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Abstract: In order to improve the salt tolerance of some canola genotypes to be suitable for
cultivation in Kingdom of Saudi Arabia (KSA), the salt tolerance gene (mt1D) encoding for
mannitol-1-phosphate dehydrogenase was introduced to the canola plants using the
agrobacterium-mediated transformation. To achieve that, five canola genotypes were selected as a
relatively salt tolerance among 15 canola genotypes tested. The regeneration potential of the selected
five genotypes was tested. A high percentage of callus induction ranged from 95 to 99% among the
5 cultivars with no significant differences were obtained within two weeks in the presence of 1 mg/
l of 2, 4-D. However, the cultivars showed a varied response to shoot regeneration. The cultivars
Paketol and Sarow-8 showed higher regeneration frequency (66% and 61.5%, respectively) compared
with the other cultivars using 4.5 mg/l BA. Hence the cultivars Paketol and Sarow-8 were genetically
transformed with the salt tolerance gene (mt1D) encoding for mannitol-1-phosphate dehydrogenase.
The mt1D gene was isolated from Escherichia coli using PCR cloning, sequenced, sub-cloned in the
plant expression vector pBI121 and transferred to the hypocotyls explants exceeded from 6 days
seedlings of canola plants. After infection with Agrobacterium, calli were transferred to the
regeneration medium supplemented with 100 mg/L kanamycine. Transformation of the regenerated
shoots was confirmed by PCR assay. The transformation efficiency calculated as 18 and 11% in
cultivars Paketol and Sarwo-8, respectively.   
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INTRODUCTION

Canola (Brassica napus L.) is one of promising oil crops that aimed to be cultivate in Kingdom of Saudi
Arabia (KSA). A major constraint to seed germination and seedling establishment of canola is soil and water
salinity that is a common problem in cultivated areas of KSA with low rainfall and the high cost of using the
desalinized water. This problem adversely affects growth and development of crop and results into low
agricultural production.

Improvement of canola cultivars tolerant for salt and drought stresses to be suitable for cultivation in KSA
areas has recently received more attention. Genetic engineering techniques, in addition to classic methods, have
made it possible to produce these new varieties of canola. There are reports of gene transformation in canola
in order to produce plants with new characteristics such as oil composition, tolerance to herbicides (De Block,
et al.,  1989), protein composition and resistance to insects (Stewart, et al., 1996). In vitro regeneration and
transgenic plants selection efficiency are two important elements in molecular breeding (Cardoza and Stewart
2003). Regeneration and gene transfer rate to canola varieties are very variable and is highly dependent on
genotype (Keara and Mathias, 1992; Poulsen, 1996; Cardoza and Stewart, 2004). Although different
transformation methods have been used in canola, Agrobacterium method is generally the method of choice.
Salinity tolerance is defined as the ability of plants to continuously grow under salt stress conditions
(Prabhavathi, 2002). Considerable efforts to improve the salt tolerance of plants by genetic engineering
techniques have been made. One of the many mechanisms that plants have developed to overcome the low
osmotic potential associated with salinity and drought conditions is the ability to accumulate compatible solutes
in the cytoplasm (Tarczynski, et al., 1993; Bohnert and Jensen, 1996; Shen, et al., 1997; Sakamoto, et al.,
2000). Compatible solutes (e.g., proline, sugar alcohols, fructans, trehalose, quaternary ammonia compounds,
and tertiary sulfonic compounds), are non-toxic organic metabolites of low molecular weight that can increase
the osmotic potential of cells without interfering with cellular metabolism. 
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The compounds can also serve as osmoprotectants to help stabilize membranes and macromolecular
structures (Bohnert and Jensen, 1996; Stoop, 1996; Zhang, 1999). It has been suggested that sugar alcohols
may play an important role in scavenging active oxygen species and preventing peroxidation of lipids, which
can lead to membrane damage (Bohnert, et al., 1996; Shen, et al., 1997; Halliwell et al., 1988; Smirnoff, and
Cumbe, 1989; Bohnert, et al., 1999). 

Mannitol is the most common form of sugar alcohol in nature, and it has been reported in numerous plant
species, including many crops such as carrot, parsley, celery, green beans, cabbage, pumpkins, coffee and olive
trees (Loescher, et al., 1992; Shen et al., 1997). Plant species that produce mannitol as one of their primary
photosynthetic products tend to have a substantial dehydration or salt stress tolerance as in celery, coffee and
olive trees (Bohnert, et al., 1999; Zhang, et al., 2005; Loescher and Evera, 2000). A role for mannitol in
adaptation to dehydration stress is supported by changes in mannitol production in response to salinity and
drought stress. Exposure of celery plants to 300 mM NaCl resulted in a shift in the pool size of sucrose,
mannitol and starch towards nearly exclusive accumulation of mannitol (Everard, et al., 1994). Synthesis of
mannitol also was suggested to work as a supplemental mechanism to dissipate reducing power (NADPH)
accumulated during the light reactions of photosynthesis (Loescher, 1987). Several studies have reported
enhanced stress protection of transgenic plants by introducing bacterial genes for sugar alcohol production.
Expression of the Echerichia coli mannitol-1-phosphate dehydrogenase gene (mt1D) in tobacco resulted in the
accumulation of mannitol in leaves and roots of transgenic tobacco plants as detected by NMR and mass. The
mannitol-accumulating tobacco plants had an elevated level of tolerance to 100 mM NaCl, as indicated by fresh
weight, plant height and root biomass. In addition to salt stress resistance, mt1D-expressing tobacco plants had
higher relative water content in their leaf tissues, in response to drought stress (Karakas, et al., 1997). 

The main aim of this investigation was to improve the salt tolerance of some selected canola cultivars
through the genetic transformation with the Escherichia coli (mt1D) encoding for mannitol-1-phosphate
dehydrogenase. A reproducible regeneration system for five canola cultivars that primary selected for their
relative salt stress-tolerance comparing with 20- tested cultivars was optimized. Moreover, the mt1D gene was
isolated, sequenced and used for Agrobacterium-mediated transformation of two canola genotype, Paketol and
Sarow-8 (the cultivars that showed higher regeneration efficiency). The transformation event was confirmed
by PCR and transformation efficiency was discussed.

MATERIALS AND METHODS

Plant Material:
Five agronomically and economically important canola genotypes grown in Egypt were selected. The

genotypes are 4 cultivars (Serow- 6, Serow- 8, 113 and Paketol) and 1 newly developed strain (strain 167).
All these genotypes are kindly provided by the Agriculture Research Center, Egypt.

Optimization of Regeneration System for Canola Genotypes:
Canola seeds were surface sterilized by immersion in 70% ethanol followed by immersion in 3% (v/v)

sodium hypochlorite, and rinsed in sterile distilled water. The sterilized seeds were germinated in flasks on
0.8% agar (w/v). The cultures were incubated at 25C under a 16/8 h day/night photoperiod (1000-Lux).
Hypocotyls segments (0.5 cm in length) were excised from 6-day-old canola seedlings. The explants were
transferred to the callus induction medium containing MS salt, 3% (w/v) sucrose, B5 vitamins, 1% (w/v) agar
in addition to 1 mg/l 2,4-D. Each plate contained 12 segments and all the treatments were performed with 5
replications. The plates were sealed with parafilm and incubated at 25°C under a 16/8 h light/dark
photoperiodic regime (1000-Lux).The explants was sub-cultured weekly on corresponding medium freshly
prepared.

Cloning of Mannitol-1-phosphate Dehydrogenase Gene (Mt1d) Gene from E. Coli:
The DNA 1200 bp fragment of the mt1D gene encoding for mannitol was prepared by PCR performed

with genomic DNA from E .coli. The genomic DNA of E. coli. strain BL21(DE3) was isolated from over night
culture LB medium (1% glucose, 1% Bacto Yeast Extract, 2% Bacto Peptone) using the bacterial DNA
Preparation Kit (Jean Bioscience, Germany). For PCR, two specific primers were designed based on the
available nucleotide sequences of the gene in the gene bank (Jiang, et al., 1990) (accession no. X51359). The
forward primer 5 '-TGATGAAGGATCCTACTATGAAAGC-3' and the reverse primer
5'-GACAATCTGTTATTTGAGCTCAGGGTGTC-3' (the underlined sequences are the positions of BamHI and
SacI sites, respectively).
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The PCR reaction was carried out in eppendorf PCR system as the following: initial denaturation at 94
°C for 5 min followed by 35 cycles of 94 °C for 1 min, 56 °C for 1min, 72 °C for 2 min and final extension
of 72°C for 7 min. The PCR product was extracted from the agarose gel using Biospin Gel Extraction Kit
(Biospin, Japan).

For fast confirmation of the cloning of mt1D gene, restriction map of the mt1D gene (accession
no.X51359) was performed by NEB cutter V2.0 available free at the web. Site
(http://tools.neb.com/NEBcutter2/). The obtained PCR fragment was digested with one cutter enzyme, SphI,
and with two cutters enzyme, HincII, and the resulted fragments was detected with electrophoresis in agrose
gel.  Furthermore, sequencing of the PCR product was carried out using the automated DNA sequencing at
(ABI, Gene line DNA sequencing, New York). The deduced sequence was aligned with the DNA data base
available at the gene bank using the ncbi BLAST at (http://www.ncbi.nlm.nih.gov/blast/Blast.cgi).

Preparation of the Transformation-construct (pBI121-EMtlD):
To prepare the plant transformation vector for canola transformation, the GUS gene of the plant

transformation vector pBI121 was replaced by the 1200 bp fragment (coding mannitol-1-phosphate
dehydrogenase). To perform that, the plasmid pBI121 were digested with BamHI and SacI to release the GUS
gene (approx. 3 kpb) and the remaining 10 kbp was recovered. The amplified 1200 bp fragment was then
digested with BamHI and SacI and ligated to the recovered 10 kbp vector and the transformation vector
pBI121-EmtlD (approximately, 11.2 kbp) was obtained and transferred to the host A.  tumefaciens strain,
GV3101 by the triparental mating method (Höfgen and Willmitzer, 1988).

Agrobacterium-Mediated Transformation of Selected Canola Cultivar:
A. tumefaciens strain, GV3101 harboring a binary plasmid, pBI121-EmtlD, was used for transformation.

Agrobacterium cultures were grown in 5 ml of LB medium (1% tryptone, 0.5% yeast extract, 1% NaCl)
containing 50 mg l/1 rifampicin and 50 mg l/1 kanamycin  for 24 h at 28 °C. One ml of the culture was
transferred to 500 ml of LB medium and grown to the mid-log phase (OD600 = 1.0) at 28 °C with constant
shaking (180 rpm). The Agrobacterium cells were harvested by centrifugation for 15 min at 1800 × g and
resuspended in 100 ml of MS medium (Murashige  and skooge, 1962) containing 2 mg l/1, 2,4-D and 100 µM
actosyringone. The hypocotyls segments (0.5 cm in length) were prepared from 6-day-old canola seedlings
(cultivars: Pektol and Sarow-8) and were inoculated with Agrobacterium cells suspension.  After incubation
for 5 min, the segments were blotted on sterilized filter paper, then were placed on a solidified co-cultivation
medium which consisted of growth regulators free MS medium containing 100 µM acetosyringon and then
were incubated at 25-28 °C in the dark condition for 2-3 days,. After co-cultivation with infected
agrobacterium, the segments were rinsed three times with sterile water and cultivated on a selection callus
induction medium containing 1 mg/l 2,4-D, 500 mg/l cefotaxime and 50 mg/l kanamycin sulfate. Three weeks
later the explants were transferred onto shoot induction medium supplemented with 4.5 mg/l BA and 500 mg/l
cefotaxime in addition to 50 mg/l kanamycin sulfate. The plates were sealed with parafilm and incubated at
25°C under a 16/8-h light/dark photoperiodic. After two weeks small shoots where regenerated and kept in the
same medium for extra one month to get enough size to extract DNA for PCR analysis. The percent of
transformation efficiency was estimated on the basis of the number of infected explants.

Genomic DNA Isolation and PCR Analysis:
Genomic DNA from plant leaves was prepared by the Plant DNA Preparation Kit, gen (Jean Bioscience,

Germany. Specific primers for (mt1D) gene was designed based on the published sequences of the gene (Jiang,
et al., 1990).  The primers used have been described as amplifying a fragment of 255 bp.  Polymerase chain
reaction was carried out in 25 µl volume. A reaction tube contained 0.1 µg of genomic DNA template, 2.0
µM each primer, 200 µM each of dATP, dCTP, dGTP and dTTP, 50 mM KCl, 10 mM Tris-HCl (pH 8.3),
1.5-2.5 mM MgCl2, 0.01 % gelatin and 2 units of Taq polymerase (Promega). The PCR reaction was
performed in thermal cycler of eppendorf (Germany) programmed as follows: an initial strand separation at
94°C (5 min) followed by 40 cycles of profile 94°C (1 min), 56ºC (1 min), 72°C (1.5 min), and a final
extension at 72°C (7 min). Amplification products were analyzed by electrophoresis in 1 % agarose gels
stained with ethidium bromide and photographed by Gel Documentation system.
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RESULT AND DISCUSSION

Recently there are increased intentions in K.S.A for introducing canola (Brassica napus L.) to be an
important source for edible oil and livestock feeding.  Before that there is a need for improving salt tolerance
of some canola cultivars that can be irrigated with the relatively saline water (underground water, reused water)
instead of the high-coasted desalinized water. Among twenty canola cultivars, four canola cultivars (Serow-
6, Serow- 8, 113 and Paketol) and the newly developed strain (strain 167) were selected for their relative salt
tolerance (data not shown). Using genetic engineering to improve salt tolerance of these canola cultivars
depending upon successful plant regeneration systems.

1. Establishment of Tissue Culture Systems for the Selected Cultivars:
Our previous published reproducible protocol for regeneration of canola plants using hypocotyls (Reda,

et al., 2006) was applied to the selected canola genotypes to test their regeneration capacity using this protocol.
Hypocotyl explants exhibited an initial swelling followed by callus formation within two weeks of incubation.
Formation of embryonic calli were observed on both cut ends of hypocotyl segments cultured on callus
induction medium within two weeks in the presence of 1 mgl/1 2,4-D (Fig. 1). In general, a high percentage
of explants formed callus (95.5-99%, Table 1) and no significant differences in callus induction between the
cultivars were observed. Shoot buds were developed when the embryogenic calli were subcultured in the shoot
induction medium (MS medium supplemented_with 4.5 mg/l BA) within two weeks. After subculture for two
weeks other in the same medium, adventitious shoots emerged from the embryonic callus (Fig. 1). The initiated
shoots were matured and germinated on half strength MS medium. The cultivars showed a varied response to
shoot regeneration. Regeneration frequency was high in the cultivar Sarow-8 (66%) followed by Paketol
(61.5%) compared with the other cultivars tested (Table 1). Therefore the two cultivars (Paketol and Serow-8)
were selected to be transformed with the salt-tolerance gene mt1D. The initiated shoots were matured and
germinated on half strength MS medium.

B. Cloning of Mannitol-1-phosphate Dehydrogenase Gene (mt1D) Gene from E. Coli:
A unique 1200 bp band was amplified by the PCR reaction using specific primers for the mt1D gene (Fig.

2-A). For fast confirmation of cloning of the mt1D gene, the restriction site map of the gene was prepared
(data not shown). It is found that both of Sph1 and HincII cut the mt1D gene at one site. Digesting the
amplified fragment with SphI or Hinc II resulted in the expected 2 band with the proper molecular weight (Fig.
2-b). Furthermore, the nucleotide sequence of the amplified 1200 bp was determined by the automated DNA
sequencer. Alignment of the deduced sequence with the sequence data base using the BLAST research tool
reviled 100% with the previously published sequence of the mt1D gene that donated to the gene bank with
the accession number X51359  (Fig. 3). To prepare the plant transformation vector for canola transformation,
the GUS gene of the plant transformation vector pBI121 was replaced by the 1200 bp fragment (coding for
mannitol) and the binary vector pBI121-EmtlD (approximately, 11.2 kbp) was obtained  (Fig. 2-c) and
transferred to the host A.  tumefaciens strain, GV3101. 

C. Agrobacterium-mediated Transformation, Regeneration and Selection of Transgenic Canola Plants:
Although different transformation methods have been used in canola, Agrobacterium method is generally

the method of choice. Cotyledon and hypocotyl has been suggested as the best explants in regeneration and
tansformation experiments (Zihang and Bahalla, 2004). Hypocotyl explants from the cultivars Paketol and
Serow-8 were co-cultivated with A. tumefaciens for 3 days. After co-cultivation, the infected hypocotyls were
placed on MS medium and the ends of the hypocotyls gradually initiated the formation of callus. During the
process of selection, the successfully transformed hypocotyls continued to grow vigorously to produce calli,
whereas the untransformed ones failed to form callus and eventually bleached and became necrotic within 3
weeks. Shoots were usually regenerated within 4 to 6 weeks on the MS medium after co-cultivation. Out of
200 explants inoculated and co-cultivation with agrobacterium (100 Paketol and 100 from Serow-8), 54
kanamycin-resistant organogenic calli were selected on selection medium and 43 kanamycin-resistant plantlets
were obtained. The PCR assay of the 43 plantlets reviled the amplification of a 255 bp fragment of mt1D from
the genomic DNA of only 29 plantlets (18 from Paketol and 11 from Serwo-8) (Fig. 5). These results emphasis
that genetic transformation in canola is highly dependent on genotype. High transformation frequency using
hypocotyl explants was reported by Jonoubi et al., 2005 (Jonoubi, 2005) for PF7045/91 cultivar (11.4%) and
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by Zebarjadi et al., (2006) for Maplus and PF cultivars. 
Cardoza and Stewart (2004) reported 17 - 25% transformation rate for hypocotyl explants. Zhang et al.,

(2005) produced gene transformation in Rainbow, Oskar, Westar, RI25 and RK7 with 28.3, 5.3, 21.9%, 50.1
and 32.8%, respectively. However, gene transformation rates reported in different researches cannot be compare
due to different genotypes and explants types used.

Morphological characters and fertility of the T0 plants should be studied as well as the inheritance of hal1
gene into the T1 plants. In addition, salt tolerance of transgenic canola plants of T1 and T2 will be
investigated. 

Fig. 1: Regeneration of canola plants. A and B are germination and 6 days seedlings used as a source of
hypocotyls explants, C is hypocotyls segments cultured in callus induction medium, D is start of
hypocotyls segment-swelling and callus formation and F is shoots in rooting medium.

Fig. 2: Cloning of mannitol-1-phosphate dehydrogenase gene (mt1D) gene from E. coli. A - PCR
amplification of the specific 1200 bp fragment from E. coli genome. Lane 1 is the amplified 1200 bp
fragment and M is DNA size marker (lambda styI). B- Confirming of the mt1D gene amplification
using electrophoresis of the DNA fragments after digesting the obtained 1200 bp fragment with SphI
(lane 1) and HincII (lane 2) and  M is 100 bp DNA size marker. C. Schematic diagram of the
obtained  binary vector pBI121-EmtlD harboring the mtlD gene.
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Fig. 3: Alignment of the deduced sequence of the PCR amplified fragment (query) with the mtlD gene
(accession no. X51359).

Fig. 4: PCR analysis of transformed canola plants. Lane P is positive control, lane N is negative control,
lanes 1,2,3,4 are transformed plants and lanes 5,6,7 are non-transformed plants. M is DNA size marker
(100 bp ladder). 

Table 1: Shoot regeneration frequencies on the meristematic end of the hypocotyl of six canola genotypes.
Genotypes No. of explants Callus inducing Callus induction Shoot number Regeneration frequency

explants frequency
Serow- 4 200 196 98 132 51.5
Serow- 6 200 198 99 108 54
Serow- 8 200 191 95.5 103 66
Paketol 200 193 96.5 123 61.5
113 200 196 98 94 47
Strain-167 200 195 97.5 83 41.5
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