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1 ABSTRACT |

In this study, a system for in vitro selection of salt tolerant canola clones (planilets) was
deveioped. The developed system relies on somaclonal variation and the high regenerative
capacity of hypocotyl explants of the Egyptian canola cultivar Serw 4 via direct and indirect shoot
organogenesis. The optimized regeneration system involves callus formation from hypocotyl
explants of 4 day-old seedlings on MS medium supplemented with 1.5 mg/l 2,4-D and shoot
proliferation from proliferated microcalli colonies on MS + 4.0 mg/l BA. Shoot organogenesis
frequecny ranged from 35 to 40%. This system was used for in vitro selection of salt tolerant
plantlets from hypocotyl explants of seedlings germinated on salt containing medium. Under
selection pressure, shoot organogenesis frequencey dropped to 5% for selected cell lines and zero
for non-selected cell lines onto 0.3% NaCl. The biochemical and molecular characterization of the
selected and non-selected clones were performed using: proline accumulation, total protein
content, SDS-PAGE and RAPD analysis. The salt-tolerant plantlets were characterized by
improved growth on saline media, rapid accumulation of proline, high content of total protein,
synthesis of new set of high molecular weight proteins (38 and 94 KD) and unique RAPD banding
profiles. The criteria of the selected clones outlined above may be a part of biochemical make up
performed by these canola clones to tolerate extreme salt stress.
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E INTRODUCTION B canola oil is the best for human consumption
because it contains not more than 6 % of

t is well-known that Egypt is suffering saturated fatty acids and about 96 % of its

from a great shortage in edible oils. The content is non-saturated fatty  acids;
-&_gap between production and consumption accordingly it contains very low level of low
is estimated by about 90% (FAO, 2004). In denisty lipids (Cholesterol). Recently, canola
this context, canola is considered as the most was introduced to Egypt as a new non-
important oil crop worldwide. It ranks the third traditional oil crop. Unfortunately, it is
among the oil crops, following paim oil and impossible to expand canola cultivated area in
soya oil and the fifth among economically old Delta because it competes with clover and
important crops, following rice, wheat, maize wheat. Therefore, the only realistic startegy to

and cotton. From the nutritional point of view increase canola cultivated area is to grow
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canacla plants in new reclaimed lands (New
Vally), where salinity and drought are major
concerns  affecting crop growth and
productivity.

In addition to conventional breeding
methods, biotechnological approaches for
deveioping salt-tolerant cell lines have been
reported for several crops. Several methods of
selection for enhanced salt- tolerant genotypes
have been developed (Tal and Dehan, 1977).
In this context, Dix and Street (1975); McCoy
(1987); Hassan and Wilkins (1988); Kumar
and Sharma (1989) and Olmos et al. (1995)
described in vitro selection as an alternative
method for improvement of salt tolerance.
This trait is associated with biochemical and
physiological adjustments. It is often assumed
that the altered phenotypes of cells with
enhanced ability to survive and grow in the
presence of high levels of NaCl is associated
with biochemical and physioiogical
adjustments which involve alteration in gene
expression (Singh er al., 1985). Several
research groups have reported variation in
SDS-PAGE protein patterns of plants and cell
cultures in response to salinity. Those
variations include the novel expression; over-
expression and repression of some proteins
(Ericson and Alfinito, 1984; King et al., 1986;
Ramagopal, 1987; Xu and Yu, 1990 and
Lusardi ef al. ,1991).

The synthesis of stress induced proteins,
accumulation of non-toxic osmolytes (such as
proline) and biochemical and physiological
make up of certain cell lines provide an
evolutio-nary value to the cell survival under
adverse conditions. The accumuiation of
proline in response to water and salt stress is
investigated by many workers, among them,
Stewart and Lartha (1980); Pandy and
Ganapathy (1985); Chandler and Thorpe
(1987) and EI Bahr er al. (1993).

Successful in vitro selection of canola
cell lines and clones with enhanced tolerance

to salimty and drought was reported
(Gangopadhyay er al., 1997). The selected cell
lines showed superior growth under sulinity
and drought stress conditions. The biochemical
analysis indicated that a new isomer for acid
phosphatase was detected in salt toleract cell
lines only. Survey of available literatures
dealing with canola biotechnology also
indicated that plant cell cultures were used
successfully to develop new hybrid seeds in
the genus Brassica (Bhalla and De Weed,
1999) and production of transgenic canola
plant (Babic er al., 1999, Fukuoka ef al., 1998
and Khan et al., 2002 and El Mergawy, 2007).

This report described an effective: and
rapid method for in vitro selection of salt-
tolerant canola plantlets. In  order to
characterize the selected line, vanations in
SDS- PAGE protein patterns, proline
accumulation, RAPD banding patterens and
total protein content of the selected and non-
selected cell lines were compared.

| MATERIALS AND METHODS |

Selection of salt tolerant cell line

Seeds of canola (Brassica napus 1. cv.
Serw 4) were surface-sterilized and germin-
ated on basal MS medium contaning
increasing levels of NaCl (0.0, 0.1, 0.2, 0.3,
0.4, 0.5, 0.6, 0.7, 0.8 and 0.9 %). Seedlings
germinated and survived on 0.2% NaCl were
used as a source of explants. Cotyledonary leaf
and hypocotyl explants were cultured on MS
medium  (Murashige and Skoog, 1962)
containing B3 vitamins (Gamborg er al.,
1968); 1.5 mg/l 2.4-D and 0.2% NaCl. After
two weeks of cultivation under dark
conditions, explants with microcalli colcnies
were transferred to the same medium but with
0.3% NaCl. Within 4 weeks, explants
proliferated callus tissue. The actively growing
callus was selected and subcultured twice on
regeneration MS medium (4 mg/l BA)
supplemented with 0.3% NaCl. This typ2 of
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callus and plantlets was designated as a
selected line, while the callus and plantlets
proliferated on salt-free medium and derived
from explants excised from seedlings
germinated on salt-free medium were
designated as a non-selected line. Both lines
were subrected to salt-free and salt containing
media (0.3-1.2% Na(l). Growth measure-
ements, biochemical and molecular
comparisons were carried out after six weeks
of cultivation on media.

Protein extraction and assay

One gram fresh tissue was homogenized
in 1 ml of sodium phosphate buffer (pH 6.8);
centrifuged for 10 min at 10000 rpm and the
supernatant was transferred to a new tube for
assay. Protein concentration was determined
according to the method of Bradford (1976).

Protein ¢lectrophoresis

For SDS-PAGE, proteins extracted in
Na-Phosphate were used and electrophoresis
was performed according to Laemmli (1970)
using 10 % acrylamide in the separating gel
and 3 % in the stacking gel. Protein samples
(20-30 ug) in a total volume of 16 ul (8 ul of
sample in extraction buffer + § ul 2x
denaturing buffer) were denatured for 3 min in
boiling water bath; cooled; centrifuged and a
sample of 15 ul was applied. Electrophoretic
separaticn was carried out using EC mini gel
unit at 60 volt for four hr. After eclectrop-
horesis, gel was stained with Coomassie
brilliant blue (R-250) and destained with high
methanol solution. Molecular weights of
polypeptide bands were calculated from a
calibration curve of low molecular weight
marker kit of Pharmacia.

Proline determination

Free proline was measured colourim-
etrically in fresh callus .tissue according to
Bates er al. (1973).

DNA extraction and RAPD analysis

DNA isolation was performed using the
CTAB method. RAPD was performed as
described by Williams er al. (1990) with minor
modifications. Briefly, PCR amplification was
performed in 20l reaction mix containing 20
ng genomic DNA, 0.5 unit Taq polymerase,
200 -uM each of dATP, dCTP, dGTP, dTTP,
10 p mole random primer (Operon) and
appropriate amplification buffer. The mixture
was assembled on ice, overlaid with a drop of
mineral oil. Amplification was performed for
45 cycles using Biometera Uno thermal cycler,
as follows: One cycle at 92 °C for 3 min and
then 45 c¢ycles at 92 °C for 30 sec, 35 °C for 60
sec and 72 °C for 2 min (for denaturation,
annealing and  extension, respectively).
Reaction was finally incubated at 72 °C for 10
min and further 10 min at 62 °C. Eight
decamer of oligonucleotide random primers
(OPA1, OPA2, OPA3, OPBI1, OPB2, OPB3,
OPZ1 and OPBGI1) were used for RAPD
analysis based on their ability to amplify
canola genome and producing reproducible
amplification patterns.

Agarose electrophoresis

The  amplification  products  were
analyzed by electrophoresis in 1.5% agarose in
TAE buffer, stained with 0.2 pg/ml ethidium
bromide and photographed under UV light.
Two markers were used, ie. 1Kbp DNA
ladder (Gibco) and 100 bp DNA ladder
(BIRON),

| RESULTS ]

Regeneration

The regeneration process involved the
culturing of hypocotyl explants of one-week-
old seedlings onto MS medium supplemented
with 1.5 mg/l 2, 4-D or 4 mg/l BA for two
weeks under dark conditions and then
transferred to MS medium supplemenied with
4.0 mg/l BA, for indirect and direct shoot
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organogenesis, respectively. Within three
weeks, shoot primordia were proliferated
through indirect shoot organogenesis (after a
phase of callus formation). Direct shoot
organogenesis from hypocotyl explants took
place onto 4 mg/l BA after five weeks of
cultivation. Transferring the proliferated
shoots (direct or indirect) to basal MS
medium, led to shoot elongation and rooting.
The obtained plantlets could be easily
acclimatized for ex vitro conditions. Fig. (1)
shows the different steps of direct and indirect
shoot organogenesis from hypocotyl explants
of Egyptian canola cultivar (Serw 4).

Selection program and responses of the two
lines to NaCl salinity

The selection program detailed in
materials and methods section 1s easy to
perform and allows selection at different
stages, i.e. selection during seed germination
on saline media; selection during callus
proliferation and selection during subscquent
subculturing and regeneration on media
containing increasing levels of NaCl
Comparative studies on the behavior of the
two types of calli (selected and non-selected)
were conducted (Table 1). The obtained data
indicate clearly that the cupability of both
types of calli (selected and non-selected) to
proliferate shoots under selection pressurs is
decreased, as a result of salt stress. However,
the ability of the selected callus to proliferate
shoot onto 0.3% NaCl is 5% and zero for the
non-selected line at the same level of salt
stress (Table 1). The two types of calli were
further subjected to increasing levels of NaCl
(0.0-1.2 %). Data of callus growth, expressed
as fresh and dry weight yield and tolerance
ratio, are presented in Table (2). The sclected
line was evidently capable of tolerating the
addition of NaCl to the culture medium at 3.0,
0.6 and 0.9 %. Both fresh weight and dry
weight yield of the selected cell line and the

highest vyield of fresh weight (2.8 g) and dry
weight (200 mg) were achieved at 0.6% NaCL
For the non-selected callus, the highest yield
of fresh and dry weights (2.52 and 186 mg,
respectively) was observed on salt-free
medium. It was noted that the tolerznce ratio
of the two lines behaved in a similar fashion to
fresh weight yield (Table 2). Fig. (2) shows
the growth and differentiation of selected and
non selected lines on salt containing media.

Proline accumulation

Proline content of the two lines cultured
for six weeks on increasing levels of NaCl
presented in Table (2) reveals clearly that the
increment in proline content is parallel with
the increment of salt concentrations in the
culture media. However, the non-selected line
accumulated less proline, compared with the
selected line. Moreover, the salected cell line
maintained high levels of proline (4.5 ¢ mole/
¢FW) when cultured on sult-free mediumn,
compared with 3.5 y mole / gFW) for non-
selected line (Tabie 2).

Protein content

The effect of salt stress on iotal protein
content of the two lines is presented in Table
(2). A gradual increase in protein content is
observed in response to increment in NaCl
concentration in the culture media. The
selected cell line maintained higher protein
content at all levels of NaCl tested, even on
salt-free medium, compared with the non-
selected line. The two lines contained
maximum protein levels (7.1 and 5.1 mg
protein / gram fresh callus), for selected and
non-selected calius, respectively, on 1.2 %
NaCl (Table 2).
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Table (1): Callus survival and shoot frequency of selected and non-selected hypocotyl derived

callus on increasing levels of NaCl.

~ selected

NaCl (%) Mon-sefected _ selected B
*Callus survival frequency #Ghoot frequency *Explant survived  **Shoot frequency
0.0 100 40 100 35
€1 95 20 100 40
0.2 60 l 100 20
0.2 10 0 50 5
0.6 - 5 _ o _ 15 o 2
* Callug survival = (No, of survived explants /7 Total No, of explants) X 100
**Shoot frequency = ( No. of explants proliferate shoots / Total No. of explants) X 100
Table (2): Response of selected and non-selected lines to NaCl salinity.
NaCl o Non-selected . T B jila,s'!éd_
(%) Fw DW Tolerance Proline Protain Fw DW T crance Prolinc Protein
(g+SEY (mgt ratio¥ content®® contengtkF {g+SE) umg}t _atip¥  content** contengt ¥
0o 2.5+0.7C 156 100 35 3.3 20020 149 100 4.5 4.5
0.3 2.46x0.24 185 98 4.0 3.7 24309 190 120 9.0 55
0.6 §.4+0.11 100 56 6.0 4.5 2.840.10 200 740 12.0 6.0
0.2 0.5+.70 30 20 5.8 4.6 2064315 195 130 (3.0 7.0
1.2 0.4+0.26 25 1n 5.0 3.1 { 3000 i00 90 11.0 7.1

FW = Fresh wei;_tht DWW :_l.)?)Y Ei_;.'_ht

#Tolerance ratio == [FW an saline medium / FW on salt free mediam (control}} £ 100

=* pmole prolinc/gF'W of callus
#*% me protein / gFW ot callug

SDS-FAGE protein patterns

SDS-PAGE protein patterns of the two
lines are presented in Fig. (3). These results
showed clearly that, when cultures of the two
lines were transfeired to media containing
NaCl, a polypeptide band with a molecular
weight of 38 KD was over-expressed in the
selected line, cven on salt free-medium (Fig.
3). Tke most significant differences however,
were “ound in the novel-expression of 94 KD
polypeptide band in the case of the selected
line. The levels of the novel-expressed and the
over-expressed proteins remained constant at
salt free and salt containing mediom.

RAPD analysis
The genetic variability among the

selected and non selected lines on salt conta-
ining and salt frec media was analyzed using
RAPD molecular marker technique. Of the
total 8 random decamer primers (OPAL

OPAZ, OPA3, OPBI. OPB2, OPB3, OPZ1
and OPBG1), 2 primers gave polymorphic
bands in RAPD analysis. A total of 56 RAPD
bands were obtained. On average each primer
produced 7 bands. The amplification products
ranged from 100 bp to 1000 bp. The primer
OPB1 (Fig. 4) produced maximum (7) bands,
out of which two were polymorphic. The
primer OPGZ produced two polymorphic
bands from a total of four bands., The rest of
the primers gave amplification products
ranged from 7 to 8 without any polymorphism
(Fig. 4). Intense non-parental bands were
obtained among the selected salt tolerant lines
(500 and 600 bp) following PCR amplification
using the primer OPB1. Similarly, the RAPD
profile, generated by PCR amplification using
the primer OPG2 revealed genetic polym-
orphism among the selected salt tolerant and
control non-selected lines (Fig. 4).
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Fig. (1): Direct (A, B) and indirect (C, D) shoot
organogenesis from hypocotyl explants of
Egyptian canola cultivar (Serw 4), cultured on
MS+4.0 mg/l BA. Indirect shoot organogenesis
achieved after a phase of callus formation on
MS+1.5 mgll 2,4-D.

0.0 % NaCl 0.3 % NaCl

Fig. (2): Growth and differentiation of the selected line on salt free and salt containing media.
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Fig. (3): SDS-PAGE patterns of proteins extracted from selected and non-selected canola sheots grown on
salt-free and salt containing media. M is low molecular weight marker (LMW) of Pharmacia.
Arrows point to polypeptide bands overexpressed or newly expressed as a result of salt stress.

E ~_ DISCUSSION |

Tissue culture technigques have been
applied for the selection of cell lines of some
crops with enhanced ability to tolerate high
salt concentration. The selected cell line
obtained through the selection program
described herein. maintained high growth rate
on all levels of NaCl tested. These resulis
confirm the suggestions of Stavarek and Rains
(1984), that salt tolerance performed at cellular
level allows the isolation and establishment of
salt tolerant derivatives capable of growth on
high levels of salinity. Most of previously
published reports indicated that the selected
cell lines maintained higher rate of growth on
saline media e.g. Hasegawa er al. (1980) for

tobacco: Hassan and Wilkins (1988) in tomato
and Olmos er al. (1995) in pea. In a few cases
as in alfalfa, the NaCl selected cell lines grew
optimally when salt was added to the medium
(Croughan et al.,1978).

Data of the present study revealed that
the selected cell line accumulates more proline
than the non-selected cell line. It has been
assumed that the evaluation of proline levels in
salt stressed plants may be related to their
ability to tolerate extreme salinity (Stewart and
Lartha, 1980). In this connection, Pandy and
Ganapathy (1985) confirmed earlier hypo-
thesis suggested that, proline may be a
cytosoelute which plays a role in osmoreg-
ulation {Stewart and Lee, 1974) and / or act as
a protective agent for cytoplasmic and cellular

Arab 1. Biotech., Vol I, Ne (21 Tulv (20082072114,
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Fig. (4): Salient RAPD banding patterns of DNA extracted from selected (8) and non-selected (NS) canola

shoots grown on salt-free and salt containing media. M is 50 bp DNA ladder. Arrows point to

polvmorphic bands.

structure. Accumulation of proline in salt
stressed cells was also reported by Rains ef al.
(1986); Jam et al. (1987) and Chandler and
Thorpe (1987). In the present study, a
protective value for proline may be accepted
and evidences can be taken from its rapid
accumulation by salt-tolerant  cell line,
compared with the non-selected one.

The most striking observation in the
present study is the increase of total protein
content in selected and non-selected lines in
response to salt stress, It is well-documented
that protein synthesis in plants growing under
saline conditions is adversely affected. The
marked increase in protein content detected
herein may be due to the synthesis of a new set
of proteins (osmoprotectant proteins) or

inactivation  of  proteolytic  (hydrolytic)
enzymes as proposed by Dubey (1994).
Similar  observations were reported by
Johansen er al.  (1991) on pea. Also, this
increment in protein content may be attributed
to the high levels of pre-existing proteins in
the initial explant.

SDS-PAGE profile of selected and non-
selected cell lines growing on various levels of
NaCl revealed that salt adapted cells accu-
mulate high levels of 38 KD protein, in
addition to the novel-expression of 94 KD
protein. The results outlined above are in
agreement with Ericson and Alfinto (1984)
and Lusardi et al. (1991) in elucidating the
expression of new proteins in response to salt
stress. Similar results were observed by
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Harrington and Alm (1988). They detected
polypeptide bands of molecular weights
ranging from 15 to 115 KD in response to salt
stress and heat shock of cultured tobacco cells.
Expression of high molecular weight proteins
(46-80 KD) in response to salt stress was
detected in mung bean by Gulati and Jaiwal
(1994} . Although salt induced proteins lend a
protective role to salt tolerant cell lines against
the delcterious effects of salt stress, the exact
physiological functions of these proteins are
not fully understood. It has been assumed that
salt induced proteins act as osmoprotectants or
regulatory proteins (Key et al., 1982 and Sachs
and Ho, 1986).
' Detection of variants at the DNA level is
of immense importance in order to utilize in
vitro selected lines in crop improvement. The
variants may have genetic or epigenetic basis
therefore, early detection of these is of prime
importance. It is rather difficult to detect the
genetic vanation from morphological features.
Among the different molecular techniques,
RAPD is widely used to study the variation at
the DNA level among the variants (Rout et al.,
1998; Soniya er al., 2001 and Bennici et al.,
2003). The detection of some polymorphic
bands :n the selected line, only reported in this
study, are in conformity with the studv by Saif
et al. (2001) for the detection of genetic
variation using RAPD technique among the
irradiated and salt stressed (200mM NaCl)
calli, In the present study, RAPD analysis of
genetic variation among the in vitro selected
salinity tolerant genotypes suggests, that the
variation can be detected at the stage of
regeneration even before hardening in the
green house. Tt is therefore clear that in virro
selection conditions have induced varied
amourits of genetic changes among the
selected salt tolerant lines.  The reported
variation at the DNA level can be attributed to
somaclonal variations. Cellular and rnolecular
mechznisms behind the variations are mitotic

irregularities  leading to  chromosomal
instability. occurrence of gene amplification or
deletion, gene inactivation or reactivation of
silent genes, transposition and somatic
crossing over, DNA methylation in case of
epigenetic variation and point mutations
(Larkin and Scowcroft, 1981; Muller er al.
1990).

Finally, it could be concluded that the
selected canola lines obtained herein are
characterized by: (1) improved growth on
saline media; (2) rapid accumulation of
proline; (3) high protein content, (4) novel-
expression of high molecular weight (94KD)
proteins, in addition to the over-expression of
38 KD proteins and detection of non-parental
polymorphic DNA bands in the selected line.
These criteria may be a part of physiological,
biochemical and genetic make up performed
by this cell line to tolerate extreme salt stress.
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