one of the key plants used by humans. Nowadays 
sunflower is planted mainly for the seed oil. It takes position number four on the global 
seed oil market. Selection of hybrids with increased oil content and changed oil properties 
is one of the basic directions in sunflower hybrid breeding. Due to the extensive climate 
change and the growing human population, selection time became a serious bottleneck on 
the way to the production of new cultivars. High-throughput genotyping and phenotyping 
technologies can push forward sunflower breeding and help reducing time required for the 
selection process.
Key words: sunflower; oil composition; marker-assisted selection; genomic selection; 
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1.	Introduction
Sunflower is one of the most important oilseed crops, which 

takes position four in the global production of vegetable oil 
after palm, soybean, and rapeseed. It is known that oilseed 
content is influenced by both environmental conditions and 
genetic factors (Rauf et al., 2017). That’s why production of 
selection hybrids with changed oil properties is one of the key 
objectives of oilseed crop breeding (Jocic´, Miladinovic´, and 
Kaya 2015). Since the pioneering work of V.S Pustovoit in the 
1960s high seed oil content has become one of the principal 
directions in sunflower breeding (Vear 2016). The second 
crucial sunflower oil characteristic is seed oil composition 
which was altered during the transformation of sunflower 
from the wild-type to domesticated oilseed crop (Putt 1997; 
Burke, Knapp, and Rieseberg 2005). The main components of 
sunflower oil are triglycerides (about 95%), which are made 
up of three fatty acids (FAs) attached to glycerol by ester 
bonds. Nutritional and technical properties of sunflower oil are 
determined by the fatty acids (FA) composition (Garcés et al., 
2009). Genetic markers associated with certain oil phenotypes 
can be implemented in marker-assisted (MAS) or genomic 
selection (GS) in order to speed up the selection of sunflower 
cultivars with desirable oil characteristics (Dimitrijevic and 
Horn 2018).

2.	Genetic markers for sunflower
Before NGS sequencing became widely available, sunflower 
genotyping and mapping were performed using RAPD (Ries-
eberg et al., 1993), RFLP (Lai et al., 2005), AFLP (Gedil et al., 
2001) and SSR markers (Tang et al., 2003). The availability 
of SNP-based markers revolutionized sunflower genetics. The 
first SNP study for sunflower was performed in 2005, 243 
SNPs were mapped (Lai et al., 2005). This study was followed 
up by the design of Infinium Beadchip containing 9,480 SNPs 
(Bachlava et al., 2012) and 25K SNP array (Livaja et al., 2016).

Another step was made by the implementation of genome 
complexity reduction techniques such as RAD sequencing 
(Bowers et al., 2012; Talukder et al., 2014) and GBS sequenc-
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ing (Celik et al., 2016). Such approaches made it possible to 
avoid expensive whole genome sequencing providing at the 
same time more opportunities compared to microarray tech-
nologies since the former can obtain short sequences-reads, 
covering the major part of the genome. Sunflower genome 
full assembly published in 2017 (Badouin et al., 2017) made 
it possible to perform large-scale genome-wide association 
studies (GWAS).

3.	Phenotyping technologies
Efficient genotyping technologies should run side by side 
with efficient oil phenotyping technologies. For a long period 
of time the most common ways for plant oil phenotyping 
were gas chromatography-mass spectrometry (GS-MS) or 
gas chromatography-flame ionization detection (GC-FID) 
methods (Li-Beisson et al., 2010).

As an alternative to this technique, NMR spectroscopy 
(Popescu et al., 2015) may be used. Another method combin-
ing the advantages of fast high-resolution chromatographic 
separation with high-sensitivity and selectivity of mass-
spectrometric detection is UPLC-MS. This method was first 
proposed to be used for plant fatty acid profiling in Arabidop-
sis thaliana and diatoms (Bromke et al., 2013, 2015). Later, 
this method was validated for sunflower lipid oil profiling 
(Chernova et al., 2019).

4.	Genome-wide association studies
High quality phenotype and genotype data can be used for 

genome wide association studies (GWAS). This analysis is a 
powerful tool for understanding the genetic content of com-
plex traits. GWAS was successfully implemented to many 
plant species including sunflower. In the case of sunflower, 
GWAS gave a new insight into flowering time (Bonnafous et 
al., 2018), male fertility restoration (Goryunov et al., 2019), 
seedling growth (Masalia et al., 2018), plasticity of oil yield 
for combined abiotic stresses (Mangin et al., 2017), basal and 
apical branching   (Nambeesan et al., 2015), flower morpho-
logical traits (Dowell et al., 2019), and others.
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5.	Conclusions
According to the points discussed above, it can be concluded 
that NGS high-throughput genotyping can be combined with 
high-throughput molecular phenotyping technologies to per-
form GWAS in order to find significant associations between 
valuable oil characteristics and the genotype. Such associa-
tions can be implemented in sunflower genomic selection and 
push forward sunflower breeding strategies.
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