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A b s t r a c t  

In the Russian Federation, headed cabbage B. oleracea L. сonvar. capitata (L.) (both tradi-
tional cultivars and hybrids) is the most common cole crop. Application of DNA marker technologies 
allow rapid identification of valuable genotypes and their genetic relationships in order to produce 
genetically diverse breeding forms. Microsatellite (SSR) markers are widely involved in genetic identi-
fication and genotyping of crops. Particularly, these markers effectively reveal the polymorphism among 
and within cultivars of B. oleracea L. In the present work we have estimated for the first time the 
genetic relationship among local accessions of headed cabbage on the basis of SSR-loci polymorphism. 
The goal of the work was to reveal genetic relationship between breeding accessions of B. oleracea L. 
сonvar. capitata (L.) Alef. var. capitata L. f. alba, var. capitata L. f. rubra, and var. sabauda L. based 
on DNA typing and genetic classification using SSR markers, and to compare DNA data of studied 
genotypes with defined cabbage varietal and maturity groups. Twenty-four breeding accessions of 
headed cabbage including red and Savoy varieties from collection of the Federal Scientific Vegetable 
Center (FSVC) and also developed at FSVC were involved. Genomic DNA was extracted from young 
plant leaves at 2-3 leaf stage with DNA extraction kit Sorb-GMO (Syntol, Russia). Final DNA purity 
and concentration were identified with the SmartSpec Plus spectrophotometer (Bio-Rad, USA). 
Twenty-one microsatellite loci with known primer sequences were chosen to perform SSR analysis. 
The amplification was run in C1000 Touch thermocycler (Bio-Rad, USA). PCR products were sepa-
rated in a 6 % polyacrylamide sequencing gel with the use of Sequi-Gen GT electrophoresis system 
(Bio-Rad, USA). The fragments sizes were detected in comparison with molecular weight markers 
GeneRuler100 bp plus DNA ladder (Thermo Fisher Scientific, USA). The digital images of electro-
phoregrams were analyzed with Image Lab 3.0 software (Bio-Rad, USA). STRUCTURE 2.3.4 
(https://web.stanford.edu/group/pritchardlab/home.html) software was used to study population struc-
ture. The genetic distances were calculated using GenAlEx 6.5 software for Microsoft Excel by Nei’s 
method. To construct the UPGMA dendrogram the algorithm of MEGA 5.2 program was used. As a 
result of analysis 103 alleles were obtained with an average 4.9 alleles per locus. PCR product sizes 
were between 130 and 410 bp. The PIC value varied from 0.3 to 0.9. Population analysis revealed six 
clusters to distribute all breeding accessions. Calculated Nei’s genetic distances varied from 0.060 to 
0.186. The UPGMA deprogram constructed on distances matrix reflected the origin of cabbage acces-
sions taken. Thus, cultivars Belorusskaya 455, Podarok 2500, Amager 611 and Zimovka 1474 originated 
from Northwestern Europe were joined into one cluster, there was also hybrid Severiynka F1 developed 
with the use of these cultivars. Early-maturing varietal group Ditmarskaya Raniya represented by cul-
tivars Ijunskaya 3200, Stakhanovka 1513, Nomer Perviy Gribovskiy 147 formed a separate cluster 
which also included an early-maturing hybrid Avrora F1 being of a partial origin from Ijunskaya 3200. 
Two breeding lines obtained from Avrora F1 were genetically distant and disposed in another subcluster. 
Cultivars Slava 1305 and Slava 231 belonging to the separate varietal group Slava formed a branch of 
the dendrogram. Cultivar Parus and hybrids Zarnitsa F1, Mechta F1 developed relatively recently were 
disposed distantly from other accessions. Moscovskaya pozdnyaya 15 a local cultivar formed its own 
branch of the dendrogram. Three cultivars of Savoy cabbage were grouped together with sufficient 
genetic distance between each other, where a new early-maturing cultivar Moskovskaya kru-
zhevnitsa was more distant from others. The group of red cabbage accessions situated distantly 
from other clusters with great difference inside the group. The obtained results based on SSR 
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marker variation were in accordance with data on the origin of headed cabbage accessions con-
firming that they belong to defined varietal and maturity groups. This provides information for 
nearest breeding program for new cabbage breeding forms. 

 

Keywords: Brassica oleracea L., headed cabbage, SSR markers, genetic identification, cultivar 
genotype polymorphism, varietal group   

China, India and the Russian Federation are the world’s largest cabbage 
producers, and Russia retains the leadership in cabbage consumption [1]. Cabbage 
is rich in antioxidants, e.g. polyphenols, anthocyanins, gallic, vanillic and couma-
ric acids, and has anti-inflammatory properties due to glutamine and flavonoids. 
Cabbage is also a rich source of vitamin C and glucosinolates [2]. 

Of the species Brassica oleracea L. (CC, 2n = 18), the white cabbage 
B. oleracea L. сonvar. capitata L. Alef. var. capitata (L.) f. alba DC. is the most 
common in Russia, while the red-headed cabbage B. oleracea L. сonvar. capitata 
(L.) Alef. var. capitata (L.) f. rubra (L.) Thell., Savoy cabbage B. oleracea L. convar. 
capitata (L.) Alef. var. sabauda L., cauliflower B. oleracea L. convar. botrytis (L.) 
Alef. var. botrytis L., broccoli B. oleracea L. convar. botrytis (L.) Alef. var. italica 
Plenck, Brussels sprouts B. oleracea L. convar. gemmifera (DC.) Gladis var. 
gemmifera DC., kohlrabi B. oleracea L. convar. acephala (DC.) Alef. var. gongylodes 
L., and leafy kale B. oleracea L. convar. acephala (DC.) Alef. var. sabellica L. are 
less popular. Numerous cultivars and high-yielding hybrids of B. oleracea have 
been produced due to breeding activities performed worldwide. The forms with 
the longest period of vernalization and frost resistance are a distinguishing feature 
of the сonvar. capitata. The initial biodiversity of cabbage originated in the Western 
Mediterranean Sea, Western and Northern Europe, and then spread to Eastern 
Europe, America, Asia (China, Japan), Australia and Africa. High yield and 
transportability were the properties of cabbage that contributed to widespread 
distributed of the crop. Cabbage varieties significantly differ in early maturity 
properties. The crop is not demanding for heat, positively responds to long daylight 
hours and cultivation technologies making the growing period longer [3]. 

Genetic characterization enables identification of parental forms with a 
high level of heterosis and a stable expression of economically valuable traits, 
which should be involved in crossing, thus allowing for a better use of plant 
resources. In addition, with the advent of a new breeding material, it is necessary 
to distinguish generated genotypes and identify the same or closely related ones. 
The use of SSR (simple sequence repeats) DNA markers facilitates the precise 
genetic typing of breeding samples. The reliability and detection of high genetic 
polymorphism are the advantages of microsatellite markers, which make them the 
most popular and universal in genetic studies of agricultural crops [4-6].  

The database, which accumulates information on the variability of 
microsatellite loci in the genus Brassica L., including B. oleracea, contains 398 
microsatellite markers [7]. Based on microsatellite loci, genetic relationships 
between species of the genus Brassica were established and confirmed [8-10]. 
Genetic analysis within the B. oleracea species revealed the relationships both 
between cabbage varieties, and varieties and breeding lines [11-14]. Phylogenetic 
studies of the B. oleracea were also based on the variability of microsatellites [15]. 
In a set of 91 commercial white cabbage genotypes, a total of 359 alleles grouped 
into six clusters were detected by 69 microsatellite markers. The first two clusters 
grouped the white cabbage genotypes, with broccoli, cauliflower, kohlrabi and kale 
varieties grouped in the remaining clusters [16]. In breeding samples of white 
cabbage, a high genetic variability was determined with accurate typing of each 
plant based on microsatellite polymorphism [17]. 
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Thus, summarizing previous works, there is a scarcity of published 
literature on the genetic diversity of headed cabbage traditional Russian varieties 
and hybrids. Currently, the varieties used in breeding have been bred and zoned 
by E.M. Popova back in the 1940s at the Gribovskaya Experimental Station. 

This work is the first to establish the genetic relationships between breeding 
samples of domestic head cabbage based on polymorphism of microsatellite loci. 
When comparing the three varieties, a close genetic relationship was found 
between the genotypes of Savoy cabbage and white cabbage. 

The aim of our work was to identify genetic relationships between breeding 
samples of Brassica oleracea L. сonvar. capitata (L.) Alef. var. capitata L. f. alba, 
var. capitata L. f. rubra, and var. sabauda L. using SSR markers, and to compare 
the obtained data with assignment of the examined genotypes to cultivar types and 
maturity groups. 

 Materials and methods. Genomic DNA of 24 breeding samples of head 
cabbage (Genetic collection of the Federal Scientific Vegetable Center (FSVC) 
was extracted from leaves in the 2-3rd leaf phase by the CTAB buffer-based 
method using Sorb-GMO-B reagent kit (Syntol LLC, Russia) as per the 
manufacturer’s protocol. Young leaves, from five plants per sample, were 
homogenized in an extraction buffer (a ball mill TissueLyser II, Qiagen, Germany; 
26 Hz, 1560 vibrations per min, 1.7 min). The final DNA purity and concentration 
were determined spectrophotometrically (a SmartSpec Plus, Bio-Rad, USA). 
DNA solutions with OD260/280 = 1.6-1.8 were used in PCR. 

Twenty-one microsatellite loci with known primer sequences [11, 12] and 
polymorphic information content (PIC value) of 0.5 or above were involved in 
SSR analysis. For 25 μl PCR, 2.5 μl of 10½ PCR buffer, 2.5 mM MgCl2, 0.25 mM 
individual dNTPs, 0.3 μM of each primer, 1.5 U Taq DNA polymerase (Syntol 
LLC, Russia), and 3 μl of individual DNA template were mixed. The basal PCR 
protocol was as follows: 45 s at 92-95 С (denaturation), 30 s at 52 to 58 С, 
depending on primer pairs (annealing), and 30 s to 1 min at 72 С (elongation). 
A 35-cycle amplification was performed (a C1000 Touch™ thermal cycler, Bio-
Rad, USA). 

Amplification products were separated by vertical electrophoresis (a Sequi-
Gen GT system, Bio-Rad, USA) in a 6% polyacrylamide sequencing gel at 1600 
V for 1.5-2 h. After electrophoresis, gels were stained (SYBR™ Safe DNA Gel 
Stain, Invitrogen, USA). The ChemiDoc XRS + system (Bio-Rad, USA) was used 
for gel documentation. The size of the amplified fragments was determined using 
GeneRuler100 bp plus DNA ladder (Thermo Fisher Scientific, USA). The digital 
photographs of electrophoregrams were analyzed using the Image Lab 3.0 software 
(Bio-Rad, USA).  

For each SSR locus, the presence and absence of amplification product were 
designated as 1 and 0, respectively, to construct the final binary matrix. For each 
primer, the PIC value was calculated [18]. Population structures were analyzed using 
STRUCTURE 2.3.4 software (http://web.stanford.edu/group/pritchardlab/ho-
me.html) [19]; to determine the ΔK value, the STRUCTURE HARVESTER 
v0.6.1 program was applied (http://taylor0.biology.ucla.edu/structureHarvester/) 
[20]. The data analysis in STRUCTURE did not provide the number of 
clusters, so their probable number was set from 1 to 12, followed by a 
comparison of the K value for each option. Genetic distances were calculated 
in GenAlEx 6.5 (https://biology-assets.anu.edu.au/GenAlEx/Download.html) 
[21] by the Nei’s method [22, 23]. The MEGA5.2 algorithm was used to construct 
the UPGMA dendrogram (https://mega.software.informer.com/5.2/) [24].   
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 Results. Table 1 shows the samples of B. oleracea involved in the study.  

1. A set of headed cabbage (Brassica oleracea L.) breeding samples involved in SSR 
analysis of genetic diversity (Genetic collection of the Federal Research Center 
for Vegetable Growing, FRCVG) 

Name Cultivar Designation 
S a m p l e s  o f  Brassica oleracea сonvar. capitata (L.) Alef. var. capitata L. f. alba DC 

Amager 611 Amager Ama 
Avrora F1 Ditmarskaya rannyaya  Avr 
Avrora F1 line 1 Ditmarskaya rannyaya  AvL1 
Avrora F1 line 2 Ditmarskaya rannyaya  AvL2 
Belorusskaya 455 Belorusskaya Bel 
Zarnitsa F1 Ditmarskaya rannyaya Zar 
Zimovka 1474 Langendeiskaya zimyaya Zim 
Iyunskaya 3200 Ditmarskaya rannyaya Iju 
Moskovskaya pozdnyaya 15/reproduction Moskovskata posdnyaya  MoPo/MoPo1 
Mechta F1 Langendeiskaya zimyaya  Mech 
Nomer pervyi gribovskii 147 Ditmarskaya rannyaya N1 
Parus/reproduction Dutch group Par/Par4 
Podarok 2500 Belorusskaya Pod 
Severyanka F1 Belorusskaya Sev 
Slava 1305 Slava  Sl13 
Slava gribovskaya 231 Slava  Sl23 
Stakhanovka 1513 Ditmarskaya rannyaya Sta 

S a m p l e s  o f  Brassica oleracea var. sabauda L. 
Virtue 1340 Virtue Ver 
Moskovskaya kruzhevnitsa Rosetochnaya MosKr 
Yubileinaya 2170 Ulmskaya Ubi 

S a m p l e s  o f  Brassica oleracea var. capitata L. f. rubra 
Gako 741 Gako Gak 
Kamennaya golovka 447 Erfurtskaya  KamG 
Rubin Turnovskaya  Rub 
Krasnokochannaya line I3 Erfurtskaya RedL1 
N o t е. Reproduction means that the sample is grown from the elite seeds. 

 

Amplification of 21 microsatellite loci yielded 103 alleles, 4.9 per locus on 
average, of which 13 alleles were specific. The breeding samples Severyanka F1, 
Belorusskaya 455, Podarok 2500, Amager 611, and Zimovka 1474 have the largest 
number of specific alleles (seven alleles). The amplification products vary in length 
from 130 to 410 bp. Sets of five alleles each were characteristic of the most 
informative SSR loci AF458409 and BZ523957 with the PIC values 0.90 and 0.86 
for the primers, respectively (Fig. 1). However, less informative SSR loci with the 
PIC value 0.69 for the primers could contain a larger number of alleles, up to 
13, like in CC969431, or 11, like in CC956699, CC969507, and AF113918. The 
lowest PIC value for the primers to AF180355 locus was 0.30, with only two 
alleles found. 

2. Polymorphic microsatellite loci for marker-based estimation of the genetic 
relationships among headed cabbage (Brassica oleracea L.) breeding samples 
(Genetic collection of the Federal Scientific Vegetable Center)  

Marker (GenBank 
NCBI) 

Genes with polymorphic  
microsatellite sequences  

Motif  
Number 
of alleles  

PIC 

AF051772 Reproductive meristem gene 1 (REM1) mRNA (gaa)5 3 0.81 
AF051772(2) B3 domain-containing protein REM1 (ct)6-1(ct)4-1(tcc)3 4 0.78 
AF458409 Deoxycytidine deaminase (DCTD1), mRNA (aga)6 5 0.90 
AJ427337 mRNA for calmodulin 1 (cam1 gene) (ga)5 3 0.61 
BZ523957 Genomic clone BOKAH45 (ttg)6 5 0.86 
СС956628 Brassica oleracea genomic clone BOIAA94,  

genomic survey sequence (tc)5 2 0.50 
CC956699 Brassica oleracea genomic clone BOIAB20,  

genomic survey sequence (cac)9 11 0.69 
CC969431 Genomic clone BOIAB19 (ga)6 13 0.61 
CC969459 Genomic clone BOIAB94 (cgg)5 2 0.31 
CC969497 Genomic clone BOIAA26 (tgc)5 2 0.83 
CC969507 Genomic clone BOIAB15 (ct)5 11 0.74 
Х94979 mRNA for pollen coat protein (atg)5 2 0.44 
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Continued Table 2 

AF241115 Isolate HRI/CGN 5688 cauliflower gene (at)5(ta)6 6 0.51 
X92955 mRNA for pollen coat protein (tttta)2(ata)7 3 0.57 
AF180355 Isolate B265 ABI1 protein (ABI1) gene (tc)16 2 0.30 
AF113919 Phospholipase D2 (PLD2) gene (at)6(gt)5 3 0.58 
AF273844 Thioredoxin-h-like protein 1 (THL1) mRNA (ctt)7 4 0.73 
AF230693 Stearoyl-ACP desaturase (DELTA9-BO-1) gene (ctt)3(ct)6(cttg)6 4 0.81 
AF113918 Phospholipase D1 (PLD1) gene (ct)7(at)7-1 11 0.60 
U67451 Brassica oleracea homeotic protein boi1AP1 

(Boi1AP1) mRNA (at)9-1 6 0.81 
AF241115(2) Isolate HRI/CGN 5688 cauliflower gene (ta)6-1 2 0.63 
 

A 

 
B 

 
Fig. 1. Electophoregrams of microsatellite loci AF458409 (A) and BZ523957 (B) PCR amplification 
products in headed cabbage (Brassica oleracea L.) breeding samples (Genetic collection of the Federal 
Research Center for Vegetable Growing, FRCVG). М — molecular weight marker (GeneRuler100 
bp plus DNA ladder, Thermo Fisher Scientific, USA). For designations and description of samples, 
see Table 1.  

 

In our study, the calculated PIC values were consistent with the values 
reported for the same markers by other researchers (χ2 = 2.16 at p = 1.0) [11, 12]. 
The markers for loci with a PIC value  0.5 turned out to be effective for genetic 
discrimination of related genotypes [25]. As a result, these markers allowed us to 
revealed 76% polymorphism among the studied breeding samples. 

 

 
Fig. 2. Structure of the set of headed cabbage (Brassica oleracea L.) breeding samples (Genetic 
collection of the Federal Scientific Vegetable Center) based on Bayesian analysis (built with 
STRUCTURE software for six clusters, K = 6). For designations and description of samples, see 
Table 1. 

  

It was shown that the tested breeding samples were best distributed among 
six clusters (ΔK = 2.05) where they were grouped according to origin (Fig. 2). The 
calculated genetic distances varied from 0.060 to 0.186, with the greatest genetic 
distance between the Parus cultivar and the Mechta F1 hybrid. Cabbage samples 
Severyanka F1, Belorusskaya 455, Podarok 2500, Amager 611, and Zimovka 1474 
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of the Dutch group originating from North-Western Europe clustered together 
(Fig. 3). The high genetic similarity of cultivars Amager 611, Belorusskaya 455, 
and Podarok 2500 confirms that the latter was obtained through complex 
hybridization of the first two cultivars. The cultivars Belorusskaya 455, Zimovka 
1474, and Podarok 2500 originated at the Gribovskaya Experimental Station were 
involved in production of a relatively new hybrid Severyanka F1 advanced in 
quality and resistance to fusarium wilt, clubroot, and bacterioses. The cultivar 
Belorusskaya 455 obtained by selection of the earliest maturing forms in the 
Vitebsk region, has been zoned since 1943. The late-ripening cultivar Moskovskaya 
Pozdnaya 15, zoned in the same year and having a high productivity, formed a 
separate sub-cluster, closer to the samples of later ripeness, which explains local 
origin of the cultivar Moskovskaya Pozdnaya 15 from the Pyshkinskaya cultivar 
[26]. The genetic remoteness of this variety is also confirmed by its separate varietal 
type in the Central Russian group of varieties. The Parus cultivar with high quality 
parameters formed its own cluster, which proves the genetic remoteness of this 
cultivar from the general group of varieties and indicates a complex origin from 
various lines with economically valuable properties. 

 

 
Fig. 3. UPGMA tree derived from data on microsatellite loci polymorphism of headed cabbage (Brassica 
oleracea L.) breeding samples (Genetic collection of the Federal Scientific Vegetable Center). 
Bootstrap replicates of 1000. For designations and description of samples, see Table 1. 

 

Cultivars of the Ditmarskaya early type originating from Central Europe 
(Iyunskaya 3200, Stakhanovka 1513, Nomer pervyi gribovskii 147 and the early 
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ripening hybrid Avrora F1 which has the Iyunskaya 3200 cultivar in the pedigree) 
formed a separate cluster. All these samples were early maturing. The cultivar 
Nomer pervyi gribovskii 147 zoned since 1943 was used to create cultivar Iyun-
skaya 3200, which is also consistent with its position in the dendrogram. The lines 
derived from the Avrora F1 hybrid formed a separate subcluster. This confirms 
that the derived lines can be genetically quite distant from the hybrid. The tradi-
tional mid-season cultivars Slava Gribovskaya 231 and Slava 1305 of the Slava 
type, which were bred at the Gribovskaya Experimental Station and released in 
1940, grouped in a separate subcluster. 

The new mid-early hybrid Zarnitsa F1 formed a separate branch of the 
dendrogram closer to the early ripening specimens, while the late-ripe hybrid 
Mechta F1 formed a cluster at a 0.123 distance from the general group of 
cabbage specimens.  

Savoy cabbage cultivars grouped into a separate subcluster within the white 
cabbage cluster. All of them belonged to different types of varieties, therefore, they 
were located genetically distantly from each other. The early-ripe cultivar Yubi-
leynaya 2170 resulted from crossing the Savoy Viennese early cabbage and the 
white cabbage variety Nomer pervyi gribovskiy 147. The new mid-ripe cultivar 
Moskovskaya kruzhevnitsa with bubbly leaves turned out to be the most genetically 
distant from the other two cultivars of Savoy cabbage. 

Traditional cultivars of red cabbage Kamennaya golovka 447 and Gako 
741, bred at the Gribovskaya Experimental Station and released in 1943, belong 
to the Erfurt and Gako variety types, respectively, which is confirmed by their 
genetic remoteness. The Rubin variety and the I3 424-17 breeding line were 
grouped in the same cluster. Traditional varieties are well adapted to local grow-
ing conditions and can be donors of valuable genes conferring genetic variability 
and plasticity.  

It should also be noted that the relatively recently bred cultivars Parus, 
Moskovskaya kruzhevnitsa, hybrids Zarnitsa F1 and Mechta F1 were quite distant 
from the main clusters consisting of traditional varieties. In addition, the breeding 
lines derived from promising F1 hybrids significantly differed from the original 
form, which makes it possible to use DNA markers in inbreeding when obtaining 
hybrid-based lines.  

In this study, a relatively small set of microsatellite markers successfully 
classified unique domestic head cabbages. El-Esawi et al. [27] used only twelve 
microsatellite loci to revealed a 75.7% polymorphism among twenty-five Brassica 
oleracea L. genotypes of which fifteen genotypes were cabbages, which is con-
sistent with our findings. 

Despite significant advances in the genetics of cabbage crops, the research-
ers mainly focus on the pathogen resistance [28-30], flowering time [31, head 32], 
morphology [33] and cracking [34, 35], with the lack of information on the genetic 
identification of cabbage varieties from different ripeness groups. Based on the 
genetic assessment of the studied breeding samples, we identified two main groups 
of white cabbage genotypes, with early maturation (the cluster of Avrora F1, Iyun-
skaya 3200, Nomer pervyi gribovskiy 147, and Stakhanovka 1513) and late matu-
ration (Moskovskaya pozdnyaya 15, Severyanka F1, Belorusskaya 455, Amager 
611, and Zimovka 1474). The Savoy cabbage genotypes in general were more 
precocious, which may explain their close genetic location to the group of more 
early maturing cultivars. Of these, the cultivar Virtue 1340 is the most late-ripening 
(the ripening period is about 130 days), while the white cabbage late-ripen geno-
types need more than 140 days to reach ripeness.  
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Since environmental factors can influence varietal morphological traits 
and characteristics, cause phenotypic variability and hamper the assessment of 
varietal traits, DNA markers are the only tool for accurately identifying, main-
taining and preserving genotypes for further selection [36]. DNA analysis with a 
set of known SSR markers allows reliable identification and selection of breeding 
samples from different ripeness groups and among valuable domestic cultivars, 
which are suitable for growing in all regions of Russia.  

Thus, SSR markers were effective in detecting genetic variability among 
twenty-four genotypes of headed cabbage, including those similar in origin and 
belonging to the same cultivar. The results of DNA analysis confirm pedigrees of 
the traditional varieties and new hybrids. The genetic background of the genotypes 
can be decisive for design of crossing combinations in obtaining new breeding 
forms. The results of SSR analysis and genetic distance evaluation are “decision 
support information”. This helps to select breeding material, control crossing com-
binations within groups of different ripeness, with preserving characters of the 
original cultivar types, and identify breeding lines in hybrid and/or varietal popu-
lations.  
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