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Abstract Efficient Agrobacterium tumefaciens mediated T-
DNA delivery and subsequent shoot organogenesis has been
achieved from Bacopa monnieri. Various factors influenced
T-DNA delivery as evident from transient GUS assay. The
transient GUS expression was significantly higher (97.7 %)
in explants that were pre-cultured before bacterial infection
on medium supplemented with 100 μM acetosyringone.
Incorporation of acetosyringone into the co-cultivation me-
dium also enhanced transient GUS activity. Explant injury
with carborundum paper, co-cultivation period of 2 days and
a bacterial density of 0.4 OD600 showed higher transient
GUS expression. Following co-cultivation, shoot organo-
genesis was achieved from leaf segments on basal Mura-
shige and Skoog medium containing 58 mM sucrose.
Supplementation of antibiotics (cefotaxime or carbenicillin)
at > 250 μg/ml into the medium significantly promoted
shoot organogenesis from leaf explants (71.5 % in control
and > 83.0 % on medium containing 500 μg/ml of carbeni-
cillin or cefotaxime). Stable transformation of regenerated
shoots was confirmed on the basis of GUS activity and PCR
amplification of DNA fragments specific to reporter gene
(uidA) and selection marker gene (nptII). The expression
level of nptII gene in independent transgenic lines was
studied using quantitative real time-PCR. Stable trans-
formed shoots after rooting were successfully established
in the pots.
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Abbreviations
GUS β-Glucuronidase
nptII Neomycin phosphotransferase
RT-PCR Reverse transcriptase-polymerase chain

reaction
qRT-PCR Real Time - polymerase chain reaction
X-Gluc 5-bromo-4-chloro-3-indolyl-β-D-glucuronic

acid

Introduction

Bacopa monnieri (L.) Wettst. (Scrophulariaceae); common
name brahmi’ or ‘jala-brahmi’ is an amphibious plant of
tropics. It is normally found growing on the banks of rivers
and lakes. It is traditionally used in India as an important
constituent of Ayurvedic formulations and reported to possess
anticancer (Elangovan et al. 1995), antioxidant (Tripathi et al.
1996) and cardiotonic (Mathur et al. 2002) properties. It is also
used to counteract the effects of anxiety, mental stress and
neurosis (Singh et al. 1979). Saponins (bacosides) extracted
from plant have been reported to posses memory enhancing
properties (Pal and Sarin 1992). The discovery of the
memory-enhancing property of the bacosides has led to in-
creased collection of raw material for the extraction of active
compounds resulting in decline of natural populations (Tiwari
et al. 2001).

Since plant is reported to possess many important active
ingredients, attributing to various medicinal properties, there
is an opportunity to undertake genetic transformation aim-
ing at engineering of this plant to produce novel metabolites
or for up-regulation of the existing compounds. Genetic
transformation technology is thought to be one of the most
suitable approaches to enhance production of secondary
metabolites (Canter et al. 2005). Though genetic transfor-
mation of a number of important plant species has been
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reported, there are limited reports of such efforts in case of
medicinal plants (Gomez-Galera et al. 2007). Therefore,
there is an urgent need to optimize various factors for
efficient genetic transformation of this important herb.

Although, shoot organogenesis from different explants
have been reported in B. monnieri (Tiwari et al. 1998,
2006; Banarjee and Srivastava 2008; Ceasar et al. 2010),
yet there is only a preliminary report on the development of
genetic transformation available in literature (Nisha et al.
2003). Further, it has been reported that plants with higher
secondary metabolite contents are recalcitrant to organogen-
esis following genetic transformation (Wei et al. 2006).
Keeping in view the medicinal importance of B. monnieri,
there is an urgent need to develop an efficient genetic
transformation protocol so that an effective programme fo-
cussing on metabolic engineering for the production of high
value compounds can be taken up. Further, development of
efficient regeneration system is a prerequisite for the pro-
duction of transgenic plants (Aggarwal et al. 2011). There-
fore, the present study was aimed to investigate the factors
affecting efficient Agrobacterium tumefaciens mediated ge-
netic transformation and subsequent shoot organogenesis
from transformed tissues of B. monnieri. The expression
level of nptII gene in stable transgenic lines was studied
using quantitative real time – PCR (qRT-PCR).

Materials and methods

Plant material, chemicals, glassware

Elite plants of B. monnieri (L.)Wettst. were collected from Tau
Devi Lal Herbal Park, Chhachhrauli, Yamunanager (Haryana),
India and maintained in earthen pots under green house con-
ditions. All routine chemicals were purchased from HiMedia
Laboratories (Mumbai, India), growth regulators and antibiot-
ics were purchased from Sigma Chemical Co. (MO, USA).
Unless otherwise mentioned, all experiments were conducted
in 300 ml glass culture bottles (Kasablanka, Mumbai, India)
containing 50 ml of medium. The pH of medium was adjusted
to 5.8 before autoclaving at 121 °C for 20 min. Cultures were
established using nodal explants following the procedure men-
tioned earlier (Kumar et al. 2010) and incubated at 25±1 °C
under cool white fluorescent lamps (Philips India Ltd,

Mumbai, India) with the light intensity of 42 μmolm−2s−1

inside the culture vessel in 16–h light/8–h dark cycle. The
actively growing shoot cultures were maintained onMurashige
and Skoog medium (Murashige and Skoog 1962), containing
58 mM sucrose and gelled with 0.7 % (w/v) agar (MS medi-
um) supplemented with 2.5μMbenzyladenine (BA). The fully
expanded leaves (14–20 days old) from these microshoots
were used as explants for transformation and shoot regenera-
tion experiments.

Determination of kanamycin sensitivity

Tolerance limit (sensitivity) of the leaf explants for kanamy-
cin was determined by culturing leaf segments on shoot
induction medium (SIM, Table 1) supplemented with dif-
ferent concentrations of kanamycin (0 to 80 μg/ml). All
antibiotic solutions were filter sterilized and added to the
medium after autoclaving when the temperature has come
down to 40 °C.

Binary vector and Agrobacterium strain

The binary vector pBI121 carrying reporter gene uidA
(β-glucuronidase) (GUS) and selection marker gene neo-
mycin phosphotransferase II (nptII) was used for genetic
transformation. These genes were expressed under the con-
trol of CaMV 35S and nos promoters respectively (Jefferson
et al. 1987). The plasmid was introduced into A. tumefa-
ciens disarmed strain LBA4404 (Hoekema et al. 1983) by
the freeze–thaw method (Holsters et al. 1978). The pres-
ence of pBI121 plasmid was confirmed in the antibiotic
resistant bacterial colonies by PCR using nptII gene specif-
ic primers. The transformed A. tumefaciens strain was
maintained at 28 °C on yeast extract peptone (YEP) agar
medium (10 g/1 bacto peptone, 10 g/l yeast extract,
05 g/l NaCl and 15 g/l agar, pH-7.0) containing 15 μg/ml
rifampicin and 50 μg/ml kanamycin and used for the ge-
netic transformation experiments.

Co-cultivation and infection

A single bacterial colony was inoculated in 10 ml YEP broth
supplemented with 50 μg/ml kanamycin and 15 μg/ml
rifampicin and grown overnight at 28 °C on a gyratory

Table 1 Different media combinations used for Agrobacterium mediated genetic transformation of Bacopa monnieri

Culture medium Composition

Shoot induction medium (SIM) MS medium + 0.7 % agar + 30 g/l sucrose, pH 5.8

Pre culture medium (PCM) MS medium + 30 g/l sucrose + 50 μM Acetosyringone, pH 5.8

Co-cultivation medium(CCM) MS medium + 100 μM Acetosyringone, pH 5.2

Selection medium (SM) MS medium + 0.7 % agar + 30 g/l sucrose + 50 μg/ml kanamycin + 500 μg/ml carbenicillin, pH 5.8
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shaker (250 rpm). From the overnight grown culture,
0.5 ml bacterial suspension was inoculated into fresh
50 ml of YEP medium and grown for 24 h. Bacterial
cells were pelleted by centrifugation (4000 × g, 5 min)
and resuspended in YEP medium supplemented with
100 μM acetosyringone (unless otherwise mentioned) to
attain the desired OD600. Leaf explants that were cultured
on pre-culture medium (PCM, Table 1) for 0–5 days
were injured following different procedures namely,
pricking with hypodermic needle, cutting with surgical
blade, rubbing with carborundum paper. These were then
infected with above mentioned suspension of A. tumefa-
ciens for different time periods (10 ml, 0–30 min) in
Petri plates. Following infection, tissues were blotted on
sterile blotting paper to remove the excess of bacterial
cells. Infected tissues were cultured for 1–5 days on
antibiotic-free co-cultivation medium (CCM, Table 1).
Culture plates were sealed with cling film and incubated
under different photoperiods viz. continuous light, 16-
h light/8-h dark or continues dark.

Selection and regeneration of transformed shoots

Following co-cultivation, leaf explants were washed (4–5
times) with sterile distilled water containing 500 μg/ml
carbenicillin, blotted on sterile filter paper and transferred
on to selection medium supplemented with 50 μg/ml kana-
mycin and 500 μg/ml carbenicillin (selection-cum-shoot
induction medium: SM; Table 1). The effect of two anti-
biotics, namely, cefotaxime and carbenicillin (0–500 μg/ml)
was tested on shoot organogenesis from leaf explants. The
effect of varying concentration of BA (0.0–12.5 μM) and 2,
4-dichlorophenoxyacetic acid (2, 4-D, 0.0–12.5 μM) and
sucrose concentrations (58, 116, 174 and 232 mM) in basal
MS medium was tested for shoot organogenesis from leaf
explants.

Histochemical GUS assay

GUS assay was carried out using regenerated kanamycin
resistant shoots (for scoring stable expression) and
freshly infected explants after 2 days of incubation on
selection medium (for scoring transient expression) fol-
lowing the method of Jefferson et al. (1987). Tissues
were incubated at 37 °C in 100 mM sodium phosphate
buffer (pH 7.0), containing 1 mM 5-bromo-4-chloro-3-
indolyl-β-D-glucuronic acid (X-Gluc), 0.5 mM potassi-
um ferrocyanide and 0.1 % (v/v) Triton X-100 for 12 h.
Following incubation, tissues were cleared to remove
chlorophyll by washing several times with 70 % ethanol
and then slowly increased to absolute ethanol. The
tissues showing blue colour after the removal of chlo-
rophyll were scored.

Molecular analysis

Genomic DNA was extracted from the shoot tissues following
CTAB method (Doyle and Doyle 1990). PCR amplification of
DNA fragments specific to nptll and uidA genes was carried out
from the leaves of GUS positive putative transgenic shoots and
untransformed shoots. PCR reaction mixture consisted of 20 ng
of genomic DNA, 1.0 U of Taq DNA polymerase (Larova,
Teltow, Germany), 100 μmol dNTPs mixture, 2.0 μl reaction
buffer (10X), 10 nmol each primer and sterile Milli-Q water
(Millipore, India) was added to make up the final volume to
20 μl. Amplification conditions were as follows: initial de-
naturation 94 °C for 5 min followed by 31 cycles of 94°C
for 1 min, 58°C for 45 sec and 72°C for 1.5 min a with final
extension at 72°C for 5 min. A fragment of about 1,500 bp
specific to uidA gene was amplified using primer pair (forward
primer 5-GGTGGGAAAGCGCGTTACAAG-3 and reverse
primer 5-GTTTACGCGTTGCTTCCGCCA-3) and a fragment
of about 720 bp gene specific to nptIIwas amplified using primer
pair (forward primer 5-GAGGCTATTCGGCTATGACTC-3
and reverse primer 5-ATCGGGAGAGGCGATACCGTA-3).
Plasmid DNA of pBI121 was used as a positive control and
leaves from untransformed shoots ofB.monnieriwere the source
of DNA for negative control.

PCR amplification of 16S rRNA locus specific fragment
of about 1,500 bp was carried out using DNA extracted
from putative transformed and untransformed shoots using
primer pair 5-AGAGTTTGATCCTGGCTCAG-3 and 5-
ACGGGCGGTGTGTTC-3 specific to bacterial 16S rRNA.
Bacterial genomic DNA was used as positive control. Am-
plification conditions were same as mentioned above. The
amplified products were separated on a 1.0 % (w/v) agarose
gel and viewed using UV transilluminator (BioRad, CA,
USA) following ethidium bromide staining.

RT-PCR analysis of nptII gene

Total RNAwas isolated from young putative transgenic shoots
through monophasic lysis reagent Trizol (Invitrogen, USA).
The RNAwas further treated with DNase I (Invitrogen, USA)
to avoid PCR amplification from genomic DNA. The first
strand cDNA synthesis was carried out using DNase-treated
total RNA (2.5 μg) with the help of cDNA synthesis kit (MBI,
Fermentas, USA) in a reaction volume of 20μl according to the
manufacturer’s protocol. The first strand cDNA was immedi-
ately subjected to PCR amplification with nptII gene-specific
primers independently as mentioned above.

Gene expression analysis using quantitative real time–PCR
(qRT–PCR)

Quantitative real time-polymerase chain reaction (qRT-PCR)
analysis of nptll gene was carried out using the Real Master
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Mix SYBR ROX Master Mix (5 prime, GmbH, Ham-
burg) on Realplex 4 real-time PCR system (Eppendorf
AG, Hamburg) to determine critical thresholds (Ct)
values, using gene-specific primers (forward primer 5-
GAATGAACTGCAGGACGAG-3 and reverse primer 5-
ATACTTTCTCGGCAGGAGCA -3). For quantification
of gene expression in transgenic lines, actin-9 (forward
primer 5-CTATTCTCCGCTTTGGACTTGGCA-3 and
reverse primer 5- AGGACCTCAGGACAACGGAA
ACG -3) as described previously by Volkov et al.
(2003) was used as an endogenous control. Conditions
for the qRT-PCR reactions were as follows: 95 °C for
2 min, 40 ycles of 95 °C for 15 s, 55 °C for 15 s, and
68 °C for 20 s. Gene expression was quantified using the
comparative method Ct:2−ΔΔCt method.

Statistical analysis

Unless otherwise mentioned all experiments were con-
ducted in triplicates and repeated three times. The data were
analyzed by analysis of variance and the means were com-
pared using Duncan’s multiple-range test (P<0.05). All the
analyses were performed using Graphpad Prism software
(GraphPad V 4.03).

Results and discussions

In the present investigation, factors influencing genetic
transformation and subsequent shoot organogenesis of se-
lected elite clone of B. monnieri were studied.

Genetic transformation

Experimental results investigating the sensitivity of leaf
explants to antibiotics showed that presence of kanamycin in
the medium caused considerable toxicity to explants and all
the explants died on media containing > 50 μg/ml kanamycin
(Fig. 1). Kanamycin also inhibited shoot organogenic poten-
tial of explants as compared to those cultured on kanamycin-
free medium (70 % explants showed shoot organogenesis).
Therefore, kanamycin (50 μg/ml) was used in the medium for
selection of transformed tissues. These results are in line with
the earlier reports on some other medicinal plants like With-
ania somnifera (Pandey et al. 2010), Centella asiatica
(Krishnan et al. 2008) including B. monnieri (Nisha et al.
2003). The carbenicillin concentration was kept at 500 μg/ml
for the elimination of residual bacteria from the cultures. This
concentration of carbenicillin was not only effective for the
complete elimination ofA. tumefaciens but also promoted shoot
organogenic potential of explants (Table 2).

In the present study, A. tumefaciens strain LBA4404 deriv-
ative from strain Ach 5 (Hoekema et al. 1983) harbouring

binary vector pBI121 was used. This strain was successfully
used for transformation of many plants like Withania somni-
fera, Mentha arvensis, and Morus alba (Pandey et al. 2010;
Aggarwal and Kanwar 2007; Kumar et al. 2008). Moreover, it
has also been reported that elimination of strain LBA4404
from plant tissues is relatively easy (Maheswaran et al. 1992).

Various factors namely pre-culture, bacterial density,
mode of injury, incubation conditions, pH of co-cultivation
medium, phenolics etc., influenced transformation efficien-
cy of leaf explants (Table 3). Culture medium and incuba-
tion conditions of explants, prior to A. tumefaciens infection
have been reported to influence T-DNA delivery in some
plant species (Aggarwal et al. 2011; Padmanabhan and Sahi
2009). In the present study, leaves pre-cultured on PCM
medium (Table 1) containing 50 μM acetosyringone for
3 days and incubated under 16-h light/8-h dark cycle
showed maximum transient GUS activity (97.7 %; Table 3).

0 10 20 30 40 50 60 70 80
0

20

40

60

80

100

Kanamycin (µg/ml)

S
u

rv
iv

al
 (

%
 e

xp
al

n
ts

)

Fig. 1 Effect of kanamycin in MS medium on the survival of leaf
explants taken from microshoots of B. monnieri. Data were recorded
after 6 weeks of culture. Values are the means of four experiments
consisting of three replicates each (10 explants in each replicate)

Table 2 The effect of cefotaxim and carbenicillin in basal MS medium
on shoot organogenesis from leaf segments taken from microshoots of
B. monnieri

Antibiotic
(μg/ml)

Frequency of organogenic
explants (%)

No. of shoots/explant

0 (Control) 71.5 d 26.6 c

Cefotaxime

100 74.2 c 26.8 c

250 78.1 b 29.4 b

500 83.0 a 34.1 a

Carbenicillin

100 70.3 d 24.8 d

250 77.1 b 29.0 b

500 84.2 a 32.6 a

Experiments were conducted in triplicates and repeated three times

Data were scored after 6 weeks of inoculation

Values sharing a common letter within the column are not significant at
P<0.05
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The higher GUS activity is probably due to presence of vir
genes inducing compounds such as acetosyringone in the
medium (Stachel et al. 1985). Earlier, pre-culturing of
explants on a particular medium prior to infection with A.
tumefaciens has been reported to enhance transformation
efficiency (Kumar et al. 2008; Padmanabhan and Sahi
2009).

Supplementation of 100 μM acetosyringone in the co-
cultivation medium significantly increased transient GUS
activity from 62.2 % (on medium lacking acetosyringone)
to 68.8 % (Table 3). Earlier, acetosyringone has been
reported to enhance Agrobacterium mediated genetic

transformation efficiency in Centella asiatica (Krishnan et
al. 2008) and Eucalyptus tereticornis (Aggarwal et al. 2011).

Method of injury to the tissue prior to bacterial infection
was also observed to play an important role in improving the
efficiency of A. tumefaciens mediated T-DNA delivery. In-
jury of leaf tissue with carborundun paper significantly
enhanced transient GUS activity from 54.4 % (in intact
explants) to 76.6 % explants (Table 3). Wounding of tissue
before infection could allow bacterial penetration deep into
the tissue facilitating the accessibility of plant cells to Agro-
bacterium on one hand and induction of vir genes as a result
of phenolics secretion on other which could be main reasons

Table 3 The effect of different
parameters on transient GUS
expression in leaf segments
taken from microshoots of
Bacopa monnieri using
A. tumefaciens strain LBA4404
(pBI121)

Values are the means of three
experiments consisting of three
replicates each (10 explants in
each replicate). Values sharing a
common letter individually for
each factor within the column
are not significant at P<0.05

Factor Variable GUS expression (%)

Preculture time (days) 0 54.4 d

1 62.2 c

2 59.9 cd

3 97.7 a

4 85.5 b

5 83.3 b

Mechanical injury with surgical blade 58.6 b

with hypodermic needle 52.2 c

with carborundum paper 76.6 a

Intact 54.4 c

Bacterial concentration(O.D) 0.2 33.3 c

0.4 61.1 a

0.6 55.5 b

0.8 34.4 c

1.0 27.7 d

Inoculation time (min) 5 32.2 c

10 37.7 c

15 62.2 a

20 62.2 a

30 51.1 b

Co-cultivation time (days) 0 47.7 b

1 53.3 ab

2 59.9 a

3 59.9 a

4 49.9 b

5 33.3 c

Acetosyringone concentration (μM) 0 62.2 ab

50 62.2 ab

100 68.8 a

200 55.5 b

pH 5.2 68.8 a

5.5 53.3 b

5.8 48.8 b

Photoperiod Continuous dark 78.8 a

Continuous light 68.8 b

16 h photoperiod 67.7 b
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for enhanced bacterial efficiency for T-DNA delivery (Stachel
et al. 1985). Method of injury to plant tissue before co-
cultivation has also been shown to influence transformation
frequency in Vitis vinifera (Dutt et al. 2007) and Vigna radiate
(Sonia et al. 2007).

The pH of medium during co-cultivation also influenced
efficiency of T-DNA delivery. Significantly higher frequen-
cy of explants showed transient GUS activity when co-
cultured on medium having pH of 5.2 (68.8 %) as compared
to explants cultured on medium having pH of 5.8 (48.8 %)
(Table 3). Earlier, lower pH during co-cultivation was
reported to be beneficial for A. tumefaciens mediated trans-
formation across the species (Godwin et al. 1991).

The density of bacterial suspension used for infection of
explant also influenced transient GUS activity (Table 3).
Maximum transient GUS activity was obtained in explants
that were infected with bacterial suspension of OD600

0.4–0.6. At higher bacterial density, decreased transient
GUS activity is possibly resulting from damage caused to
tissue due to over growth of bacteria leading to tissue
necrosis. This could result from increased production of
toxic compounds due to bacterial overgrowth as reported
earlier (Sonia et al. 2007).

A co-cultivation period following A. tumefaciens infec-
tion influenced the expression of transient GUS activity
(Table 3). A maximum of 59.9 % explants showed tran-
sient GUS activity when these were co-cultivated for
2 days. In this study, co–cultivation period of more than
4 days caused excessive bacterial growth leading to tissue
necrosis. It is established that co-cultivation of explants
with A. tumefaciens for an appropriate duration is required
for efficient T-DNA delivery. However prolonged co-
cultivation was reported to result in death of explants
(James et al. 1993).

In the present investigation, effect of three different pho-
toperiods on transient GUS expression was studied (Table 3).
Incubation of infected explants under complete darkness
during co-cultivation resulted in higher transient GUS ac-
tivity (78.8 % explants). Earlier, photoperiod during co-
cultivation was also reported to influence transient expres-
sion of reporter gene in Dianathus caryophyllus and E.
tereticornis (Aggarwal et al. 2011; Zuker et al. 1999). In
this study a transformation efficiency of 65.7 % has been
obtained in the rooted shoots that are ready for the transfer
to soil.

Shoot organogenesis

Shoot organogenic potential of leaf explants after co-
cultivation was assessed on MS medium variously supple-
mented with BA and 2, 4-D is summarized in Table 4.
Callus formation was recorded in all explants cultured
on media supplemented with plant growth regulators.

Maximum explants (71.5 %) showed shoot organogenesis
on plant growth regulator free (PGR free) MS medium
(Fig. 2a). Shoot organogenic potential of leaf explants varied
in presence of PGRs (Table 4). Effect of BA and 2,4-D on
shoot organogenesis has been reported in many plant species
including B. monnieri (Aggarwal et al. 2010; Kumar et al.
2002; Tiwari et al. 2001).

Agrobacterium mediated genetic transformation proce-
dures utilize antibiotics for the elimination of bacteria from
cultures after co-cultivation. In the present study, incorpo-
ration of cefotaxime and carbenicillin was found to be
beneficial for the shoot organogenesis in terms of both
percent explants resulting shoot organogenesis and the num-
ber of shoots differentiated per explant (Table 2). Maximum
shoot organogenesis was observed in explants cultured on
medium containing 500 μg/ml carbenicillin (84.2 %) fol-
lowed by medium containing 500 μg/ml cefotaxime
(83.0 %), whereas explants cultured on antibiotic-free basal
MS medium (control) resulted in shoot organogenesis in
significantly less number of explants (71.5 %). Beneficial
effect of antibiotics on adventitious shoot formation was
also reported in many plant species inluding B. monnieri
(Aggarwal et al. 2010; Hammerschlag et al. 1997; Tiwari et
al. 2006). Carbenicillin is known to possess auxin like
structural features (Robert et al. 1989) and cefotaxime has
been shown to interfere with ethylene biosynthesis (Pius et
al. 1993). The growth regulatory activity of these antibiotics
has also been attributed to their interference with the metab-
olism of PGRs (Padilla and Burgos 2010).

In plant, cell and tissue cultures, sucrose is generally used
as carbon source. Sucrose concentrations have been shown
to affect the growth and morphogenesis of shoots (Gurel and
Gulsen 1998; Kumar et al. 1999). In the present study, shoot
organogenic potential decreased with increase in sucrose
concentration from 58 mM to 232 mM. Maximum shoot
organogenesis was observed when 58 mM sucrose (normal
concentration used in tissue culture) was used in the medi-
um (Table 5). These results are in line with previous reports
on influence of sucrose on shoot organogenesis (Kumar et
al. 1999; Naik et al. 2010). Sucrose dependent developmen-
tal regulation of morphogenesis has also been reported in
liverworts (Mehra 1972) and Chlorophytum borivilianum
(Kumar et al. 2010).

Although, kanamycin resistance shoots (Fig. 2 b & c)
was indicative of expression of the nptII gene, yet GUS
activity was also examined to confirm the expression of
these newly incorporated genes. Kanamycin resistant shoots
showed positive GUS activity indicating stable incorpora-
tion of these genes (Fig. 3a). These results were confirmed
by PCR amplification of DNA fragments of 720 bp specific
to nptII gene (Fig. 3b) and 1,500 bp specific to uidA gene
(Fig. 3c) from DNA isolated from putative transgenic
shoots. Amplification of DNA fragment specific to 16S
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rRNA locus of DNA isolated from transgenic shoots was
not observed establishing complete elimination of bacteria
from these tissues (Fig. 3d). Earlier, such analysis has been
successfully used for the detection of bacterial presence in
the transformed tissue (Aggarwal et al. 2011).

Further, expression of nptII gene was also confirmed at
transcription level in the transgenic plants by RT-PCR. The
cDNA was synthesized from total RNA isolated from con-
trol plants and five independent transgenic lines grown
under green house conditions were subjected to PCR as
mentioned above. Amplification of DNA fragment from
five independent transgenic lines yielded a fragment of
720 bp, specific nptII gene, while amplification was not
observed in control samples (Fig. 3e) indicating that trans-
genic plants expressed the nptII gene. Earlier, RT-PCR
analysis was successfully utilized for the detection/integra-
tion of transgene in the host genome (Jung et al. 2011;
Bakshi et al. 2011). Expression levels of nptII gene was
studied in different transgenic lines using qRT-PCR. Differ-
ent expression levels were observed in different transgenic
lines. Line T2 showed maximum expression levels, whereas

Table 4 The effect of plant growth regulators on shoot organogenesis
from leaf segments taken from microshoots of B. monnieri

Combinations of plant growth
regulators (μM) supplemented
to culture medium (a + b)

Frequency of
organogenic
explants (%)

No. of shoots/
explant

BA(a) 2,4-D (b)

0 0 71.5 a 26.6 a

1 1 13.5cd 04.1 ef

1 5 07.0 e 02.9 f

1 12.5 09.1 e 04.0 ef

5 1 23.0 b 09.7cd

5 5 20.5 b 11.0 c

5 12.5 14.5 c 12.5 b

12.5 1 10.2 de 05.2 e

12.5 5 15.5 c 09.5 d

12.5 12.5 13.5 cd 04.5 e

Experiments were conducted in triplicates and repeated three times.
Data were scored after 6 weeks of inoculation. Values sharing a
common letter within the column are not significant at P<0.05

Fig. 2 Genetic transformation
of B.monnieri. a Shoot
organogenesis from leaf
explants of B. monnieri on MS
medium b Regeneration of
transgenic shoots from leaf
explants of B. monnieri on
selection medium
supplemented with kanamycin
after infection with
Agrobacterium tumefaciens c
Multiplication of transformed
shoots on MS medium
supplemented with kanamycin
d Transformed acclimatized B.
monnieri plants
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line T1 showed minimum expression levels of nptII gene
(Fig. 4). Differences among transgenic lines in same trans-
formation event are often observed and are likely due to
variations in insertion site and events like this can be valu-
able source for plant genetic improvement (Cai et al. 2012;
Hong et al. 2012).

Thus factors for an efficient T-DNA delivery and subse-
quent plant regeneration from B. monnieri were investigated
and transformed plants of B. monnieri were recovered.
These transformed plants were successfully established in
earthen pots (Fig. 2d) and these showed normal phenotype
both under culture and in the pots.

Table 5 The effect of different concentrations of sucrose on shoot
organogenesis on MS medium from leaf segments taken from micro-
shoots of B. monnieri

Sucrose
concentration
(mM)

Frequency of
organogenic
explants (%)

No. of shoots/
explant

58 71.5 a 26.6 a

116 67.2 b 22.3 b

184 60.3 c 21.5 b

232 49.2 d 19.6 c

Experiments were conducted in triplicates and repeated three times

Data were scored after 6 weeks of inoculation

Values sharing a common letter within the column are not significant at
P<0.05
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Fig. 3 GUS and molecular analyses of transformants. a Transformed B.
monnieri shoots showing stable GUS activity after 6 months of survival
under green house conditions b and c Amplification of nptll gene
(~720 bp) and uidA gene (~1500 bp) from genomic DNA of transformed
tissue respectively Lane-1: Positive control (amplification from pBI121)
Lane -2: 1 kb ladder Lane-3:Negative control (Non-transformed tissue)
Lane- 4–15: Amplification from DNA of transformed Shoots d

Amplification of 16 S rRNA (~1500 bp) fragment using primers specific
to bacteria Lane-1: 1 kb ladder Lane-2: Positive control (amplification
from bacterial genomic DNA) Lane 3–7:Amplification from DNA of
transformed Shoots e RT PCR analysis of nptll gene (~720 bp) from
cDNA of transformed tissue Lane-1: Positive control (amplification from
pBI121) Lane -2: 1 kb ladder Lane-3:Negative control (Non-transformed
tissue) Lane- 4–10: Amplification from cDNA of transformed Shoots
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Fig. 4 Expression levels of nptll gene in transgenic B. monneri plants
using quantitative real time-PCR analysis. C- Control untransformed
plants, T1-T5- Randomly selected different transgenic lines. Bars
indicate the standard error of the mean
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Conclusion

An efficient genetic transformation and subsequent shoot
regeneration protocol has been established for B. monnieri
using leaf explant. Various factors such as pre-culture, bac-
terial density, mode of injury, photoperiod, pH during co-
cultivation influenced plant regeneration and transient GUS
activity. Expression and chromosomal integration of both
selection marker gene (nptII) and reporter gene (uidA) genes
was confirmed by histochemical, PCR, RT-PCR and qRT-
PCR analyses. The present protocol will facilitate the work
on metabolic engineering of this high value medicinal plant.
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