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An experiment was carried out for the development of salinity tolerant somaclones. Three of cabbage 
cultivars (Gazelle, Rotanda F1 and Primero F1) seeds were used as plant material. Hypocotyl segments 
of cabbage (Brassica oleracea var. capitata) were excised from 7 days old-seedlings cultured in MS 
medium with various concentrations of plant growth regulators naphthalene acetic acid (NAA); 2, 4-
dichlorophenoxyacetic (2, 4-D); kinetin (Kin) and benzyladenine (BA) for callus induced. The best media 
for induction and growth of callus was containing 1 mg/l NAA and 1 mg/l Kin for 24 days. Then the 
produced calli were put under salt stress from different concentrations of NaCl (0, 50 and 100 
Millimolar). Response of three cultivars of cabbage to callus growth and in vitro salt tolerance was 
evaluated. Primero F1 and Gazelle showed good callus growth under higher salt rate stress condition 
compared to Rotanda F1. No obvious differences were observed between the three cultivars at lower 
salt stress rates. Inter-simple sequence repeat (ISSR) and sodium dodecyl sulphate - poly acrylamide 
gel electrophoresis (SDS-PAGE) were used to assess the somaclonal variation among the developing 
callus under salt stress. ISSR results revealed high level of polymorphism (82.35%) using 10 ISSR 
primers, but only five of them gave reproducible polymorphic DNA pattern. The total number of amplified 
DNA bands was 34 of which 28 were polymorphic. The electrophoretic pattern of developing calli protein 
gave different molecular weight bands, ranging from 26 to 120 KDa with the presence of unique bands. 
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INTRODUCTION 

Cabbage is one of several vegetables in the 
species Brassica oleracea of family Brassicaceae 
(Campbell et al., 2012). Cabbage can be also 
included in diet programs, as it contains crude 
fiber and is a low-calorie food. To improve the 
yield of B. oleracea, considerable research has 
been conducted to optimize tissue culture and 
transformation protocols. Brassica spp. are 
partially considered to be unwilling in tissue 
culture. Plant tissue culture is an important tool of 
biotechnology, which can be used to subject of 
research. It proffer a replace method of vegetative 
propagation of various crops (Alizadeh et al., 2010 

.Liza et al., 2013). 
Several researchers have reported about in 

vitro multiplication of cabbage (Brassica oleracea 
L. var. Capitata) (Zhan-dong, 2005; Munshi et al., 
2007, Suzana Pavlovic et al., 2010; Daud et al., 
2015 and Gerszberg et al., 2015). 

In many areas of the world, salt stress is one 
of the major environmental factors affecting plant 
growth and productivity. Plants expose to abiotic 
stress display several morphological, 
physiological and molecular responses (Jiménez 
et al., 2013). These will have effect on productivity 
of several plants since many crops cannot tolerate 
the increased soil salinization. Development of 
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resistant varieties of crops that can resist 
moderate level of salinity can help to alleviate the 
problems of agriculture through food shortage in 
the future. Thus, work should be paid toward plant 
tolerance to salinity stress involves biochemical, 
metabolic pathways, molecular and gene levels. 
Plant tissue culture can be an efficient technique 
for the development in vitro of salt resistant 
varieties of crops. A large scale tissue culture 
experiment was conducted with many of an 
important crop species to induce somaclonal 
variation for genetic improvement (Jain, 2001; Li 
et al., 2006 and 2010; Krishna et al., 2016). 
Somaclonal variation can be defined as 
genetically stable variation generated through in 
vitro culture (Larkin and Scowcroft, 1981). 
Somaclonal variation via tissue culture technique 
has been presented a lot of important 
contributions to plant science. , somaclonal 
variation has been reported at different levels 
(morphological, cytological, cytochemical, 
biochemical, and molecular) in micropropagated 
plants (Rani and Raina, 2000). 

This technique has been widely used for 
breeding strategy, especially for stress tolerance 
chosen, which mainly limits crop production. Also, 
the establishment of an appropriate plant 
micropropagation protocol is a necessary for 
successful genetic improvement. 

The occurrence of soma- clonal variation in 
Brassica spp. has been independently reported 
several times (Leroy et al., 2000; Kudo and 
Kimura, 2001; Park et al., 2012). 

The major benefit of somaclonal variation is to 
create variation in adapted genotypes. 
Recognition of new genotypes at the whole plant 
level and their efficient exploitation would however 
be very useful in breeding programmed. In order 
to evaluate its presence several strategies were 
used to detect somaclonal variants, based on one 
or more determinants from among morphological 
traits, cytogenetic analysis (numerical and 
structural variation in the chromosomes), and 
molecular and biochemical markers (Rani et al., 
1995). 

 Currently, different molecular analytic 
techniques have used to point out somaclonal 
variation in tissue culture and in regenerants of 
several plants. Randomly amplified polymorphic 
DNA (RAPD), amplified fragment length 
polymorphism (AFLP), simple sequence repeat 
(SSR) and inter-simple sequence repeat (ISSR) 
markers have been used to study the genetic 
fidelity or genetic variability in micropropagated 
fruit crops (Sarmento et al., 2005; Al-Qurainy, 

2010). Molecular techniques can be applied to 
assess the degree of genetic variation and genetic 
similarity, identify genotypes, and facilitate 
marker-assisted selection (MAS). One of the most 
frequently applied PCR-based techniques 
employs ISSR (inter-simple sequence repeat) 
markers (Zietkiewicz et al., 1994). 

The main advantages of ISSR include its 
relative simplicity and high reproducibility of 
results (Ning et al., 2007). 

However, the improvement of the 
micropropagation system using in vitro culture 
methods of cabbage plants is still important due to 
the diverse morphogenic potential of different 
genotypes (Tomsone et al., 2004). It has been 
reported that abiotic stress also promotes 
particular gene expression in many plants; citrus 
(Avsian-Kretchmer et al., 1999, Ben-Hayyim et al., 
2001) rice (Basu et al., 2014); Brassica napus 
(Kubala et al., 2015). 

The main objective of this research work is to 
comparative investigation of the effect of different 
growth media composition of three cabbage 
cultivars protocol for calli regeneration under salt 
stress. Biochemical and molecular 
characterization of three developing calli varieties, 
based on inter-simple sequence repeat (ISSR) 
markers and sodium dodecyl sulfate 
polyacrylamide gel electrophoresis (SDS-PAGE), 
were performed to evaluate the somaclonal 
variation among the developing calli under salt 
stress. 
 
MATERIALS AND METHODS 

 Plant material 
Seeds of three cultivars of cabbage (Gazelle, 

Rotanda F1 and Primero F1) were obtained from 
the Agricultural Research Center, Ministry of 
Agriculture, Giza, Egypt. Seeds of cabbage were 
surface sterilized for 1 minute in 70% ethanol 
solution followed by continuous agitation for 10 
minutes in 20% Clorox solution (1.05% sodium 
hypochlorite). The seeds were rinsed three times 
in sterile distilled water. The seeds of three 
cultivars were finally cultured on germination 
medium consisting of half- strength MS salts 
(Murashige and Skoog, 1962) with 3% sucrose to 
obtain aseptic seedlings after 2 weeks. Hypocotyl 
explant was excised from seedlings and used as 
source of production of callus. Six segments of 
explant (1cm) were cultured on basal MS medium 
for 24 days. 
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Table (1) : List of ISSR primers sequences used for analysis of the developing cabbage calli. 

Primer code Primer sequence 

HB-10 5ʹ- GAG AGA GAG AGA CC- 3ʹ 

HB-11 5ʹ- GTG TGT GTG TGT TGT CC-  3ʹ 

HB-12 5ʹ- CAC CAC CAC GC- 3ʹ 

HB-15 5ʹ- GTG GTG GTG GC- 3ʹ 

44B 5ʹ- CTC TCT CTC TCT CTC TTG- 3ʹ 

 
 For assessment of cultivars to salt, growing  

calli of cabbage 21 days old (G; R and P) were 
exposed to different concentrations of NaCl (0, 50, 
100mM) for three weeks. 

Inter simple sequence repeat (ISSR) analysis  
Approximately 100 mg of the calli were 

immersed in liquid nitrogen for DNA extraction 
using DNeasy plant Mini Kit (QIAGEN Hilden, 
Germany). PCR reaction was performed in 30µl 
volume tubes contained dNTPs (2.5 mM), MgCl2 

(25 mM), 3 µl Buffer, 2 µl Primer, 0.20 µl Taq DNA 
polymerase (5U/µl), 2 µl Template DNA and 16.80 
µl distilled H2O in an automated thermal cycle 
(Techno 512) programmed for one cycle at 94°C 
for 4 min followed by 45 cycles of 1 min at 94°C, 1 
min at 57°C, and 2 min at 72°C. The reaction was 
finally stored at 72°C for 10 min. Based on the 
clear and accurate amplified bands profiles, 
different five primers were selected (Table 1). The 
reaction products were analyzed by 
electrophoresis on 1.2 % agarose gels, stained 
with ethidium bromide and photographed under 
UV transilluminator by digital camera with UV filter 
adaptor. The DNA ladder 100 bp (Pharmacia) was 
employed as molecular markers for bands 
molecular size. Each amplified band profile was 
defined by the presence or absence of bands at 
particular positions on the gel. 

 Protein electrophoresis (SDS-PAGE)  
Soluble proteins of the 9 studied samples were 
extracted from the developing calli of three 
cabbage cultivars according to the protocol of 
Payne and Corfield (1979). One hundred 
milligram from each sample was ground with 0.4 
ml water soluble extraction buffer using vortex. 
The extraction buffer was made up of 10% SDS 
(sodium dodecyl sulphate) to denature the protein, 
0.1% ß-mercabtoethanol to break the disulphide 
link between the peptidic chains of the protein, 
20% glycerol to weight down proteins at the 
bottom of the gel wells, 1 M Tris, which confers 
pH 6.8 and a coloring agent (bromophenol blue) 
for protein detection. Samples were centrifuged at 
8000x g for 20 min at 4ºC. The supernatants 

containing water soluble storage protein fraction 
were transferred to clean Eppendorf tubes and 
then incubated in drying oven at 60ºC for 5 min to 
accelerate the denaturation of proteins. The 
separation was carried out using 10% 
electrophoresis gel according to Laemmli (1970), 
where each well corresponded to each sample at 
100 V for 4 h. Bands were detected on gel using 
Coomassie brilliant blue (R-250), then scanned 
using White/UV trans-illuminator system and 
photographed.  

Data analysis  
The ISSR and protein bands of the cabbage calli 
were scored as 0 or 1 for the absence or 
presence of bands, respectively. Only clear and 
reproducible bands were scored and band 
intensity was not considered in our analysis. The 
molecular weights of the bands were estimated 
based on DNA markers (1 kb Plus, Invitrogen, 
USA). The similarity index coefficient was 
calculated following the method of Nei and Li 
(1979). The dendrogram was constructed based 
on the similarity matrix data using the unweighted 
pair-group method with arithmetic averages 
(UPGMA) clustering and Free Tree software 
(Pavlicek et al., 1999). 
 
RESULTS  

Callus induction 
The data recorded in table (2) revealed that 

callus induction rate and morphological characters 
(texture; color) of callus of three cabbage cultivars 
were slightly influenced by plant growth regulators 
and the cultivars. Data analysis showed a callus 
induction rate of 94.77%, 98.32% and 97.49% for 
Gazelle (G), Rotanda F1 (R) and Primero F1 (P) 
cultivars, respectively.  

Effect of salinity on callus growth 
The results (Table 3) showed that slight 

differences existed among cultivars of all studied 
characters. On the other hand, among different 
salt stresses levels,  
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Table (2): Effect of plant growth regulators (PGR) on calli induction % and morphological 
characters (texture; color) of three cabbage cultivars 

 PGR (mg/l) Gazelle Rotanda Primero 

Calli induction 0.5 2,4-D+0.5 BA 
1.0 2,4-D+1.0 BA 
0.5 2,4-D+0.5 Kin 
1.0 2,4-D+1.0 Kin 
0.5 NAA +0.5 BA 
1.0 NAA +1.0 BA 
0.5 NAA +0.5 Kin 
1.0 NAA +1,0 Kin 

91.6 
100 
100 
83.4 
91.6 
100 
91.6 
100 

100 
100 
93.3 
100 
93.3 
100 
100 
100 

93.3 
100 
100 
93.3 
100 
93.3 
100 
100 

Texture & 
color  

 

0.5 2,4-D+0.5 BA 
1.0 2,4-D+1.0 BA 
0.5 2,4-D+0.5 Kin 
1.0 2,4-D+1.0 Kin 
0.5 NAA +0.5 BA 
1.0 NAA +1.0 BA 
0.5 NAA +0.5 Kin 
1.0 NAA +1,0 Kin 

Cr, C 
Cr, C 

Cr to W, C 
Cr to G, C 

Cr, L 
Cr to G,C 
Cr to W, C 
Cr to G, C 

Cr, C 
Cr, L 

Cr to W, C 
Cr, C 
Cr, C 

Cr to G, L 
Cr to W, C 
Cr to G, C 

Cr to G, 
C 

Cr, C 
Cr, C 

Cr to W, 
C 

Cr, L 
Cr to G, 

C 
Cr, C 

Cr to G, 
C 

G: green, Cr: cream, W: white, C: compact, F: friable, L: loose 

 
 

Figure. 1. Initiation of callus at the edges of cabbage hypocotyl explants in 7 days old cultures 
Table (3): Fresh and dry weights of calli (milligram) of three cabbage cultivars in response to salt 

stress. 
NaCl concentration 

(Millimolar) 
Gazelle Rotanda Primero 

Fresh Wt. Dry Wt. Fresh Wt. Dry Wt. Fresh Wt. Dry Wt. 

0.0 (Control) 340.11 29.71 354.23 30.31 352.87 30.06 

50 231.45 18.85 242.65 19.25 246.09 19.89 

100 140.65 12.43 126.07 10.65 147.65 13.68 

LSD at 0.05 19.67 2.80 21.89 2.54 24.51 1.98 

there was significant differences between 
characters of fresh and dry weight of callus. By 
increasing the salt stress (NaCl concentration) in 
different studied cultivars, the dry and fresh 
weights of callus significantly decreased and 
smaller calli with darker and pall colors were 
produced (Fig. ). Premero cultivar showed the 
maximum tolerance to salt stress compared to 
other cultivars. So that in this cultivar, the 
decrease rate of dry weight of callus in the highest 

concentration (100 Millimolar NaCl) compared to 
the control group was 54.49%  

Detection of somaclonal variation using ISSR  
The obtained results of analysis of ISSR 

showed that salinity caused genetic variation 
between different calli of cabbage. The total 
number of detected amplified fragments using five 
ISSR primers was 34 (Table 4). 
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Table 4: Effect of salinity on monomorphic fragment (MF); polymorphic fragment (PF); the total 
amplified fragments (TAF) and the percentage of polymorphism of amplified    fragments 

produced using five ISSR primers. 

ISSR primers  MF PF TAF Polymorphism (%) 

HB-10  1 12 13 92.31 
HB-11  1 5 6 83.33 
HB-12  2 3 5 60 
HB-15 

 
 

 1 4 5 80 
 
 

44B  1 4 5 80 
Total  6 28 34 82.35 

 
 
 

Table 5: Effect of salinity on the percentage of polymorphism in calli of Gazelle, Rotanda and 
Primero cultivars of cabbage using five ISSR primers. 

NaCl (Millimolar) TAF PF Polymorphism (%) 

0.0 Gazelle 17 11 64.71 
0.0 Rotanda 23 17 73.91 
0.0 Primero 22 16 72.73 
50  Gazelle 

 
19 13 68.42 

50  Rotanda 22 16 72.73 
50  Primero 19 13 68.42 
100 Gazelle 16 10 62.5 
100 Rotanda 15 9 60 
100 Primero 18 12 66.67 

TAF: Total Amplified Fragments; PF: Polymorphic Fragment 
 
 
 

Table 6: Genetic similarity using five ISSR primers for calli of three cultivars under salinity based 
on Jaccard’s coefficient.           

  0.0 50mM NaCl 100mM NaCl 

G R P G R P G R P 
Control 

0.0 
G          

R 0.44         

P 0.43 0.75        

50mM G 0.37 0.55 0.50       

R 0.39 0.64 0.52 0.67      

P 0.33 0.54 0.55 0.52 0.54     

100mM G 0.50 0.71 0.58 0.45 0.57 0.48    
R 0.56 0.73 0.75 0.50 0.57 0.48 0.71   

P 0.46 0.68 0.61 0.41 0.60 0.43 0.54 0.61  
Gazelle (G), Rotanda (R) and Primero (P). 
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(A) 

(B) 

(C) 
Figure. 2. The developing calli of cabbage after five weeks of cultures (A)  without NaCl (Control): 

(B) with 50mM NaCl and (C) with 100mM NaCL. (G) Gazelle, (R) Rotanda F1 and (P) Primero F1. 
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(A) (B) 

(C)  (D) 

(E) 
 

Figure 3: Effect of salinity on the ISSR fingerprinting produced by HB-10 (A); HB-11 (B); HB-12 (C); 
HB-15 (D) and 44B (E) primers on calli of Gazelle (G), Rotanda (R) and Primero (P). 
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Figure. 4: The relationships between calli of three cabbage cultivars (G: Gazelle; R: Rotanda and 

P: Primero) under salinity based on ISSR marker.  

 
Figure. 5. The protein profile of calli of three cabbage cultivars (G: Gazelle; R: Rotanda and P: 

Primero) under salinity using SDSPAGE marker. 

 
Figure6. UPGMA dendrogram based on data generated from protein electrophoresis, showing 

linkage distance among the studied samples of three cabbage cultivars (G: Gazelle; R: Rotanda 
and P: Primero) under salinity.
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The number polymorphic fragments were 28 and 
the percentage of polymorphism was 82.35 
percent. The highest percentage of polymorphism 
(92.31%) was observed in HB-10 primer, while the 
lowest percentage of polymorphism (60%) was 
obtained in HB-12 primer.  

The results (Table 5) showed that the total 
number of amplified fragments in Gazelle was 17, 
19 and 16 in 0.0; 50 and 100mM NaCl, 
respectively. Furthermore, the total number of 
amplified fragments was (23 and 22), (22 and 19) 
and (15 and 18) in 0.0; 50 and 100mM NaCl 
(Rotanda and Primero), respectively. The levels of 
polymorphism were different with different primers 
among the three cultivars of cabbage calli under 
salinity. The similarity coefficient values among 
the calli of three cultivars of cabbage under 
salinity based on band polymorphisms generated 
by ISSR after using all primers are presented in 
(Table 6). The highest similarity value (0.75) was 
found between Rotanda callus under 100mM 
NaCl and Primero callus control, while the lowest 
value (0.33) was found between Primero callus 
under 50mM NaCl and  callus control of Gazelle. 

The dendrogram of genetic distances among 
the calli of three cabbage cultivars under salt 
stress based on band polymorphisms generated 
by ISSR after using all primers is shown in (Figure 
10). The dendrogram separated all tested 
samples into two clusters. First cluster was further 
divided into two subclusters, first subcluser 
formed a separate cluster with callus of callus of 
Rotanda (under 100mM NaCl) and second 
subcluster included Rotanda callus of both control 
and 50mM NaCl. Second cluster was further 
divided into two subclusters, first subcluster 
formed a separate subcluster with control of 
Gazelle and second subcluster included calli of 
both Gazelle (50 and 100mM NaCl) and Primero 
(0.0; 50 and 100mM NaCl).  

Detection of somaclonal variation using 
SDSPAGE 

Protein banding pattern has been used 
successfully to investigate the relationships within 
and between species, genera, sections and tribes. 
Electrophoresis of total callus proteins of the 9 
samples of cabbage is shown in Figure 1, which 
gives information concerning protein type by its 
molecular weight. The resulting bands have 
different molecular weights ranging from 26 KDa 
to 120 KDa.  

The resulting protein profile shows 
polymorphic bands. The unique bands are in 
sample 3 (0.0 NaCl Conrol of Primero) with a 

molecular weight of 85.8 KDa. The genetic 
variations and the relationships among the studied 
samples are shown in the dendrogram (Figure 2).  

The constructed dendrogram, based on 
protein markers, produced two main clusters. The 
first one consisted of the samples of Gazelle and 
Rotanda control. 

The second cluster with three sub-clusters 
linked at 32.4. The similarity was observed 
between samples of Gazella and Rotanda under 
50mM NaCl; Primero under 50mM and Gazella 
under 100mM NaCl and Rotanda and Primero 
under high level of salinity. 

 
DISCUSSION 

 In the light of the sea level rise and its effect 
on soil salinity, an experiment was carried out to 
test the ability of cabbage to form callus under in 
vitro saline conditions. The experiment was 
carried out in an effort to develop a salinity 
resistant cultivar of cabbage. 

The obtained results showed that the effect of 
salinity on callus growth was superior on three 
cultivars of cabbage. Under high rate of saline 
conditions, three cultivars were significantly 
affected, but Primero F1 was relatively more 
tolerant to salt stress treatments, as far as callus 
growth is concerned. Many investigators obtained 
negative effects of salt stress on callus growth of 
other plants such as Medicago sativa ( Ehsanpour 
and Fataian, 2003); wheat (Zale et al., 2004; );  
potato (Turhan, 2004); Populus euphratica (Zhang 
et al., 2004); rice (Rattana and Bunnag, 2015). In 
addition, Roychoudury et al.(2008) reported that 
salt stress leads to the suppression of plant 
growth and development, ion imbalance, 
membrane leakage or disequilibrium, enhanced 
lipid peroxidation and increased production of 
reactive oxygen species like superoxide radicals, 
hydrogen peroxide and hydroxy radicals, which 
are scavenged by both enzymatic and non-
enzymatic reactions. The obtained results also 
showed that Primero F1 and Gazelle showed 
good callus growth under higher salt rate stress 
condition compared to Rotanda F1. This may 
contribute to the differences in cultivar of the 
plant, which might have changed the genetic 
make-up of its higher tolerance to salinity. 

A general understanding on how plants 
respond to salinity and an integrated programmed 
of combining molecular tools with biochemical 
techniques are demanding for the development of 
salt-tolerant varieties of   plants in many areas of 
the world.  

Recent research has identified various 
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adaptive responses to salinity stress at molecular, 
cellular, metabolic, and physiological levels 
(Hasegawa, 2013; Gupta and Huang, 2014) 
although mechanisms underlying salinity 
tolerance are far from being completely 
understood. In this respect, Roopadarshini and 
Gayatri (2012) reported that somaclonal variation 
has a great prospective for new varieties with 
specific characters for plant breeding strategy. So, 
the aim of the present work was to establish a 
somaclonal variation on developing callus of three 
cabbage cultivars under salinity condition using 
ISSR markers and protein electrophoresis.  

The obtained results showed obvious genetic 
variations between three calli of cabbage cultivars 
when subjected to ISSR analysis. These results 
are harmony with those of El-Sayed and Ibrahim 
(2008) who reported that ISSR analysis using four 
primers for salinity tolerance showed 31 
polymorphic fragments with 58.4% polymorphism 
from a total of 56 amplified fragments in bread 
wheat using in vitro culture under salinity stress. 
In addition, Rasha (2013) using eleven 
preselected ISSR primers to identify seven 
samples of sorghum. The author observed 24 
monomorphic and 38 polymorphic distinct 
fragments (65% of polymorphism) in the seven 
tested cultivars under salt stress with these eleven 
primers. 

It is known that, DNA is a source for genetic 
information and offers great potential for detecting 
variations on genetic materials level. Molecular 
techniques can be applied to assess the degree of 
genetic variation and genetic similarity, identify 
genotypes, and facilitate marker-assisted 
selection (MAS). One of the most frequently 
applied PCR-based techniques employs ISSR 
(inter-simple sequence repeat) markers (Butiuc-
Keul et al., 2016). The main advantages of ISSR 
include its relative simplicity and high 
reproducibility of results (Al-Qurainy, 2010). 

The obtained results of ISSR and the 
electrophoretic pattern of developing calli protein 
gave molecular genetic variation in deferent calli 
under salt stress.  In nature, the genetic diversity 
and variability within a population are generated 
via recombination events. Factors such as natural 
selection, mutation, migration and abiotic stress 
influence genetic variability in different ways. 
Thus, it can be concluded that both markers 
applied in the present study have revealed high 
polymorphism and genetic diversity among 
the developing callus under different levels of 
salinity. In the present work, both of ISSR and 
SDS-PAGE analysis showed presence of 

somaclonal variation between developing calli of 
three cabbage cultivaries under salt stress. The 
obtained results revealed that Primero F1 cultivar 
showed higher level of somaclonal variation 
followed by Rotanda F1. This may contribute to 
the differences in cultivars of the plant, which 
might have changed the genetic make-up of its 
higher tolerance to salinity. 

   This study may translate great knowledge 
about the relationship among the studied samples 
as they assess the polymorphism at both protein 
and DNA levels. It can be concluded from the 
obtained data and the related previous studies 
that using more than one marker is an important 
tool for investigating the genetic diversity and to 
differentiate between the studied samples.  

CONCLUSION 
In vitro tissue culture could be an important 
means of improving crop tolerance through 
genetic transformation as well as by induced 
somaclonal variation. Therefore, it is important to 
devise an efficient protocol of callus proliferation 
to start in vitro selection for salt stress tolerance, 
and to broaden opportunities for genetic 
manipulation of cabbage through tissue culture, 
including trying various explants and media. The 
results of this study indicated that three cultivars 
of cabbage showed a good callus induction while 
Rotanda exhibited a rather intermediate-to-low 
callus growth capacity. Differential genotypic 
response was also noted in developing callus 
under salt stress conditions. Therefore, to obtain a 
suitable cabbage plant regeneration system for a 
given cultivars of cabbage, it is necessary to 
screen several cultivars for their ability to induce 
callus and regenerate plants from different 
explants, and to start selection for tolerance to 
salinity. 
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