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ABSTRACT 
 

Regeneration system via organogenesis has been developed for Malaysian chilli (Capsicum 
annuum L) var. CB4. Hypocotyls, cotyledons and petioles from In vitro germinated seedlings were 
cultured on medium comprising of Murashige and Skoog’s basal medium supplemented with 5 mg/l 
BAP, 1 mg/l IAA and 25 g/L DJ nutrient. Hypocotyls and petioles were found to be the best 
explants, based on its ability to produce shoot buds compared to cotyledons. Shoot buds were 
elongated on MS medium containing 3 mg/l BAP, 1 mg/l IAA, 15 g/L DJ, 2 mg/L GA3, 10 mg/l 
AgNO3 and 15 g/L DJ nutrient. Rooting was induced on MS basal containing IAA. 
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1. INTRODUCTION  
 
Capsicum annuum L. belongs to the family 
Solanaceae and is an important vegetable and 
spice crop around the world. Fruits of this plant 
have been used worldwide as ingredients in a 
wide variety of dishes and also as salads, 
pickles, paprika, chilli powder, curry powder, and 
pepper sauces. Chilli fruits come with diversity of 
forms, colors, shapes, flavors, pungency and 
aromas. Classical breeding programs for chilli 
cultivation have been well established. However, 
productivity of this plant is threatened by its 
susceptibility to fungal and viral pathogens. Plant 
tissue culture techniques can be used to 
increase the speed and/or efficiency of the 
breeding process, to improve the accessibility of 
existing germplasm, and to create new variation 
for crop improvement. However, tissue culture 
techniques in chilli lag behind compared to most 
other vegetable crops, mainly due to its 
recalcitrance to regeneration [1]. The most 
common approach for tissue culture regeneration 
of this plant has been through organogenesis 
and a number of protocols have been published 
using a range of explants and different medium 
combinations [2]. Various explants have been 
tried such as shoot tip [3], rooted hypocotyl [4], 
leaf, stem, hypocotyl, cotyledon, root, shoot tip 
and embryo [5]. 
 
Though various reports on organogenesis in C. 
annuum varieties are available [2], researchers 
around the world faced the same problem in 
regenerating capsicum; formation of ill-defined 
buds or shoot-like structures either resisting 
elongation or producing rosettes of distorted 
leaves which generally do not produce normal 
shoots [6,7,8]. Several of these reports suggest a 
strong influence of source of explants on the 
regeneration process. However, inconsistency of 
these protocols with different genotypes and low 
reproducibilities among laboratories had meant 
that efficiency In vitro regeneration from seedling 
explants has remained a challenge. In the view 
of the above facts, the present research was 
designed to develop a protocol for Malaysian 
chilli var CB 4 by studying the effects of different 
source of explants on regeneration of Malaysian 
chilli. 
 

2. MATERIALS AND METHODS  
 
2.1 Explant Preparation 
 
Seeds of Capsicum annuum L. var. CB4 were 
obtained from Universiti Kebangsaan Malaysia 

(UKM), Bangi. They were sterilized with 20% 
Clorox® for 20 min and rinsed three times with 
sterile distilled water. Sterilized seeds were 
germinated on MS basal medium [9]  
supplemented with 30 g/L sucrose, 2.8 g gelrite, 
pH adjusted to 5.8 before autoclaving at 121°C 
and 1.2–1.3 kg/cm2 pressure for 20 min. Seeds 
were germinated in growth chamber at a 
temperature of 26° ± 1°C and 16 h photoperiod. 
 
Cotyledons, petioles and hypocotyls were 
excised aseptically from 10-14-day-old seedlings 
and cultured on induction medium established in 
our previous study [10]. The induction medium 
consists of  MS basal, 5 mg/L BAP, 1 mg/L IAA 
and 25 g/L DJ nutrient (chilli seedling extract) to 
induce bud. Shoots induced were excised and 
placed on shoot elongation medium (MS medium 
containing 3 mg/L BAP, 1 mg/L IAA, 2 mg/L GA3, 
10 mg/L AgNO3 and 15 g/L DJ nutrient) [10]. 
 
Elongated shoots were excised and transferred 
on to rooting medium consisting of full strength 
MS medium supplemented with 0.5 mg/L IAA 
[10]. Plantlets with well developed shoot and root 
systems were transferred to earthen pots 
containing garden soil and organic manure (1:1). 
Observation were made at regular intervals and 
tabulated. For each treatment, 25 replicates were 
used and all experiments were conducted thrice. 
Data were subjected to analysis of variance 
(ANOVA) 
 
2.2 DJ Nutrients Preparation 
 
DJ nutrients was prepared by grounding 25 g 
(fresh weight) of chilli seedlings with liquid 
nitrogen. 15 ml distilled water was added to the 
seedling powder [10]. The slurry was then 
transferred to a 50-ml centrifuge tube and 
centrifuged at 8,000 rpm for 3 min. Distilled water 
was added to a final volume of 25 ml (final 
concentration: 1 g fresh weight/ml). The solution 
was filtered through a 0.22 mm filter paper and 
stored at 4°C. 
 
3. RESULTS AND DISCUSSION 
 
Explants obtained from 10-14 days old seedling 
of Capsicum annuum L. var. CB4 were cultured 
on the induction medium. Buds were produced 
directly from the explants within 1 week of 
culturing on MS basal media supplemented with 
5 mg/l BAP, 1 mg/l IAA, 25  g/L DJ nutrient and 
30% sucrose. Results showed that cotyledons 
produced the highest buds (78.3%) compared to 
hypocotyls (74.2%) and petioles (70.7%) (Fig. 1).   



Fig. 1. Percentage of buds produced by explants on the induction medium
 
However, buds produced by cotyledons were ill
defined that look like crown as shown in and Fig. 
2a. Hypocotyls produced 98% leafy structure 
buds (Fig. 2b) and buds initiated 
were combination of both (76.4% leafy 
structures) (Fig. 2c). 
 

Crown structures (Fig. 3a and b) produced by 
cotyledons are actually the ill defined buds and 
these structures failed to develop and leafy buds 
produced by hypocotyl and cotyledon
developed into leafy structures (rosette) (Fig. 3c)  
or normal shoots (Fig. 3d and e). 
 

The formation of rosettes or blind leaf structures 
without shoot elongation has been observed in 
Capsicum and it was reported as the major 
problem in establishing tissue culture 
regeneration [11,12]. This phenomenon is 
common in Capsicum [2] and it might be 
associated with fasciated and degenerated 
 

Fig. 2. Shoot type produced by explants on the induction medium. (a) Cotyledon produced ill
defined buds, (b) hypocotyl produced leafy shoots and (c) petiole produced a combination of 

leafy shoots and ill
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However, buds produced by cotyledons were ill-
defined that look like crown as shown in and Fig. 
2a. Hypocotyls produced 98% leafy structure 

 from petioles 
were combination of both (76.4% leafy 

b) produced by 
cotyledons are actually the ill defined buds and 
these structures failed to develop and leafy buds 
produced by hypocotyl and cotyledon frequently 
developed into leafy structures (rosette) (Fig. 3c)  

The formation of rosettes or blind leaf structures 
without shoot elongation has been observed in 

and it was reported as the major 
ishing tissue culture 

regeneration [11,12]. This phenomenon is 
[2] and it might be 

associated with fasciated and degenerated 

meristems [13]. Meanwhile, Ochoa
Ramırez-Malagon [2] suggested a problem in 
auxin perception and/or signal transduction 
which lead to malformation meristems.
 
3.1 Shoot Elongation and In vitro
 
The shoots were transferred to a medium 
containing 3 mg/L BAP, 1 mg/L IAA, 2 mg/L GA3, 
10 mg/L AgNO3 and 15 g/L DJ nutrient [8]. Ill
defined buds did not elongate and resulted in a 
rosette of shoots. The shoot-
developed either into normal shoots or abnormal 
shoots (rosette). The normal shoots elongated 
further within four weeks of subculture. 
study by Phillips & Hyde [14] showed silver 
nitrate promote shoot regeneration in 
annuum. Silver nitrate has also been used to 
promote shoot in Vigna unguiculata
Manihot esculenta [16] 

 
Fig. 2. Shoot type produced by explants on the induction medium. (a) Cotyledon produced ill
defined buds, (b) hypocotyl produced leafy shoots and (c) petiole produced a combination of 

leafy shoots and ill-defined buds 
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Fig. 3. Types of buds. (a and b)  Ill defined buds, (c) shoot-like structures (rossette) and (d & e) 
normal shoots produced from the explant of Capsicum annum  cultured on the induction 

medium 
 

 
 

Fig. 4. (a and b) Elongation of normal shoots on elongating medium. (c)  Elongation of In vitro  
roots. (d) Rooted plantlet in soil 

 
The elongated shoots, 2 cm and more in length 
were excised and placed on the MS medium 
consisting of 0.5 mg/L IAA [10]. Root initiation 
occurred directly from the cut ends of micro-
shoots after 2 weeks of culture. 
 
Results indicated that the regeneration of CB 4 
was highly influenced by the source of explants. 
The best response was obtained from hypocotyls 
and petioles. These buds proliferated further into 
numerous shoots when they were sub-cultured 
on elongating medium. In an earlier study by 
Jayashankar [17] and Dabauza & Peña [18], 
showed that high frequency of buds could be 
induced in cotyledons, but with low frequency of 
shoot elongation. They also concluded that the 
percentage of explants producing buds and 
shoots depended on the explant type. Rooted 
plantlets were removed from agar, washed 
thoroughly and placed in a mixture of               
sterilized vermiculite and sterilized soil (1:1), 
before being acclimatized in greenhouse. 155 

plantlets were transplanted into earthen pot with 
85% survival.  
 
4. CONCLUSION 
 
We have demonstrated that shoot formation in 
Malaysian chilli var CB4 depended on the types 
of explant used.  We have established a 
promising protocol for the regeneration of 
Capsicum annuum var CB4. 
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