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Abstract Transgenic plants of Tylophora indica obtained via
somatic embryogenesis through genetic transformation by
Agrobacterium rhizogenes have been maintained in vitro for
over 6 years and the comparison of long term cultures and field
grown normal and transformed plants on various morphologi-
cal, biochemical and molecular characterisation described. Ri-
transformed plants were found to be morphologically stable
after 6 years in axenic culture as well as after transfer to the
field. Genetic stability for rolA, rolB, rolC and rolD genes were
obtained in Ri-transformed plants prior to and after transfer to
field. The chromosome number, 2n=22 was maintained in all
the transgenic plants. The Ri-transformed plants retained and
expressed all the four rol genes after transfer to the field and
were able to synthesise and accumulate tylophorine. Thus, the
Ri-transformed plants were found to be stable for more than
6 years in vitro and after 1year of field transfer.

Keywords Tylophora indica . Ri-transformed plants . Long
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Tylophorine

Introduction

Tylophora indica (Burm.f.) Merrill (Asclepiadaceae) is a
perennial climber native to South and Southeast Asia. This
indigenous medicinal plant has been traditionally used for

the treatment of a number of diseases including bronchial
asthma, jaundice, dermatitis, etc. [8, 24]. Tylophorine, the
major alkaloid and tylophorinidine, the minor alkaloid have
been proved to have several therapeutic properties including-
anti-inflammatory, anti-tumor, immunosuppressive, anti-
amoebic, anti-candidal, antileukemic, etc. [14, 16, 18].

Agrobacterium rhizogenes infects higher plants and causes
hairy root disease by transferring its T-DNA from the root-
inducing (Ri) plasmid to the host genome. The Ri plasmids of
agropine strains of A. rhizogenes carries two separate T-DNA
regions- the TL-DNA and the TR-DNA [29, 48]. During
infection process, these two T-DNA regions are known to be
transferred independently to the host plant genome [46]. TR-
DNA shows homology with the T-DNA of Ti plasmid. The
TR-DNA contains auxin synthesising genes (aux1 and aux2),
mannopine synthesising genes (mas1 and mas2) and agropine
synthesising gene (ags). In the TL-DNA, four genes are im-
portant for root induction and hairy root morphology known as
root loci. The four rol genes- rolA, rolB, rolC and rolD corre-
sponds to the ORFs 10, 11, 12 and 15 respectively [29, 40, 48].
The hairy roots formed at the infection sites can be excised to
establish axenic root cultures and can be indefinitely grown in
phytohormone free medium. Regeneration of Ri-transformed
plants from the hairy root cultures is reported in number of
plant species, which can be either spontaneous or induced by
phytohormones, as reviewed earlier [11, 12, 30].We have [5, 6]
reported earlier the genetic transformation of T. indica with A.
rhizogenes agropine strain A4, and spontaneous regeneration
of Ri-transformed plants in the species for the first time.

Analysis of Ri-transformed plants in long term culture is
reported in a very few species [31]. But there are some
reports of instability in the Ri-transformed plants like spon-
taneous deletion of T-DNAs in Ri-transformed potato plants
[22] and somaclonal variation among the Ri-transformed
plants in Hyoscyamus muticus [39].

In the present study we evaluated the morphological, mo-
lecular, cytological and biochemical stability of Ri-transformed
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plants of T. indica maintained in vitro for more than 6 years in
axenic culture and characterised them after transfer to field.

Materials and methods

Plant materials

Axenic Ri-transformed plants of Tylophora indica regenerated
from A4-transformed roots of T. indica [6] were used for the
present study. The plants were maintained for more than 6-
years in axenic culture by regular subculture on Murashige
and Skoog’s [28] basal medium (MS) supplemented with 3 %
(w/v) sucrose and 0.75 % (w/v) agar at 24±1 °C at approxi-
mately 50–60 % relative to humidity in the presence of light
(with a 16/8 h light/dark photoperiod provided by cool-white
fluorescent tubes at an intensity of 48 μmol m−2 s−1). The
plants were sub cultured at an interval of every 4 weeks by
culturing nodal and shoot tip explants on solid MS medium in
presence of light. Non-transformed plants of T. indica [4] were
maintained and used for present study in similar way.

Morphological characterisation of Ri-transformed plants
in vitro

Morphological characterisation of the non-transformed and
Ri-transformed plants were performed based on morphologi-
cal descriptors such as the length of shoots, number of nodes /
plant, length of internodes, presence / absence of wrinkled
leaves, leaf length, presence / absence of aerial roots, number
of axillary shoots / plant, number of primary roots / plant,
lateral density of roots (number of laterals/cm), among others
[6, 21, 25, 38].

For this study, shoot tips (approximately 2 cm long) of
axenic Ri-transformed plants were cultured on 20 ml of solid
MS for 12 weeks in culture tubes (15×2.5 cm) under a 16/8 h
(light/dark) photoperiod at 24±1 °C. One shoot tip was cul-
tured per culture tube. At the end of 12 weeks, the plants were
harvested, washed, blotted dry, fresh weight (FW) determined
and morphological data taken. Then plants were oven-dried
(55 °C) to obtain the dry weight (DW). Shoot tips of non-
transformed plants of T. indica were used as control. For each
experiment 30 explants were used and repeated thrice.

Transfer of Ri-transformed plants to field

The Ri-transformed plants maintained in vitro for over 6-
years were also transferred to the field for morphological
and molecular study. The shoot tips of the transgenic plants,
approximately 2 cm long, were cultured on solid MS for
8 weeks in presence of light in a growth chamber (n=50).
After 8 weeks, the plants were taken out of the culture tubes,
washed thoroughly with water and labelled as individual

plants. Morphological characterisation of the plants was
done based on the morphological descriptors mentioned for
in vitro plants. The plants were then transferred to small pots
with soilrite. The potted plants were watered, covered with
plastic bags and kept on a tray with approximately 2.5 cm. of
water. They were kept under a 16/8 h (light/dark) photope-
riod at room temperature for 1 month. After 1 month, the
plastic covers were removed and the pots were shifted to a
polyhouse. Three days after being shifted to the polyhouse,
the plants were taken out of soilrite and transferred to larger
pots (15 cm. diameter) with soil. Morphological analysis was
performed at every step and thereafter every month for 1 year.
Non-transformed plants were similarly grown and used as
control.

Molecular characterisation of Ri-transformed plants

Molecular characterisation of the Ri-transformed plants was
performed based on the presence and/or absence of different
T-DNA genes, i.e., the rolA, rolB, rolC and rolD genes of
TL-DNA and the TR-DNA, by PCR analysis. Genomic
DNA was extracted according to the procedure published
by Dellaporta et al. [13] from the leaves and roots of in vitro
cultures of Ri-transformed plants and from the leaves of
plants after 1 year of transfer to field. Plasmid DNA (pLJ1
for TL-DNA and pLJ85 for TR-DNA), isolated following
the standard alkali lysis method [33] was used as a positive
control. DNA of the non-transformed plants was used as
negative control. Isolated DNAwas analysed by PCR using
rolA [3], rolB [47], rolC [6, 38], rolD [9] and TR-DNA [2]
specific primers (Table 1). To eliminate the chances of false
positive PCR products due to bacterial contamination, Vir
D1-specific primers were used which is present outside the
T-DNA of Ri plasmid and not transferred to the host plant
genome [1]. Each experiment was repeated three times.

Genomic DNA was quantified spectrophotometrically.
DNA was amplified in a final volume of 25 μl containing
approximately 100 ng of template DNA, 0.25 μM of each
primer (forward and reverse), 100 μM of each dNTP, 2.5 μl
of 10X Taq DNA Polymerase Buffer A (GeNei™) contain-
ing 1.5 mM (final concentration) of MgCl2 and 1.5 U Taq
DNA polymerase (GeNei™). The PCR amplification was
performed in a programmed thermal cycler (Gene Amp®
PCR system 2400; Perkin Elmer, Foster City, Calif). The
samples were subjected to an initial denaturation step at
94 °C for 5 min, followed by 35 cycles at 94 °C
(denaturation), 30 s at the specified annealing temperature
for each gene fragment (Table 1) and 1 min extension at
72 °C. This was followed by a final extension at 72 °C for
7 min. The amplified products were resolved on an agarose
gel (1.2 % w/v), visualised by ethidium bromide staining
under UV light and documented using the BioRad Gel
Doc™ EZ Imager.
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Gene expression analysis by RT-PCR

The reverse transcriptase polymerase chain reaction (RT-PCR)
was performed to analyse the expression of the transgenes at
the transcription level. Total RNA was extracted with the
TRIzol® Reagent (Invitrogen, USA) [7] from the leaves of
the Ri-transformed plants both from in vitro culture as well as
from plants transferred to the field after 1 year. The isolated
RNAwas quantified spectrophotometrically. cDNAwas syn-
thesized for all the genes (rolA, rolB, rolC and rolD genes of
TL-DNA) using gene specific primers in 20 μl reaction vol-
ume containing 2 μg total RNA, 20 pmol primers, 5X buffer,
10 mM dNTP mix, 200 U RevertAid™ M-MuLV RT and 20
U ribonuclease inhibitor. Prior to adding the RT enzyme, the
reaction mix was heated at 65 °C for 5 min and after this RT
was added and the reaction mixture was incubated at 42 °C for
50 min for cDNA synthesis. The reaction was stopped by
heating at 75 °C for 5 min. Finally, 2 μl cDNA samples were
used for PCR analysis following the same procedure de-
scribed above.

Extraction and analysis of tylophorine by HPTLC

Leaves of Ri-transformed plants and non-transformed 1 year
old plants growing in the polyhouse were oven-dried at
55 °C to constant weight and powdered. 500 mg dried tissue
of each sample was defatted with 20 ml n-Hexane (AR
grade; Spectrochem) for 48 h in 100 ml conical flasks. The
residue was extracted with 20 ml methanol (HPLC grade;
Spectrochem) for 72 h. The extract was concentrated under
vacuum, and dissolved in 5 ml HPLC grade methanol
[19, 20].

Chromatography was performed on 20×10 cm pre-coated
silica gel 60 F254 TLC plates (Merck) of 0.25 mm layer thick-
ness. A CAMAG HPTLC system (Muttenz, Switzerland)

comprising a Linomat-5 automated sample applicator equipped
with a 100 μl syringe, CAMAG TLC scanner with winCATS
software (version: 1.4.6), a UV cabinet and a twin-trough glass
tank was used for the analysis. Standard solution of tylophorine
(Enzo Life Sciences) was prepared (0.5 mg/ml) to construct a
calibrated graph by plotting peak areas versus amount of
tylophorine injected over a range of 20–200 ng. Known amounts
of samples and standards were applied to the plates as bands of
6 mm width, 8 mm from the bottom of the plate, by the use of
the CAMAG Linomat-5 automated TLC applicator, with nitro-
gen flow. Plates were developed with toluene: ethyl acetate:
diethylamine (7:2:1, v/v/v) as mobile phase, in a tank pre-
saturated with mobile phase vapour for 30 min. The develop-
ment distance was 8.5 cm. After development, the plate was
removed, dried, and spots were visualised under UV light.
Quantitative evaluation of the plates were performed in
reflectance/absorbance mode at λ=254 nm and 290 nm with a
slit dimension of 5×0.45 mm, scan speed of 20 mm/s and data
resolution at 100 μm/step. Post chromatographic derivatization
was done with Dragendorff’s reagent and scanned at 560 nm.
The samples were extracted and analyzed in triplicate. The
tylophorine content was expressed as mg gDW−1.

Cytological analysis of Ri-transformed plants

Chromosome number was studied in the Ri-transformed
plants along with the non-transformed plants in vitro. Fresh
root tips were obtained from the in vitro plants grown on
solid MS. The root tips were pre-treated in saturated solution
of paradichlorobenzene at 18 °C for 4 h and then fixed in 3:1
absolute ethanol: propionic acid and stored at −18 °C. The
root tips were then transferred to 45 % propionic acid for
15 min and stained in mixture of 2 % propiono-orcein: 1(N)
HCl (9:1) overnight before squashing in 45 % propionic acid
on glass slides to obtain plates with countable chromosomes.

Table 1 Primer sequences used
for PCR/RT-PCR analysis Genes Primer sequence Expected

size
Annealing
temperature

Reference

rolA 5′-CGTTGTCGGAATGGCCCAGACC-3′ 248 bp 50 °C [3]
5′-CGTAGGTCTGAATATTCCGGTCC- 3′

rolB 5′-ATGGATCCCAAATTGCTATTCCTTCCACGA-
3′

780 bp 55 °C [47]

5′-TTAGGCTTCTTTCTTCAGGTTTACTGCAGC-
3′

rolC 5′-CATTAGCCGATTGCAAACTTG-3′ 531 bp 60 °C [6, 38]
5′-ATGGCTGAAGACGACCTG-3′

rolD 5′-AACTTTTCCAGCCCCAAAC-3′ 402 bp 55 °C [9]
5′-GCACTATCAAACCTCGATATCC-3′

TR-
DNA

5′-CGGAAATTGTGGCTCGTTGTGGAC-3′ 1672 bp 62 °C [2]
5′-AATCGTTCAGAGAGCGTCCGAAGTT-3′

Vir D1 5′-ATGTCGCAAGGACGTAAGCCGA-3′ 450 bp 56 °C [1]
5′-GAGTCTTTCAGCATGGAGCAA-3′
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Root tips were obtained from 30 randomly selected the
Ri-transformed plants. Data on chromosome number
were based on at least 30 scattered metaphases/5 root
tips/plant.

Statistical analysis

All of the experiments were randomised and were repeated at
least twice. Data were examined by a one-way analysis of
variance (ANOVA) to detect significant differences (p≤0.05)
in the mean [41]. A post hoc mean separation was performed
by the Tukey’s multiple comparison test at the same 5 %
probability level using SPSS software (version 16.0).
Variability in the data was expressed as the mean ± standard
deviation (SD).

Results

Morphological characterisation of Ri-transformed plants
in vitro

The Ri-transformed plants, maintained in vitro for more than
6 years showed stable morphological characteristics, retaining
the various altered characteristics that are typically observed in
a Ri-transformed plant (Fig. 1). The transgenic plants showed
significant (p≤0.05) reduction in length of shoot, length of
leaves and internode size compared to non-transformed con-
trols (Table 2). The leaves of the transformed plants were
narrow, wrinkled and smaller than non transformed plants.

There was significant (p≤0.05) increase in the number of
nodes, number of leaves and number of axillary shoots in the
Ri-transformed plants as compared to the non-transformed
ones. The Ri-transformed plants in long term culture showed
an extensive root systemwith highly branched and plagiotropic
roots which often appeared on or above the medium surface.

Fig. 1 Non-transformed and Ri-transformed plants of T. Indica after
culturing shoot tips on MS medium for 8 weeks under 16/8 h light/dark
cycles at 24±1 °C a non-transformed plant, b, c, d, e, f Ri-transformed

plants. Note smaller size of leaf and internode, increased number of
nodes and leaves, wrinkled leaves, and highly branched roots in Ri-
transformed plants

Table 2 Morphological characterisation of non-transformed and Ri-
transformed plants of T. indica maintained in vitro for 6 years

Morphological descriptors Non-transformed
plants

Ri-transformed
plants

Shoot length (cm) 10±1.30 a 6.48±0.62 b

No. of nodes/plant 4.5±1.04 a 17.93±1.01 b

Internode length(cm) 2.34±0.12 a 0.36±0.07 b

No. of leaves/plant 9.5±1.76 a 34.75±4.34 b

Leaf wrinkling Absent Present

Length of leaf (cm) 3.99±0.32 a 2.1±0.12 b

Shape of edges Smooth Smooth

Petiole length 0.83±0.05 a 0.32±0.01 b

Axillary shoots Absent Present

Aerial roots Absent Present

No. of main roots per plant 4.67±1.93 a 7.7±1.81 a

Root length 36±2.84 a 21.39±1.51 b

Lateral root density
(no. of lateral roots/cm)

0.89±0.27 a 2.22±0.3 b

Root ageotropism Absent Present

Value represent mean ± SD; n=30X3

Means with same letter in a row were not significantly different at
p≤0.05 according to ANOVA
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The lateral density of the roots increased significantly (p≤0.05)
by 2.4 times than the non-transformed plants.

The FW and DW accumulation of the Ri-transformed
plants also significantly (p≤0.05) varied from the non-
transformed plants after 12 weeks of culture. The FW and
DW were approximately 2.94 times and 2.32 times higher in
Ri transformed rooted plants than the non-transformed rooted
plants respectively. The roots of the Ri-transformed plants also
showed higher FW (4.1 times) and DW (3.85 times) accumu-
lation compared to the non-transformed ones. The root system

of the transformed plants showed nearly two times biomass
accumulation compared to the shoot. The evaluation of mor-
phological features of the Ri-transformed plants of T. indica
suggests morphological stability [6] in the Ri-transformed
plants even after 6 years of maintenance in vitro.

Morphological stability of Ri-transformed plants after
transfer to field

Fifty Ri-transformed plants were transferred to the soil and
maintained in polyhouse conditions for 1 year. These plants
exhibited most of the transgenic morphological characteristics
even after 12months in polyhouse conditions after transfer to the
field (Table 3). The internode length of the Ri-transformed plants
was smaller than that of the non-transformed controls and in-
creased number of leaves and nodes were present in the Ri-
transformed plants (Fig. 2). One hundred percent of the trans-
genic plants produced axillary shoots (range of axillary shoots/
plant=1–5/plant) compared to 16 % in the non-transformed
plants. The axillary buds of the Ri-transformed plants weremore
prominent than those of the non-transformed plants (Fig. 3a, b).
Aerial roots were present in very few plants after 6 months of
transfer to the field (Fig. 3c). Most of the Ri-transformed plants
exhibited small expanded leaves. To the best of our knowledge,
this is the first report of successful transfer and maintenance of
Ri-transformed plant of T. indica in the field.

Molecular characterisation of Ri-transformed plants in vitro

Molecular characterisation of the Ri-transformed plants
in vitro, was done by PCR analysis of different T-DNA

Table 3 Morphological characterisation of non-transformed and Ri-
transformed plants after 1 year of transfer to polyhouse

Morphological
descriptors

Non-transformed
plants

Ri-transformed
plants

Shoot length (cm) 155.17±18 a 159.53±9.5 a

No of nodes/plant 22±1.7 a 38.6±1.9 b

Internode length(cm) 11.89±0.44 a 6.9±0.3 b

No of leaves/plant 43.33±2.6 a 77.2±3.9 b

Leaf wrinkling Absent Presenta

Length of leaf (cm) 6.78±0.10 a 5.19±0.07 b

Shape of edges Smooth Smooth

Petiole length 1.12±0.05 a 0.9±0.02 b

No. of axillary shoots/plant 0.17±0.17 a 2.53±0.3 b

Aerial roots Absent Presenta

Value represent mean ± SD; n=50X2

Means with same letter in a row were not significantly different at
p≤0.05 according to ANOVA
a present in very few plants

Fig. 2 Morphology of non-transformed (a, d) and Ri-transformed (b, c,
e) plants after 6 months (a, b, c) and 1 year (d, e) of transfer to field under
polyhouse conditions. Note smaller internode and leaf size, increased

number of nodes and leaves, increase in axillary shoot (arrow) in Ri-
transformed plants
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genes. PCR analysis with the genomic DNA from leaves and
roots of Ri-transformed plants demonstrated the presence of
all four rol genes- rolA, rolB, rolC and rolD genes of TL-
DNA and absence of TR-DNA (Fig. 4). The Ri-transformed
plants regenerated from transformed roots were also reported
to be TL-DNA positive and TR-DNA negative earlier by us
[5, 6]. Hence, none of the T-DNA genes were lost during
6 years of maintenance in axenic culture in Ri-transformed
plants studied. All the PCR products were of expected size,
and were identical to those of positive control for all the
genes studied. No PCR amplification was observed in neg-
ative control (i.e. genomic DNA of non-transformed plant).
Absence of VirD1 specific amplified product confirmed the
absence of bacterial contamination in the Ri-transformed
plants in vitro.

The results from the PCR analysis were also confirmed by
the simultaneous RT-PCR results (Fig. 5). Expression of all the
rol genes (rolA, rolB, rolC and rolD genes of TL-DNA) at
transcriptional level was observed in the plants after 6 years of
maintenance in axenic culture. All the PCR products were of
expected size and corresponded to positive controls (pLJ1 plas-
mid). The RT-PCR analysis revealed that different rol genes
were not only present but were also expressed at transcriptional
level in the Ri-transformed plants in long term culture.

Molecular characterisation of Ri-transformed plants in field

PCR and RT-PCR for rolA, rolB, rolC and rolD genes of TL-
DNA and the TR-DNAwas performed for the Ri-transformed
plants after 6 year of transfer to field. PCR analysis of different
T-DNA genes with the genomic DNA isolated from the leaves
of the transgenic plants demonstrated the presence of all rol
genes (rolA, rolB, rolC and rolD) and absence of TR-DNA as
was found in the plants in vitro (Fig. 4). RT-PCR analysis of
the total RNA isolated from the leaves of these plants also
supported the fact that the rol genes were not only present but

were also expressed at the transcriptional level after 1 year of
transfer to the soil (Fig. 5).

Fig. 3 aNodes of non-transformed plant without prominent axillary bud (arrow) (bar=0.3 cm); b nodes of Ri-transformed plant with prominent axillary
buds (arrow) after 1 month of transfer to soil (bar=0.25 cm); c aerial roots (arrow) on Ri-transformed plant after 6 months of transfer to field (bar=1 cm)

Fig. 4 Agarose [1.2 % (w/v)] gel electrophoresis of PCR products with
rolA-, rolB-, rolC-, and rolD-specific primers. Lane 1: molecular
markers (100-bp plus DNA ladder); Lane 2: positive control (pLJ1,
containing TL-DNA); Lane 3: negative control (genomic DNA from
non-transformed plant); Lanes 4–8: genomic DNA of Ri-transformed
plants maintained for 6 years in vitro; Lane 9–13: genomic DNA of Ri-
transformed plants after 1 year of transfer to field
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Analysis of chromosome number and tylophorine content
in Ri-transformed plants

Ri-transformed plants maintained in vitro for 6 years showed
stable chromosome number of 2n=22, which is the normal
diploid chromosome number of this species (Fig. 6). From
the chromosome study we can suggest cytological stability
in the Ri-transformed plant in long term culture.

Tylophorinewas detected in both the non-transformed plants
as well as the Ri-transformed plants after 1 year of transfer to
field. Tylophorine content was found to be significantly
(p≤0.05) higher in the leaves of the Ri-transformed plants
(3.75±0.12 mg gDW−1) compared to the non-transformed ones
(1.81±0.15 mg gDW−1). Thus the analysis shows continued
ability of the 6 years old cultures of Ri-transformed plants to
synthesise tylophorine (Fig. 7).

Discussion

Regeneration of whole viable plants from hairy root cultures,
established from transformation with A. rhizogenes, has been
reported in a number of plant species [30]. Such transgenic plants
frequently show a very characteristic phenotype which differ
from their normal counterparts, such as, wrinkled leaf, shortened
internodes, decreased apical dominance, altered flower morphol-
ogy, increase in number of branches, reduced pollen and seed
production, and abundant production of highly branched plagio-
tropic roots. In addition to the above-mentioned changes, bien-
nial species frequently become annuals on transformation and
regeneration with A. rhizogenes [23, 43, 45].

Detailed analysis of Ri-transformed plants in long term
culture is reported in a very few plant species. Development
of transgenic medicinal plants is an important area of research

Fig. 5 Expression of rol genes at the transcriptional level in Ri-transformed
plants observed by RT-PCR using rolA-, rolB-, rolC- and rolD- specific
primers. Lane 1: molecular markers (100 bp plus DNA ladder); Lane 2:
positive control (pLJ1, containing TL-DNA); Lane 3: negative control
(genomic DNA of non-transformed plant); Lanes 4–5: amplified cDNAs
of Ri-transformed plants maintained for 6 years in vitro; Lanes 6–7: ampli-
fied cDNAs of Ri-transformed plants after 1 year of transfer to field

Fig. 6 Metaphase plate showing 2n=22 chromosomes in roots of Ri-
transformed plants of T. indica (bar=5 μm) maintained for 6 years in vitro

Fig. 7 Tylophorine content in the leaves of non-transformed (NT) and Ri-
transformedplants (Ri-T) after 1 year of transfer to field. Values representmean
± standard deviation of three independent experiments (n=30). Bars with the
different letters are significantly different at (p≤0.05) according to ANOVA
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and Tylophora indica is widely used medicinal plant.
Simultaneously long term studies are essential to establish
credibility of such newly developed plants. The current paper
describes the comparison of long term cultures and field
grown normal and transformed plants on various morpholog-
ical, biochemical and molecular characterisation. The main
achievement is evaluation of long term cultures and plants.

In the present study, the Ri-transformed plants of T. indica
were found to be morphologically stable in long term cultures
maintained in vitro for more than 6 years, retaining the trans-
genic characters typical for the Ri-transformed plants [12, 15].
The altered characters of Ri-transformed plants are due to the
combined expression of rolA, rolB and rolC genes. The rolA
gene is responsible for the decrease in the length of internode
and leaf wrinkling. The rolB gene is associated with the in-
crease in adventitious roots in the stem, in addition to reduction
in length of stamens and protruding stigmas. The rolC gene
causes internode shortening, reduced apical dominance and
increase of axillary branches [29, 45]. The PCR and RT-PCR
analysis of Ri-transformed T. indica plants maintained in vitro
showed stable presence of all the four rol genes as well as their
expression at the transcriptional level in the long term culture.
Genetic stability of six-year-old transgenic kiwi plants has been
reported [31]. However, instability in long term cultures of Ri-
transformed plants is also reported. Spontaneous deletion of
TL-DNA and TR-DNA during long term culture and regener-
ation is reported in Solanum tuberosum [22]. Somaclonal var-
iation among the Ri-transformed plants is reported in
H. muticus [39].

In the present study, the Ri-transformed plants of T. indica
were successfully acclimatised to polyhouse conditions with a
success rate greater than 93 %. This is the first report of
successful acclimatisation of Ri-transformed T. indica plants
to soil. The plants showed retention of most of the transgenic
morphological characteristics, and retained and expressed the
rol genes suggesting genetic stability of the Ri-transformed
plants even after 1 year of transfer to the field. However,
wrinkled leaves and aerial roots were noted in very few plants.
The majority of the leaves were expanded, such as those of
normal plants, but smaller than untransformed plants. The
retention of transgenic characteristics after greenhouse transfer
is reported in a number of plants including Datura arborea
[17], Limonium hybrid [27], andKalanchoe blossfeldiana [10].
In D. arborea, some clones are reported to exhibit a plant
height comparable to the control after 6 months in the green-
house [17]. The absence of leaf wrinkling in Ri-transformed
plants is reported in Pelargonium graveolens, although other
transformed characters were retained after transfer to soil [37].
The disappearance of leaf wrinkling after transfer to soil has
been observed inPlumbago rosea, although other characteristics
such as the reduced leaf size and internode size were retained
[36]. Morphological characterisation of Ri-transformed plants
after 6 months of their growth in glass house is reported in

Rauwolfia serpentina, where 90 % of these plants showed no
phenotypic difference with the normal plants, while 10 %
showed stumpy and poor growth [26].

A limited number of reports are available regarding analysis
of secondary metabolites in the Ri-transformed plants and even
fewer for Ri-transformed plants after field transfer, although
extensive studies have been conducted with hairy root cultures
of different plant species. In the present study, the long term
cultures of Ri-transformed plants of T. indica were found to
retain their capability to synthesise higher content of the alkaloid
tylophorine compared to the non-transformed plants even after
1 year of field transfer. High capacity of secondary metabolite
production stably maintained in clonal regenerants of Ri-
transformed plants after field transfer is also reported in Ajuga
reptans, although not after long term culture [44]. Saxena et al.
[37] reported Ri-transformed plants of P. graveolens
synthesising essential oils after 5 months of transfer to the soil.
High reserpine productivity was also noted in R.
serpentina after 6 months of glass house transfer [26].
Chromosome count in the long term cultures of Ri-
transformed plants of T. indica was found to be 2n=22. The
normal diploid chromosome number in the wild type plants of
this species is also reported to be 2n=22 [32, 34, 35, 42].
Hence, no change in chromosome number was observed in
the long term cultures of these Ri-transformed plants studied.

Therefore, from the present study we can conclude that the
Ri-transformed plants of T. indica showed genetic stability after
6 years in vitro culture as well as after 1 year of field transfer.
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