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1. Introduction
Rapeseed (Brassica napus) is an oilseed crop used worldwide 
for the production of vegetable oils. Rapeseed oil is the third 
most commonly produced vegetable oil in the world after palm 
and soy oil (List, 2016). In turn, the quality and the quantity 
of the oil are determined by phenotypic traits like plant archi-
tecture, oil composition, and resistance to unfavourable envi-
ronmental conditions. Thus, the plant breeders try to improve 
such traits in order to increase the effectiveness of harvesting, 
quality and preservation of the yield. One of the ways to create 
lines with favourable properties is by marker-assisted selec-
tion. There are several types of molecular markers including 
microsatellites, single nucleotide polymorphisms (SNPs), 
restriction fragment length polymorphism. In the recent years, 
SNPs have become popular due to the rapid development of 
high-throughput genotyping techniques that are widely applied 
for association studies in rapeseed. These techniques could 
be conditionally separated into two types: those including 
high- and low-density DNA-based arrays and those based on 
high- throughput sequencing, include whole-genome sequenc-
ing (WGS), genotyping by sequencing (GBS), and associative 
transcriptomics (Perez-de-Castro et al., 2012). In the present 
review, several studies that implement high-throughput geno-
typing for association mapping of agronomically important 
traits in rapeseed are discussed.

2. Plant architecture
Traits related to plant architecture in rapeseed include plant 
height, primary branch number, branching angle. Plant ar-
chitecture affects the effectiveness of photosynthesis, harvest 
convenience, and so several attempts have been made in order 
to determine underlying genetic factors. The SNPs associated 
with plant height were shown to be located close to the genes 
that encode enzymes related to the metabolism of gibberel-
lins, which, in turn, regulate growth processes in plants (Li 
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et al., 2016a). The novel markers for primary branch number 
were found in chromosome C7, all of them were adjacent 
to genes that encode transcription factors involved in plant 
development control (Li et al., 2016a). In the recent stu dies, 
Liu et al. (2016) identified potential markers associated with 
branch angle, the SNPs were located close to genes that 
encode enzymes for the metabolism of auxin which, in turn, 
regulates cell elongation. Another study by Li et al. (2017) 
also revealed several markers for the branch angle. It was 
demonstrated that potential candidate genes were presented 
by LAZY1 and TAC1 from the IGT gene family, which had 
been previously shown to control branch angle, leaf angle and 
shoot gravitropism in crops.

3. Oil composition
There are several compounds that are usually considered as 
ones affecting the quality of rapeseed’s vegetable oil, namely 
fatty acid (oleic, linoleic, erucic acids), glucosinolates, toco-
pherols. Glucosinolates, the secondary metabolites produced 
by Brassicaceae plants, and erucic acid are the compounds 
that reduce the quality of the oil by making it toxic and in-
appropriate for baking. In contrast, unsaturated fatty acids, 
namely oleic and linoleic as well as tocopherols possessing 
vitamin E activity, are considered as beneficial components 
of the oil. Several studies indicate that glucosinolate content 
is related to SNP adjacent genes that encode glucosinolate 
transporters and various transcription factors (Qu et al., 2015, 
Li et al., 2014, Wei et al., 2019). Loci associated with erucic 
acid content were present on chromosomes A8, A9, A10, C3, 
C8, C9 (Li et al., 2014; Havlickova et al., 2017; Qu et al., 
2017). The markers associated with fatty acid content were 
shown to be located close to the genes encoding fatty acid 
elongases, 3-ketoacyl-CoA synthases, and fatty acid desatu-
rases (Gacek et al., 2017; Qu et al., 2017). Using the associa-
tive transcriptomics approach, the ortholog of the VTE gene, 
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which encodes tocopherol methyl transferase, was shown 
to determine tocopherol compositions (Havlickova et al.,  
2017).

4. Phenology
Phenological traits that affect the potential of rapeseed yield 
include flowering time, maturity time, earliness; these traits 
generally determine how much time plants invest in vegeta-
tive growth as well as in seed formation. The trait ‘flowering 
time’ has been widely studied in rapeseeds. Thus, potential 
flowering time markers were found near the following genes: 
CONSTANS, PHYTOCHROME B, FRIGIDA, FLOWER-
ING LOCUS T, FRUITFUL, FLOWERING LOCUS C, which 
has been previously demonstrated to regulate photoperiodic 
reactions in thale cress plants (Xu et al., 2015; Raman et al., 
2016). Phenological traits were more deeply investigated by 
Zhou et al. (2017) who were searching for associations for the 
timing of initial flowering, maturity and final flowering as well 
as the flowering period. It was demonstrated that these traits 
are related to 131 SNPs located within the loci that contain 
genes responsible for the flowering process.

5. Resistance to unfavourable  
environmental conditions
One of the key features that determine the yield amount is the 
ability to resist to biotic as well as abiotic environmental fac-
tors, which include high salinity, freezes, pathogens. Several 
recent association studies revealed genes and potential markers 
responsible for resistance to pathogens and unfavourable abiotic 
factors. Markers significantly associated with the resistance 
of rapeseed to Sclerotinia stem rot were found adjacent to the 
genes related to lignin biosynthesis, jasmonic acid pathway, 
defence response (Wei et al., 2016). Another study revealed 
associations with clubroot disease, notably, all potential markers 
were shown to be located near the genes that encode disease 
resistance proteins of the TIR-NBS family (Li et al., 2016b). Salt 
resistance markers were found by Wan et al. (2017), all SNPs 
were adjacent to salt-stress related genes encoding aquaporins, 
enzymes involved in the biosynthesis of proline. Electrolyte 
leakage was assessed in order to reveal markers for the freez-
ing tolerance of rapeseed, several associated loci were shown 
to contain genes that encode sulfur transport proteins, enzymes 
involved in abscisic acid biosynthesis, transcription factors 
related to development (Fiebelkorn et al., 2018).

6. Conclusions
Since rapeseed is an agronomically important plant for veg-
etable oil production, the number of studies on genetic factors 
underlying phenotype traits is constantly increasing. The 
most recent studies are generally devoted to traits related to 
plant architecture, oil composition, phenology and resistance 
to unfavourable environmental conditions. It should also be 
mentioned that modern high-throughput genotyping technolo-
gies have become more popular for these purposes due to 
high performance and relatively low costs. Recent insights in 
phenotype-genotype associations in rapeseed will facilitate the 
uncovering of new markers for agronomically important traits, 
which, in turn, will facilitate the improvement of rapeseed 
lines as well as the creation of new ones.
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