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Piotr KAMIÑSKI, Miros³awa STANIASZEK, El¿bieta U. KOZIK

Department of Genetics, Breeding and Biotechnology, Research Institute of Vegetable Crops,
Skierniewice, Poland

Abstract. DH lines derived from cabbage cvs. Kamienna G³owa, S³awa z Enkhuizen
and Langendijker, representing R1 generation, were analysed by the use of RAPD
markers for their diversity and uniformity. For the evaluation of genetic diversity, eight
primers yielding informative bands were used. Of the total of 83 RAPD bands scored
in this study, 16.9% were polymorphic between a set of 13 DH lines. The similarity
of the DH lines, estimated by Jaccard’s coefficient, was depicted in the UPGMA
dendrogram. Fourteen generated informative RAPD bands allowed the identification
of DH lines developed from each cultivar. The evaluation of the uniformity for six
closely related DH lines was possible by the use of three primers which generate one
or two polymorphic bands. The lack of differences among ten plants of the five investi-
gated DH lines manifested their uniformity. One line showed intraline polymorphism
with two RAPD primers. The occurrence of the differences at the molecular level
among ten plants indicated that their parental R0 plant was probably obtained from so-
matic cells, not by androgenesis.

Key words: Brassica oleracea var. capitata, DH lines, genetic diversity, intraline
uniformity, RAPD.

In recent years random amplified polymorphic DNA (RAPD), as a relatively fast
and low-cost technique, has been frequently used in vegetable breeding
programmes and in genetic investigations.

RAPD analysis was successfully used for evaluation of genetic variability
and similarity among head cabbage, cauliflower, Brussels sprouts, broccoli
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and kale (HU, QUIROS 1991, DEMEKE et al. 1992, KRESOVICH et al. 1992,
MARGALE et al. 1995, DIVARET, THOMAS 1998, DIVARET et al. 1999, CANSIAN,
ECHEVERRIGARAY 2000). RAPD technique was also performed to detect poly-
morphism among cauliflower plants of R1 generation derived from anther culture
(STIPIC, CAMPION 1997). RAPD markers showed their usefulness in the evalua-
tion of genetic identity and relatedness among phenotypically uniform plants
from cabbage cultivar Golden Acre (PHIPPEN et al. 1997).

Combining traditional breeding techniques and biotechnological methods, e.g.
in vitro androgenesis and molecular markers, give new possibilities for obtaining
the high quality, uniform, stable and distinctive breeding material to generate F1

hybrids. In the Research Institute of Vegetable Crops, Skierniewice, Poland, the
new breeding programme of head cabbage implies both traditional methods
and in vitro androgenesis by anther culture (GÓRECKA et al. 1997, KAMIÑSKI

et al. 1998, 1999, KAMIÑSKI 2000). DH lines of Brassica species, because of their
extreme homozygosity (NIEMIROWICZ-SZCZYTT 1997), are also very useful
for genetic analysis using molecular markers. Molecular analysis, with higher ac-
curacy than morphological evaluation, indicates the parental lines of larger ge-
netic distance for creating F1 hybrids in head cabbage.

The purpose of this study was to evaluate the genetic diversity and uniformity
of the thirteen head cabbage DH lines of R1 generation obtained from three
open-pollinated cultivars: Kamienna G³owa, S³awa z Enkhuizen
and Langendijker. Thirteen DH lines of R1 generation (8 DH lines from Kamienna
G³owa, 2 from Langendijker, 3 from S³awa z Enkhuizen) were used for the RAPD
analysis. R1 generation was derived from the seeds of androgenic R0 plants ob-
tained by anther culture. DH lines were preliminarily tested in the field for their
morphological traits, combining ability and uniformity (KAMIÑSKI et al. 1999,
KAMIÑSKI 2000). They had good morphological characteristics and consequently
were selected for the breeding programme. All of them showed intraline unifor-
mity but there were important phenotypic differences for some morphological
traits between DH lines.

Seeds of each DH line were sown in the soil in a 56-cell seedling tray, one seed
per cell. Seedlings were grown in a greenhouse from March to May 2000, when
leaves were sampled. Equal amounts of leaf tissue (0.6 g) from each of three
plants from each DH line were combined to make composite leaf samples
for the evaluation of genetic diversity. For the evaluation of uniformity, six DH
lines were selected: five from Kamienna G³owa (PS2, PS3, PS5, PS8, PS12)
and one from S³awa z Enkhuizen (PL8), then leaves were sampled and extracted
separately from each of 10 plants of the particular DH line. The samples were
frozen in liquid nitrogen and ground with a mortar and pestle and used for DNA
extraction according to the procedure of DELLAPORTA et al. (1983). DNA con-
centration and quality were measured at 260/280 nm, by using
a spectrophotometer (Beckman DU640).
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PCR reaction was basically the same as described by WILLIAMS et al. (1990),
with the following modifications. Reactions were performed in 20 µl volume con-
taining 20 ng of genomic DNA, 0.8 µM of single 10-mer primer, 0.4 U of Taq
DNA polymerase (Sigma Aldrich), 100 µM of each dATP, dCTP, dDTP, dGTP,
2.5 mM MgCl2, 10 mM Tris-HCl pH 8.3, 50 mM KCl, 0.001% gelatine. The am-
plification reaction was carried out in a MJ Research PTC 200 thermal cycler.
The cycle parameters were: 94oC for 30 s followed by 45 cycles of 30 s at 92oC,
25 s at 36oC, 74 s at 72oC, and a final extension time of 5 min at 72oC. DNA ampli-
fication was performed with the use of 30 arbitrary 10-mer primers from Operon
Technologies Inc. (Almeda, Calif.), kits A, B, C, D, W.

To check the degradation of DNA, samples were loaded into 0.8% agarose gel
in 1 × TBE submitted to electrophoresis, stained with ethidium bromide and ob-
served under ultraviolet (UV). The DNA used for the amplification was of high
molecular weight with little degradation and free of RNA as revealed by UV
and gel electrophoresis. Amplification products were analysed by electrophoresis
in 1.4% (w/v) agarose gels in EDTA (TBE) buffer after staining with ethidium
bromide. The sizes of amplification products were determined by comparing with
pUC19 standard (65-2346 bp) digested with Rsa I, Hinf I and Pvu II restriction en-
zymes.

For the diversity analysis, all polymorphic loci were scored as presence/ab-
sence of the band. The bivariate 1-0 data were used as the raw matrix. A square
symmetric matrix of similarity was obtained by using the Jaccards coefficient.
Dendrograms based on UPGMA were generated to estimate relationships among
cabbage DH lines using RAPDistance 1.04 programme software.

Evaluation of genetic diversity of head cabbage DH lines: Of the 30 primers of kits
A, B, C, D, W, eight decamer oligonucleotides, that showed consistent banding
patterns and amplification, were chosen for the evaluation and identification
of DH lines. Using the eight selected primers, 83 RAPD bands were scored, rang-
ing in size from 350 to 2300 bp. Each of eight RAPD primers generated from 1
to 3 informative bands. An example of the patterns obtained by the RAPD analysis
of cabbage DH lines is shown in Figure 1. Of the total bands scored in this study,
14 (16.9%) were polymorphic. The number of polymorphic DNA fragments gen-
erated here was lower than that earlier reported in Brassica, ranging from 54%
to 70% (HU, QUIROS 1991, KRESOVICH et al. 1992, THORMANN et al. 1994,
FARNHAM 1996, CANSIAN, ECHEVERRIGARAY 2000). This difference can be re-
lated to the genotypes evaluated and to the selection of RAPD primers with
scorable bands. Head cabbage DH lines evaluated in this study belonged to three
open-pollinated cultivars and showed a relatively lower level of diversity in com-
parison to the studies cited above where larger number of genotypes was used.

The number of polymorphic bands varied from 6 for S³awa z Enkhuizen to 7
for Kamienna G³owa. There were no polymorphic bands scored for Langendijker.
These results are supported by phenotypic observations (KAMIÑSKI et al. 1999)
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Figure 1. Amplification products in seven head cabbage DH lines (PS2, PS12, PL3, PL7, PL8,
PS5, PS8) and two F1 hybrids (PS2 × PS12 and PS5 × PS8). (A) primer OPA 06; (B) OPA 08;
M = molecular weight pUC19 marker (65-2346 bp) digested with Rsa I, Hinf I and Pvu II

restriction enzymes



showing the higher level of interline variation among DH lines derived from
Kamienna G³owa and S³awa z Enkhuizen than from Langendijker.

The similarity of the DH lines, estimated by Jaccard’s coefficient, was de-
picted in the UPGMA dendrogram (Figure 2). The thirteen DH lines fall into three
clusters. The fourteen informative RAPD bands enabled the identification of DH
lines according to their origin. Only the two DH lines PK1 and PK2 derived from
the Langendijker cultivar had the same banding patterns. According to the previ-
ous morphological evaluation, the two lines had very similar characteristics and
differed only in self-incompatibility alleles. The lower number of the informative
bands might be affected by the lower range of diversity of more closely related
DH lines.
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Figure 2. Dendrogram for 13 DH lines of Brassica oleracea var. capitata resulting from
UPGMA cluster analysis of genetic similarities (Jaccard’s coefficient) computed from RAPD

data



Evaluation of uniformity of selected DH lines: Evaluation of the uniformity
for closely related DH lines was possible after obtaining distinctive and consistent
A5, A8 and A11 RAPD primers that generated one or two polymorphic bands be-
tween individuals of one DH line.

Analysis of amplification profiles of ten individual plants of DH lines PS2,
PS3, PS5, PS8 and PS12 (all from cv. Kamienna G³owa) did not show any
intraline polymorphism. The lack of differences between ten plants of the investi-
gated DH lines manifested their uniformity. Only PL8 line derived from S³awa
z Enkhuizen showed intraline polymorphism with the A5 and A8 primers.
Three plants of PL8 line had no polymorphic band (1630 bp) generated with
the A5 primer. The A8 primer generated diversified amplification profiles
at the two polymorphic bands (1160 bp and 670 bp). No intraline diversity was re-
vealed with the A11 primer. The occurrence of differences among ten plants
of PL8 line indicated that the original R0 plant was not obtained by androgenesis
during anther culture but probably from somatic cells of the donor plant. Our re-
sults indicate that the anther culture technique used for the obtaining
of androgenic DH lines of head cabbage is not free from the possibility of getting
the unwanted plants from somatic cells of donor plants.

Evaluation of DH lines at the field according to morphological traits did not
give any reliable answer about their heredity and uniformity. The application
of molecular markers, such as RAPDs, may alleviate some of the confusion asso-
ciated with morphological characteristics of DH lines and determine relationships
between them. Analysis of the diversity and uniformity of DH lines also provides
important information facilitating recognition of homo- and heterozygous mate-
rial for cabbage breeding programmes.
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