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Abstract
Regeneration of explants plays a significant role 
in plant transformation. Explant type, hormonal 
concentration, and pre-culturing period are impor-
tant in transformation efficiency. To get an efficient 
transformation of canola and optimize regenera-
tion conditions, different explants along with differ-
ent culture media were studied. Four canola vari-
eties were used to evaluate regeneration ability of 
hypocotyledonary and cotyledonary leaf explants. 
In addition, cotyledonary leaf explants were evalu-
ated on the MS medium containing five different 
concentrations of BAP. Suitability of cotyledonary 
explants in transformation experiment was as-
sayed by an exogenous gene, coding for P5CS, 
the key enzyme in proline biosynthesis. The trans-
formation of cotyledonary explants through Agro-
bacterium tumefacience-mediated gene transfor-
mation was used in a stepwise increased selection 
marker manner. PCR and proline content analysis 
confirmed the success of transformation. Cotyle-
donary explants displayed a higher regeneration 
efficiency than hypocotyledonary explants. In ad-
dition, BAP at 5 mg/l in the MS medium increased 
the rate of regeneration. Results showed that pre-
culturing explants for 48 h increased the rate of 
transformation. Assessing the proline concentra-
tion further verified the expression and activity 

of the transformed gene. The P5CS transformed 
plants were more resistant to salinity compared to 
the non-transgenic control plants. 

Keywords: Agrobacterium, brassica napus L., 
proline, salt tolerance, ∆1-pyrroline-5-carboxylate 
synthetase (P5CS).

Introduction

Canola (Brassica napus L.) is one of the top ranking 
oilseed crops of Iran and the third most important edible 
oil source in the world, after soybean and palm. Saline 
soils and saline irrigation waters are among the com-
mon problems in irrigated areas of Iran that, together 
with low rainfall, present potential hazards to canola 
production (Bybordi, 2010). Developing salinity-toler-
ant crops is essential for maintaining agricultural pro-
duction. To achieve salt tolerance, plants have evolved 
different mechanisms to prevent damages associated 
with salt stress (Flowers, 2004). Among such mecha-
nisms is the accumulation of low molecular weight me-
tabolites such as proline (Sakamoto and Murata, 2000). 
Many researchers have focused on proline content as 
a proved evidence of salinity tolerance (Ashraf and 
Foolad, 2007; Cha-um and Kirdmanee, 2009; Goudarzi 
and Pakniyat, 2009; Ashrafijou et al., 2010).

Crop productivity may be improved by introducing 
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various new traits such as salinity tolerance (Ashrafijou 
et al., 2010), herbicide resistance (Kawahigashi et al., 
2007), protein quality (El-Shemy et al., 2007), male-
sterility (Zhang et al., 2005) and insect resistance (Wu 
et al., 2008). It is well known that the improvement 
of plants through conventional breeding methods is 
slow, time-consuming, and labor-intensive while non-
conventional genetic improvement programs based on 
tissue culture and molecular genetics is far from these 
limitations (Moghaieb et al., 2006). Gene transforma-
tion methods into plants offer a rapid way to salt toler-
ance in plants. Most studies in the field of regeneration 
and transformation of canola have focused on various 
sources of explants such as cotyledonary petioles (Mo-
loney et al., 1989), hypocotyl segments (De Block et al., 
1989; Radchuk et al., 2000) thin cell layers (Ovesnaek 
et al., 1993), stem segments (Cegielska-Taras et al., 
2008), protoplasts (Thomzik and Hain, 1990) and mi-
crospores (Dormann et al., 1997). The best explants for 
efficient canola regeneration was found to be cotyle-
dons and hypocotyls isolated from 4-6 day-old seed-
lings (De Block et al., 1989).

The aim of this study was to develop an efficient 
transformation of canola explants and optimization of 
the regeneration condition. 

Materials and methods

Plant material and tissue culture
Seeds of four canola varieties including PF, Modena, 
RGS003 and Hayola308 were used to evaluate regen-
eration rate of different explants, hypocotyledonary and 
cotyledonary leaves. Seeds were surface sterilized with 
70% (v/v) ethanol (1 minute), 50% (v/v) sodium hypo-
chlorite (15 minutes) and rinsed three times by sterile 
distilled water and germinated on the RM1 medium 
(Table 1), under a 16/8 hours (light/dark) photoperiod 
at 25±2°C. Cotyledonary leaves with small petioles and 
hypocotyls were separated from 4 to 6 day-old seed-
lings and used as explants. In addition, cotyledonary 
leaf explants were placed on the MS medium contain-
ing five different concentrations of BAP (0, 2.5, 5, 7.5 
and 9 mg/l).

Transformation vector and agrobacterium strains
The plasmid (PBI-P5CS) containing Arabidopsis thali-
ana P5CS gene, under transcriptional regulation of cau-
liflower mosaic virus 35S (CaMV 35S) promoter was 
used for canola transformation. Agrobacterium tumefa-
ciens strain pGV3101 was used (Figure 1). The selec-

tive marker and reporter gene were kanamycin (npt П) 
and uidA, respectively. 

Regeneration and transformation protocols of cano-
la
To obtain successful regeneration from transformed ex-
plants, a protocol involving the transfer of transformed 
cotyledonary petiole explants in a stepwise increased 
selection marker and reduced antibacterial cefatoxime 
was followed. The first medium was RM1 which was 
then replaced stepwise by the RM5 medium (Table 1) 
containing 2 mg/l IBA for inducing root formation. Ex-
plants were incubated primarily in dark for 48 h on the 
MSII medium containing 5 mg/l BAP. Agrobacterium 
cells were grown overnight in a 20 ml liquid LB me-
dium and cotyledonary petioles were inoculated by the 
bacterial suspension at OD600 0.5 for 30-60 seconds and 
dried by a sterile filter paper to remove the excess bac-
terial suspension. Inoculated explants were cultivated 
on RM2 and after 2 days, selected transformed explants 
were transferred to the RM3 medium. After 2 weeks, 
regenerated explants were transferred to RM4 and, af-
ter about 4 weeks, the elongated shoots were transferred 
to RM5 medium (Table 1 and Figure 2). The plantlets 
were washed and transferred to the autoclaved soil in 1 
liter pots and grown in a plant growth chamber. They 
were covered by plastic domes to keep humidity. After 
1 week, the plastic cover was gradually removed and 
plants were transferred to 3 liter pots and grown in the 
greenhouse. All cultures were maintained at 25±2°C, 
under a 16/8-h (light/dark) photoperiod, using cool 
white fluorescent bulbs.

DNA extraction and PCR analysis
Genomic DNA was extracted from the control and the 
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Figure 1. The plant expression vector of PBI-P5CS.
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transformed leaves applying the CTAB (Murray and 
Thompson, 1980) protocol. PCR reactions were per-
formed using specific primers to detect Agrobacterium 
P5CS gene (forward R-6-F: 5'-GGA TTG TGT GAT 
ATT CTC CAC TGA CG-3' and reverse R-2-R: 5'-CCT 
TCA ACA TCG CTC AGA AGA ATC AG-3'). The 
expected amplicon length was 765 bp. PCR reactions 
were carried out in 25 μl volume with the following 
conditions: pre-denaturing at 95°C for 10min, 35 cycles 
of denaturation at 94°C for 1min, annealing at 47.5°C 
for 1 min, extension at 72°C for 1 min and final exten-
sion at 72°C for 10 min. Amplification products were 
analyzed on a 1% agarose gel and visualized by ethid-
ium bromide (1 µg/ml).

Osmotic stress and proline content analysis
Transgenic and non-transgenic canola regenerated ex-
plants were grown in the MS medium containing vari-
ous concentrations of NaCl (0, 50, 100, 150, 200, 250, 
300 mM) for 21 days. One gram of leaf tissue was col-
lected and extracted with 3% sulfosalicylic acid and 
centrifuged at 3000 gr for 10 min. Determination of 

free proline content was performed according to the 
method of Bates et al., (1973). Since proline content 
may vary from leaf to leaf and is dependent on the age 
of the plant, precaution was taken to select leaves from 
plants with a similar age and size (Figure 3). Factorial 
analysis was used based on the completely randomized 
design layout, with three replications. Factors includ-
ing transgenic or non-transgenic samples and salinity 
treatment levels were applied. All data were subjected 
to analysis of variance (ANOVA), using the general lin-
ear model of SAS (version 9.1). Mean of the treatments 
were tested by Duncan’s multiple range test (DMRT) 
and significance levels of sources (p < 0.05) were de-
termined.

Results

Tissue culture, regeneration and transformation
Comparative analysis of regeneration of the two dif-
ferent explants of canola (cotyledon petioles and hy-
pocotyls) in the MS medium containing 5 mg/l of BAP 
showed that cotyledon petioles isolated from 4 to 6 

Table 1. Transformation media and protocols used for canola cotyledonary petioles regeneration.

Antibiotic (mg/l)Hormone (mg/l)
Sucrose (gr/l)CompositionMedia

CefatoximeKanamycineIBABAP

----30MSRM1
---530MSRM2
30010-530MSRM3
20025--20MS 1.2RM4
100252-20MS 1.2RM5

Figure 2. Transfer of explants into the root induction medium.

A B C
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days-old seedlings give better results than hypocotyl 
explants (Table 2). Furthermore, among different cul-
tivars used, 'PF' cultivar reflected a higher regenera-
tion efficiency (Table 2). Therefore, this cultivar was 
selected for the transformation of explants. The cotyle-
don petioles of this cultivar gave a higher regeneration 
efficiency. Our data indicate that cotyledon explants re-

flects almost 10% higher regeneration efficiency com-
pared to hypocotyls. Among different concentrations of 
BAP (0, 2.5, 5, 7.5 and 9 mg/l), 5 mg/l of BAP caused 
the highest regeneration efficiency (Table 3). Com-
pared to 'Modema' cultivar, 'PF' cultivar showed a high-
er regeneration frequency in all concentrations of BAP. 
Data showed that culturing cotyledon petiole explants 

a b

C d

Figure 3. Development of plantlets on the selection media. A: Non-transformed plantlets were white and purple because 
of Kanamycin; B: Control plants with no regeneration; C: Transformed plantlets remained green and survived; D: Necrotic 
control plantlets.

Table 2. Regeneration of explants (cotyledon, petiole, and hypocotyls) of the four canola varieties studied.

Regeneration percent-
age

Number of regenerated 
shoots

Number of explants 
usedGenotypeExplant

86.00129150PF

Cotyledon petiole
65.3398150RGS003
78.00117150Modena
71.33107150Hayola308

76.00114150PF

Hypocotyl
60.0090150RGS003
72.66109150Modena
62.0094150Hayola308
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Table 4. The mean free proline content (mg/l) of non-transgenic and transgenic samples at different salinity levels.

300250200150100500NaCl (mM)

231.39g209.82h158.86j112.3k70.70l47.98m33.53nNon-Transgenic
1791.5a1025.96b747.74c427.81d328.03e272.65f190.86iTransgenic

play an important role in the efficiency of transforma-
tion. Pre-culturing explants for 2 days prior to co-cul-
tivation with Agrobacterium gave a higher number of 
transformation frequency in comparison to the explants 
that were pre-cultured 1 or 3 days (Data not shown).

Transformation, proline concentration assessment, 
and the analysis of salt tolerance
Cotyledonary explants showed a higher regeneration ef-
ficiency, but the question that still remains is that wheth-
er they are suitable for transformation experiments or 
not. To explore their usefulness in gene transforma-
tion, P5CS gene was used as a model whose effects on 
plants cause resistance to osmotic stress. This gene has 
been the subject of many former studies (Yamchi et al., 
2007) and is well known. Following the Agrobacteri-
um-mediated gene transformation, genomic DNA was 
extracted and PCR analysis was carried out on both the 
control and the transgenic plants. Observing the ampli-
fied fragment with 765 bp length from the transformed 
plants verified the successful transformation (Figure 4). 
Biochemical assays were carried out on both transgenic 
and the control plants to check proline production as a 
key product of the inserted gene. Plants were grown for 

21 days in the MS medium supplemented with different 
concentrations of salt (0, 50, 100, 150, 200, 250, 300 
mM of NaCl) and their proline content was measured 
(Figure 5). A higher proline content was observed in 
transgenic plants compared to the controls. Exposure 
of plants to the same salt concentrations in the MS me-
dium during 21 days showed that the transgenic plants 
tolerated all salt concentrations while the control plants 

Table 3. The influence of different concentrations of BAP used in the MS medium on the regeneration efficiency of the two 
canola cultivars.

Regeneration percent-
age

Number of regener-
ated shoots

Number of explants 
usedGenotypeConcentration BAP

(mg/l)

0.0812150PF0 0.058150Modena

76.00114150PF
2.5 68.66103150Modena

86.00129150PF
5 78.00117150Modena

70.00105150PF
7.5 65.3398150Modena

64.6697150PF
9 58.6688150Modena

Figure 4. PCR analysis of the control and transgenic 
canola plants. Lane 1: molecular size marker (100 bp); 
Lane 2: negative control (master mix and primers with-
out DNA); Lane 3: PBI121-P5CS vector plasmid extract-
ed from Agrobacterium; Lane 4: non-transgenic control 
canola plant; Lanes 5, 6, 7: transgenic canola plants.

1       2               3      4               5       6       7

bp

700
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were only able to tolerate up to 200 mM of NaCl, the 
concentration at which plants showed wilting. This re-
sult confirmed primarily the success of transformation 
(Figure 3, Table 4).

Discussion

Regeneration efficiency is among the most important 
factors influencing transformation efficiency. Factors 
suggested to be important in regeneration efficiency are 
genotype, explants type, age, hormonal concentration 
and pre-cultivation (Jonoubi et al., 2005; Moghaieb et 
al., 2006). To find the best source of explant and op-
timize the regeneration and transformation of canola 
plants, two formerly suggested sources of explant, i.e. 
cotyledonary petioles and hypocotyls, were compared. 
Formerly, DeBlock et al., (1989) have indicated that 
efficient regeneration can be obtained from cotyledons 
and hypocotyls isolated from 4 to 6 day-old seedlings, 
but they did not establish which one of these two sourc-
es had a higher regeneration efficiency and can be used 
for the successful transformation. Both the rate of re-
generation as well as transformability of the regener-
ated explants play a significant role in the overall trans-
formation. In this study, cotyledonary petioles showed 
a higher regeneration frequency in comparison to hypo-
cotyls. Our results are in agreement with the results of 
a study conducted by Kamal et al., (2007) on regenera-
tion frequency of various canola explants (cotyledon, 
hypocotyls, and root). They reported that regenera-

tion frequency of cotyledonary explants was higher in 
comparison to hypocotyl and root explants. While in 
contrast, Lingling et al., (2005) found a higher regen-
eration frequency for hypocotyl explants. An important 
consideration in canola regeneration is finding the op-
timal concentration of hormonal supplements (Khan et 
al., 2002; Moghaieb et al., 2006). Using various con-
centrations of BAP in nutrient medium increases the re-
generation frequency. Several attempts have been made 
to find this condition (Khan et al., 2002; Lingling et 
al., 2005; Kamal et al., 2007). The results reported by 
Lingling et al., (2005) showed that 2.0 mg/l BAP and 
0.2 mg/l NAA in MS medium gave the highest regen-
eration frequency and Khan et al., (2002) showed that 
the highest regeneration frequency was obtained in MS 
medium supplemented with 2.0 mg/l BA and 0.5 mg/l 
IAA. Our results indicated that a higher concentration 
of BAP (5 mg/l) in the medium is required to obtain a 
higher regeneration frequency. A support to our results 
comes from the recent study conducted by Moghaieb et 
al., (2006). 

Necrosis is among the problems encountered in 
transformation experiments. This phenomenon was 
also observed in our study when cotyledonary petiole 
explants were used in the transformation experiments 
by co-cultivating with Agrobacterium harboring P5CS 
gene. In order to solve this problem, pre-culturing of 
explants was used before transformation. Previous ex-
perience of Ovesna et al., (1993) on Brassica napus 
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has also marked that for improving transformation, pre-
cultivation of explants could be helpful. Our results on 
canola supports this idea as we found pre-cultivation of 
cotyledonary explants for 2 days improved the rate of 
transformation by inhibiting necrosis. This result is in 
agreement with those of Pandian et al., (2006) as well. 
In summary, our results indicated that cotyledonary 
petioles could be the appropriate source of explants for 
the transformation of canola by an exogenous gene, 
such as P5CS through Agrobacterium tumefacience. 
Our findings also demonstrated that optimized hormon-
al concentrations as well as pre-culturing of explants 
have a profound effect on the overall transformation ef-
ficiency. To monitor the efficiency of transformation, it 
is necessary to use a gene whose effect is known. For 
this purpose, P5CS, the regulatory gene of proline bio-
synthesis, could be an appropriate candidate. Proline 
accumulation in response to high salinity has been well 
documented (Pandian et al., 2006). Producing proline 
in response to the osmotic stress and improvement of 
resistance has been noted in other plants such as potato 
(Hmida-Sayari et al., 2005), wheat (Vendruscolo et al., 
2007), rice (Zhu et al., 1998), Arabidopsis and tobacco 
(Yamchi et al., 2007). Our results showed that free pro-
line content was higher in transgenic plants compared 
to the controls and the transgenic plants showed more 
resistance to osmotic stress. The protocol described 
here can be used as a basis for the future development 
of commercial scale production. In addition, efficient 
transformation of a foreign gene, such as P5CS (∆1-pyr-
roline-5-carboxylate synthetase), improves the salinity 
tolerance of canola plantlets.
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