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Shoot culture as plant material to study gene expression under the influence
of different regeneration pathways and stress conditions in Lycopersicon
esculentum Mill
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Abstract
Shoot regeneration on cotyledon or hypocotyl explants excised from tomato seedlings and obtained from

seeds germinated on MS medium without growth regulators was used to establish tomato shoot culture.
Tomato regeneration was influenced by the physiological condition of the donor of explants as well as the
explants type. Comparison between the morphogenesis type, SDS and native PAGEs indicated that gene
expression can be used to differentiate between tomato cultivars and early determination of the
differentiation type, where conditions stimulated shoot organogenesis increased the number and/or the
staining intensity of peroxidase and indophenol oxidase bands as well as induced the expression of
specific polypeptides. Shoot cultures were used to study gene expression under the influence of stress
conditions. Increase in isoenzyme activity under the influence of relatively high concentration of NaCl,
manniol or cupper CuSO4 as well as high temperature treatment resulted from increase the number of
isoenzyme forms and/or increase the staining intensity of some isoenzyme forms. SDS PAGEs indicated
that stress conditions caused an induction or inhibition of the synthesis of some polypeptides. Shoot
culture established ideal condition to study gene expression under the influence of biotic and abiotic stress
factors in tomato.
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Introduction

Tomato (Lycopersicon esculentum  Mill) Lycopene is the carotenoid, which causes

belongs to the family Solanaceae. It is a diploid
plant with 2n = 24 chromosomes. It is grown in
almost every country of the world. Nowadays,
tomato is grown in an area of around 3.9 million—
hectares worldwide. Tomato is one of the
important plants, which plays a vital role in
maintaining human health, vigor and helpful in
of the

properties found in the ripe fruit. In addition,

healing wounds because antibiotic
tomato is a rich source of Vitamin C, Vitamin B,
fibers and a good source of B-carotene (Raziuddin
et al, 2004).
approximately 20-50 mg of lycopene/100 g of

fruit weight (Kalloo 1991).

Tomato fruit consists of

colours of fruits and vegetables. Lycopene is the
powerful
protects human cells from free radicals that
degrade many parts of the body, and prevents
cancer (Block ef al., 1992; Gerster 1997; Rao and
Agarwal 2000).

Development of in vitro selection can provide
new procedures for the production of stress
tolerant plant cultivars. Tissue culture techniques

most antioxidant; consequently, it

of tomato were successfully used for selection of
tolerant cell lines for various biotic and abiotic
stresses under laboratory conditions, as it needs
comparatively less effort and fewer resources than
selection of tomato genotypes using traditional
procedures under field conditions.
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Selection of cell lines for salt and drought
tolerance, has been achieved by gradual exposure
of cells to stress levels in the growth medium
(Srivastava et al., 1995; Hassanein 1999, 2004,
He et al. 2009). The ability to regenerate large
number of plants, in short time, at any time, from
small plant material can be used to clone the
genetically engineered plants (Petitprez et al.,
2005) and artificial seed production (Hassanein et
al., 2005; Salem 2009). The techniques have been
modified and optimized for the production of
plant products, haploids,
somatic embryos as well as sexual and somatic
hybrids.
made to transfer the higher regenerative ability of

economic natural
In this concern, attempts have been

wild varieties to cultivated tomatoes. Although,

essential and valuable information become
available on the tissue culture of tomato, the
techniques have not been developed to a level at
which they can be utilized
multiplication of commercially
cultivars (Bhatia et al., 2004).

Tissue culture systems are also used to

in large-scale
important

evaluate stress tolerance at the cellular level,
genetic germplasm
improvement (Duncan et al., 1991), and to
transfer elite genes from other plants or other

create variation  for

living organisms to improve distinct plant species
(Kresovich et al., 1987; Hagio et al., 1991).

Sterilization requirements needed to
establish tomato in vitro culture from seeds

Tomato seeds of any cultivar (Cassel rock,
Strain-B and Boture) can be used to establish
shoot cultures. In general, seeds were surface
sterilized and transferred to germinate on the
culture medium. The obtained seedlings were
used as a source for explants to establish tomato
shoot culture. Efficient surface sterilization, was
obtained when tomato seeds were treated with 5%
Clorox solution [sodium hypochlorite (NaCIO)]
for 5 minutes, followed by 70% ethyl alcohol for
10 minutes. The concentration as well as the

duration of soaking may be reduced or increased
according to the need. As long as 45 min soaking
in 10% used. Other
disinfectants including calcium hypochlorite and

Clorox was surface
mercuric chloride were used. Three rinses with
sterile distilled water were applied to remove the
disinfectant before seeds culturing on MS
medium under tissue culture conditions (Saad
2010).  Seeds high

concentrations of both Colorox and/or ethyl

tolerate  relatively
alcohol than soft plant tissues. Consequently,
pure cultures could be easily established and the
toxic effect of disinfection agents was avoided. In
ten days, healthy-pure tomato seedlings were
obtained and they were used as explant-donor
material for callus induction and shoot
regeneration from cotyledon, hypocotyl, and

radical explants (Saad 2010).

Tomato regeneration using different types
of explants

The registered differences in the regeneration
potential of different organs and explants have
various explanations. They include differences in
the stage of the cells in the cell cycle, the ability
to transport endogenous growth regulators, and
the metabolic capabilities of the cells (Novak and
Maskova 1979; Ancora and Sree-Ramulu 1981;
Zapata et al,. 1981). Meristematic organs are the
most commonly used as tissue explants, they
obtained from organs such as the stem tip,
auxiliary bud and root tip (Edwin et al., 2008).
The tissues undergo high rates of cell division;
they either concentrate or produce required
growth regulating substances including auxins
and cytokinins (Ferguson and James 2006).
Regeneration  of (Lycopersicon
esculentum Mill.) has been a subject of great

tomato

number of researches because of its amenability
for further improvement via genetic manipulation
(Evans 1989, Wing et al., 1994; Hassanein et al.,
1998, Fayez and Hassanein 2000; Hassanein
2004a; Saad 2010). Numerous reports on plant
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regeneration from a wide rang of explants of wild
and cultivated tomato germplasm were described
(Padmanabhan et al., 1974; Cassells 1979; Novak
and Maskova 1979; Ancora and Sree-Ramulu
1981; Zapata et al,. 1981; Saad 2010).

Organogenesis in tomato was achieved from
different explant tissues: cotyledons, stems and
hypocotyls (Branca et al., 1990; Compton and
Veilleux 1991; Gubis et al., 2004; Saad 2010).
Tomato is one of the most studied higher plants
because of its importance as a crop species, and
of several advantages for genetic, molecular and
physiological studies (Mccormic et al., 1986;
Hassanein 1993; Wing et al., 1994; Hassanein
2004, ,,; Matoo and Handa 2008).

Tomato regeneration as influenced by the
physiological conditions of the donor
explants and explants type

In general, the disinfected tomato seeds were
germinated on basal MS medium without growth
regulators and used as plant materials to establish
shoot culture. In addition, shoot culture can be
established after direct or indirect regeneration
types of explants
cotyledons, hypocotyls or radicals obtained from

from different such as
ten days old seedlings. The physiological state of
plant from which the explant was taken was
extremely important for regeneration processes.
Explants obtained from seeds germinated on MS
medium without phytohormones expressed higher
regeneration response values in comparison to
those germinated on MS medium supplemented
with relatively high concentration of BAP (11.2
mg/l BAP), irrespective the type of explant (Saad
2010). Under these conditions, the endogenous and
exogenous BAP content of tissues of the seedlings
germinated on a medium containing high BAP was
not suitable for induction of tomato regeneration.
The effect of
concentration of BAP on axillary shoot formation

promotive relatively  low

was reported in tomato and other plant species

(Burger, 1987; List et al., 1996; Hassanein 2004, ;
Hassanein et al. 2008; Hassanein et al., 2009; Saad
2010).

The morphogenic response of cultured tomato
tissues was affected by the chemical components
of the culture media, especially the type and
concentration of growth regulators (Saad 2010).
When tomato explants (cotyledons, hypocotyls and
radicals) were cultured on MS medium containing
different light
condition, they began to enlarge in 3 days of
culture, expanded to a considerable size and
became dark green. The cultured explants showed
with This

size and formed

hormonal treatments under

continuous enlargement time.

enlargement increased in
unorganized callus or initiated organ primordia
the  light
phytohormones as was reported in previous reports
(Hassanein and Soltan 2000; Hassanein and
Mazen 2001; Hassanein 2004,; Saad 2010).
Regeneration of adventitious buds appeared from

the enlarged explant within two weeks, and

depending on treatment  and

developed into normal adventitious shoots within 6
weeks of culture. The regeneration potential of
explants depended on the hormonal component of
the media. MS medium supplemented with 4.48
mg/l BAP was the best as it resulted in the highest
number of buds capable of further development to
form shoot (Figs. 1 and 2).

Fig. (1): Photograph showing clusters of multiple
shoots on cotyledon explants after culturing on MS
medium supplemented with 4.48 mg/l BAP for four
weeks.
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Fig. (2): Photograph showing the enhancement of
normal shoots growth in glass jar containing MS
medium without growth regulators for four weeks.

Regeneration frequency was reduced when
BAP (448 mg/l) in combination with low
concentration of NAA (0.2 mg/l) were used.
Hassanein (2004,) reported that in Alhagi
graecorum, the role of 2,4-D as trigger of somatic
embryogenesis and BAP as trigger of adventitious
bud formation was deduced, but for maximum
yield, certain auxin-cytokinin ratio should be
applied. In addition, endogenous and exogenous
growth regulators play an important role in the
needed ratio (Hassanein 2004,).

Induction of adventitious buds from cotyledon
or hypocotyls of explants
recommended in our lab. These cotyledons were
excised from ten days old seedlings obtained from
seeds germinated on MS medium without growth
regulators.  Radical  explants
recommended for adventitious bud formation
where, small calli were formed irrespective the
type or the concentration of phytohormones. The
response of different tomato cultivars expressed
different Cassel
recommended to establish tomato shoot culture to
study the effect of biotic and abiotic factors on

tomato was

were not

values. rock cultivar is

gene expression.

Oxidases expression of different tomato
cultivars

Studying the protein components of the SDS
PAGE and isozyme patterns of peroxidases were
used to differentiate between plant lines or

cultivars (Takesley and Orton 1983; Ochatt et al.,
2005; Hassanein et al. 2008; Sikdar et al., 2010).

The expression of peroxidase isozymes of three
tomato cultivars indicated that no variation could
be detected among Strain-B, and Boture cultivars.
Although, three peroxidase bands (POX-2, POX-3
and POX-6) were not detected in Cassel rock
cultivar but they were detected in the other two
cultivars (Fig. 3). 1 5
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Fig. (3): Native gel -electrophoresis of POX
isoenzymes in shoots of the three tomato cultivars.
Lane 1: Cassel rock, Lane 2: Strain-B, Lane 3: Boture.

IPOX-13
IPOX-12
IPOX-11
IPOX-10
IPOX-9
IPOX-8
IPOX-7
IPOX-6

IPOX-5

10PX-4

nAv o

Fig. (4): Native gel of IPOX

electrophoresis
isoenzyme in shoots of the three tomato cultures. Lane
1: Cassel rock, Lane 2: Strain-B, Lane 3: Boture.
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On the
expression can be used to differentiate between

other side, indophenol oxidase
tomato cultivars, one new indophenol oxidase
band (IPOX-1) was detected in Cassel rock
cultivar, four new indophenol oxidase bands
(IPOX-7, IPOX-9, IPOX-11 and IPOX-12) were
detected in Strain-B, and Boture shoots (Fig. 4).
Studying of these enzymes is very important
because phenol oxidases as antioxidants use
phenolic compounds to detoxify reactive oxygen
species (Elstner and Osswald 1994). Antioxidants
play an improvement role in proliferation and
regeneration ability in diverse plant species
(Benson and Roubelakis-Angelakis, 1994; Elstner
and Osswald 1994; Foyer et al., 1994; Poolle
1995). A parallel relation between the synthesis of
phenolic compounds and phenol oxidases as well
as regeneration ability was also reported by
(1992)
Hassanein (1999). Cassel rock is recommended to
study the influence of stress conditions on gene
expression under in vitro conditions because it

Nicholson and Hammerschmidt and

expressed the highest response to the used culture
condition (Saad 2010).

Gene expression in stem explants under
the influence of different regeneration
pathways

It is well known that isoenzymes are organ-
specific; their
developmentally controlled. A change in the
isoenzyme pattern of any particular organ during a
particular phase of development was marked by
the appearance or disappearance of the isoenzyme
form. Such changes in isoenzyme expression
suggest that the genes involved in the synthesis of
these isoenzymes are differentially activated
during development (Chawla 1991).
expression of tomato plant (Cassel rock) under the
influence of different differentiation pathways was
studied using native and SDS PAGEs. Induction of
bud formation was fulfilled on MS medium
supplemented with 4.48 mg/l BAP; induction of

expression is usually

Gene

callus formation was accomplished on MS
medium supplemented with 2 mg/l BAP + 0.2
mg/l NAA; but induction of root initiation was
fulfilled on MS medium supplemented with 1 mg/1
IBA (Saad 2010).

Comparison between the morphogenesis data
the that

conditions organogenesis

and isoenzyme patterns indicated

stimulated  shoot
increased the number and/or the staining intensity
of peroxidase and indophenol oxidase bands.
Increasing the staining intensity of POX bands
under conditions stimulating adventitious bud
formation in comparison to those stimulating
callus or root formation gave indication about
increase of the peroxidase activity prior to
adventitious bud formation.
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Fig. (5): Native gel electrophoresis of POX isoenzyme
during culture of stem explants for seven days on bud
initiation medium (Lane 2), callus induction medium
(Lane 3), and root initiation medium (Lane 4) in
comparison to those cultured on hormone-free
medium (Lane 1) as a control.

The intensity of isoenzyme bands
indication about the activity of these isoenzymes
reported previously (Khavkin
Zabrodina 1994; Hassanein 1998; Hassanein et al.,
2009). In this concern, new POX bands were
detected during the tendency of tomato tissue to

gives

as was and
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form adventitious buds. Increase in peroxidase
activity
catabolism, resulting in lowering endogenous

automatically  accentuated  auxin

auxin  level.  Consequently, an  optimal

auxin/cytokinin ratio favors the formation of

adventitious buds.
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Fig. (6): of IPOX

electrophoresis
isoenzyme during culture of stem explants for seven
days on bud initiation medium (Lane 2), callus
induction medium (Lane 3), and root initiation
medium (Lane 4) in comparison to those cultured on
hormone-free medium (Lane 1) as a control.

Native gel

Callus formation resulted in a decreased in the
number and staining intensity of several POX
bands in comparison to POX expression under the
influence of root or shoot formation (Fig. 5). In
general, conditions stimulating callus formation
expressed the lowest number of peroxidase bands
and relative peroxidase activity, as was reported in
other reports (Wakamatsu and Takahama 1993;
Hassanein 2004,). It may be due to the nature of
this plant material, as it was characterized by high
pressure and low osmotic potential (Hassanein

2004,).

IPOX expressed distinct pattern when the tomato
stem cuttings were cultured under conditions
stimulating root formation (Fig. 6), where a new
IPOX band was detected (Saad 2010). The capacity
of phenolic compounds to act as auxin synergists
during root formation is well known (Hu and Wang
1984). Elstner and Osswald (1994) reported that de
novo synthesized phenols and indophenols oxidase
play an important role as antioxidants and regulators
of enzyme activities. These processes may be
enhanced also during root and callus formation of
tomato. The capacity of phenolic compounds to
promote root formation is known and depends on
plant species (Hassanein et al. 1999). The presence
of leaves and shoot tips as a system for the
regulation of endogenous hormones and as a
receiver of light was very important for the root
organogenesis. This suggests that the light-induced
synthesis compounds, which
synergised the role of IBA in the root formation
(Hassanein ef al. 1999). The stimulation of root

of  phenolic

growth under light conditions may be due to the
reduction in the auxin concentration, which may in
turn be due to the oxidation of auxin under
illumination conditions.

The regeneration potential of the cultured tissue
was dependent on both scavenging potential and
the ability to produce H,O, through NADH-POX
activity. Phenol oxidases use phenolic compounds
to detoxify reactive oxygen species (Nicholson and
Hammerschmidt 1992; Benson and Roubelakis-
Angelakis 1994; Elstner and Osswald 1994).
Under light conditions, phenol oxidizing enzymes
may prevent the accumulation of a toxic
concentration of H,O, and consequently enhance
the organogenesis of the cultured tomato tissues as
was reported in other plant species (McComb and
Newton 1981; Hassanein and Mazen 2001; Koca
et al., 2007; Athar et al., 2008).

SDS PAGE pattern of Cassel rock stem
cuttings the of the
differentiation conditions for seven days indicated

under influence three
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that, one new polypeptide with molecular weight
of 36.5 KDa was detected during bud and root
initiation conditions, but it was not appeared in
plant materials cultured on callus induction
medium. In addition, the staining intensity of a
polypeptide band with a molecular weight of 31.5
KDa increased in plant materials subjected to bud
initiation conditions (Saad 2010). Comparison
between native and SDS PAGEs indicated that
staining  for  specific  isoenzymes = was
recommended than SDS PAGEs to differentiate
between tomato cultivars and early determination
of the regeneration type.

It becomes clear that peroxidases respond
dramatically to multiform environmental stresses
(Andreeva 1988; Gaspar et al., 1991). The cells
obtained from different organs when grew in tissue
culture and exposed to identical conditions, they
developed a uniform pattern of isoenzymes
(Watanabe et al., 1994). In addition, this enzyme
system has been used as a model to study hormonal
control of growth and morphogenesis processes in
plants (Galston and Davies 1969).

Alteration in gene expression of tomato
cultivars under the influence of different
stress factors

Plant tissue culture has been proposed as a
useful, quick and economical tool for evaluating
the stress tolerance via shoot organogenesis from
leaf explants, and the shoot apex growth (Mercado
et al., 2000). Because the activated oxygen is
toxic, it has to be under strict control of

detoxification  processes, eg. detoxificating
enzymes. This may be achieved by activation of
isoenzymes such as peroxidases. Consequently,
studying peroxidase, indophenol oxidase is an
important step towards understanding the effect of
abiotic stress on tomato plant (Hassanein 1998,
1999, 2004,). Peroxidase isoenzymes have been
investigated more than any other plant isoenzyme
because of their common occurrence and the ease

of their detection (Scandalios 1974; Hassanein

1993, 1998, 2004,).
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Fig. (7): Native gel electrophoresis of POX isoenzyme
of tomato shoots under the influence of different
concentrations of NaCl. Lane 1: Cassel rock shoots on
basal MS medium (control); Lanes 2, 3, 4, 5 and 6:
Cassel rock shoots subcultured on MS media
supplemented with 50, 100, 150, 200, and 250 mM
NaCl for two weeks respectively.

The alteration of gene expression in shoots of
three tomato cultivars under the influence of
relatively high salt concentration (250 mM of
NaCl) for two weeks was studied using native and
SDS PAGEs (Saad 2010). The used three tomato
cultivars expressed different response to relatively
high NaCl concentration. In general, the staining
intensity of the peroxidase bands increased when
the plant shoots were subcultured on MS medium
containing relatively high NaCl concentration (250
mM). The number and density of [POX bands and
staining intensity of IPOX bands increased when
the used tomato cultivars were subjected for
relatively high concentrations of NaCl (Fig. 7).
SDS PAGEs indicated that subjecting tomato
shoots to relatively high NaCl concentration
resulted in an expression of new polypeptides with
molecular weights of 36, 70, 73, 85, 135 and 150
KDa (Saad 2010).

Peroxidase and indophenol oxidase activities
increased when the
subjected for high cupper concentration in culture

tomato cultivars were
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media (Saad 2010). The registered increase of the
enzyme activity was illustrated by the increase in
the staining intensity of bands of both visualized
isoenzymes (Khavkin and Zabrodina 1994,
Hassanein 1998, 2004,,, Hassanein et al., 2009).
SDS PAGE analysis indicated that expression of
polypeptide with molecular weight of 110 KDa
was detected in the studied tomato cultivars when
they were subcultured on MS medium
supplemented with 7.85 mg/l CuSO4 (Saad 2010).
Heavy metal at higher concentration, as other
environmental stresses triggers a wide range of
cellular responses including changes in gene
detoxifying
polypeptides (Xiang and Oliver 1998; Suzuki et
al.,2001; Louie et al., 2003).

The effect of relatively high temperature on

expression and  synthesis  of

gene expression of three tomato cultivars was
studied (Saad 2010).
cultivars expressed different peroxidase pattern
under the influence of high temperature (40 °C).
High temperature condition caused an induction or

The used three tomato

inhibition in the synthesis of some polypeptides in
the shoots of tomato plants. Extreme temperature
reduces the rate of photosynthesis by lowering the
activity of enzymes involved in CO2 assimilation
(Martin and Herbert 1983). In addition,
temperature interacts with light to control
photorespiration and photoreduction of oxygen
resulting in  the
concentration of H,O,. The rate of photoreduction

formation of elevated
of oxygen is increased with increasing light
intensity, reaching saturation at a light intensity
similar to or even lower than that required for
maximum photosynthetic  electron transport
(Hodgson and Raison 1991; Poolle 1995; Heber et
al., 1996). Photoreduction of oxygen is enhanced
by extreme heat stress, especially if the stress
condition decreases CO, assimilation and it needs
detoxification through detoxification enzymes
such as peroxidases. It explains the increase of
activity of peroxidases under stress.

Native and SDS PAGEs indicated that gene
expression of tomato cultivars was influenced by
water stress resulted from mannitol in growth
of peroxidase
isoenzyme forms increased with the increase of

medium. Staining intensities

mannitol concentration (300 mM). Regeneration

and gene expression of drought-ensitive
Lycopersicon  esculentum  under  different
concentrations of mannitol were studied

(Hassanein 2004,). Peroxidase activity increased
under drought stress conditions, where new
isoenzyme forms of peroxidase were detected.
When plants experience water deficits, stomatal
pores close (Lawlor and Cornic 2002; Saccardy et
al., 1996; Tezara et al., 1999) leads to decreases in
photosynthetic CO, assimilation due to restricted
diffusion of CO, into the plant leaves (Pelleschi et
al., 1997). Closure of stomata as a result of water
deficit CO,
concentration in the leaf mesophyll resulted in the
accumulation of NADPH in the chloroplasts. This
situation resulted in decreasing the cell content of
NADP. Consequently, O, acts as an alternative
electron acceptor resulting in the formation of
superoxide radical (Gamble and Burke 1984;
Baisak et al., 1994; Sairam et al., 1998) leading to
oxidative stress.

and consequent decrease in
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