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INTRODUCTION

Agrobacterium-mediated transformation in plant
species is the most widely used transfer system in plants
which has been applied to transform and regenerate a few
species with commonly used procedures (Van Wordragen
and Dons, 1992). Brinjal is one of the crop plants in which
in vitro plant regeneration was achieved on media
supplemented with various growth regulators. (Sharma and
Rajam, 1995; Gleddie et al, 1983; Magioli et al, 1998). The
nature and concentration of growth regulators, in association
with specific genotype, explant type and culture medium can
cause significant differences in morphogenetic response of
brinjal (Sharma and Rajam, 1995; Magioli et al, 1998;
Magioli et al, 2000; Allichio et al, 1982; Gleddie et al., 1983).
Usually, high-frequency regeneration protocols are employed
in transformation studies. The adventitious shoot regeneration
capacity of cells or tissues to be used in transformation studies
significantly affects success in gene transformation (Yildiz
et al, 2002). However, highly efficient protocols resulted in
low transformation frequency and efficiency of less than 0.1
% in brinjal (Chen et al, 1995). Hence, it is necessary to
analyze the effect of growth regulators and plant-related
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ABSTRACT

Effects of growth regulators and type of explants on transformation and in vitro morphogenetic responses of
brinjal cv. Manjarigota were studied. Both hypocotyl and cotyledonary explants showed marked influence on
in vitro morphogenetic responses after Agrobacterium co-cultivation. Hypocotyl explants showed callus initiation
and regeneration responses earlier than cotyledonary leaves. Hypocotyl explants were found to be better than
cotyledonary leaf explants in regenerating shoots after Agrobacterium co-cultivation. There was delay and
reduction in both callus and regeneration responses in Agrobacterium co-cultivated explants. Hypocotyl explants
showed the highest regeneration response on MS medium containing 2 µM BAP and 0.05 µM NAA while
cotyledonary leaves did not show regeneration response after Agrobacterium co-cultivation. However, they showed
green buds on MS medium containing 10 µM BAP and 1 µM NAA, which could not differentiate into shoots.
Overall, hypocotyl explants were found better in regenerating shoots after Agrobacterium co-cultivation.
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factors influencing Agrobacterium co-cultivation.
‘Manjarigota’ is the most preferred south Indian round type
brinjal cultivar. Hence, we have made an attempt to study
the effects of a basic operational step, growth regulators and
explants on transformation and in vitro morphogenetic
response in brinjal cv. Manjarigota during Agrobacterium-
mediated transformation.

MATERIAL AND METHODS

Plant material

Genuine breeder-seed material of brinjal cv.
Manjarigota was obtained from the Division of Vegetable
Crops, IIHR. Seeds were soaked in gibberellic acid
(100ppm) for three hours, dipped for 1 minute in 70 %
ethanol, washed once in sterile distilled water, followed by
sterilization for 8-10 minutes in sodium hypochlorite
(approximately 4% available chlorine) solution and rinsed
five times in sterile distilled water. These were germinated
in culture tubes on half-strength MS (Murashige and Skoog,
1962) basal medium containing 3 % sucrose (w/v); pH was
adjusted to 5.8 and the medium was gelled with 0.8 % agar.
pH was adjusted to 5.8 before autoclaving.
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Media sterilization and culture conditions

Culture medium and instruments were sterilized
by autoclaving at 121oC, 15 psi pressure for 20 minutes.
Cultures were incubated in culture racks provided with
white fluorescent tubes with a light intensity of 30-40µE
m-2 s-1 under a 16 hr photoperiod in a culture room
maintained at 25°C ± 2°C.

Explants

Fifteen to twenty day old-aseptically-grown
seedlings, hypocotyl segments obtained after removing apical
meristem and basal root stub (1cm long) and cotyledonary
leaves separated from stalk and tip were used as explants.

Growth regulators

Hypocotyl explants were cultured on MS basal
medium containing 3 % sucrose (w/v), 1, 2 or 3µM BAP 0.05
and 0.1 µM NAA and gelled with 0.8 % agar. Cotyledonary
leaves were cultured on MS basal medium containing 3 per
cent sucrose (w/v), 10 and 12.5 µM BAP in combination with
1, 2 or 3 µM NAA and gelled with 0.8 % agar.

Plant transformation

Agrobacterium strain A208 harboring the plasmid
pBinBt-01 (Kumar et al, 1998) was used for plant
transformation. The nptII gene conferring kanamycin
resistance served as a selectable marker. Explants were
precultured for two days on MS medium containing various
hormones, depending on the explant-type. These were
collected into a sterile petriplate, infected with
Agrobacterium culture for 20-25 minutes, and placed back
onto the parent medium. Explants were co-cultivated for
two days, transferred onto culture media containing
cefotaxime (500 mg/l) for two days and were then
transferred onto medium containing cefotaxime (500 mg/
l) and kanamycin (100 mg/l). Hypocotyl explants and
cotyledonary leaf explants were cultured without
Agrobacterium co-cultivation on MS medium containing
hormones as specified for these explants, as control.

Data analysis

Observations on Agrobacterium overgrowth and
health of explants were recorded every week for upto 4 weeks.
Observations were further recorded after 4 weeks of culture
on callus initiation and regeneration response. All treatments
had six replications. Analysis of variance (ANOVA) was
carried out to test statistical significance of the results
observed. Fischers’s Least Significant Difference (LSD) was
used to determine statistical significance among means.

RESULTS AND DISCUSSION

Effect of growth regulators on transformation and
morphogenetic response in brinjal cv. Manjarigota

In the present study, hypocotyl explants showed
first signs of callus initiation and regeneration response at
8-10 days and 18 to 20 days of culture initiation,
respectively. All the explants cultured showed callus
initiation response. Growth regulator combinations
significantly affected regeneration response in hypocotyl
explants upon Agrobacterium co-cultivation (Table 1, Plate
1). Regeneration was highest (30.85 %) on hypocotyl
explants grown in the presence of 2 mM BAP and 0.05
mM NAA, and lowest (18.27%) on 2 µM BAP and 0.1µM
NAA. Inclusion of 0.05 mM NAA with BAP showed better
regeneration response than 0.01 µM NAA.

Cotyledonary leaf explants showed the first signs
of callus initiation and shoot bud initiation at 13-15 days,
and four-six weeks of culture initiation, respectively.
Cotyledonary leaf explants produced a profuse callus with
adventitious roots. Highest number of explants showing
green buds was recorded in cotyledonary leaf explants
cultured on MS medium containing 10 mM BAP and 1 µM
NAA (21%, with an average of 5.98 buds per explant) and

Table 1. Effect of Growth regulator concentration on transformation
and morphogenetic response of hypocotyl explant in brinjal cv.
Manjarigota

BAP NAA µM Callus Regeneration
µM  response (%) initiation response (%)

1 0.05 100 25.55ab

1 0.1 100 21.31ab

2 0.05 100 30.85a

2 0.1 100 18.47b

3 0.05 100 26.96ab

3 0.1 100 18.27b

Fractions were converted into percentages; percentage data was
subjected to angular transformation; CD= 11.74, SEm=2.060;
differences are significant at 1 %; values followed by the same letter
are not significantly different.

Table 2. Effect of growth regulators on transformation and
morphogenetic response of cotyledonary leaf explant in brinjal cv.
Manjarigota

BAP NAA Callus No. of green Explants
µM µM initiation (%) buds per showing green

 explant±SE  buds (%) ±SE

10 1 100 5.98±0.15 21 ± 3.41
10 3 100 3.46±0.20 13 ± 1.91
10 5 100 0.00±0.00 0 ± 0.00

12.5 1 100 4.71±0.16 17 ± 1.914
12.5 3 100 3.24±0.12 5 ± 1.000
12.5 5 100 0.00±0.00 0 ± 0.000
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lowest from cotyledonary leaf explants cultured on MS
medium containing 12.5 µ MBAP and 1 mM NAA (17 %
of explants showed 4.71 green buds). Cotyledonary leaf
explants did not show regeneration from shoot buds upon
Agrobacterium co-cultivation (Table 2).  Irrespective of the
BAP level, explants cultured on MS medium containing 5
µM NAA did not respond.

Hormonal balance is a key factor in regulation of
morphogenesis in cultured explants (Murashige, 1974). At
similar ratios, varied concentration of cytokinin (BAP) and
auxin (NAA) were used in earlier studies in hypocotyl
explants (Matsuako and Hinata, 1979) and cotyledonary leaf
explant culture of brinjal (Sharma and Rajam, 1995; Magioli
et al, 1998) in regeneration studies. Addition of NAA at lower
concentration resulted in increased shoot regeneration rate
(Makay and Kitto, 1988) and presence of NAA was found to
be necessary for in vitro regeneration in strawberry (Barcelo
et al, 1998). Intrinsic hormone levels in a tissue make it
respond better at a particular ratio and concentration of
hormones, which depends upon the genotype and explant.
Usually, high frequency in vitro regeneration protocol is used
in transformation studies. No report is available on
comparison of the effect of hormones on regeneration
response in explants with and without Agrobacterium co-
cultivation. However, various reports show that the effect of
growth regulators on transformation frequency depends up
on the cultivar and the explant in brinjal (Magioli et al, 2000;
Billings et al, 1997).

Effect of explant on transformation and morphogenetic
response in brinjal cv. Manjarigota

In the present study, callus initiation was not
affected by hormonal combination upon Agrobacterium co-
cultivation, both in hypocotyl and cotyledonary leaf
explants. Similarly, Agrobacterium infection did not affect
callus initiation response (96%) in hypocotyl explants.  But,
it had reduced callus initiation response in cotyledonary
and leaf explants to the tune of 50-60 per cent in brinjal cv.
Pusa Purple Long (Kumar and Rajam, 2005). However, it
reduced callusing response in hypocotyl explants (Arpaia
et al, 1997) and cotyledonary leaf explants (Prabhavathi et
al, 2002) upon Agrobacterium co-cultivation in other, earlier
studies. It appears that survival and response of explants in
transformation varied due perhaps to the set of conditions
employed in transformation protocol. In the present study,
it is clear that Agrobacterium co-cultivation and the set of
conditions during transformation were not detrimental to

the explant and were optimum for survival and response of
the explants. Hypocotyl explant is more sensitive to any
type of treatment after excision (Yildiz et al, 2002),
particularly, to Agrobacterium infection (Chakrabarty et al,
2002) compared to leaf explants (Arpaia et al, 1997).
However, variation in response may be due to the crop,
genotype, nature and physical status of explant along with
the set of conditions used in transformation studies.

In the present study, delay in callus initiation and
regeneration response was observed in both types of
explants upon Agrobacterium co-cultivation and 7-8 day
delay in callus initiation response was delayed by 5-6 days
in hypocotyl explants and 7-8 days in cotyledonary
explant, respectively, as compared to the control explant.
7-8 days delay in regeneration response and 2-3 weeks
delay in appearance of green buds was observed in
hypocotyl explants and cotyledonary explants,
respectively compared to control explants. This delay may
be due to the following reasons: 1) plant cells need to
withstand the shock Agrobacterium infection 2) process
of transformation has to occur and 3) only transformed
cells show response on the selection medium and these
have to multiply into sufficient numbers for expression
of response. Similarly, callus initiation and regeneration
response were delayed in explants co-cultivated with
Agrobacterium, as compared to the control (without
Agrobacterium co-cultivation) explant in brinjal (Billings
et al, 1997).

There was a drastic reduction in the regeneration

Fig 1. Regeneration response in hypocotyl explants upon
Agrobacterium co-cultivation cultured on MS medium containing
different hormone combinations: 1) 1 µµµµµM BAP+0.05 µµµµµMNAA, 2) 1
µµµµµM BAP+0.1 ìMNAA, 3) 2 µµµµµM BAP+0.05 µµµµµMNAA, 4) 2 µµµµµM
BAP+0.1 µµµµµMNAA, 5) 3µµµµµM BAP+0.05 ìMNAA, 6) 3 µµµµµM BAP+0.1
µµµµµMNAA
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response of hypocotyl explants and a complete lack of
response of cotyledonary leaf explants upon Agrobacterium
co-cultivation as compared to the control explants (Plate.
2). Cotyledonary leaf explants produced green buds which
could not differentiate into shoots. The occurrence of
delayed and reduced regeneration response from explants
upon Agrobacterium co-cultivation is not uncommon.
Possible explanations for this phenomenon are: 1) plant
cells may perceive Agrobacterium infection as an attack
and 2) the inoculation process may influence plant
regeneration negatively. Similarly, shoot bud differentiation
was drastically reduced in explants subjected to
Agrobacterium infection in cauliflower (Chakrabarty et al,
2002). Hypocotyl explants were most responsive upon
Agrobacterium infection. Furthermore, early colonization
of Agrobacterium was a major problem with cotyledonary
leaf explants. It might be due to uneven surface of leaf
explant, which was not completely exposed to culture media
containing cefotaxime.

Arpaia et al (1997) reported reduced callusing
response in both hypocotyl and cotyledonary leaf explants
upon Agrobacterium co-cultivation. However, higher
regeneration response was noticed in kanamycin-resistant
calli obtained from hypocotyl explant as compared to that
from cotyledonary explant. Kumar and Rajam (2005)
reported higher callus initiation response and lower
regeneration response from hypocotyl explant compared to
cotyledonary leaf and leaf explants. Therefore, experimental
conditions other than type of explant may be responsible for
differences in response during transformation. Hypocotyl
explant showed better regeneration response upon
Agrobacterium co-cultivation in brinjal cv. Manjarigota than
did cotyledonary leaf explant. Similarly, hypocotyl explant
resulted in the highest transformation efficiency compared
to leaf and cotyledonary leaf explants in perilla (Lee et al,

2005). Hypocotyl explants were successfully used in
Agrobacterium-mediated transformation in chilli (Nianiou
et al, 2000) and cauliflower (Chakrabarty et al, 2002). In
conclusion, it is stated that hypocotyl explant is better as
compared to cotyledonary leaf or leaf tissue for
transformation studies in brinjal. The present study also
vindicate that morphogenetic response varies with growth
regulator and explant type in brinjal.
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