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ABSTRACT

An in vitro regeneration protocol was developed for two high-yielding eggplant varieties (Solanum melongena L.) namely
BARI begun-4 and BARI begun-6. Multiple shoots were regenerated from cotyledonary explants through organogenesis with
growth regulators of different combinations and concentrations. The best response towards multiple shoot regeneration was
achieved from cotyledon explants on MS media complemented with 1 mg/l BAP+0.2 mg/] IAA in both the two varieties of
eggplant. Elongation of shoots was achieved on hormone free MS medium. Regenerated shoots of both the varieties produced
active in vitro root system on half strength of MS medium supplemented with 0.2 mg/1 IBA. The in vitro grown plantlets were
acclimatized in soil, grew up to maturity, flowered, fruited and produced seeds as normal healthy plant like the control.
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INTRODUCTION

Eggplant (Solanum melongena L.) is an economically
significant vegetable crop belongs to the Solanaceae
family. It is adapted to different ago-climatic zone and
cultivated mostly in tropical and temperate regions. There
are different varieties of eggplant according to color and
shape. Egg-shaped (S. melongena var. esculentum), long
and slender shape (S. melongena var. serpentium) and
dwarf types (S. melongena var. depressum) are the three
main types of eggplants found around the world [1].
Eggplant is an excellent source of vitamins and is also used
as a medicine in traditional system [2].

Next to potato, it is the second most important vegetable
crop in Bangladesh in terms of total areas in production. It
shares about 25% of our vegetable production areas and to
4.8% in terms of production weight [3]. Eggplants are
mainly cultivated by the small farmers in Bangladesh and
are an important source of income for such many
resource-constrained farmers. Cultivation of eggplant is
essential for their overall economic security. In spite of its
huge contribution, eggplant productivity of Bangladesh
(7.9 t/ha) lags behind many countries (India 17.4, China
35.9, global average 26.1 t/ha) [4]. Thus, an increased
eggplant yield could contribute to more per -capita
vegetable availability in our country. Insect-pests are one
of the major causes of yield loss, in particular, fruit and
shoot borer (FSB). Occurrences of abiotic stresses are the
other major reason that significantly reduces eggplant

production. Large stretches of cultivated land face
unfavorable environment with 2 million hectares being
prone to tidal surge, 0.75 million hectares to flood and 1.3
million hectares to drought [5]. Therefore, there is an
urgent need to improve our crop plants by introducing
stress tolerance traits as the gap between the population
growth and the food production is enlarging.

Conventional breeding alone is unable to improve this
crop. In vitro culture techniques provide an alternative
means of propagation and a tool for crop improvement [6].
In the past, tissue culture technique has been used to
improve eggplant varieties. But it has not yet been possible
to develop abiotic stress tolerant eggplant cultivars using
tissue culture method. Under these circumstances, genetic
transformation technique can accelerate the development
of eggplant varieties. Agrobacterium-mediated genetic
transformation is the most widely recognized gene transfer
technology for plants.

An efficient and reproducible in vitro regeneration
protocol is the pre-requisite of gene transfer technique.
Plant regeneration in eggplant is extensively studied via
organogenesis and somatic embryogenesis. The important
features of in vitro plant regeneration have been studied
by many researchers and significant information has been
assembled at the cellular and molecular level. There are a
number of reports on eggplant regeneration in vitro [2, 7-
23]. Several regeneration protocols of eggplant have been
reported earlier. However, it was observed that the
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competency of regeneration depends on various factors
like explant type, genotype, maturity and sometimes the
same explant show different morphogenetic reaction [12].
Therefore, on the basis of the background described
earlier, attempts were made to develop an efficient
regeneration protocol suitable for some high yielding
eggplant varieties for producing transgenic eggplant by
Agrobacterium-mediated genetic transformation.

Materials and methods

Two varieties of eggplant (Solanum melongena L.),
namely BARI begun-4 (Kazla) and BARI begun-6 (ISD-
006) were used in this study. Seeds of two varieties were
collected from Bangladesh Agricultural Research Institute
(BARI), Joydebpur, Gazipur, Bangladesh.

For germination, the seeds were washed under running tap
water for 15 min. Non-viable floating seeds were discarded.
The seeds were then soaked in 70% alcohol for 1 minute

and then washed with distilled water. Later, they were
surface sterilized in the laminar air flow with 0.1% HgCl-
for 3-4 min. Then the seeds were washed five times with
sterilized distilled water. The surface sterilized seeds were
air-dried on a sterilized petri dish containing sterile filter
paper. The seeds were then inoculated into conical flask
containing 50 ml of agar solidified MS salt [24] with 3%
sucrose for seed germination and seedling development. In
each flask 10-12 seeds were inoculated. Cotyledons were
collected from 15-17 d old in vitro grown seedlings. Each
cotyledon was transversely cut into two-three segments
and each segment was used as explant. These explants
were then cultured on agar solidified MS supplemented
with various concentrations and combinations of BAP, Kn,
and IAA for the induction of multiple shoots. The in vitro
cultures were maintained in a 16 hour day and 8 hour
night photoperiod growth room under fluorescent light at
25+2 °C temperature.

Table 1: Individual and combined effect of different concentrations and combinations of BAP, Kin and IAA on
multiple shoot regeneration from cotyledon explants of two varieties of eggplant. Data were recorded eight
weeks after inculcation of cultures

PGR Variety Regeneration frequency Days to initiation of Mean no. of
(mg/1) (%) regeneration shoots/explant
BAP
0.5 BB-4 40.0 11-12 2.0+0.23
BB-6 43.3 12-13 2.26+0.20
1.0 BB-4 46.0 8-10 3.06+0.35
BB-6 46.0 8-10 3.13+0.25
1.5 BB-4 50.0 11-12 2.46+0.19
BB-6 50.0 11-12 2.73+0.26
2.0 BB-4 56.6 10-11 3.46+£0.40
BB-6 53.6 10-11 3.53+£0.25
3.0 BB-4 36.0 12-13 2.26+0.22
BB-6 40.0 12-13 2.134+0.23
Kn
0.5 BB-4 33.3 12-13 1.66+0.18
BB-6 30.0 12-13 1.734£0.18
1.0 BB-4 40.0 11-12 1.8+0.2
BB-6 36.6 11-12 1.53+0.16
1.5 BB-4 43.3 12-13 1.93+0.18
BB-6 40.0 12-13 1.86+0.16
2.0 BB-4 50.0 12-13 2.13+0.21
BB-6 43.3 12-13 2.4+0.25
3.0 BB-4 40.0 12-13 1.66+0.21
BB-6 26.6 12-13 1.46+0.16
BAP+Kn
1.0+0.5 BB-4 43.3 10-11 2.26+0.31
BB-6 43.3 10-12 2.13+0.16
1.0+1.0 BB-4 46.6 10-11 3.4+0.34
BB-6 50.0 10-12 3.46+0.36
2.0+0.5 BB-4 50.0 9-10 4.33+0.50
BB-6 53.3 9-10 4.240.36
2.0+1.0 BB-4 60.0 12-13 2.33£0.23
BB-6 56.6 12-13 1.93+0.18
BAP+IAA
1.0+0.1 BB-4 53.3 9-10 3.33+0.23
BB-6 50.0 10-11 3.13+0.23
1.0+0.2 BB-4 73.6 10-11 5.33+£0.37
BB-6 66.6 9-10 5.10£0.29
2.0+0.1 BB-4 66.6 9-10 3.2+0.27
BB-6 63.3 9-10 3.0+0.27
2.0+0.2 BB-4 76.6 9-10 4.60+0.30
BB-6 70.0 9-10 4.8+0.25
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Table 2: Effects of half, full strength MS and IBA on in vitro root induction in regenerated shoots of two
varieties of eggplant, data were recorded four weeks after inoculation of cultures

Media composition Days to initiate roots

% of shoots forming roots

No. of roots/ Length of roots (cm)

shoot

BARI begun-4

1 MS 8-10 50 4.00+0.26 4.4840.18
MS 7-8 65 4.10+£0.41 4.70£0.20
2 MS+0.1 IBA 8-10 50 4.30+0.30 4.69+0.31
2 MS+0.2 IBA 10-12 69 4.50+0.31 5.05+0.27
/2 MS+0.5 IBA 10-12 15 2.5040.27 2.95+0.10
BARI begun-6

1 MS 10-11 60 3.00+0.23 4.55+0.17
MS 10-12 65 4.20+0.25 4.67+£0.30
2 MS+0.1 IBA 8-10 50 4.10+£0.23 4.75+0.23
/2 MS+0.2 IBA 10-11 70 4.40+0.22 5.10+£0.28
/2 MS+0.5 IBA 7-8 10 2.30+0.21 2.76+0.14

Fig. 1(a-f): In vitro regeneration of eggplant from cotyledon explants. a. Initiation of regeneration; b.
Induction of multiple shoots on MS+1.0 mg/l BAP+0.2 mg/1 IAA after three weeks of culture; c. Development
and multiplication of shoots; d. Rooting of in vitro regenerated shoots on half MS+0.2 mg/1 IBA; e.
Acclimatization of in vitro grown plantlet in a small plastic pot containing soil; f. Fruits developed on
regenerated plantlet of BARI begun-6

For root induction, in vitro regenerated shoots (3.0-4.0 cm
long) were excised and transferred to rooting media. Half
or full strength MS media supplemented with different
concentrations (0.1-0.5 mg/1) of IBA were used for rooting.
After sufficient development of root system plantlets were
acclimatized as described previously [25-26]. Briefly,
plantlets were transferred to small plastic pots containing
mixture of soil and compost (1:2). All pots maintained
inside the growth room covered with perforated polythene
bags for two to three weeks. After three weeks of
acclimatization in the growth room, plantlets were
transferred to field for further growth and development.

RESULTS AND DISCUSSION

In present study, cotyledons were used as explants.
Cotyledon explants of two varieties of eggplant were
cultured on MS medium supplemented with various
concentrations of either BAP or Kn alone and different
concentrations and combinations of BAP, Kn and IAA
combined for multiple shoot regeneration. Table-1
represents the result of the treatments of diverse blends and
groupings of growth regulators supplemented with MS
towards multiple shoot induction from the cotyledonary
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explants of the two varieties. It was observed that either BAP
or Kn alone has the positive effect towards multiple shoot
regeneration, which coincides the earlier findings [20, 27].
However, of the two cytokinins BAP showed better response
in terms of number of shoots per explant in both varieties of
eggplant. Among the different concentrations of BAP the
maximum number shoot producing explants (56.66 % and
53.63%) and highest shoot per explant (3.46+0.40 and
3.53+0.25) were obtained in 2.0 mg/1 BAP depending on the
variety. Results of the present investigation indicate that the
number of shoots increased with the gradually increased
concentration of BAP up to (0.5-2.0 mg/1) and decreased
with higher concentrations (3.0 mg/1). Higher concentration
of BAP delivered few shoots demonstrating the diminishing
regeneration efficiency. Similar findings were obtained
earlier in some other eggplant varieties [15, 19, 20, 22, 27].
In present studies Kn showed less response in terms of
number of responsive explants and shoots per explants. This
is similar with the results obtained by Sarker et al. [20],
Shivaraj and Rao [21] and Pawar et al. [28] using cotyledon
explant.
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MS medium supplemented with various concentrations
and mixes of BAP and Kn were used to examine the
combined effect on initiation of multiple shoots and their
development. No remarkable variation was observed
between the two varieties regarding shoot bud initiation
and regeneration on a particular medium and hormonal
combination. Results of this experiment have been
presented in table 1. MS medium augmented with 2.0 mg/1
BAP and 0.5 mg/1 Kn was found to be most suitable for
multiple shoot formation of eggplant variety BARI Begun-
4 and BARI Begun-6. The highest percentage of shoot
producing explants (50% and 53.33%), the maximum
number of shoot bud induction and shoot multiplication
(4.33+0.50 and 4.2+0.36) were found in this medium for
the variety BARI Begun-4 and BARI Begun-6 respectively.
In the present investigation it was observed that during the
shoot formation vigorous callus was also produced
simultaneously. Moreover, a notable vitrification of shoots
was observed under this culture conditions and even on
medium with increased agar content (9-10%) than normal
solid medium. Combined effects of two cytokinins were
also used by earlier researchers [14, 20].

MS medium with various concentrations and
combinations of cytokinin and auxin showed variation in
the percentage of responsive explants, inductions of shoot
bud and proliferation of shoot multiplications (fig. a-b).
Among the different concentrations and combinations of
BAP and IAA, MS medium along with 1.0 mg/1 BAP and
0.2 mg/1 TAA was found to be most suitable for multiple
shoot formation of eggplant variety BARI Begun-4 and
BARI Begun-6. The highest percentage of shoot producing
explants (73.66% and 66.66%) and maximum number of
shoot multiplication (5.33+0.37 and 5.10+0.29) were
found in this medium for the eggplant variety BARI
Begun-4 and BARI Begun-6 respectively. In the present
investigation, it was observed that to control the basal
callusing, small shoots and shoot buds should be
subcultured on the same regeneration medium for 7-10 d
subsequently two to three weeks of culture initiation and
after 10 d explants with elongating shoots, small shoots
and shoot buds should be transferred on hormone free MS
medium (fig. ¢). The elongated and proliferated shoots
were separated and the small shoot buds were maintained
in the MS basal medium for further elongation. Kamat and
Rao [7] reported shoot regeneration from hypocotyl
explant of eggplant in presence of BAP and TAA.

Rooting is the vital part for getting complete plantlets from
in vitro shoots. Various tests were done to incite roots at
the base of excised shoots for both the varieties. In some
cases, roots were formed along with shoots in the same
regeneration medium but they were not strong enough for
transplantation. Therefore, adequate root generation is
necessary [29]. For the induction of roots, about 2.0-3.0
cm long shoots were excised and transferred to both half
and full-strength of MS medium without growth regulator
and supplemented with different concentrations of IBA.
The highest percentage (70%) of root formation was
recorded within three weeks of inoculation on half MS+0.2
IBA medium (table 2, fig. d). Bhat et al. mentioned 0.5
mg/1 IBA showed maximum rooting in eggplant [22]. On
the other hand, Mallaya et al. [30] reported 1 mg/l IBA
was best for root induction in Arka Shirish variety of
eggplant [30]. After adequate root development, plantlets
were transplanted into small plastic pots containing soil
(fig. e). Following proper acclimatization plantlets were
transferred to larger pots and 90% plants were survived.
The survived plants became mature, gave flowers and

11

healthy fruits with viable seeds (fig. f). From the above
findings it could be concluded that in the present study, an
efficient and reproducible in vitro regeneration protocol
has been developed for two varieties of Solanum
melongena L. from cotyledon explant. This regeneration
protocol could be applicable for the genetic transformation
of eggplant and other means of crop improvement such as
selection of somaclonal variants.
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