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Abstract

Falat CH is an important commercial tomato cultivar being used in Iran. In this article an optimized protocol with
increased transformation and regeneration rate for this tomato variety is reported. Several explants including cotyledon, leaf
and hypocotyl were evaluated for direct shoot formation and the effect of various combinations of BAP, Zeatin, IAA and
IBA were studied. It is the first report on two cytokinins BAP and Zeatin in various combinations to evaluate the synergetic
effect of cytokinins on direct shoot regeneration. The synergetic combination of 1.5mg/l BAP, 0.5 mg/l Zeatin and 0.2 mg/I
IAA was considered as the best treatment which resulted in higher plant regeneration rates from all of the explants over
previous reported methods. Using the best regeneration treatment obtained, the HBsAg gene was transferred into the tomato
explants using Agrobacterium mediated transformation technique Percent of the putative transgenic plants regenerated was
68%. PCR of putative transformed plants showed that 87.1% of regenerated plants amplified nptll and HBsAg gene when

specifically designed primers were used; giving a final transformation rate of 34.85%.

Key words: Agrobacterium tumefaciens, GV3101, BAP, IAA, IBA, Transformation escapes, Synergetic effect of

cytokinins, Zeatin.
Introduction

The advancement in large-scale genomic resource
development and recombinant DNA technology for
growing number of plants has lead the agricultural
scientists towards a new era of developing agronomically
improved cultivars using genetic engineering technology.
There are thousands of genes that may have to be
characterized; one bottleneck to this way is the functional
characterization of genes identified by modern
technological efforts. One approach that can help in gene
function identification is the up /down regulation by
transgenic expression. The development of efficient
transformation and regeneration protocols for various plant
species and cultivars will help in gene characterization.

Solanum lycopersicum L. cultivar Falat CH is a
commercially important Iranian cultivar used fresh as
well as in the processed form. The increasing growth
acreage and commercial value of Falat CH makes it an
object for the development of an effective transformation
system for the improvement of agronomic traits, quality
characteristics and/or molecular farming.

Tomato is one of the well experimented plants
especially with respect to the plant regeneration and
Agrobacterium mediated genetic transformation. The use
of a range of explants such as stems, leaves, hypocotyls,
cotyledons, apical meristem, stem internodes, anthers and
inflorescence has been previously reported for tomato
(McCormick et al., 1986; Davis & Miller, 1991; Compton
& Veillux, 1991; Jatoi et al., 2001; Raziuddin et al., 2004;

Ahmad et al., 2011). A large number of research reports
for multiple shoots induction in tomato employing a
number of phyto-hormones (PGRs) like Zeatin, Kinetin,
BAP and TDZ alone or in combinations with diverse
concentrations of auxins are available (Zelcer et al., 1984;
Park & Son, 1988; Hamza & Chupeau, 1993; Ye Li &
Zhou,1994; Plastira & Perdikaris, 1997; Geetha et al.,
1998; Gubis et al., 2003; Shivakumar et al., 2007; Devi et
al., 2008; Shadin Ishag et al., 2009; Khan et al., 2013).
The success in tomato regeneration response depends on
various factors especially the nature of explant, genotype,
and Plant growth regulators (PGRs) (Praveen at el.,
2011). Therefore, the efficient regeneration protocol is
important for Agrobacterium mediated transformation in
tomato cv. Falat CH.

The responsiveness of various explants for direct shoot
initiation and plant regeneration in cultivar Falat CH was
evaluated using a large number of media composition
reported to be optimal for various genotypes. Besides, we
used the combinations of two cytokinins BAP, Zeatin
with IAA and IBA to evaluate the synergetic effect of
cytokinins on direct regeneration. The optimum medium
selected for regeneration of Falat CH was then used to
determine the sensitivity assay for Kanamycin selection
and direct shoot regeneration capacity of explants infected
with A. tumefascience. During optimization experiments
for genetic transformation, a number of factors were
evaluated which influence the transformation efficiency
including the impact of light and dark reaction during co-
cultivation period. The significance of these factors have
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been shown in other plant species, such as Arabidopsis
thaliana and Phaseolus acutifolius (Zambre et al., 2003)
but were neglected in tomato transformations.

In present communication we report the development
of a reproducible protocol for Agrobacterium mediated
genetic transformation and direct multiple shoots followed
by plantlet establishment in Iranian tomato cv. Falat CH.

Material and Methods

Explant preparation: Seeds of tomato cv. Falat CH were
sterilized using 20% commercial bleach (5% NaClO) with
2 drop of Tween-20 for 15 min and rinsed three times
with 5min interval in each wash with sterile distilled
water. The seeds were cultured on 1/2 strength Murashige
& Skoog (MS) (1962) salts medium supplemented with,
20 g /I sucrose and solidified by 2 g /I Phytagel, pH 5.7—
5.8. Cotyledons and hypocotyls were excised from 9-19
days germinated plantlets where as leaf explants were cut
from 6-8 weeks old In-vitro grown tomato plants and pre-
cultured for two days.

Direct shoot regeneration and root development:
Effect of twenty-nine treatments (combinations of media)
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were used for direct shoot regeneration and root
development of Ch-Falat indicated in Table 1. All media
formulations composed of MS salts supplemented with
B5 vitamins (Gamborg et al., 1968), 30 g/l sucrose and
various combinations of plant growth regulators (BAP,
Zeatin, IAA, IBA and NAA). 2.5 g/l of Phytagel was used
as solidifying agent.

Leaf and Cotyledonary explants were placed upside
down on medium where as hypocotyls were placed
horizontally. The plates were incubated at 25 + 2°C under
white fluorescent lights with 16/8 hrs photoperiod .After 3
weeks, the induction of calli and shoot primordia was
recorded. After 4 weeks shoots or shoot primordia were
recounted, recorded (Table 1) and transferred to fresh
medium.

Generally non-transformed tomato shoots develop
roots on MS medium with 30 g/l sucrose. In case of
transformed shoots it was observed that majority of
plantlets failed to develop root on MS medium. To
optimize the rooting of transformed shoots various
combinations of three auxins 1AA, IBA and NAA were
used on two strengths of MS basal medium i.e. full and
half strength supplemented with 20 g/l sucrose and
solidified with 0.25 % phytagel (Table 2).

Table 1. The effect of different combinations and concentrations of plant growth regulators on shoot
development from various explants of Falat CH.

Treatment BAP ZEATIN 1AA IBA Shoots developed per explant
(mg I’ (mg I’ (mg I’ (mg I’ Hypocotyl Cotyledon Leaf

T1 - - - - 00£00 M 00£00 T 0.0£0.0 ™M
T2 1 - 0.1 - 6.3+0.11 HI 83+0.17 P 75016 1J
T3 2 - 0.1 - 9.0+£0.11 D 11.0£0.14 K 10.0+0.2 FG
T4 1 - 0.5 - 5.0+0.11 KL 70+0.18 RS 6.0+0.12 L
T5 2 - 0.5 - 7.3+£0.11 FG 9.3+£0.15 MN 9.0+£0.12 H
T6 1 - - 0.1 52+0.10 K 72+015 R 7.0+0.18 JK
T7 2 - - 0.1 8.1+£0.11 E 10.1+£0.14 L 9.0+£0.16 H
T8 1 - - 0.5 45+011 L 6.5+0.19 S 6.5+0.18 KL
T9 2 - 0.5 6.5+£0.10 HI 85+0.19 OP 8.0+£0.12 1|
T10 - 1 0.1 - 79+0.11 EF 9.9+0.15 LM 9.5+0.12 GH
T11 - 2 0.1 - 121+01 A 13.0£0.14 1 14.0 £0.18 A
T12 - 1 0.5 - 59+£011 I 79+£0.15 PQ 7.0+0.15 JK
T13 - 2 0.5 - 8.0+0.10 EF 10.0+0.25 L 9.5+0.15 GH
T14 - 1 - 0.1 7.0+£0.10 GH 9.0£0.16 NO 8.0+£0.11 |
T15 - 2 - 0.1 10.0+0.11C 120+0.25 J 11.0£0.15 DE
T16 - 1 - 0.5 53+£0.11 JK 7.3+£0.16 OR 6.0+0.18 L
T17 - 2 - 0.5 9.0+£0.10 D 11.0+0.25 K 10.5+0.18 EF
T18 1 0.5 0.2 - 9.0+£0.11 D 19.0£0.17 D 11.0+£0.25 DE
T19 15 0.5 0.2 - 11.0+0.12C 250+£0.33 A 145 +0.27 A
T20 2 0.5 0.2 - 10.0x0.11C 210+x04 C 13.0+0.2 B
T21 1 1 0.2 - 102+0.10C 17.0+042 E 12.0+0.22 C
T22 15 1 0.2 - 9.0+£0.11 D 15.0£0.53 G 120103 C
T23 2 1 0.2 - 8.0£0.10 EF 13.0£0.33 1 10.0£0.25 FG
T24 1 0.5 - 0.2 78+0.11 EF 17004 E 9.0+£0.12 H
T25 15 0.5 - 0.2 10.2+0.11C 220+053 B 14.0£0.18 A
T26 2 0.5 - 0.2 9.6+0.11 CD 190+02 D 120402 C
T27 1 1 - 0.2 9.0+£0.11 D 16004 F 11.5+0.12 CD
T28 15 1 - 0.2 8.0+0.11 EF 140+0.33 H 11.0 £0.18 DE
T29 2 1 - 0.2 7.0+£0.12 GH 11.0£0.33 K 9.0+£0.19 H

All means + standard error are compared by DMRT at p=0.1. Values followed by the same letter are not significantly different from each other
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Table 2. The effect of different combinations and concentrations of Auxins and
strength of MS salts on root development.
Full MS medium Y% MS medium
Treatment IAA IBA | NAA
(mg 1Y) No. of roots Root length No. root Root length

R1 - - - 1.0£0.39 L 4.0%0.62 FG 20%+0.37 H 5.0+0.29 EFG
R2 0.1 - - 3.0+06 K 5.0+0.83 EF 6.0+0.18 G 7.0+0.25 BC
R3 0.5 - - 70+x149 HUI 6.5+1.14 CD 10.0+0.31 F 8.0+0.70 B
R4 1 - - 13.0£2.24 C 6.5+1.14 CD 15.0+£0.31 D 7.0+0.35BC
R5 15 - - 16.0+2.85 B 70+118 C 17.0£ 0.25BC 9.0+0.37 A
R6 2 - - 11.0+£1.67 DE 6.0 +£1.01 CDE 13.0£031 E 5.5+ 0.4 DEF
R7 - 0.1 - 6.0+0.86J 5.0+0.83 EF 6.0+0.31 G 5.0 +0.31 EFG
R8 - 0.5 - 10.0 £ 1.65 EF 8.0+137 B 100+ 033 F 792022 B
R9 - 1 - 16.0£279 B 9.0+£1.62 A 18.0+£0.29 B 10.0£0.24 A
R10 - 15 - 19.0+3.44 A 9.2+159 A 200£04 A 10.0+0.31 A
R11 - 2 - 150+247 B 70+119 C 15.0+031 D 8.0+0.18 B
R12 - - 0.1 4.0+0.61 K 5.0+0.74 EF 50+0.31 G 5.0+ 0.25 EFG
R13 - - 0.5 7.0+1.14 HIJ 55+0.98 DE 9.0+031 F 6.0+ 0.25 CDE
R14 - - 1 12.0+2.08 CD 3.9+0.70 G 16.0+0.3CD 4,0+£0.12 GH
R15 - - 15 13.0+247 C 3.0+050 G 16.0 + 0.31CD 3.3+0.23 H
R16 - - 2 9.0+1.70 FG 1.2+031 H 120+£031 E 20+0.2 |
R17 0.1 0.2 - 8.0+ 1.35 GHI 35+0.70 G 12.0+0.70 E 47+0.16 FG
R18 0.1 - 0.2 8.5+ 1.53 FGH 54+098 E 120+£0.70 E 6.5+0.25 CD
R19 0.1 0.1 0.1 65+1.17 1J 6.0+ 1.11 CDE 9.0+0.31F 6.5+0.2 CD

All means + standard error are compared by DMRT at p=0.1. Values followed by the same letter are not significantly different from each other

Kanamycin sensitivity assay: To determine sensitivity of
various explants of Falat CH to Kanamycin; explants
were tested in T19 medium (Table 1) which showed the
highest regeneration potential irrespective of explants
type with various Kanamycin concentrations: 0, 25,
50,75,100 and 125mg/l and sub- cultured every 15 days.

Preparation of Agrobacterium tumefaciens:
Agrobacterium tumefaciens GV31011 harboring plant
binary vector pHB117(courtesy to Hugh S. Mason), with
CaMV 35S double promoter for constitutive expression of
Hepatitis B surface Antigen (HBsAg) and neomycin
phosphortransferase Il (nptll) genes, was used in
transformation experiments. A single colony of freshly
grown A. tumefaciens was inoculated in 5 ml of YEP
broth supplemented with 50 mg/I kanamycin and 25 mg/I
rifampicin and grown at 200 rpm at 28°C for 24 h. The 1
ml of overnight grown culture was added to 25 ml of YEP
broth with specified antibiotics and cultured for 4-5 hrs
until an O.D. reached to 0.8 - 1.0. The 10 ml of bacterial
culture was centrifuged for 10 min at 4°C with the speed
of 4,000 rpm. Bacterial pallet was suspended in liquid T1
medium with various concentrations (0.0, 50, 100, 150,
200, 250 and 300) pM of acetosyringone.

Co-cultivation and light test: The 2 days old pre-
cultured explants were inoculated in the A. tumefaciens
suspension for 10, 20, 30, 40, 50 and 60 minutes with
slight shaking on gyratory shaker. They were removed
from the suspension, then blot dried and transferred to T1
medium supplemented with various levels (0.0, 50, 100,
150, 200, 250 and 300) pM of acetosyringone. To
determine the effect of light, some cultures co- cultivated
in dark and some in light for 1, 2 and 3 days on previously
mentioned temperature conditions.

Concentration of acetosyringone: The concentrations of
acetosyringone were selected on previous reports about
transformation of mono cotyledonous plants using
Agrobacterium tumefaciens (Dong & Qu, 2005). Leaf
segments were used as target tissues for transformation
assays.

Transformant Selection and plant regeneration: To
eliminate A. tumefaciens overgrowth and to maintain a
strict selection, the co-cultivated explants were transferred
to T19 medium containing 125mg/l Kanamycin and 500
mg/l of cefotaxime and were sub-cultured every 14 days.

Four to six weeks later, regenerated shoots/ primordia
were excised and transferred onto fresh medium
supplemented with 50 mg/ | kanamycin and 250 mg/I
cefotaxime. Few shoots produced roots in 2-4 weeks. Large
no. of shoots that failed to produce roots on same medium
were transferred to rooting medium R10 (Table 2)
supplemented with 50 mg/l Kanamycin. After generation of
roots, plants were transferred to soil and acclimatized in
growth room (25 + 2°C, 16/8 photoperiod). Plants were then
transferred to a greenhouse to grow till maturity.

Molecular analysis of putative transgenic plants using
polymerase chain reaction (PCR): Genomic DNA from
controlled and transformed Falat CH leaves was extracted
followed by the method of Doyle and Doyle (1990).
Transformation analysis was carried out by PCR
employing specific primers designed for the selectable
marker gene nptll and HBsAg.

A 700 bp fragment of HBsAg gene was amplified by
PCR using a pair of gene specific primers, Forward (5
CGACCATGGAGAACACAACA 3’) and Reverse (5
AGACTTAGATGTACACCCAAAGACAA 37) under
thermo-cycler program, which consisted of 5 min-at 94°C
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for initial denaturing, followed by 35 cycles of 30 sec at
94°C, 30 sec at 62°C, 45 sec at 72°C, and finally for 7
min-at 72°C for extension.

The following primers pair was used to detect the
presence of nptll gene: Forward (5
GAGGCTATTCGGCTATGACTG 3) and reverse (5
TAGAAGGCGATGCGCTGCGA 37). PCR profile was
consisted of an initial denaturation of 4 minutes at 95°C,
followed by 35 cycles of 30 sec at 95°C, 1 minute at 56°C
and 1 minute at 72°C, with a final extension of 5 minutes at
72°C. A fragment of approx. 730bp was expected to be
amplified. In both cases, the reaction was carried out with
100ng of the template DNA. The amplified product were
separated by electrophoresis on 1.2% agarose gel and
visualized under UVITECH gel documentation system.

Statistical analysis: Direct shoot development experiments
were conducted with two factors [Explant type and
treatments (medium composition)] in a randomized
complete block design (RCBD) (15 explants/plate; 5
replications/treatment). The data was analyzed by two-way
ANOVA with replications. Root development experiments
were tested in a randomized complete block design
(10explants/plate; 5 replications /treatment) and were
analyzed by two ways ANOVA. Factor one was treatments
(auxins) and factor two was strength of media (1/2 and full
MS). Each dish was considered as a replicate in all the
experiments designed. Differences between the means were
obtained using Duncan’s Multiple Range Test with 0.1
confidence level. All analysis was done using a DOS based
statistical software MSTATC.

Results and Discussion

Plant regeneration and root development: Various PGR
treatments (in combination or alone BAP, Zeatin, IAA and
IBA) were evaluated for direct regeneration, the swelling of
explants and some callus initiation was observed at the cut
edges within 5-10 days of culture. After 2 weeks of culture,
granular green callus and leaf primordia were produced
from cotyledonary and leaf explants on all treatments,
except for T1 which included no PGR and served as
control. The callus response exhibited by hypocotyl
segments was greater for the IBA combinations than for the
IAA combinations (Data not shown here).

Two to three weeks after initiation, the well-developed
regenerated shoots were noted for the evaluation of the best
treatment. The most of the multiple shoots were developed
directly from the cut ends of explant (Fig. 1b). Shoots were
developed directly from all treatments T2-T29 with or
without some callus. Significant differences appeared in
explants producing shoot primordia on various treatments,
and an interaction between explant type and treatments was
also observed (Table 3 (ANOVA)). The data showed that the
T19 treatment (BAP 1.5 mg/l, Zeatin 0.5 mg/l and 1AA 0.2
mg/l) was the best for the generation of maximum number of
direct shoots from single explants on average irrespective of
type of explants. The T8 Treatment (BAP 1.0 mg/l and IBA
0.5 mg/l) proved the least effective treatment for direct shoot
development as it produced 5 shoots per explant (Fig. 3)
only. The control T1 treatment showed no effect on explants
and developed no shoot in any explants.

The type of the explants showed the significant
difference on shoot development. Cotyledonary explants
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proved to be the best for regeneration efficiency as it
developed up to 25 shoots per explant, the leaf explants
showed the average maximum number of 14.5 shoots per
explant where as the hypocotyls developed only 12 shoots
per explant (Table 1). This finding is in concordance of
previous investigations which demonstrated that cotyledons
of tomato were more efficient than other sources of
explants, including leaves, hypocotyls and stems for shoot
organogenesis (Hamza and Chupeau, 1993; Van Roekel et
al., 1993; Ling et al., 1998).

Treatment T19 (combination of 1.5 mg/l BAP, 0.5mg/I
Zeatin and 0.2 mg/l 1AA) and the T25 treatment (1.5 mg/l
BAP, 0.5mg/l Zeatin and 0.2 mg/l IBA) produced highest
number of shoots from cotyledonary explants (25.0+0.33
and 22.0 = 0.53 shoots from single explant respectively)
(Table 1). Treatment T11 (2.0mg/l Zeatin and 0.1 mg/I
IAA) showed the highest number of shoots produced from
hypocotyls (12.1+0.1 shoots per explant). These findings
are in agreement with the report of Gubis et al. (2003) who
reported that the medium fortified with Zeatin and 1AA was
the most effective in induction of adventitious shoots in
tomato cultivar Premium. When the hypocotyls were tested
with T19 treatment, the average shoots produced were
11.0+£0.12. The leaf explants produced the maximum
number of shoots 14.5+0.27 in T19 like cotyledons.

The highest percentage of response and maximum
frequency for number of multiple shoots formation in all
explants were found at the treatments containing BAP and
Zeatin in combination with IAA or IBA. This result showed
that the synergetic effect of cytokinins BAP and Zeatin is
more effective for direct organogenesis in tomato as
compared to the single one. Though, the treatments which
were comprised on single cytokinins in combination with
low concentration of auxins are effective to produce shoots
yet so synergetic effect of two cytokinins with low
concentration of single auxin show higher significantly
(Table 1, Fig. 3). Nogueira et al. (2001) also reported that
lower concentrations of 1AA with cytokinins enhanced the
shoot development in tomato cultivar Santa Clara. In
contrast to previously report by Afroz et al. (2010) showed
that organogenesis ability of explant decreased drastically
after transformation. The combination of PGRs in T19
treatment gave good number of transformed shoots
irrespective of explant type and genotype. Sheeja et al.
(2004) and Rizwan Rasheed et al. (2010) also reported the
use of two cytokinins BAP and Kinetin in combination for
the direct shoot development in tomato with maximum 4.78
shoots per explant.

For In vitro rooting, the shoots were cultured on 1/2
strength MS, full strength MS medium supplemented with
various concentrations of 1AA, IBA and NAA separately
(Table 2). Root formation was initiated within 10-12 days
after inoculation in all treatments and in control (medium
without any PGR). Mensuali Sodi et al. (1995) reported the
In vitro rooting of tomato does not require any PGRs, which
supports our findings. The highest average number of roots
20.0 £0.4 was observed on % MS supplemented with 1.5
mg/l IBA with profuse rhizogenesis (Fig. 1d). This finding is
in line with Sheeja et al. (2004) report on the best effect of
half strength of MS on root development.

The present study showed the effect of different auxins
on rooting on 1/2MS medium compared to an auxin-free
medium which supported the promotive effect of auxins on
root initials (De Klerk et al., 1999) in tomato.
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Fig. 1. Various stages of Agrobacteriuum mediated transformation of Falat CH. (a) Co-cultivation of cotyledons (b) Direct
organogenesis (c) Shoot development (d) Rooting (e) Acclimatization (f) Flowering on transformed plant.
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Table 3a. ANOVA for shoot development.
K value Sou_rcg of Degree of Sum of Mean F_value Prob
variation freedom squares square
1 Replication 4 17.800 4.450 28.6800 0.0000
2 Factor A 36 6430.130 178.615 1151.1426 0.0000
4 Factor B 2 1530.542 765.271 4932.0457 0.0000
6 AB 72 1362.044 18.917 121.9187 0.0000
-7 Error 440 68.272 0.155
Total 554 9408.787
Table 3b. ANAOVA for no. of roots.
K value Sou-rcg of Degree of Sum of Mean F_value Prob
variation freedom squares square
1 Replication 4 1.324 0.331 0.4305 0.0000
2 Factor A 18 4173.903 231.883 301.6336 0.0000
4 Factor B 1 136.426 136.426 177.4631 0.0013
6 AB 18 34.724 1.929 2.5094
-7 Error 148 113.776 0.769
Total 189 4460.153
Table 3c. ANAOVA for root length.
K value Sou_rce_z of Degree of Sum of Mean E-value Prob
variation freedom squares square
1 Replication 4 3.554 0.889 2.5379 0.0424
2 Factor A 18 698.595 38.811 110.8501 0.0000
4 Factor B 1 25.642 25.642 73.2386 0.0000
6 AB 18 21.794 1211 3.4581 0.0000
-7 Error 148 51.818 0.350
Total 189

Kanamycin assay and selection for transformed
plants: Our results in line with the reports from previous
studies indicates that cotyledon is a good choice as
explant for good regeneration in tomato (Fillati et al.,
1987; Hamza et al., 1993; Frary et al., 1996; Ellul et al.,
2003; Sharma et al., 2009), therefore, we used cotyledon
as explant for optimization of transformation of Falat CH.

To determine the kanamycin concentration for
transformed shoots selection, explants were cultured on
medium supplemented with a range of antibiotic
concentrations (Fig. 4). In vitro shoot regeneration ability
of Falat CH was approximately 98% in T19 medium
devoid of Kanamycin. Initially, some explants formed
shoot primordia and calli on 50-75 mg/l kanamycin, but
failed to develop normal shoots and died after three
weeks. It was observed that 100 and 125 mg/l kanamycin
inhibited the regeneration in Falat CH completely.
Therefore, 125 mg/l Kanamycin was chosen as the
selection threshold for transformed shoots.

To avoid the problem of transformation escapes
reported by others on various plant species (Dong et al.,
1991; Akasaka et al., 2004; Wu et al., 2009). We
decreased the size of explant (cotyledon cut into 3-4
pieces) and replaced fresh medium supplemented with
appropriate selection after every two weeks. The small
size of explants reduced the curling of cotyledonary and
leaf explants, where as replacing selection medium

frequently exerted continuous high selection pressure
which resulted in no escape.

Co-cultivation: In the beginning, various A. tumefaciens
strains LBA4404, AGL1, GV3101 and EHAL105 were
tested to determine their transformation ability with
various explants of five tomato genotypes. LBA 4404 and
GV3101 showed fairly good transformation efficiencies
(Data not shown). GV3101 was used in subsequent
studies for Falat CH as it was proved to be more efficient
in producing stable transformants compared to LBA4404
(Data not shown).

Co-cultivation is one of the critical steps in
transformation ~ experiments. It influences  the
transformation efficiency (Fang et al., 1990; Fullner and
Nester 1996; Shilpa et al., 2010; Yasmin et al., 2010; Seo
et al., 2011; Sharma et al., 2011), Our findings suggested
that co-cultivation at 24°C for 76 h with A. tumefaciens
strain GV301 results in the overgrowing of the bacteria and
the necrosis of explants which led to the low transformation
efficiency. Co- cultivation for 48 h was proved optimal at
24+2°C for Falat CH cotyledons and 13 explants out of 15
were transformed (Fig. 5). This result is contradictory to
Sharma et al. (2009) who reported that 72 h of co-
cultivation is optimum for higher transformation but in
agreement with other reports to achieve maximum
transformation efficiency in various cultivars of tomato
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with various Agrobacterium strains (LBA4404, C58C1,
GV311SE or A208) by 48 h co-cultivation interval
(McCormick et al., 1986; Hamza et al., 1993; Lipp-Joao et
al., 1993; Frary et al., 1996; Oktem et al., 1999; Vidya et
al., 2000; Pozueta-Romero et al., 2001; Jia et al., 2002;
Ellul et al., 2003).

Light/dark effect: Zambre et al. (2003) reported a
constructive effect of light on gene transfer from A.
tumefaciens to root explants of Arabidopsis thaliana and
callus of Phaseolus acutifolius. However, we did not
observe any significant differences in transformation with
dark and light treatments during co-cultivation (Table 5).
It is possible that the light/dark effect of Agrobacterium-
mediated transformation may be genotype or explant type
(callus/root) or co- cultivation temperature dependent.

Acetosyringone (As) concentration: Acetosyringone
(As) is a phenolic compound and is used to induce the vir
genes of the bacteria for the transformation of monocots
and recalcitrant dicot plant species (Satchel et al., 1985).
It has been reported that the addition of As to co-
cultivation medium improves the Agrobacterium-

mediated transformation in several plant species (Svabova
& Griga, 2008; Wang et al., 2009). Various reports have
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suggested that some tomato cultivars that are recalcitrant
to transformation improved the efficiency many folds
with the application of As (Costa et al., 2006; Afroz et al.,
2010; Sharma et al., 2011).

In present study optimum transformation was
obtained with 200uM of As whereas higher
concentrations lead to the death of explant by overgrowth
of Agrobacterium. Lower concentrations 50 - 100 uM of
As did not have significant effect to the transformation of
Falat CH (Fig. 6). This result supports the finding of Priya
& Shivendra (2009) and Tian Li et al. (2011) who
reported 100 mg/l and 200 mg/l As significantly improved
tomato transformation efficiency.

Molecular analysis of transformed plants by PCR: All
plants rooted on Kanamycin selection medium were
screened for the presence of nptll and HBSAQ genes.
Genomic DNA from Kanamycin resistant plants

amplified a 700bp fragment of the HBsAg gene (Fig. 2a)
and 730 bp fragment of nptll gene (Fig. 2b). Regenerated
non-transformed control plants failed to amplify any
fragment. Most non-transformed shoots were killed by
kanamycin selection. Based on PCR analysis, we found
only 9 Falat CH regenerated plant to be non-transgenic
escapes out of 70.

Fig. 2. (a) PCR amplification of 700 bp HBsAg gene and (b) 730 bp nptll gene; L is 100bp Fermentas gene ruler ladder, lane 1-4
transformed Plants, lane 5 untransformed control and lane 6 plasmid DNA.

Table 4. Regeneration percentage and transformation efficiency of Falat CH.

Shoot Shoot Kanamycin PCR positive Transformation
No. of explants . S0 . -
regeneration regeneration %  resistant shoots shoots efficiency %
175 119 68% 70 61 51.2%

Transformation Efficiency is calculated by the ratio between regenerated shoots and PCR positive shoots

Table 5. Impact of light /dark condition on transformation efficiency.

No. of Kanamycin

Transformation

Light condition No. of explants resistant explants PCR positive % age
Dark 35 22 88%
Light 35 24 88.88%




2496

Effect of treatment on shoot development irrespective of type of explant
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Fig. 3. Overall effect of PGR treatment on Falat CH irrespective of
explant type.

Effect of Kanamycin concentration
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Fig. 4. Effect of Kanamycin conc. on transformation.

Impact of Co-Cultivation time on Transformation
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Fig. 5. Impact of co-cultivation time on transformation.

Effect of Ascetosyrengone Concentration
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Fig. 6. Effect of Ascetosyringone concentration on transformation.
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Conclusion

In present study total 175 cotyledon explants were
used for the onset of Agrobacterium infection, during first
three weeks 119 explants developed the shoots and some
of them died with continuous selection pressure during
first three weeks, this showed that regeneration ability of
Falat CH is 68% after transformation (Table 4). Seventy
(70) shoots developed roots on Kanamycin selection
medium. These plants were tested for the presence of
nptll. 61 out of 70 plants showed the presence of
Kanamycin resistance gene. This confirmed that escape
event is very low in this protocol as 87.1% of developed
shoots were carrying the selection gene. Overall
transformation percentage was 34.85% where as
transformation efficiency with respect to regenerated
shoots was 51.2% (Table 4).
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