
Breeding of transgenic plants is an extension of
other breeding technologies, and enables introduc-
ing new useful traits. Several transgenic lines of
oilseed rape (Brassica napus L.) have novel char-
acters, such as resistance to insects and herbicides,
or a new composition of fatty acids (Zhong 2001).
Transgenic lines are also used for basic research,
e.g. to explain the metabolism of glucosinolates
(Troczyñska et al. 2003). However, transgenic
lines have been obtained only for spring oilseed
rape (Poulsen 1996; Takahata et al. 2005), so an
efficient method of transformation of winter oil-
seed rape, particularly important in countries of
moderate and cool climate, is still needed. Homo-
zygous doubled haploid (DH) lines developed
from microspore-derived embryos (MDEs) are
particularly useful for breeding programmes of
oilseed rape (Friedt and Zarhloul 2005; Takahata
et al. 2005). Thus MDEs are potentially useful as
recipients of foreign genes, because of the advan-
tage of direct formation of homozygous transgenic

plants, where an introduced gene can be evaluated
in a homozygote as a result of artificial chromo-
some duplication of haploids (Dorman et al. 1998;
Hansen and Wright 1999). In this study, we report
a method to deliver foreign genes into MDEs with
the use of Agrobacterium tumefaciens, and conse-
quently a method to regenerate transgenic winter
oilseed rape containing transgenes in homozygous
state.

We used 2 strains of A. tumefaciens, LBA4404
and EHA105, each carrying binary plasmid
pKGIB (Figure 1). The plasmid contained the se-
lection marker gene bar encoding phosphinotricin
acetyltransferase (PAT), under the control of the
constitutive nopaline synthase (NOS) promoter,
and the reporter gene uidA encoding �-glucu-
ronidase (GUS) with an intron (Vancanneyt et al.
1990), under the control of constitutive 35S RNA
CaMV promoter. MDEs were developed and cul-
tured according to Cegielska-Taras et al. (2002),
by using winter oilseed rape line DH O-120. The
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21-day-old MDEs growing on B5 medium
(Gamborg et al. 1968) with 0.1 mg L–1 of GA3 were

exposed to a low temperature (ca. 1ºC) for 2 weeks.

Next, they were put for 3–5 days in a growing

chamber and then used for transformation. Cotyle-
dons and hypocotyls of 200 MDEs per each
A. tumefaciens strain were punctured with a needle
and inoculated for 2 h with an A. tumefaciens sus-
pension prepared according to Pniewski and
Kapusta (2005). Then explants were placed onto
basal B5 medium and cocultivated with
A. tumefaciens for 2 days. Explants were then
transferred to B5 medium supplemented with
300 mg L–1 of timentin (Smith Kline Beecham)
and 10 mg L–1 of phosphinotricin (PPT, Riedel de
Haën) for 4 weeks. Histochemical GUS assay (Jef-
ferson 1987) in MDEs was conducted 10 days af-
ter Agrobacterium inoculation. It showed the
expression of the introduced gene in the
meristematic region of the embryo, in epidermal
and subepidermal cells, which usually initiate the
formation of secondary buds (Figure 2A–B), de-
veloping further into shoots. After the period of
culture on B5 medium, green explants were trans-
ferred every 2 weeks onto fresh MS medium for
shoot induction (Murashige and Skoog 1962),
containing 21.5 mg L–1 of kinetin and supple-
mented with timentin and PPT. Regenerated
shoots were placed onto root induction medium,
i.e. MS with 10 mg L–1 of IBA, supplemented with
timentin and PPT. Rooted plantlets were potted
and grown in a greenhouse. Leaves of putative
transgenic plants were painted with 0.1% solution
of herbicide Basta (Bayer), revealing various lev-
els of resistance (Figure 2C). Among 15 regener-
ated plants after transformation with
A. tumefaciens LBA4404, 4 plants were com-
pletely resistant, 4 partially resistant, and 7 sensi-
tive to the herbicide. In the case of 2 plants
obtained after transformation with A. tumefaciens

EHA105, one plant was resistant and the second
plant was sensitive to Basta.

Finally the obtained 9 putative haploid
transformants were analysed by flow cytometry

(Partec; Weber et al. 2005). Haploid plants (Fig-
ure 3A) were diploidized by colchicine treatment
(Na³êczyñska and Cegielska 1984). Fertile DH
transgenic plants were vernalized at 4�C for
7–8 weeks, and grown until seed set. Putative
transgenic T0 plants were also analysed by poly-
merase chain reaction (PCR). Genomic DNA was
isolated in a small-scale procedure according to
the modified CTAB method (McGarvey and
Kaper 1991). Amplification reactions were per-
formed according to Pniewski and Kapusta
(2005), referring to the bar and uidA genes as well
as to the chvA gene, to exclude residual contami-
nation with Agrobacterium DNA. PCR analysis
confirmed the presence of the transgene in
genomic DNA of plants partially or completely re-
sistant to the herbicide. PCR analysis was repeated
for 20 T1 plants, i.e. self-progeny of 9 primary
transformants. Although the transgene was not
detected in the progeny of 8 transformants, indicat-
ing that the parent plants were probably chimeric
regarding the introduced transgene, the progeny of
transformant T39 was 100% transgenic (Fig-
ure 3B). This result confirmed that the transgene in-
troduced into haploid genome and then diploidized
became homozygous and was inherited by all prog-
eny. Integration of T-DNA into genomic DNA of
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Figure 2. Expression of transgenes in transformed MDEs
and regenerated plants of winter oilseed rape. (A)
Localization of expression of the GUS reporter gene in
MDE apical bud 10 days after transformation using
A. tumefaciens. Putative sites of secondary bud formation
are indicated by arrows. (B) GUS expression in the
meristematic region of transformed MDE (top) and
control embryo (bottom). (C) Herbicide test – painted
leaves (clamped, indicated by arrows) 5 days after
herbicide application: control rape DH O-120 (left) and
transgenic plants, i.e. partially resistant plant T-25

(centre) and completely resistant T-26 (right).

Figure 1. Organisation of T-DNA of binary plasmid
pKGIB.P35S = CaMV 35S promoter; PNOS = nopaline
synthase promoter; GUS-INT = gene of â-glucuronidase with

an intron; bar = gene of phosphinotricin acetyltransferase;
NOSt = nopaline synthase terminator; g7t = g7 terminator; LB

and RB = left and right T-DNA border sequences.



line T39 was then confirmed by Southern blot of a
single T39 plant. Genomic DNA was isolated ac-
cording to the modified CTAB method (Chee and
Slightom 1994). The probe, specific to the bar

gene, was prepared with the use of a DIG labelling
kit (Roche) and hybridized according to the manu-
facturer’s protocol. Two integration sites were de-
tected in genomic DNA of transgenic line T39
(Figure 3C).

Agrobacterium-mediated transformation is in
general a much more efficient way of introducing
foreign genes into Brassica spp. than micro-
projectile bombardment or other techniques
(Takahata et al. 2005). In previous experiments
initial material for transformation of Brassica

napus and other Brassica species were leaf pieces,
cotyledons, hypocotyls, stem segments, callus,
protoplasts, suspension cultures, and germinated
seeds, derived from heterozygous plants or previ-
ously obtained doubled haploids (Oelck et al.
1991; Poulsen 1996; Hansen and Wright 1999;
Tsukazaki et al. 2002; Cardoza and Stewart 2003;
Wang J et al. 2005; Wang YP et al. 2005). MDEs
were chosen for transformation in our experiments
because of a high frequency of plant regeneration
after growth stimulation by low temperature treat-
ment (Cegielska-Taras et al. 2002). Many of the
results reported earlier have been based on spring
oilseed rape. Genetic transformation of winter oil-

seed rape has been studied with limited success
only in very few projects, as reviewed by Poulsen
(1996), Takahata et al. (2005), and some other au-
thors (Grison et al. 1996; Wang YP et al. 2005).
In our study most of primary transformants
seemed to be chimeric for the transgene, but the re-
sults indicate that homozygous transgenic winter
oilseed rape can be obtained in one generation,
without any long-term breeding programme. Con-
sequently, 100% of progeny plants were transgen-
ic, instead of the usual 3:1 transgene segregation.
The observed primary transformation efficiency
of 4.5% was reduced to 0.25% in the T1 genera-
tion. Total transformation rate was lower than
0.5–7.3% for different initial explants of spring
Brassica napus (Pechan 1989; Huang 1992;
Westecott and Huang 1995; Fukuoka et al. 1998;
Takahata 2005; Wang YP et al. 2005) or than
2.7–3.1% for other Brassica species (Tsukazaki
et al. 2002; Zhang et al. 2002). However, the pre-
sented MDE transformation rate was verified by
molecular analyses and can be considered as
somehow successful in comparison to the ex-
tremely low previous transformation efficiency of
winter B. napus MDEs, reaching only 0.5%
explants regenerating shoots in the T0 generation
(Huang 1992). Plant regeneration from trans-
formed MDEs was also increased by 100% effi-
cient rooting of shoots on the MS medium
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Figure 3. Molecular analysis of transgenic winter oilseed rape. (A) Determination of ploidy level of regenerated
transgenic oilseed rape plants by flow cytometry analysis of DNA content (1C, 2C and 4C): haploid T39 transformant
(left) and control diploid plant (right). (B) PCR analysis of the bar gene in T1 plants of DH T-39 transformant of oilseed
rape DH line O-120. Lanes: M = DNA size marker; P = plasmid pKGIB, positive control; N = untransformed
O-120 plant, negative control; 1–17 = T1 plants of DH T-39 transformant. (C) Southern-blot analysis of transgenic plant
of DH winter oilseed rape, 25 µg of DNA digested with EcoR I. Lanes: T-39 = DH transgenic plant; N = nontransgenic

plant, negative control; P = plasmid pKGIB, positive control



supplemented with 10 mg L–1 IBA. Cardoza and
Stewart (2003) obtained the same efficiency of
rooting on half-strength MS medium with a higher
level of sucrose (10%) and a low level of IBA
(0.5 mg L–1), but for shoots regenerated from hy-
pocotyls.

Westecott and Huang (1995) concluded that
microspore culture is particularly valuable when
primary transgenic plant has more than one un-
linked insertion of a foreign gene, and conse-
quently homozygous plants for any combination
of the transgene insertions could be produced in
one step. Our results confirmed that transgenic
plant T-39 containing 2 copies of the T-DNA gene
produced all transgenic seeds being homozygous.
As a result, all T1 plants of the DH T-39
transformant were transgenic and the introduced
trait of resistance to herbicide was stably inherited.
Westecott and Huang (1995) also estimated that
the time required for the production of homozy-
gous transgenic seeds is 12 months for the spring
variety, starting from bolting microspore donor
plants. Our results have shown that the production
of homozygous transgenic seeds of winter oilseed
rape takes 16 months, due to vernalization time
necessary for seed setting.

The presented method of MDE transformation
indicates a possibility to obtain transgenic winter
oilseed rape homozygous for the introduced
transgenes. However, research on optimization of
transformation efficiency is still required, espe-
cially for purposes of plant breeding programmes.
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