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Abstract

Tomato (Lycopersicon esculentum Mill.) belongs to the family
Solanaceae. It is rich in vitamin A and C and also has the
antioxidant properties. The in vitro response of high altitude
tomato variety Shalimar was tested using the ten days old
explants such as nodal and leaf for the multiple shoot
formation and callus induction respectively. Among the
different concentration of hormones tested, the maximum
percentage (90%) of multiple shoot in MS medium containing
BAP (2 mg/I). The callus induction (100%) was observed in 2, 4
-D (2 mg/l) combination with NAA (1 mg/l). Then the
preliminary protocol for the efficient transformation of cv.
Shalimar was standardized, using the binary vector pBI121 into
the Agrobacterium strain LBA4404. And transient GUS
expression was used as the basis for identifying the most
appropriate conditions for transformation. The transformed
leaf explants survived in selection medium (MS medium with 2
mg/| zeatin) fortified with 50 mg/l of each Kanamycin and
Cefatoxime. The transient GUS gene was confirmed by which
showed blue color formation through GUS assay.

Keywords: Lycopersicon esculentum - Agrobacterium - GUS -
Kanamycin - Cefatoxime - 2, 4 —D - BAP - NAA - Zeatin.

Introduction

Tomato has been widely used not only as
food, butalso as research material. In addition,
thetomato belongs to the family Solanaceae andis
closely related to many commercially important
plants suchas potato, eggplant, peppers, tobacco
and petunias. Knowledge obtained from studies
conducted on tomato can be easily appliedto these
plants, which makes tomato as important research
material. There are numerous studies have been
reported on plant regeneration from a wide range of
tissues and organs @2 Adventious shoot
regeneration is formed directly3 and also form
indirectly through the callus formation® and both the
shoot and root formed togethers. Response of shoot
regeneration from the explants higher in the order
of leaves, cotyledons and hypocotyls for the cell
cultivars were proveds. Any part of plant species
(preferably young explants) can be used to induce
callus tissue. In culture this dedifferentiated mass of
cells can be maintained indefinitely, provided the
callus is sub cultured on fresh medium’. This study is
used for the shoot formation and callus from the
nodal and leaf explants of cv. Shalimar respectively
in the MS medium. This is useful to develop the cv.
Shalimar for the transformation to improve the
quality of tomato for the high altitude people.

Genetic transformation is a strategy used to
improve the quality and yield of tomato. Since the
first report of Agrobacterium mediated tomato
transformation®, there have been many reports of
genetic engineering in tomato for various purpose
such as characterization of gene function,
production of insect and disease resistant plants,
herbicide tolerance, improved fruit quality, delay in
fruit ripening, production of foreign proteins and
improved transformation protocolg"lo. Abiotic
stresses including heat, salinity, drought and
nutrient  deficiencies often  constrain  fruit
productivity”’”. Developing an effective approach
for improving abiotic stress tolerance is essential™.
Factors such as plant variety,16 explant material and
growth regulators17 have an influence on the
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efficiency of transformation in tomato. The present study it
has been aimed to develop the protocol for transformation
using Agrobacterium strain LBA4404 harboring pBI121 vector
containing GUS reporter gene and kanamycin resistance nptl/
genes. This will be helpful for the improvement of the high
altitude variety tomato in the nutritional level for the welfare
of human health.

Material and Method

Plants
Tomato cv. Shalimar obtained from DIHAR, DRDO,
Laddak, India (Fig 1).

In vitro studies

The in vivo grown shoots were used as source of two types
of explants: Nodal explants, leaf segments were cultured into
tubes containing MS medium with different hormone
concentration of BAP (0.5-2 mg/l) alone and the combination
of 1 mg/l of IBA and KIN for multiple shoot formation and 2, 4
D (0.5-2 mg/l) individually and the combination of (0.5 and 1
mg/1) of NAA and IAA for callus induction.

Agrobacterium mediated transformation

Agrobacterium tumefaciens strain LBA4404 was used for
plant transformations. Agrobacterium used for co-cultivation
carried the pBI121 vector. Agrobacterium cultures containing
binary vectors were grown in shaking culture flasks for 72 hr at
28°C and 200 rpm. Cells were pelletted at room temperature
at 5000 rpm, followed by washing with washing medium. The
pellet was resuspended in 10 ml of washing medium. Bacterial
cell density was measured using a spectrophotometer and
adjusted to the final working concentration by diluting it with
sterile liquid MS medium. The optical density (OD) 600 value of
0.6 corresponds to 10° cells/ml culture.

The growth room maintained at 25 + 2°C was used for
maintenance of pre culture, co -cultivation and callus
regeneration. Agrobacterium culture was carried out in a
rotary shaker at 150 rpm maintained at 28°C. Leaf sections and
shoots tips from matured tomato cv. Shalimar shoots were
used. They were pre-cultured for 48 h at 28°C on pre-culture
medium, with the adaxial surface in contact with the medium.
Healthy explants that responded to pre-culture, as evident by
swelling, were incubated in the bacterial suspension for 30 min
and inverted every 10 min during incubation. The explants
were then blotted on sterile tissue paper and co cultured on
the same pre-culture medium for 72 hr at 28°C with 40-50
explants in bottles. After exposure for different experimental
durations, co-cultured explants were washed 4-5 times with
sterile MS liquid medium, blotted on sterile tissue paper and
transferred to a selection medium containing 1 mg/L Zeatin for
regeneration. Each petriplate (9 cm) had 20-25 explants for
regeneration. Plates were cultured under a 16 hr light/8 hr
dark cycle at 20°C. Explants that showed callus formation were
sub cultured onto fresh selection medium every 15 days. The
transformation efficiency was calculated as the per cent co

cultivated  explants  producing independent
transformation events, leading to regeneration of a
complete plant on the selection medium.

Analysis of putative transgenic tomato explants

Histochemical assay was performed to
visualize GUS activityls. Briefly, leaf tissues from
randomly selected kanamycin resistant explants
growing in the selection media were incubated in
GUS histochemical buffer [50 mM sodium
phosphate, pH 7.0; 50 mM EDTA, pH 8.0; 0.5 mM
KsFe(CN)g; 0.5 mM K, Fe(CN)g; 0.1% Triton X-100; 1
mM  X-gluc (5-bromo-4- chloro-3-indolyl B-D-
glucuronide)] at 37°C for up to 24 hr. Chlorophyll in
leaf tissues was subsequently extracted by
incubation in acetone: ethanol (1:3) before
assessment for GUS activity.

Results and Discussion

Tomato (Lycopersicon esculentum L) is an
economically important crop in many countries,
including India. So various efforts were putforth by
the researchers to improve the quality of this
important crop towards disease resistance and
improvement in their nutritional content. In the lime
light of this the present results add further
information to improve the crop through tissue
culture and transformation based on the varietal
differences in a response.

Multiple shoot initiation

The in vitro morphogenic responses of cultured
plant tissues are affected by the different
components of the culture media, especially by
concentration of growth hormones, and it is
therefore important to evaluate their effects on
plant regeneration. Regeneration of tomato
response depends largely on genotype, explants and
plant growth regulators used in the medium.
Response of shoot regeneration from the explants
higher in the order of leaves, Cotyledons and
hypocotyls for the cell cultivars were proved®. It was
observed in 8 days old cotyledon producing higher
number of shoots in zeatin supplemented media
compared to BAP™. Multiple shoot regeneration of
shoots was observed when cultured on MS medium
supplemented with various concentrations (0.5 — 2
mg/1) of BAP alone and also in the combination of
IBA and KIN (1 mg/l). Maximum number (10) of
shoots were obtained at the concentration of BAP (2
mg/l) + IBA (1 mg/l) results were tabulated (Table 1)
and formation of multiple shoot (Fig 2 and 3) were
observed after 20 days of culture. The shoots were
greenish showed continuous proliferation.
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Callus Induction

The leaf explants cultured showed signs of callus induction
within seven to ten days and calli were well developed within
20-30 days. In the present study, the excellent growth of callus
was obtained in MS medium supplemented with 2, 4 -D (0.5 —
2 mg/l) individually and combined with NAA and IAA (0.5 and 1
mg/1) in Table 2, the mass of callus formation (Fig 4 and 5).
Transformation

Development of an efficient protocol for tomato
transformation and its subsequent regeneration is a
prerequisite for the production of transgenic plants. The shoot
tip and leaf disc explants of Shalimar were co- cultivated with
selected agrobacterium conjugant. Out of these, leaf disc
explants, when placed on selection medium, induced callus
within 3 weeks (Table 3). The shoot tip after transformation
did not survive on the selection media (Fig 6-10).

Discussion
Multiple Shoot Initiation

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®. Althrough
previous reports on tomato in vitro regeneration studies
showed different explants such as shoot, cotyledon, node
regenerated shoots which were grown in MS medium®™. The
shoots were regenerated from excised hypocotyl segmants of
mugwort on cytokinin - enriched medium and they report on
the in vitro culture of A. vulgaris using TDZ, compare with BA%.
The regeneration efficiency will differ from cultivar to cultivar,
as it depends on the genotype of the explants used. So the
studies carried out here to standardize the protocol for
multiple shoot regeneration in this high altitude cultivar
showed regeneration of multiple in MS medium supplemented
with BAP and IBA and kinetin in contrast the previous studies
on multiple shoot regeneration19 where they used zeatin 1AA
for multiple shoot regeneration. Consequently the report on
regeneration of shoots’! showed the shoots were regenerated
on MS medium supplemented with BAP + IAA and kinetin +
IAA tomato hybrid plants met with callus induction and
subsequent regeneration of plants. But the present study
shows the standardized simple protocol for regeneration of
shoots on MS medium supplemented with BAP and IBA and
Kinetin and avoids using costly hormones like zeatin.

Callus Induction

The in vitro morphogenetic response of cultured plant
tissues is effected by the different components of cultured
media, especially by concentration of growth hormones, and it
is therefore important to evaluate their effects on plant
regeneration. In tomato, adventitious shoot regeneration can
be achieved either directly or indirectly through and
intermediate callus phasezz. The combination of hormones
used for callus induction is very important as the faith of callus
weather to induce shoot regeneration or not also depends on

it. Here in the present study the 2, 4-D induced calli
can be further used for somatic embryogenesis in
tomato.

Transformation

A simplified protocol to obtain transgenic tomato
plants was established in the tomato cv. Micro-tom
from leaf explants and it seems to be very useful for
both micropropagation and genetic transformation
purpose23. The transformation The transformation
efficiency of tomato depends upon many factors
such as the cultivar, type of explants and its age,
Agrobacterium strain and its density, co cultivation
time and regeneration medium®*. Previous reports
on tomato transformations suggest the use of a
feeder layer during pre culture and Agrobacterium
co cultivation® which makes the transformation
procedure tedious. In our study, pre-culture and co
cultivation were done on a basal medium of MS
containing Zeatin 2mg/L in the absence of a feeder
layer or acetosyringone. Most of the published
protocols for tomato transformation describe co
cultivation of the explants with various
Agrobacterium strains for 48 h with bacterial
densities ranging from 10® to 5.0 X 10° cells/ml,
giving variable transformation efficiencies with
different cultivars of tomato. In this study we
observed that co cultivation for two days using
bacterial strain LBA4404 at a density of 10° cells/ml
enhanced the transformation efficiency. The
infected explants were blotted dry using sterile filter
paper and transfer to the co-cultivated medium for 3
days next the explants washed by MS liquid medium
and transferred to the selection medium which
contained cefotoxime to remove the bacterial
growth and kanamycin for selection®. The removal
of excess bacterial solution from the explants before
transfer to the co-cultivation medium is also
important. If the explants were blotted dry on tissue
paper, bacterial growth didn’t affect the health of
explants. But if a little bacterial solution was left on
the explants, bacterial growth affected the health of
explants even within 48h.some explants showed a
good level expression evenly where as some
explants showed the GUS expression in the cut
edges only. In our study we observed a high rate of
survival (80%) of the transformed explants in the
selection media. Out of the survived explants 10%
showed callus induction. An investigation revealed
that the efficiency of agrobacterium mediated
transformation in safflower was showed a maximum
frequency of 51.0% of putative transformants®®.
These results are indication of a good protocol. The
further steps of the transformation such as shoot
regeneration, rooting and hardening are also to be
standardized for getting a complete transformation
protocol for this variety of tomato. An simple and
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efficient protocol for the production of sufficient numbers of
transgenic tomato plants using reasonable number of explants
from the Rio Grande tomato cultivar and report the transfer
and expression of the vacuolar sodium antiporter and
pyrophosphatase genes enhanced salt and drought tolerance
in transgenic tomato plantsy. Transformation of tomato with a
bacterial codA gene enhances tolerance to salt and water
stresses™. The CrylAc gene had been successfully introduced
into the commercial variety ‘Punjab Upma’ and was useful for
producing transgenic tomato resistant to fruit borer”. Likewise
the present studied protocol is useful for the future
experiments to use this optimized protocol for the production
of transgenic tomato lines harbouring useful genes in this
variety tomato.

TABLE 1: Effect of various concentrations of growth
regulators used for multiple shoot from nodal explant of
tomato (Lycopercison esculentum) cv. Shalimar.
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Efficient callus formation represented as (No. of
regenerating explants/No. of plated explants) x 100.

TABLE 3: Percentage survival of transformed (co
cultivated) and non-transformed (control) tomato
explants at various stages.

Stage Co-cultivated Control
Survive | Percentag | Survive | Percentag
d e d e
Co- 40/50 80 45/50 90
cultivatio
n
Callus 5/50 10 25/50 50
initiation

Antibiotics (kanamycin 50mg/l and cefotaxime 50mg/I)
were used for selection of transformant.

Shoot length (cm)

S. No Hormone (mg/L) Percentage of | No. of shoots/explants
response %
BAP
1 0.5 40 3.0+0.82
2 1 60 2.6+0.81
3 1.5 60 4.2+0.98
4 2 90 6.0+1.32
BAP combination with
IBA and KIN
5 2 BAP +11IBA 60 7.611.21
6 2 BAP + 1 KIN 50 6.8+1.30

1.2+0.08
1.3+0.17
1.6+0.12
2.2+0.43

2.9+0.12
1.5+0.13

No. of shoot and the shoot length represented as Average +

Standard deviation of shoot formation

TABLE 2: Effect of various concentrations of growth
regulators on callus induction from leaf explants of tomato
(Lycopercison esculentum) cv. Shalimar

S. No Hormone concentration (mg/L) Percentage of response (%) Morphology of callus
I 2,4-D
1 0.5 50 Whitish friable
2 1.0 70 Brownish compact
3 1.5 80 Whitish friable
4 2.0 100 Greenish compact
] 2, 4-D combination with NAA and IAA
5 2.0 2,4-D +0.5 NAA
6 2.0 2,4-D+1.0 NAA 90 Whitish compact
7 2.0 2,4-D+0.5I1AA 100 Whitish compact
8 2.0 2,4-D+1.01AA 70 Brownish compact

90 Whitish compact

486



v International Journal of Pharmacy Teaching & Practices 2013, Vol.4, Issue 1, 483-488.

Agrobacterium Mediated Transformation of

Tomato

In vitre Culture Studies of Tomato

FiG:2 FIG:3

FIG:4 FIG:5

FIG1: Tomato cv. Shalimar source of explant

FIG2: Formation of shoots from the nodal explants of
Tomato cv. Shalimar on MS medium supplemented with BAP
2mg/I.

FIG 3: Multiplication of shoot from the nodal explants of
Tomato cv. Shalimar on MS medium supplemented with BAP
2mg/I.

FIG4: Callusinitiated from leaf explants of Tomato cv.
Shalimar on the MS

FIG5: Brownish compact callus induced from the leaf

explants of Tomato cv. Shalimar on MS medium supplemented
with 2, 4-D 2mg/I.

FIG6: Pre culturing of explants

FIG7: Explantsin selection media (MS medium 2mg/I
Zeatin)

FIG 8-10: GUS assay in section of transformed leaf (showed
blue color)

FIG: 6 FIG: 7
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