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T omato  (Solanum  lycopersicum
Mill.), 2n=2x=24; is the most im-
portant vegetable crop in the world after
potato, being cultivated in many regions
of the world. In terms of medical science,
it encompasses antioxidant lycopene (al-
kaloids) a health promoting compounds
whose consumption reduces the incidence
of many types of cancer (Pohar et al.,
2003). It is one of the most important pro-
tective foods as it possesses appreciable
quantities of vitamins and minerals and
sometimes rightly referred to as poor
man’s orange (Devi et al., 2008). Tomato
was also used as Dbioreactor in
biopharming for the production and oral
delivery of vaccines (Jiang et al., 2007).

Somaclonal variation; a common
phenomenon in plant cell cultures, in-
cludes all types of variations among plants
or cells that derives from all kinds of tis-
sue cultures (Larkin and Scowcroft, 1981;
Evans et al., 1986; Filipecki and
Malepszy, 2006). When plants are regen-
erated from somatic cells via cell culture,
they show genetic variability. The varia-
tions can be genotypic or phenotypic,
which in the latter case can be either ge-
netic or epigenetic in origin. This variabil-
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ity may be epigenetic and transmitted
through meiosis. However, stable genetic
changes are common and, if useful, can be
of interest to plant breeders. These genetic
changes are usually due to any of the fol-
lowing causes: changes in chromosome
numbers (polyploidy and aneuploidy),
chromosome  structure  (translocations,
deletions, insertions and duplications) and
DNA sequence (base mutations), cyto-
plasmic gene change, chromosome rear-
rangements, mitotic crossing over and
activation of transposable elements (Leva
et al., 2012). The best application of
somaclonal variation to conventional plant
breeding lines is introducing the best
available varieties into cell culture and
selecting among regenerated plants or
their progeny for the desired changes.

DNA markers provided valuable
tools in various analyses ranging from
phylogenetic to the positional cloning of
genes. Scoring of morphological and bio-
chemical changes in plant can be useful in
some studies, but variations generated
from them are limited diversity and trait
may be affected by environmental influ-
ences. Molecular techniques such as Ran-
dom Amplified Polymorphic DNA
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(RAPD) is often favored over traditional
phenotypic, cytological and biochemical
analysis, and generally assess even if
small variations were introduced to the
genome. Detection of somaclonal varia-
tions using RAPD markers has several
advantages. RAPD markers are technical-
ly simple, quick to perform with small
amount of DNA and do not require previ-
ous information about genome or radioac-
tive labeling (Michelmore et al., 1991).
RAPDs are usually dominant and are in-
herited in a simple Mendelian fashion.
Thus RAPD analysis is a useful tool for
determining genetic relationships among
regenerated plant and their original culti-
vars. The use of the PCR-based RAPD
technique to detect somaclonal variations
has been applied successfully to several
plant species, such as Lolium (Wang et al.,
1993) and Allium sativum L. (Al-Zahim et
al., 1999) it has also been applied for to-
mato (Soniya et al., 2001) and potato
(Khatab, 2000). The aim of the present
study was to identify polymorphic RAPD
markers in tomato cultivar to detect the
somaclonal variations in plants generated
from tissue culture.

MATERIALS AND METHODS
1. Plant Materials

Four commercial varieties of toma-
to (Solanum lycopersicum Mill.) were
used in the present investigation; namely,
Super Strain B, Castle Rock, Advanttage
Il and Edkawy as well as sixteen
somaclones which were regenerated
through tissue culture technique using

cotyledon and hypocotyl explants from
them (Table 1).

2. Molecular analysis
2.1. DNA extraction

For DNA extraction, approximate-
ly 150 mg fresh leaves of sixteen
somaclones randomly selected from their
original cultivars (Super Strain B, Castle
Rock, Advanttage Il and Edkawy) were
frozen in liquid nitrogen and ground to a
fine powder using mortar and pestle. DNA
was extracted by the CTAB method ac-
cording to Doyle and Doyle (1990). Each
sample was then washed with chloroform:
isomyl alcohol (24:1) precipitated with
isopropanol and resuspended in TE buffer
(10 mM Tris-HCI and 1 mM EDTA, pH
8.0). RNA was removed by adding of 0.5
mg of RNase per sample.

2.2. Polymerase Chain Reaction (PCR)

Eleven RAPD random primers
were used to identify polymorphism be-
tween the four parental genotypes and
their somaclones. The details of primer
sequences are given in (Table 2).

DNA amplification

Somaclones and their original cul-
tivars were subjected to RAPD-PCR anal-
ysis. Polymerase Chain Reaction (PCR)
was carried out in the presence of 12.5 pl
master mix, 1.0 ul template DNA, and 2.0
ul primer (15 pM/ul) and 9.5 pl sterile
distilled water in a total volume of 25 pl.
PCR amplification was performed in au-
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tomated thermal cycler (MJ-Mini, Bio
Rad) programmed as follow: 95°C for 4
min. followed by 40 cycles of 1 min. for
denaturation at 94, 30 sec. for annealing at
37°C and 1.30 min. for polymerization at
72°C, followed by a final extension step at
72°C for 7 min. The amplification prod-
ucts were resolved by electrophoresis in
1.5% agarose gels in 0.5 X TBE buffer.
The gels were stained with ethidium bro-
mide and photographed by gel documenta-
tion system (UVITEC, UK). The ampli-
fied bands were scored for RAPD marker
based on the presence (+) or absence (-) of
bands.

RESULTS AND DISCUSSION
RAPD analysis for somaclones

The aim of the present study was to
detect the somaclonal variation in plants
generated from tissue culture. RAPD
analysis was used to determine the genetic
variability among sixteen somaclones and
their original cultivars; Super Strain B,
Castle Rock, Advanttage 1l and Edkawy
(Table 1). Out of eleven random primers
used, only six primers (OPAO1, OPAQ2,
OPA03, OPAQO4, OPAO5 and OPB11)
successfully produced scoreable RAPD
bands for all the tested genotypes (Tables
3, 4,5, 6,7 and 8). The patterns of DNA
amplification using different primers are
shown in (Figs 1 a, b, ¢, d, e, f). Among
the primers used, OPAQ5 produced the
highest number of bands (16 bands) while
primers OPA04 produced the lowest num-
ber (12 bands). DNA amplification with
six different primers generated 285 bands
(total No. of band for the sixteen

somaclones and their original cultivars),
130 of them were polymorphic and 155
monomorphic bands (Table 9). Regarding
original cultivars and their somaclones,
Table (9) illustrated that all primers pro-
duced 73 bands in Super Strain B cultivar
and its somaclones, out of them 40 bands
were polymorphic with polymorphism
percentage of 54.8%. Primer OPAQ2 pro-
duced the highest number of polymorphic
bands (11 bands) while primer OPAQ5
produced the lowest number (one band).

Regarding Castle Rock cultivar and
its somaclones, all primers produced 77
bands out of them 33 bands were poly-
morphic with 42.9% polymorphism. Pri-
mer OPAO02 produced the highest number
of polymorphic bands (nine bands) while
primers OPAO5 and OPB11 produced the
lowest number of bands (three bands).

As for Advanttage Il cultivar and
its somaclones, all primers produced a
total of 71 bands out of them 30 bands
were polymorphic with 42.3% polymor-
phism. Primer OPAOQ2 produced the high-
est number of polymorphic bands (eight
bands) while primer OPAOQ5 produced the
lowest number (two bands).

Edkawy cultivar and its
somaclones, exhibited a total of 64 bands
were produced from all primers out of
them, 27 bands were polymorphic with
polymorphism percentage of 42.2%. Pri-
mer OPAO02 produced the highest number
of polymorphic bands (nine bands) while
primer OPAQ5 produced the lowest num-

ber of bands (three bands).
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Some new additional bands/loci
occurred in some somaclones and absent
in their original cultivars example, bands
with sizes 800, 500, 300, 275 and 225 bp
amplified by OPAO1 for Super Strain B
somaclones (Table 3 and Fig. 1 a), also
bands with size 200 bp amplified by
OPAO02 for some Castle Rock somaclones
(Table 4 and Fig. 1 b). Also bands with
size 1350, 1150, 1000, 900, 800 and 500
bp which amplified by OPAQ03 for
Advanttage Il somaclones (Table 5 and
Fig. 1 c). On the other hand, some bands
present in the original cultivars and absent
in one or more of their respective
somaclones, for example, bands with size
(1500, 1350 and 200 bp) amplified by
OPAO3 for Castle Rock cultivar (Table 5
and Fig. 1c). The results showed that,
most of the used primers revealed unique
bands in most regenerated somaclones.
These unique bands were absent in their
original cultivar for example, band with
size 500 bp which amplified by OPA04
for Super Strain B somaclones (SS10)
(Table 6 and Fig. 1 d). Also bands with
size 2000 and 100 bp which amplified by
OPB11 for Advanttage Il somaclones
(SA9 and SA2), respectively (Table 8 and
Fig. 1 f). Also band with size 1600 bp
amplified by OPAO5 for Edkawy
somaclones (SE2) (Table 7 and Fig. 1 e).

These results were in agreement
with those obtained by Abd El-Hady et al.
(2010) who examined eight tomato varie-
ties using RAPD markers by seven ran-
dom primers and the results revealed a
high level of polymorphism among the
studied genotypes. Our results were also

agreement with Tabassum et al. (2013)
who obtained 94.16% polymorphism
among the tomato varieties. The results
were also in agreement with earlier reports
on the application of RAPD in describing
genetic polymorphism among regenerated
plants in several other plants, viz., rice
(Khai and Lang, 2005), oil palm
(Sanputawong and Techato, 2011) and in
tomato (Shalaby and El-Banna, 2013).

It could be concluded that RAPD
can be successfully used to detect
somaclonal variations among in vitro re-
generated tomato plants. Numerous re-
searches proved that the sensitivity of
RAPD was adequate enough to detect
genetic changes in many tissue culture
derived plants; for instance, sugar cane
(Devarumath et al.,, 2007), sorghum
(Singh et al., 2006) and apple (Bernardo
and Itoiz, 2004). The relatively high fre-
quency of variations (ranged between
42.2% for Edkawy to 54.8% for super
strain B) detected here might bias stable
plant propagation. However it could be
regarded as a novel source of tomato im-
provement.

SUMMARY

Eleven random primers were used
to study somaclonal variation among six-
teen somaclones derived from four paren-
tal genotypes (Super Strain B, Castle
Rock, Advanttage Il and Edkawy). Out of
eleven random primers used, only six pri-
mers (OPAQO1, OPAQO2, OPAOQ3, OPA04,
OPAQ5 and OPB11) successfully pro-
duced scoreable RAPD bands for all the
tested genotypes. DNA amplification with
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the six different primers generated 285
bands 130 of them were polymorphic and
155 monomorphic bands in all the geno-
types studied. Among the primers used,
OPAOQ5 produced the highest number of
bands (16 bands) while primers OPAO4
produced the lowest number (12 bands).
RAPD patterns generated by these primers
achieved high polymorphic percentage,
indicating high level of genetic variations
among somaclones and their parental gen-
otypes. Super Strain B cultivar showed the
highest number of polymorphic percent-
age 54.8%, while Advanttage Il and
Edkawy cultivars showed the lowest per-
centage of somaclonal variations 42.3%
and 42.2%, respectively. The relatively
high frequency of variations detected here
might bias stable plant propagation. How-
ever it could be regarded as a novel source
of tomato improvement.
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Table (1): Name of parental genotypes and its somaclones.
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Somaclones Parents
Super strain B Castle Rock | Advanttage Il Edkawy
1 SS1 SC1 SA2 SE2
2 SS4 SC4 SA3 SE3
3 SS6 SC6 SA7 SE5
4 SS10 SC9 SA9 SE7
Table (2): Details of the used primers and their nucleotide sequences.
Primer Primer sequence Annealing Primer Primer sequence Annealing
name (5-3) tempfrature name (5-3) tempfrature
(S S
OPAQO1 | 5 CAGGCCCTTC 3’ 34 OPAQ7 | 5 GAAACGGGTG 3 32
OPAQ02 | 5 TGCCGAGCTG 3’ 34 OPAQ8 | 5 GTGACGTAGG 3 32
OPA03 | 5 AGTCAGCCAC 3 32 OPAQ9 | 5 GGGTAACGCC 3’ 34
OPA04 | 5 AATCGGGCTG 3’ 32 OPA10 | 5 GTCATCGCAG ¥ 32
OPA05 | 5 AGGGGTCTTG 3’ 32 OPB11 | 5 GTAGACCCGT 3’ 32
OPA06 | 5 GGTCCCTGAC 3 34

Table (3): Survey of RAPD markers selected to detect somaclonal variations in Super Strain
B (SB), Castle Rock (CR), Advanttage Il (All), Edkawy (ED) and their
somaclones for primer OPAOL.
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Table (4): Survey of RAPD markers selected to detect somaclonal variations in Super Strain
B (SB), Castle Rock (CR), Advanttage Il (All), Edkawy (ED) and their
somaclones for primer OPAQ2.
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Table (5): Survey of RAPD markers selected to detect somaclonal variations in Super Strain
B (SB), Castle Rock (CR), Advanttage Il (All), Edkawy (ED) and their
somaclones for primer OPAOQ3.
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Table (6): Survey of RAPD markers selected to detect somaclonal variations in Super Strain
B (SB), Castle Rock (CR), Advanttage Il (All), Edkawy (ED) and their
somaclones for primer OPA04.
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Table (7): Survey of RAPD markers selected to detect somaclonal variations in Super Strain
B (SB), Castle Rock (CR), Advanttage Il (All), Edkawy (ED) and their
somaclones for primer OPAO05.
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Table (8): Survey of RAPD markers selected to detect somaclonal variations in Super Strain
B (SB), Castle Rock (CR), Advanttage Il (All), Edkawy (ED) and their
somaclones for primer OPB11.
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1000 |-|-|-|+ |+ [+ |- |+ |+ |+ |+|+[+|+]|+]|-|+]+]+]+
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Table (9): Distribution of RAPD markers among the four tomato cultivars and their sixteen
selected somaclones.

Cultivar
Primer Super Strain B Advanttage |1
T M P U P% T M P U P%
OPA01 15 6 9 - 60.00 14 9 5 1 35.70
OPAO02 12 1 11 - 91.60 9 1 8 1 88.89
OPAO3 15 6 9 - 60.00 14 7 7 1 50.00
OPA04 5 1 4 1 80.00 7 2 5 2 71.43
OPAO05 14 13 1 - 7.14 14 12 2 - 14.28
OPB11 12 6 6 2 50.00 13 10 3 2 23.57
Total 73 33 40 3 54.20 71 41 30 7 42.30
Primer Castle Rock Edka
T M P U P% T M P U P%
OPA01 15 10 5 - 33.30 14 10 4 - 28.60
OPA02 13 4 9 3 69.23 10 1 9 - 90.00
OPAO3 15 7 8 - 53.33 7 7 0 - 0.00
OPA04 8 3 5 - 62.50 9 2 7 - 77.78
OPAO05 14 11 3 - 21.43 15 12 3 1 20.00
OPB11 12 9 3 1 25.00 9 5 4 1 44.44
Total 77 44 33 4 42.90 64 37 27 2 42.20

T- Total No. of band, M- Monomorphic, P- Polymorphic, U- Unique, P%- Polymorphism percentage.
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Fig. (1): RAPD banding patterns for: Super Strain B (SB) and its somaclones (SS1, SS4, SS6,
and SS10), Castle Rock (CR) and its somaclones (SC1, SC4, SC6 and SC9),
Advanttage Il (All) and its somaclones (SA2, SA3, SA7 and SA9) and Edkawy (ED)
and its somaclones (SE2, SE3, SE5 and SE7). M: 100 bp ladder marker.





