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ADAPTIVE PLASTICITY IN OSMOTIC STRESS
OF BIOTECH CANOLA (BRASSICA NAPUS L.) POSSESSING CYP11A1 OR
SIMULTANEOUSLY DESC AND EPSPS TRANSGENES
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In order to study the osmotic stress tolerance of canola (Brassica napus L.)
plants constitutively expressing cyp11A1 or simultaneously desC and epsps genes
that encode bovine cytochrome P450SCC or 9 desaturase from cyanobacterium
Synechococcus vulcanus and bacterial enolpyruvat shikimat phosphate syntase,
respectively, the influence of different osmotic pressures induced by mannitol
addition on plant in vitro growth was estimated by evaluation of fresh weight (FW),
total soluble protein content (TSP), and superoxide dismutase activity (SOD).
Transgenic cyp11A1 lines formed higher FW and TSP (by 30% and 36%,
respectively) as well as they had up to 1.65-fold higher SOD activity in comparison
with initial plants under normal conditions. FW and SOD activity of cyp11A1 plants
were higher and TSP was similar compared the control plants under osmotic stress.
Biotech desC/epsps lines showed no differences compared with untransformed plants
both in normal and stressful conditions. Adaptive plasticity to osmotic stress of
cyp11A1canola was higher than ones of initial and desC/epsps plants. It may be due
to increase in SOD activity.
Keywords: Brassica napus; cyp11A1; desC; mannitol; osmotic stress; SOD
activity
Drought and soil salinity are the major environmental factors limiting plant
agricultural productivity [26, 6]. Both drought and salinity cause osmotic stress to
plants. Tremendous efforts of plant biotechnologists are focused on obtaining of new
genotypes which would able to grow without loss of productivity in different stressful
conditions [15, 2]. Transgenesis is successfully used for the improvement in biotic
and abiotic stress tolerance of crop plants [14, 17].
Recently we have obtained canola lines bearing mammalian cyp11A1 gene [21]
and ones expressing simultaneously cyanobacterial desC and bacterial epsps genes [19]

in their nuclear genomes. Cytochrome P450SCC from bovine adrenal cortex
mitochondria is encoded by cyp11A1 gene. Heterologous cytochrome affected the
biosynthesis of steroid compounds in transgenic tobacco (Nicotiana tabacum L.)
[24]. SOD activity increase in leaf tissue of cyp11A1 canola was detected in physiological
conditions [20]. It may be the prerequisite for stress tolerance of different origin [10].
Plant resistance to phosphonomethyl glycine herbicides (Roundup) is provided by
epsps gene and was proved for our transgenic canola in vitro and greenhouse [19].
Acyl-lipid fatty acid desaturase DesC catalyzes the transformation of a single bond
between carbon atoms (C-C) in acyl chains into the double bond (C=C) in position
C9 [11]. The increase in the unsaturation of fatty acid residues in cellular membrane
is needed for sustaining the required membrane fluidity at low temperatures. Despite
activity of heterologous desC gene transgenic canola plants had no differences in
tolerance to low positive temperature compared untransformed ones [23].
The aim of the present work was to analyze the transgenic canola growth under
osmotic stress in vitro for future testing in greenhouse under drought because the
correlation was shown of osmotic tolerance in vitro with drought resistance in vivo
[7, 8].
Materials and methods. Plant material. Spring canola plants (B. napus L.)
cvs Mariia and Obreey were used as the controls because they were initial material
for genetic transformation in the experiments with cyp11A1 and desC/epsps genes,
respectively. Transgenic homozygous
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and

2

2

generation lines bearing cyp11A1 gene

) were obtained by self-pollination of primary (T0) transformants

under greenhouse conditions [21] and analyzed in this study. These lines were chosen
because of the best growth parameters in seed germination experiments under heat
[18]. The best lines expressing desC/epsps genes (18b (T0 generation) and 18b/25 (T1
generation) [19] were also investigated. The control and transgenic plants were
propagated in vitro by grafting and were grown under same cultivation conditions
(16/8 light/dark photoperiod, +23° , 4000 – 5000 lux) before osmotic stress
experiments in the test Sigma 25×150 mm tubes with 15 ml agar-solidified MS [13]
medium for four weeks. Then the plant shoots bearing one fully expanded leaf were

cut off and immersed into 5 ml liquid MS medium supplemented with mannitol in the
same Sigma tubes. The slips of filter paper were placed at the bottom of the tubes for
better shoot location. Mannitol was added to liquid MS medium (0, 100 mM, 200
mM, 500 mM) before autoclaving for osmotic stress induction. Plants were grown
under the same cultivation conditions for two weeks. Fresh weight (FW) was
measured using the scale Pioneer™ PA413C (Ohaus Corporation, USA).
Total soluble protein (TSP) content was measured using Bradford’s method
[3]. Extracts from the upper plant leaves (100 mg) were prepared in triple volume of
50 mM Tris/HCl buffer, pH 8.0. The probe optical density was determined at 595 nm
by BioPhotomether Eppendorf, v.1.35 (Germany). Bovine serum albumin
(Fermentas) was used as standard for calibration curve.
Superoxide dismutase (SOD) activity was detected using the method based on
photochemical oxidation of nitro blue tetrazolium [1]. Fresh plant material (100 mg)
was pounded with 1 ml of 50 mM Tris-HCl buffer (pH 8.0) in a mixer mill Retsch
MM 400 (Germany) and centrifuged at 13000 g (4° ) for 15 min. The supernatant
was used for analyses. Formazan formation was held in an Eppendorf tube (1.5 ml) as
described in [20].
Three independent experiments were conducted in five replications. Data were
reported as means ± SD and calculated using Microsoft® Office Excel 2003
(Microsoft Corporation) standard functions. Data were analyzed statistically by the
Student’s t-test. Results were considered statistically significant when p < 0.05.
Results and discussion. Influence of in vitro osmotic stress on canola growth
was investigated by evaluating such indexes as FW, TSP content, and SOD activity in
the wild-type and biotech plants.
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line bearing cyp11A1 transgene produced FW

up to 1.3-fold higher than the control plants in physiological conditions, similar to the
control in medium with 100 mM mannitol, 55% and 100% above the control plants in
media with 200 and 500 mM mannitol, respectively (fig.1). Thus, the expression of
bovine cyp11A1 gene in canola plants led to improvement tolerance to osmotic stress
in vitro in term of higher FW production. Similar results were obtained under drought
stress with transgenic canola that overexpressed wheat Mn SOD3.1 [7], and common

wheat lines that were transgenic for the betA gene encoding choline dehydrogenase
from Escherichia coli [9]. There were no differences in FW between desC/epsps and
wild-type plants both in normal conditions and osmotic stress (fig.1).

Fig.1. Fresh weight of control and biotech canola plants in osmotic stress
growth. Here and in fig.2 and fig.3 error bars represent mean±one standard
deviation and asterisk * indicates significant differences between experimental value
compared with control ones (p 0.05)
TSP content in canola cyp11A1 lines was significantly higher (up to 1.36-fold)
than in the initial plants under non-stressed conditions (fig.2). TSP of cyp11A1 plants
decreased to 26±1.98 mg/g FW in

22c

line and 28±3.36 mg/g FW in

2

line, and

got be similar to the control one (27.5±1.38 mg/g FW) in growth on the culture
medium with the lowest mannitol concentration (100 mM). TSP content was not
influenced both in the control and transgenic lines when stress pressure arose (200
mM and 500 mM mannitol). Protein accumulation similar the control level was
documented in cyp11A1 leaves during osmotic stress growth. No effect of salt stress
on leaf soluble proteins was observed in two canola cultivars Dunkeld (salt tolerant)
and Cyclon (salt sensitive) [16]. Leaf TSP decreased in barley Hordeum vulgare L.
[22] seedlings in drought, and in leaves and roots of maize Zea mays under PEGinduced osmotic stress [12], in medical water hyssop Bacopa monnieri L. plants in
NaCl and mannitol stresses [4].

Fig.2. Total soluble protein content in leaves of control and biotech canola
plants in osmotic stress growth.
In the absence of osmotic stress SOD activity in cyp11A1 canola leaves was
higher (51±3.53 U/mg protein for

2

line and 49±5.5 U/mg protein for

22c

line)

than in control ones (31±2.06) (fig. 3). When osmotic pressure rose (100 mM
mannitol), SOD activity increased sharply in

22c

transgenic line up to 1.7–fold

comparing normal level, but it corresponded to the non-stressed level in the control
and

21a

plants. In

22c

line SOD activity declined (62±1.5) and became comparable

to the control (56±2.01) after mannitol increase in the medium up to 200 mM. At the
same time SOD activity elevated markedly in T21a line by 51% (200 mM mannitol)
and 100% (500 mM mannitol) above it in non-stressed conditions. This line was
distinguished by SOD activity increase in hyperosmotic stress, while SOD activity
lowered in the control (34±1.73 U/mg protein) and other transgenic cyp11A1 line
(53±1.96 U/mg protein). Changes in SOD activity were similar in desC/epsps canola
and control plants under growth with- or without mannitol (fig.3).
The T21a cyp11A1 line was characterized by the highest biomass production in
the hyperosmotic stress induced by mannitol (fig. 1). At the same time it possessed

Fig. 3. SOD activity of the control and biotech canola plants in leaves
under growth in osmotic stress.
the highest SOD activity (fig. 3) in these conditions. The similar pattern was observed
in Arabidopsis thaliana seedlings expressing cytosolic Cu/Zn SOD of Potentilla
atrosanguinea [5] in NaCl stress. It was suggested that SOD activity can be used as
an indirect selection criterion for screening drought-resistant plant materials [25].
SOD activity increase due to heterologous gene expression often leads to plant
growth improvement especially in unfavourable conditions. Adaptive plasticity of
plants characterized by increased SOD activity is higher than one of plants with
lowered SOD activity [5, 7, 10].
Conclusions. Physiological indexes such as FW, TSP, and SOD activity were
higher in cyp11A1 canola in non-stressed conditions. FW and SOD activity of these
plants were higher and TSP was similar compared to the control plants under osmotic
stress. Biotech desC/epsps lines showed no differences in comparison with
untransformed plants both in normal and stressful conditions. Thus, adaptive
plasticity to osmotic stress of cyp11A1canola was higher than ones of initial and
desC/epsps plants in term of FW formation. Expression of heterologous cytochrome
P450SCC in biotech plants led to increase in adaptive plasticity under osmotic stress,
and activity of both alien DesC and EPSPS did not.
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