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Abstract 

 
Somatic embryos were obtained from cotyledon and midrib explants of Solanum melongena L., cultivar 
Loda. For callus induction, medium was supplemented with different concentrations of auxin singly or in 
combination with BAP. The best callusing 83-85% was obtained from both of the explants cultured on 
MS medium containing 2.0 mgl-1NAA + 0.05 mgl-1BAP. Somatic embryogenesis and shoot regeneration 
was achieved after transferring the calli to MS medium supplemented with BAP, GA3, NAA and Zeatin. 
Cotyledon derived calli showed better performance (87%) for regeneration than that of midrib (82%) 
when sub cultured on MS medium having 2.0 mgl-1 Zeatin + 1.0 mgl-1 BAP. For root induction, MS + 3.0 
mgl-1 IBA was proved to be better treatment for average number (14-15) and mean length (12 cm) of 
roots than those of other treatments. 
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Introduction 
Eggplant is a common vegetable crop of Bangladesh. It has high nutritive value and can well be compared 
with tomato (Choudhury 1976). Eggplant is one of the most common, popular and principal vegetable crops 
in Bangladesh as well as it grow in the most parts of the world. It is also one of the world most important 
crops by virtue of volume produced and its contribution to our national economy (Uddin et al. 2004). It is 
grown for home consumption in almost all families near their homestead and more particularly in rural areas, 
even if may only a few plants in every house (Zahurul 1969). A number of cultivars are grown throughout the 
country depending upon the yield, consumer’s preference about the colour, size and shape of various 
cultivars (Bose et al. 1999). 

Now a day’s tissue culture techniques are widely being used for the improvement of various crops. In vitro 
shoot induction from callus culture can induce genetic and epigenic changes in the regenerated plants. 
These genetic changes have been coined “somaclonal variation” (Larkin et al. 1986). The diverse 
characteristics of somaclones highlight the fact that somaclonal variation may be an additional tool for crop 
improvement rather than an interesting scientific phenomenon (Evans and Sharp 1986, Bajaj 1990). Callus 
induction and its subsequent plant regeneration is a major way to generate somaclonal variation. 
Moreover, plant regeneration through callus culture is one of the most important steps for any kind of 
genetic transformation research (Alam et al. 2002). In plant tissue culture the developmental pathway of 
numerous well-organized, small embryoids resembling the zygotic embryos from the embryogenic 
potential somatic plant cell of the callus tissue or cells of suspension culture is known as somatic 
embryogenesis (Kumar 1995). 
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Therefore, reproducible protocol should be established on callus induction and its subsequent plant 
regeneration for using the techniques of somaclonal variation of the studied genotype in eggplant. In the 
present study, efforts have been made to establish a protocol for efficient plant regeneration from callus 
culture in eggplant, cultivar Loda using cotyledon and midrib (Danielle et al. 1988) as explants. 

Materials and Methods 

Loda cultivar of eggplant (Solanum melongena L.), commonly cultivated in the northern region of 
Bangladesh, was selected for the study. Seeds were aseptically grown in culture vessels. For initial 
establishment of callus culture, 3 weeks old in vitro grown seedlings were used as the source of explants. 
Cotyledon and midrib isolated from the in vitro grown seedlings were cultured for callus induction and 
subsequent somatic embryogenesis.  

Callus induction and somatic embryogenesis 

Cotyledon and midrib explants were taken from the in vitro grown plants of 3 weeks old. Both explants were 
excised with the aid of scalpel blade and collected in a petridish. Then the explants were laid on the sterile 
tile using sterile forceps and were cut into segments of 2-3 mm with the help of a scalpel blade. The explants 
were then placed on the medium having MS nutrients (Murashige and Skoog 1962) supplemented with 
various concentrations and combinations of 2,4-D, NAA, IAA and BAP with 3% sucrose and solidified with 
0.7% agar. The PH was adjusted to 5.8 before autoclaving at 121°C for 20 min. The explants were cultured in 
petridishes (9cm) and maintained in the culture room at 25 ± 2°C under a 16h photoperiod (cool-white 
fluorescent tube supplying). Each petridish contained 18-20 pieces of explants for both cotyledon and midrib.  

After 4 weeks, the induced calli were sub-cultured on fresh medium with new hormonal supplements for 
further proliferation and somatic embryogenesis.  

Regeneration 

Plants were regenerated by transferring the suitable embryogenic calli in MS semisolid medium 
supplemented with 2,4-D, NAA, GA3, BAP and Zeatin at various concentrations and combinations. Within 3-4 
weeks of inoculation, masses of 15-20 shoots were developed from each callus, which were sub divided and 
cultured separately for further proliferation and root induction. The cultures were inoculated at 25±2°C under 
16/8h light/dark condition. Proliferated shoots should have proper root development for successful 
establishments of plantlets in natural condition. Shoots of 2-3 cm were placed in MS medium supplemented 
with different concentrations and combinations of IBA and GA3 .MS0 and ½ strength of MS were also treated 
for root induction. 

Results and Discussion 

Callus induction  

Callus was initiated within a period of 10-20 day of culture and a mass of callus was formed within 3-4 
weeks. The nature of callus was friable and white creamy to light green in colour and the results of their 
performance are presented in Table 1. 
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Table 1. Effect of auxin (2, 4-D, NAA and IAA) singly or in combination with BAP employed in MS media on 
callus induction.  

Types of explants inoculated Growth regulators used in the 
treatment Cotyledon Midrib` 

Combination Concentration 
(Mg-1) 

Days to 
Callus 

initiation 

% of explants 
responded 
( X ±SE) 

Weight / 
Callus (gm) 

Nature of 
Callus 

Days to 
Callus 

initiation 

% of explants 
responded 
( X ±SE) 

Weight / 
Callus 
(gm) 

Nature of 
Callus 

0.01 18 26.73±0.71 0.30 SW 18 27.40±0.67 0.28 SW 
0.05 14 28.75±0.96 0.50 SW 15 29.25±1.00 0.52 SW 
0.10 13 30.38±1.25 0.70 SW 13 29.75±0.74 0.68 SW 
0.50 13 48.00±1.12 0.73 SW 12 47.25±1.47 0.78 SW 
1.00 12 59.25±0.82 1.10 SW 12 58.25±2.247 1.00 SW 
2.00 8 97.10±0.47 1.35 SW 9 96.55±1.14 1.30 SW 

 
 
 

2,4-D 

3.000 8 86.03±0.83 1.21 SW 10 87.89±3.07 1.01 SW 
0.01 18 29.335±2.39 0.30 FG 17 32.86±1.31 0.31 FG 
0.05 15 31.825±3.08 0.51 FG 16 34.75±1.76 0.52 FG 
0.10 13 42.75±1.71 0.75 FG 12 45.05±2.27 0.74 FG 
0.50 11 43.85±1.48 0.60 FG 13 46.36±2.33 0.75 FG 
1.00 9 61.90±3.17 1.09 FG 9 62.41±1.63 1.11 FG 
2.00 8 98.60±0.62 1.40 FG 8 98.50±0.29 1.39 FG 

 
 
 

NAA 

3.000 8 95.25±1.32 1.22 FG 8 95.25±2.43 1.20 FG 
0.01 20 29.13±1.74 0.23 HW 20 31.19±1.20 0.24 HW 
0.05 18 35.73±1.13 0.30 HW 18 34.48±1.44 0.30 HW 
0.10 17 43.95±0.89 0.28 HW 17 45.68±1.67 0.30 HW 
0.50 17 56.88±1.64 0.50 HW 18 56.30±2.28 0.49 HW 
1.00 15 65.20±1.67 0.55 HW 15 65.75±1.63 0.65 HW 
2.00 14 78.00±0.65 0.60 HW 14 80.38±2.84 0.68 HW 

IAA 

3.00 13 86.88±0.49 0.75 HW 13 85.20±2.06 0.70 HW 
1.0+0.05 12 60.00±2.68 0.85 SW 13 60.80±1.49 0.80 SW 
2.0+0.05 13 74.75±0.95 1.20 SG 10 71.50±1.85 1.02 SG 
3.0+0.05 10 65.25±1.65 1.05 SW 11 62.25±1.11 0.83 SW 
1.0+0.01 13 54.00±2.58 0.84 SW 15 61.13±1.05 0.79 SW 
2.0+0.01 12 72.50±1.71 1.10 HG 12 73.75±2.06 0.99 HG 
3.0+0.01 13 61.75±0.63 0.95 HW 12 64.50±1.71 0.85 HW 

 
 
 

2,4-D+BAP 

2.0+1.00 15 69.25±1.65 1.10 HW 15 71.25±1.65 0.89 HW 
1.0+0.05 13 51.50±2.36 0.78 SW 13 52.25±1.65 0.85 SW 
2.0+0.05 8 82.50±0.96 1.30 FG 9 84.50±2.26 1.16 FG 
3.0+0.05 9 73.75±0.85 0.90 FG 9 74.75±1.49 1.06 FG 
1.0+0.01 13 50.50±1.56 0.78 HW 13 51.25±2.50 0.74 HW 
2.0+0.01 12 67.25±2.50 1.10 HG 12 65.50±2.60 1.08 HG 
3.0+0.01 12 62.75±1.84 0.92 HG 13 64.25±1.65 0.92 HG 

 
 
 

NAA+BAP 

2.0+1.00 11 66.00±2.12 1.09 HG 11 63.75±2.72 0.91 HG 
1.00+0.05 15 56.75±1.25 0.30 HW 17 60.25±3.52 0.31 HW 
2.00+0.05 16 48.75±1.11 0.34 HW 17 50.50±1.26 0.33 HW  

IAA+BAP 
3.00+0.05 14 55.75±1.18 0.31 HW 16 58.25±2.14 0.32 HW 

Note: Each treatment consisted of 20 explants and data were recorded after 28 days of culture. 

Among various concentrations and combinations of 2,4-D, NAA, IAA and BAP, callus induction efficiency 
was highest when NAA and 2,4-D were used individually, but the highest regenerable calli were obtained 
when BAP was added to the media composition (Fig. 1).  
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Fig. 1.  Graph showing the comparative effect of phytohormone on functional callus induction. 

In regards of regenerable calli, best results were recorded when NAA (2.0 mgl-1) and BAP (0.05 mgl-1) were 
used combinely for both types of explants (Fig.2 A). The callus induction frequency ranged from 83 to 85 and 
the required days was 8-9, when treated with NAA 2.00 mgl-1+ BAP 0.05 mgl-1. In this case, the callus is 
friable green (FG) and regenerable in nature. Satisfactory results were also observed in NAA 2.00 mgl-1, 2,4-
D 2.00 mgl-1, 2,4-D 2.00 mgl-1 +BAP 0.05 mgl-1 ranging from 71 % to 99 %. In this case, the callus is either 
spongy white (SW) or hard white (HW) and non-regenerable in nature. The use of those hormones for callus 
induction was also reported by others (Singh et al. 1984, Haider 1992, Hena 1991). The concentration (w/v) 
of carbon sources was also important for callus induction. When mannitol or sorbitol was added with sucrose, 
the induced callus became harder instead of being loose or watery. Less than two percent of sucrose 
resulted low percent of callus induction. This could be due to different osmotic potential between the explants 
and medium used (Ishak et al. 1992). In this cultivar, the frequency of callus induction was higher in 
cotyledon than midrib explants. This difference in callus induction may be due to different types of explants 
and its cellular totepotency (Zelcer et al. 1984, Niedz et al. 1985). 

Somatic embryogenesis and regeneration  

The morphology of calli changed when subcultured on MS medium supplemented with Zeatin 2.00 mgl-1 + 
BAP 1.00 mgl-1, NAA 2.00 mgl-1 + BAP 0.05 mgl-1 and GA3 0.05 mgl-1+ BAP 1.00 mgl-1 (Table 2). Almost all 
the calli were proliferated and turned to develop nodular structures and subsequently embryo like structures 
in different shapes (globular, heart and torpedo) appeared (Fig 2 B). Days to embryo initiation, number of 
embryo/callus and percentage of shoot regeneration were studied and the results are presented in Table 2. 
However, regeneration from globular somatic embryo of eggplant was first reported by Hena (1991) from calli 
of cotyledon and hypocotyl explants.  
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Table 2. Effect of sub-culture on somatic embryogenesis and regeneration efficiency from the unorganized calli 
derived from cotyledon and midrib in eggplant. Each treatment consisted of 20 explants (best calli obtained 
from the cotyledon and midrib) and data were recorded after 52 days (28+24) of culture. 

 

Combination of growth 
regulators used in mgl-1 Types of explants from which the callus derived 

Cotyledon Midrib 
Pre-culture 
(28 days) 

Sub-
culture 

(24 
days) 

Days to 
embryos 
initiation 

No. of 
embryos 
/ callus 

% of shoots 
regenerated 
from the calli 

Days to 
embryos 
initiation 

No. of 
embryos 
/ callus 

% of shoots 
regenerated 
from the calli 

2,4-D+BAP       
1.00+0.05 -- -- -- -- -- -- 
2.00+0.05 -- -- -- -- -- -- 
5.00+0.05 -- -- -- -- -- -- 
1.00+0.10 -- -- -- -- -- -- 
2.00+0.10 -- -- -- -- -- - 
5.00+0.10 -- -- -- -- -- -- 
2.00+1.00 

 
2.0

 2,
4-

D 
+0

.05
 B

AP
 

-- -- -- -- -- -- 
1.00+0.05 -- -- -- -- -- -- 
2.00+0.05 -- -- -- -- -- -- 
5.00+0.05 -- -- -- -- -- -- 
1.00+0.10 -- -- -- -- -- -- 
2.00+0.10 -- -- -- -- -- - 
5.00+0.10 -- -- -- -- -- -- 
2.00+1.00 

 
0.0

5 G
A 3

+1
.0 

BA
P 

-- -- -- -- -- -- 
NAA+BAP       
1.00+0.05 -- -- -- -- -- -- 
2.00+0.05 9-12 15 76 10-12 15 71 
5.00+0.05 -- --  -- -- -- 
1.00+0.10 -- --  -- -- -- 
2.00+0.10 -- --  -- -- -- 
5.00+0.10 -- --  -- -- -- 
2.00+1.00 

 
2.0

 N
AA

 +
0.0

5 B
AP

 

-- --  -- -- - 
1.00+0.05 10-13 14 32 10-13 13 32 
2.00+0.05 9-12 17 65 10-12 17 62 
5.00+0.05 -- --  -- -- -- 
1.00+0.10 -- --  -- -- -- 
2.00+0.10 -- --  -- -- -- 
5.00+0.10 -- --  -- -- -- 
2.00+1.00 

 
0.0

5 G
A 3

+1
.0 

BA
P 

-- --  -- -- - 
NAA+BAP       
1.00+0.05 10-13 15 72 9-13 16 78 
2.00+0.05 10-13 18 87 10-13 17 80 
5.00+0.05 12-15 10 56 11-14 11 57 
2.00+1.00 

2.0
 

Ze
ati

n+
1.0

 
BA

P 

11-13 17 79 10-12 15 82 

In the present study it was proved that use of BAP, GA3 and Zeatin in MS medium induced somatic embryogenesis 
from eggplant callus derived from cotyledon and midrib. Various concentrations and combinations of NAA, BAP, 
GA3 and Zeatin were tested in the shoot-inducing medium to determine the optimum combination and 
concentration for shoot induction. The summarized results are presented in Table 2.The best results for plant 
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regeneration from both type of explants were obtained in medium containing a combination of Zeatin 2.00 
mgl-1 + BAP 1.00 mgl-1 (Fig 2 B). In this treatment the range of shoot regeneration frequency varied from 80-
87%. In other treatments it was either low or moderate (31-79%). Like callus induction, shoot regeneration 
was also found better when 3% (w/v) of sucrose was used. Less than 3% (w/v) of sucrose used in MS 
medium resulted low number of shoot regeneration. This result is also supported by Anisuzzaman et al. 
1992. Between the two explants, the cotyledon was found more responsive than the midrib for somatic 
embryogenesis and subsequent plant regeneration. This difference may be due to cellular totipotency of the 
two explants. 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Fig. 2.   Plant regeneration through callus culture in eggplant. 
 

A: Friable greenish embryogenic callus on MS+2.0mgl-1NAA + 0.05mgl-1BAP. 
B: Embryo development and regeneration on MS+ 2.0 Zeatin+1.0 BAP. 
C. Root induction from elongated shoot on MS+ 3.0mgl-1IBA 
D: Establishment of somatic embryo derived plantlets in polar pot under natural condition  
    (7 days after planting in polar pot). 

A B 

C D 
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Root induction 

The elongated shoots (<4cm long) were transferred to rooting medium for root induction. Different 
combinations of medium were tested for better root development. Root initiation was observed within 6-13 
days of subculture. The days to root initiation, average number of roots/shoot and the mean length of roots 
were observed from 5-28 days of culture and the recorded data are presented in Table 3.  

Table 3. Effect of different concentrations and combinations of GA3 and IBA with MS medium on root 
induction and proliferation in somatic embryo derived shoots. Each treatment consisted of 15 
explants and data were recorded after 4 weeks of culture. 

 

Cotyledon Midrib 
Hormonal 
supplements 
(mgl-1) 

Days to 
root 
initiation 

No. 
roots/shoot 
( X ) 

Average 
Length of 
roots (cm) 

Days to root 
initiation 

No. 
roots/shoot 
( X ) 

Average 
Length of 
roots 
(cm) 

MS0 8-11 14 10.40 8-11 13 10.85 
½ MS0 6-8 14 11.25 7-9 14 11.10 
MS+IBA(2.0)+  
GA3 (0.5) 

7-11 11 8.45 7-11 10 8.75 

MS+GA3 (0.50) 10-13 10 5.50 10-13 10 4.90 
MS+IBA (0.50) 8-11 13 9.75 8-11 12 9.25 
MS+IBA (3.00) 6-8 15 12.25 6-8 14 11.95 

Among the tested of hormone free MS, ½ strength MS0, MS+2.0 mgl-1IBA+0.5 mgl-1GA3, MS+0.5 mgl-1IBA 
and MS+0.5 mgl-1GA3, the best result for root induction was obtained in MS+3.0 mgl-1IBA (Fig 2C). Average 
number and mean length of roots were better in MS+3.00mgl-1 IBA than those of other treatments. Use of ½ 

strength MS was also found to give satisfactory results. Similar results were also reported by others (Uddin et 
al. 2004). In vitro rooted plantlets were acclimatized carefully and planted in polar pots (Fig 2D) containing 
sterile sand, soil and compost (1:2:1). In this way, the regenerated plants showed 95% survival under natural 
condition. 

Information from this study could be used as an alternative path to induce genetic and epigenetic changes in 
regenerated plants, which eventually can be used for crop improvement program in eggplant. Moreover, 
callus induction and its subsequent plant regeneration protocol hold great promise for production of 
transgenic eggplants of desirable traits by genetic transformation techniques. 
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