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As part of our efforts to improve tomato tolerance to abiotic stress, we have undertaken this study to
introduce two candidate genes encoding: a sodium antiporter and a vacuolar pyrophosphatase,
previously shown to enhance drought and salt tolerance in transgenic Arabidopsis plants. First, we
evaluated the potential of primary leaves from three to four week-old in vitro-grown tomato seedlings as
alternative explants to cotyledons for tomato transformation. Our results demonstrated that primary
leaves are three times more efficient then cotyledons in terms of regeneration percentage, productivity,
and transformation frequencies independently of the medium and genetic construct used. Second,
primary leaves were used to introduce the genes of interest using Agrobacterium-mediated
transformation. Many transgenic tomato plants were easily recovered. The presence of the transgenes
and their expression were confirmed by PCR and RT-PCR analysis. The transformation frequencies for
primary leaf explants ranged from 4 to 10% depending on the genetic construct used. The time required
from inoculation of primary leaves with Agrobacterium cells to transfer of transgenic tomato plants to
soil was only 2 months compared to 3 to 4 months using standard tomato transformation protocols.
The transgenic tomato plants obtained in the current study were more tolerant to salinity and drought

stress than their wild-type counterparts.
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INTRODUCTION

Tomato (Lycopersicum esculentum) is the second most
important vegetable crop in the world after potato. It is
being cultivated in many regions of the world: in the
Americas, southern Europe, the Middle East and North
Africa, India, China, Japan and Southeast Asia. Tomato
is consumed in many forms such as raw vegetable,
added to other food items or as processed products such
as paste, whole peeled, diced, juice, sauces and soups. It
is a valuable source of health promoting compounds such
as the antioxidant lycopene whose consumption is known
to reduce the incidence of many types of cancer (Rao
and Agarwal, 2000; Pohar et al., 2003). In addition to
these characteristics, tomato is one of the most important
model systems for basic and applied research and can
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be easily propagated using either seeds, or clonally by tip
or shoot cuttings. Recently, tomato was used as bio-
reactor in biopharming for the production and oral
delivery of vaccines (Jiang et al., 2007) and as functional
food for cancer prevention (Butelli et al., 2008). During
the recent years, tomato has become the subject of new
areas of intensive research such as: functional genomics,
proteomics and metabolomics.

Tomato was first introduced in Tunisia around the year
1600 by the first Andalous who came from Spain and
settled in the Medjerdah valley and the Cap Bon region.
Presently, Tunisia is one of the most important tomato
producers in the Mediterranean region. Tomato is the
source of revenue for approximately 10,000 small
farmers and the origin of 32 industries specialized in
vegetables transformation. It is being cultivated in irri-
gated areas where salinity of water and soil, especially
during summer period, are major constraints limiting
productivity and quality of tomato. Addressing these pro-



blems by using classical breeding programmes remains a
challenge for breeders since tolerance to salinity is a very
complex character involving many genes with small
effects (Cuartero et al., 2006). Fortunately, with the
advent of genetic engineering tools it became possible to
introduce a single gene in plants to enhance abiotic
stress tolerance, at least to some extent, without adverse
effects on the final product quality (Park et al., 2005;
Zhang and Blumwald, 2001; Jia et al., 2002; Lee et al.,
2003). The establishment of an efficient in vitro
regeneration and transformation protocol is a prerequisite
for the genetic improvement of tomato. Although
Agrobacterium-mediated tomato transformation was
achieved more than twenty years ago (McCormick et al.,
1986), the vyield in transgenic tomato plants using
reasonable number of explants is still low for many
recalcitrant genotypes. Many research groups using
tomato as experimental system reported difficulties in
transforming some genotypes (Sun et al., 2006). The
efficiency of Agrobacterium-mediated gene transfer to
tomato cells is influenced by many factors, the most
important are: variety/genotype (Plastira and Perdikaris,
1997), explants type and orientation (Duzyaman et al.,
1994; Plastira and Perdikaris, 1997; Bhatia et al., 2004;
Bhatia et al., 2005), plant growth regulators (Elbakry et
al., 2001; Gubi§ et al., 2004), selection system used
(Briza et al., 2008), addition of feeder cells or aceto-
syringone, Agrobacterium density, duration of infection
(Murray et al., 1998), and effect of antibiotics on regene-
ration of tomato (Ling et al., 1998). It is clear from these
reports that there is no universal protocol for tomato
transformation and regeneration therefore optimization of
these two factors is always needed. The most frequently
used explants for Agrobacterium-mediated tomato
transformation are cotyledons (Hamza and Chupeau,
1993; Fray and Earle, 1996; Ling et al., 1998; Hu and
Philips, 2001; Park et al., 2003; Qiu et al., 2007).

Rio Grande is one of the most planted tomato cultivars
in Tunisia owing to its agronomic qualities (resistance to
fungal and bacterial diseases). In order to enhance its
tolerance to abiotic stress, through genetic engineering,
we used cotyledon explants for transformation with two
gene constructs previously shown to enhance drought
and salinity tolerance in Arabidopsis plants (Brini et al.,
2007), but obtained poor results in terms of number and
quality of regenerated tomato plants. Here, we tested an
alternative strategy for transformation and regeneration of
Rio Grande using the primary leaves from three to four
week-old in vitro culture seedlings as explants instead of
cotyledons and the same gene constructs. Our results
demonstrated that it is worthwhile to use primary leaves
instead of cotyledons for Rio Grande transformation since
organogenesis and transformation frequencies were
substantially improved. Also the genes of interest were
successfully transmitted to progeny and improved abiotic
stress tolerance in transgenic tomato plants. To our best
knowledge, this is the first demonstration of the supperiority
of young leaves over the most popular cotyledon explants
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for tomato transformation and regeneration.

MATERIALS AND METHODS
Plant material preparation

The fresh market cultivar of tomato, Rio Grande, was used in this
study. Seeds were surface sterilized by immersing in 50% (V/V)
commercial bleach for 20 min with occasional agitation followed by
five rinses in deionised sterile water. Sterile seeds were germinated
on GM medium (Tablel) which consisted of MS medium
(Murashige and Skoog, 1962) containing 30 g /L sucrose and
solidified with 4 g/L phytagel (Sigma). They were placed in growth
chamber at 23°C under 16 photoperiod provided by cool white
fluorescent light. Cotyledons from 8 d old seedlings and primary
leaves (0.5 to 2 cm long) from three week-old seedlings were
aseptically excised and both ends were cut. They were then pre-
cultured upside-down for 2 d on PC medium (Table 1).

Agrobacterium infection and plant regeneration

Two genetic constructs in the pCB 302.2 binary vector (Xiang et al.,
1999) were used in this study: Construct 1 contained the wheat
pyrophosphatase TVP1 gene and Construct 2 contained the wheat
sodium antiporter TNHX1 gene. Both genes were put under the
control of the duplicated 35S promoter (Figure 2a) and were
previously shown to enhance drought and salinity tolerance in
transgenic Arabidopsis plants as described in Brini et al. (2007).

Agrobacterium tumefaciens (strain LBA 4404) cells, harbouring
one of the above-mentioned constructs, were grown for 2 days at
28°C (until ODggo reached 0.5 - 1) in LB medium, consisting of 1%
tryptone, 1% NaCl and 0.5% yeast extract supplemented with 100
mg/L kanamycin (Invitrogen). Agrobacterium cells were collected by
centrifugation for 10 min at 3000 rpm and then re-suspended in MS
liquid medium to a final ODeoo = 0.05. Pre-cultured cotyledons and
primary leaf explants were immersed into Agrobacterium solution
for 30 min with occasional agitation, blotted dry on sterile filter
paper to remove excess of bacteria and returned upside-down to
the same pre-culture medium (PC) (Table 1) for another 2 days. At
the end of the co-cultivation period, the explants were washed with
sterile distilled water containing 500 mg/L cefotaxime (Unimed
Laboratories, Tunisia) for 5 times, blotted dry on sterile filter paper.
Equal numbers of each type of explants were transferred upside-
down (25 explants/Petri dish) to one of the following sequence
media for regeneration and shoot elongation: Shoot regeneration
medium | (SRI) for two weeks followed by shoot elongation | (SEI)
or Shoot regeneration medium 1l (SRII) for two weeks followed by
shoot elongation medium 1l (SEIIl) (Table 1). Well-elongated shoots
(approximately 3 cm) were excised from the rest of the explants and
transferred into Magenta boxes containing the rooting medium (RM,
Table 1). Plantlets with well established root system were trans-
ferred to soil and kept in growth chamber for acclimatization. After
hardening, plants were transferred into bigger pots and kept in
greenhouse to produce fruits.

Shoot regeneration data were recorded 45 days after initiation of
culture. Due to the fact that the pCB 302.2 vector contains the bar
gene for selection and that the regeneration of Rio Grande in the
presence of glufosinate ammonium was very poor, selection
pressure was omitted during regeneration steps. To evaluate the
morphogenetic capacity and transformation competence of the two
types of explants, regeneration percentages and productivity were
determined by calculating the following ratios: The percentage of
regeneration (number of explants producing shoots) x 100/ number
of total explants) and the productivity rate (P) (number of well
developed shoots with root system x 100/ number of total explants).

Transformation frequency was calculated as follows: (The
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Table 1. Compositions of tissue culture media used in this study for Rio Grande transformation and regeneration.

Component GM PC SRI SEI SRII SEIl RM
Basal solution MS MS MS MS MS MS MS
Sucrose (g) 30 30 30 30 30 30 30
Myo-inositol (mg) 100 100 100 100 100 100 100
Thiamine HCI (mg) 0.1 0.1 1 1 1 1 0.1
Nicotinic acid (mg) 0.5 0.5 0.5 0.5 0.5 0.5 0.5
Pyridoxine-HCI (mg) 0.5 0.5 0.5 0.5 0.5 0.5 0.5
Indole-3-acetic acid (IAA) (mg) - - 0.1 0.1 0.2 0.1 0.2
6-benzylaminopurine (BAP) (mg) - 1 - - 25 0.5 -
Zeatin (mg) - - 1 0.2 - - -
1-naphtalene acetic acid (NAA) (mg) - 1 - - - - -
Carbenicillin (mg) - - 300 300 300 300 -
Phytagel (g) 4 4 4 4 4 4 4

GM, germination medium; PC, pre-culture medium; SRI, shoot regeneration medium |; SEI shoot elongation medium I; SRII,
shoot regeneration medium IlI; SEll, shoot elongation medium II; RM, rooting medium.

Table 2. Effect of explant type and genetic construct on regeneration of tomato

cv. Rio Grande.

Explant Constructs Mean
Construct 1 Construct 2
Cotyledon 16 +3.26 (170) 25+ 7.7 (150) 20.83+3.42a
Primary leaf 87.6 £ 1.6 (84) 96.6 £4.7 (70) 92.17+2.56b
Mean 51.8+16a 61.17 +16.134 a

Genetic construct 1: harbours the wheat pyrophosphatase TVP1 gene, Genetic
construct 2: harbours the wheat sodium antiporter TNHX1 gene.

Values followed by the same letters are not significantly different at o« = 5 %.
Numbers between parentheses represent total number of explants used.

number of RT-PCR-positive plants) x 100 / total number of primary
leaf explants used for transformation.

Statistical analysis of regeneration data

There were three replications each consisting of one Petri dish with
25 explants. An analysis of variance was conducted using explants
types x construct combinations as total number of treatments. Thus,
a total number of 3 x 2 x 2 treatments were analysed and
compared. Each experiment was repeated two to three times.
Regeneration percentages were analysed using SPSS version 13
and significant differences between means were assessed by the
Tukey's test at 1 and 5% level of significance.

PCR screening of putative transgenic plants

Genomic DNA was isolated from leaf tissue of greenhouse-grown
putative transgenic and non-transgenic tomato plants using a rapid
DNA extraction method. Briefly, two leaf discs (40 mg) were grinded
in 1.5 ml tubes in the presence of 400 ul of extraction buffer (200
mM Tris HCI pH 7.5, 250 mM NaCl, 25 mM EDTA, 0.5% SDS).
After centrifugation at 13000 rpm for 10 min, the supernatant was
transferred to a new tube and DNA was precipitated with 0.6 V
isopropanol, washed with 70% ethanol and re-suspended in 50 pl of
sterile water from which 100 ng of DNA was used for PCR

amplifications. PCR amplifications were performed in a 25 pl total
volume, using 0.15 mM of each dNTP, 2.5 pl of 10x Tag DNA
polymerase buffer, 1.5 mM MgCl;, one unit of Tag DNA
polymerase, 2.5 pM of bar gene specific primers (f; 5'-
GTCTGCACCATCGTCAACC-3’ ; r; 5'-
GAAGTCCAGCTGCCAGAAAC-3') or TVP-1 gene primers (f; 5'-
GTTCTTTACATCACCATC-3’; r; 5-CTCAACCATCTTGAGAGC-3).
The PCR conditions were as follows: 94°C, 5 min for initial
denaturation, followed by 35 cycles of 30 s at 94<C, 30 s at 50°C
and 1 min 30 s at 72°C. A 10 min extension period at 72°C was
also used at the end of the amplification cycles. The amplified
fragments were visualised on 1% agarose gels.

RT-PCR expression analysis

Total RNA was isolated from approximately 200 mg leaf tissue of
transgenic tomato lines and non-transformed control plants using
the Trizol method (InVitrogen) and following the manufacturer
instructions. RNA was treated with RNase-free DNase to remove
any contaminating DNA. Reverse transcription reactions were
performed for 1 h at 37°C using MML-Reverse transcriptase
(InVitrogen) and oligo-dT. First strand cDNA was used as template
for PCR amplifications using the same set of primers and conditions
described above for screening of putative transgenic plants. Control
amplifications in the absence of the reverse transcriptase were also
performed to rule out any amplification caused by the presence of



contaminating DNA.

PCR-identification of T1 transgenic tomato plants and salt-
stress treatment

T1 seeds obtained from four TVP-1 and five TNHX-1 selfed TO
plants and seeds from non-transgenic tomato plants were sown
directly in soil in small pots (one seed per pot). After germination,
young seedlings were allowed to grow for four weeks and subjected
to PCR analysis. Confirmed PCR-positive T1 seedlings were than
irrigated with saline water of 200 mM NacCl by placing them into a
container to allow capillarity uptake for 15 days. In another
experiment, confirmed PCR-positive TVP-1 plants and non-
transgenic tomato plants were cultured hydroponically in a solution
of 200 mM NaCl for three consecutive months to monitor root
growth under saline conditions.

RESULTS AND DISCUSSION

Optimisation of regeneration conditions and
production of stable transgenic tomato plants

Cotyledons are the most frequently used explants in
tomato transformation because of the availability of
seeds, reproducibility of sterilisation and germination
conditions and the possibility of controlling the develop-
mental stage (Sigareva et al., 2004). Several studies
have demonstrated that cotyledons and hypocotyls were
superior to leaves for promoting shoot organogenesis in
tomato (Hamza and Chupeau, 1993; Ling et al., 1998;
Plastira and Perdikaris, 1997). Based on these reports
we used cotyledon explants to transform Rio Grande with
two gene constructs previously shown to confer salt and
drought tolerance in Arabidopsis plants (Brini et al.,
2007). Surprisingly, cotyledon explants did not give
satisfactory results despite the use of established and
published tomato transformation protocols. In fact,
although cotyledons were able to regenerate shoots, the
majority of them presented abnormalities and only few
normal plants were recovered. Therefore, we decided to
test the utility of primary leaves as an alternative explants
for the in vitro regeneration and transformation of Rio
Grande. Reporter genes such as GUS or GFP could be
used to compare the amenability of cotyledon and
primary leaves for transformation but we preferred to
perform our investigation directly with agronomically
relevant genes (TNHX1 and TVP1).

In a preliminary experiment, we compared the effect of
two media (Table 1), differing only in their growth
hormone compositions, on the regeneration of Rio
Grande and found that the medium which contains zeatin
at 1 mg/L for shoot regeneration and 0.2 mg/L for shoot
elongation combined with 0.1 mg/L IAA (SRI and SEI,
Table 1), gave the best results in terms of regeneration
percentages, productivity and morphological quality of the
regenerated plants compared to the medium containing
BAP and IAA (SRIl, SEIl, Table 1) (data not shown).
Hence, it was used for the rest of the experiments to
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compare organogenesis capacity and transformation
competence of the two types of explants (cotyledons and
primary leaves). The behaviour of the two types of
explants was already different on the shoot regeneration
medium. In fact, after a two week period on SRI, many
differentiated shoots and shoot primordia were visible on
primary leaf explants (Figure 1a) whereas we observed
only a high rate of callus proliferation and formation of
roots in the case of cotyledon explants. Furthermore,
statistical analysis revealed a significant difference at a =
1 % between regeneration means of primary leaf and
cotyledon explants (Table 2). No significant difference
was detected between the regeneration means of the two
types of gene constructs at o = 5%, which indicates that
the genetic construct does not account for the differences
in the organogenesis capacity of the two types of
explants. Primary leaves were three times more efficient
then cotyledons in terms of percentages of regeneration
(Table 2). Productivities (P) were calculated for both
types of explants and were found: 0.64 for primary leaves
and 0.15 for cotyledons. Although many shoot primordia
were initiated on cotyledon explants, only few normal
plants were recovered (4 out of 170 cotyledon explants),
hence our main focus for the following analysis was
tomato plants derived from primary leaves. Molecular
analysis was performed on greenhouse tomato plants
(TO) derived from different primary leaf explants to ensure
that they belong to independent transformation events.
They were subjected to PCR analysis using bar, TVP1
and TNHX1 specific gene primers. Figure 2b illustrates
an example of DNA amplifications of the expected 440 bp
fragment from the bar gene sequence. To confirm the
transgenic nature of tomato plants, RT-PCR technique
was used. TO plants from both constructs expressed the
corresponding selectable marker gene RNA as shown in
Figure 2c. The gene of interest (TVP1l) was also
expressed as illustrated in Figure 2d. No amplifications
were obtained from RNA samples in the absence of the
reverse transcriptase which rules out the possibility of
contaminating genomic DNA sequences.

It has been long assumed that since Agrobacterium-
mediated transformation of plant cells commonly occurs
at very low frequency, the use of selectable marker
genes that confer antibiotic and/or herbicide resistance is
required for identification of transformants (Bevan et al.,
1983; Hererra-Esterella et al.,, 1983). The presence of
selectable marker is not acceptable for transgenic plants
in the field due to biosafety concerns. Therefore, many
approaches were followed to remove selectable marker
genes after the development of transgenic plants or to
replace them by positive selection markers (Hohn et al.,
2001). Despite their success, these approaches are
tedious and costly. The best solution proposed relies on
the efficient transformation of tissue explants and subse-
guent selection of transformed shoots by polymerase
chain reaction (de Vetten et al., 2003). This solution was
successful and resulted in the generation of transgenic
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Figure 1. Regeneration of transgenic tomato plants from primary leaf explants. (a) Direct shoot
differentiation from primary leaf explants; (b) a transgenic plantlet on rooting medium; (c) rooting
shoot being transferred to soil for acclimation; (d) an adult transgenic plant in greenhouse

producing fruits.

tobacco plants that transmitted faithfully the transgene to
subsequent generations (T1, T2 and even T3) (de Vetten
et al., 2003; Jia et al.,, 2007; Li et al., 2009). In the
present study we adopted similar strategy for tomato and
did not use any selection pressure. Many transgenic TO
tomato plants were easily identified using PCR analysis.
In a typical experiment, transformation of primary leaf
tissues with construct 1 (70 explants) and construct 2

(50 explants), generated a total of 54 and 30 regenerated
tomato plants, respectively. Based on the number of
positive plants determined following PCR and RT-PCR
analysis, the estimated transformation frequen-cies for TO
generation were 14% (10 confirmed trans-genic TO lines
out of 70 explants) for construct 1 and 30% for construct
2 (15 confirmed transgenic TO lines out of50 explants).
Transgenic tomato lines (TO) were maintained in green-
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Figure 2. Molecular analysis of transgenic tomato plants. (a) Linear map of the T-DNA regions of the plasmids
used for tomato transformation. RB: right T-DNA border, LB: left T-DNA border, 2x35S: duplicated CaMV (35S)
promoter, T35S: 35S terminator, PNOS: nopaline synthase promoter, TNOS: nopaline synthase gene
terminator, BAR: selectable marker gene for glufosinate resistance (b) PCR results using specific bar
oligonucleotide primers (product 440 bp). M: molecular DNA size marker, Lane 1: non-transformed tomato plant,
Lanes 2-6: bar-positive tomato plants from construct 2, Lane 7: bar-positive tomato regenerant from construct 1,
Lane 8: negative control (water absence of DNA), Lane 9: positive control plasmid pCB. (c) RT-PCR results
using bar gene specific primers. Lanel: non-transformed tomato plant, Lanes 2-4. tomato regenerants from
construct 2, Lanes 5-9: tomato regenerants from construct 1. (d) RT-PCR results using TVP1 gene specific
primers. Lanes 1-5: TVP1-positive tomato plants, Lane 6: amplification using total RNA in the absence of

reverse transcriptase.

house until maturity, selfed and produced fruits which
contained viable seeds. The seeds of four TVP-1 and five
TNHX-1 selfed TO plants were germinated in pots and
plantlets were subjected to PCR analysis using the same
conditions as described for the TO plants to check for the
transmission of the transgenes. Three and five TO lines
harbouring TVP-1 and TNHX-1, respectively, transmitted
the bar gene to T1 progeny which ruled out the
possibility that these plants are escapes. Therefore, the
transformation frequencies calculated based on PCR-
analysis of T1 plants was 4% for construct 1 and 10% for
construct 2. These results confirm further the efficiency of
the non-selection approach and prove that concerns and
criticisms related to obtaining transgenic plants under no
selection pressure are unnecessary. Generation of
escapes and chimeras is not unique to this strategy and
even following strict selection pressure we can not claim
preventing these from occurring. Therefore, further
studies aiming at reducing rates of escapes and chimeric
plants rather than more criticisms are needed inde-
pendently of the strategy used; based on selection or not.
The protocol described herein for Rio Grande allowed a
significant decrease in the time required for the genera-
tion of transgenic tomato plants. Following this protocol,

transgenic plants were produced within 2 months, starting
from the date of sowing seeds to prepare the explants,
compared to 3 to 4 months with standard protocols for
tomato transformation. Our time frame for Rio Grande
trans-formation and regeneration is comparable to that
described by Dan et al. (2006) for the model tomato
MicroTom (Table 3). It is probable that the elimination of
the selection step in this study speeded up the procedure
and contributed significantly to the reduction of the trans-
formation cycle through the promotion of regeneration.
Studies that targeted leaves as explants for tomato
transformation and regeneration are less abundant than
those describing use of cotyledon explants. In these
reports, growth chamber or greenhouse grown-plants
were used as the main sources of leaf explants. This
required further sterilisation steps prior to transformation
and regeneration (McCormick et al., 1986; Davis et al.,
1991; Agharbaoui et al., 1995). It is well established that
leaf explants are more advantageous for tomato trans-
formation since they produced the highest rate of normal
transgenic plants with the highest percentage of diploids
compared to other types of explants, including cotyledons
(Ellul et al., 2003; Sigareva et al., 2004). The only impe-
diment to the use of leaves was their low regeneration
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Table 3. Comparison of the time required for Rio Grande transformation, using primary leaves, with other

established tomato transformation protocols.

Stages of protocol Standard tomato Protocol | MicroTom Protocol RioGrande Protocol
(Dan et al., 2006) (Dan et al., 2006) (Present work)

Explant

Preparation (d) 6 7 21
Pre-culture (d) 1 0 2
Co-cultivation(d) 2 2 2

Shoot induction (d) 28-35 21-28 14

Shoot elongation (d) 28-42 14-21 13

Rooting (d) 21-28 21-28 18
Transformation cycle 3-4 months 2-3 months 2 months and 10 ddays

capacity. In fact, Sigareva et al. (2004) found that leaf
explants were the least regenerable and this was
independently of the tomato genotype used. The diffe-
rence between their results and ours is probably due to
the age of leaf explants and tomato genotypes used. We
used primary leaves from 3 - 4 week-old plants whereas
they used 6 week-old aseptically-grown plants as source
of leaf explants. Therefore, different types of explants of
different ages need to be tested for each given tomato
genotype in order to determine the most appropriate
explants type for transformation experiments.

Phenotype of T1 transgenic tomato plants subjected
to salinity stress

The vacuolar sodium antiporter and pyrophosphatase
genes from diverse species were successfully over-
expressed and shown to confer salinity and drought
tolerance in many model and cultivated plants (Park et
al.,, 2005; zhang and Blumwald, 2001; Jia et al., 2002;
Lee et al., 2003). In the present study, we introduced two
wheat genes encoding these vacuolar proteins and
evaluated their potential to confer salinity tolerance in
tomato. To this end, confirmed T1 transgenic tomato
plants were subjected to salt stress provided by a 200
mM NacCl solution. Transgenic T1 tomato plants exhibited
a better appearance than their non transgenic counter-
parts. Indeed after only 15 days of salt-treatment, while
wild type tomato plants showed yellowing of their leaves,
transgenic T1 plants were healthy and green (Figure 3a
and b). Total chlorophyll determinations also showed that
transgenic plants retained more chlorophyll than their
wild-type counterparts (data not shown). In fact, at 200
mM , TNHX1 and TVP-1 plants retained 4 and 7 times
more chlorophyll, respectively, than their wild type
counterparts. This phenotype is likely due to enhanced
capacity of transgenic tomato plants to sequester sodium
in their vacuoles which prevents its toxicity in the cytosol
and the damage to the photosynthesis apparatus.

Furthermore, transgenic tomato plants overexpressing
the pyrophosphatase gene exhibited a more robust root
system compared to wild type and TNHX1 tomato plants
(Figure 3c and d); such phenotype was previously des-
cribed by Park et al. (2005). This holds true for tomato
plants grown in pots as well as those grown continuously
in a hydroponic culture during a three months period. The
robustness of the root system could provide a better
tolerance to drought stress as was previously shown
(Park et al., 2005).

Conclusion

We described a simple and efficient protocol for the
production of sufficient numbers of transgenic tomato
plants using reasonable number of explants from the Rio
Grande tomato cultivar. Use of primary leaves as
explants instead of cotyledons and omission of the
selection pressure saves time, energy and consumables
and may contribute to insure the genetic stability sought
in many applications of genetic engineering. The transfer
and expression of the vacuolar sodium antiporter and
pyrophosphatase genes enhanced salt and drought
tolerance in transgenic tomato plants. Future experiments
are being planned to use this optimized protocol for the
production of transgenic tomato lines harbouring useful
genes.
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Figure 3. Phenotype of transgenic tomato plants subjected to salt-stress. Phenotype of wild type and T1 transgenic plants
harbouring the pyrophosphatase gene (a) and the sodium antiporter gene (b) after 15 days of continuous salt stress with
200 mM Na CI. (c) Root system growth of a wild type plant (left) and T1 transgenic plant harbouring the pyrophosphatase
gene (Wright) grown in hydroponic culture for 3 months in the presence of 200 mM NaCl. (d) Root system growth of a T1
transgenic plant harbouring the sodium antiporter gene (left), wild type plant (middle) and T1 transgenic plant harbouring
the pyrophosphatase gene (Wright) grown in pots and irrigated by capillarity u
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