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ABSTRACT 
 

Somatic embryogenesis and plantlet regeneration was established in amla using cotyledon explants. 
Cotyledon explants isolated from the in vitro germinated seeds produced proembryos directly in MS culture 
media containing 1 mg/l 2,4-D and 0.1 mg/l Kinetin. somatic embryogeneic callus was produced in 5 mg/l 2,4D 
and 1 mg/l Kinetin. Higher concentrations of 2,4-D was found to be lethal to the cotyledon explants of amla. 
Somatic embryo multiplication and germination occurred in hormone-free MS culture media. Half strength MS 
nutrient with 15 g/l sucrose supported somatic embryo germination, in vitro rooting and plantlet growth. 
Somatic embryo desiccation supported in somatic embryo maturation and enhanced the rate of conversion of 
somatic embryos into rooted plantlets. Hardening of plantlets integrated with photoautotrophic culture system 
supported 100% survival during the greenhouse acclimatization of plantlets. this system of plant production in 
amla could be useful in large-scale plant production for fruit production and also for the crop improvement in 
amla through genetic engineering. 
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Introduction 
 

Amla, botanically known as Emblica officinalis Gaertn. Syn. Phyllanthus emblica L. belongs to the 
botanical family Euphorbiaceae is an important fruit crop due to its wide adaptability, highest vitamin C content 
and curative effect on many ill health. It is a small to medium sized medico-horticultural tree. The fruits of this 
tree is highly nutritious and having high vitamin C. It is used in several traditional system of herbal medicine for 
its disease preventive, curative and health restorative properties (Jose and Kuttan, 2000). The fruits contain 
ellegic acid, gallic acid, phyllemblic acid, quercetin, kaempferol, emblicanin, flavinoids, glycosides and vitamin 
C. It has antiviral, anti-microbial, anti-inflammatory, immunostimulant, adaptogenic, hepatoprotective, 
pancreas-protective and hypolipidemic properties. Amla fruits are said to be useful against many severe 
diseases, cancer, diabetes, hepatic disorders and heart diseases (Madhuri et al., 2011). 

Amla is propagated sexually through seeds and vegetatively through grafting or budding. Crop 
improvement through genetic engineering and mass production of improved genotypes of this species require in 
vitro plant regeneration protocol. There are a few reports on micropropagation of this species through 
adventitious shoot multiplication method (Madhuri et al., 2011; Nayak et al., 2010; Verma and Kant, 1999). 
However, there is no viable protocol available for the commercial-scale micropropagation of Amla. 

Recent experimental studies carried out at the Kuwait Institute for Scientific Research (KISR) confirmed 
that this tree crop species is suitable for the arid environment of Kuwait. Mass plant production through 
vegetative cuttings for fruit production and desert greenery in Kuwait failed. Therefore, we carried out this study 
to develop an efficient micropropagation protocol via somatic embryogenesis for large-scale plant production in 
amla. Here we report the details on a reproducible high frequency plant production system from cotyledon 
explants of this important tree species of immense pharmaceutical value. 
 
Materials and Methods 

 
This study was conducted at the Plant tissue culture laboratory of the Biotechnology Department of Kuwait 

Institute for Scientific Research (KISR), Kuwait. The stones of amla fruits obtained from India were surface 
sterilized using 100% commercial Chlorox® with a drop of Tween 20 for 30 min and the seeds were removed 
by cutting the hard stone using knife. The isolated seeds were surface sterilized using 30% Chlorox® and a drop 
of Tween 20 for 15 min and washed 4 times in sterile distilled water under the laminar hood. The surface 
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sterilized seeds of amla were soaked in sterile distilled water in autoclaved GA7 culture vessel for 24 h prior to 
in vitro culture. 

The embryos were isolated from the imbibed seeds under aseptic condition and transferred to the hormone-
free half strength MS culture media. The cultures were incubated under dark for a week time at 25˚ C and 
transferred to the 16 h light and 8 h dark at 25˚ C. When the seed started germinating, the cotyledons were 
removed aseptically and 3 mm2 cotyledon explants were prepared using sterile forceps and surgical knife. 
Hpycotyl segments and epycotyl segments of 4 mm size and leaf explants were also prepared under aseptic 
condition. 

For the experiment 5 different culture media: 1. Hormone free MS, 2. MS + 1 mg/l 2,4-D, 3. MS + 1 mg/l 
2,4-D + 0.1 mg/l K, 4. MS + 10 mg/l 2,4-D + 1 mg/l K and 5. 100 mg/l 2,4-D + 1mg/l K were prepared and 
used. The pH of the culture medium was adjusted to 5.8, gelled with 1.5 g/l Phytagel® and sterilized by 
autoclaving at 121° C with 1.06 kg cm–2 pressure for 15 min. The cultures were incubated in a growth room at 
25 ± 2° C under a 16 h photoperiod at a light intensity of 1000 lux.  

Potential somatic embryogenic masses containing proembryos were identified and transferred to hormone-
free MS culture medium for somatic embryo production and multiplication. Somatic embryos were desiccated 
under aseptic conditions for maturation and germination. For the plantlet growth and adventitious rooting, half 
strength MS medium with 1 mg/l IBA was used. Each treatment had 40 cultures and the experiment was 
repeated twice. Observations were made once a week and recorded. 

Cleaned rooted plantlets were transferred to sterile soil mix prepared by mixing sand, peat moss and humus 
in a 1:1:1 ratio with 0.5 g/l Bavistin solution and subjected to photoautotrophic culture system for 20 days prior 
to the greenhouse transfer. After transferring to the temperature and humidity controlled greenhouse, plants 
were hardened for a month time. Subsequently, well-established plants were shifted to shaded nursery beds. 
 
Results: 

 
Different responses were noticed  on varying tissue explants of amla depending on different types of culture 

media. Immature cotyledon explants enlarged after 7 days and produced somatic embryos directly within 30 
days on the cut end of the explants treated with MS medium containing 1 mg/l of 2,4-D and MS medium with 
0.1 mg/l K. The frequency of direct somatic embryogenesis increased when 0.1 mg/l K was added to the media 
with 1 mg/l 2,4-D. The optimum concentration of 2,4-D for direct somatic embryogenesis was 1 mg/l and 10 
mg/l 2,4-D supported indirect somatic embryogenesis. Higher concentrations of 2,4-D was lethal to the 
cotyledon explants. The hypocotyl and epycotyl segments did not produce somatic embryos directly in any of 
the culture media. These two type of explants produced somatic embryogenic callus in MS culture media with 
10 mg/l 2,4-D and 1 mg/l K. The leaf explants did not produce callus at low concentration of 2,4-D with or 
without K. Only at 10 mg/l 2,4-D, the leaf explants showed callusing at the mid vein region and no somatic 
embryos were produced from the leaf explants. At 100 mg/l 2,4-D all the tissue explants browned and died latter 
on (Table 1). 

Maximum somatic embryogenesis obtained was 100% in MS culture medium with 1 mg/l 2,4-D and 0.1 
mg/l K using cotyledon explants. The cotyledon explants produced somatic embryos through direct method and 
through callus method. The epycotyl and hypocotyl explants produced somatic embryos only through callus 
method. The leaf explants did not produce any somatic embryos. Only 10 % of leaf explants produce non-
embryogenic callus in MS media with 10 mg/l 2,4-D and 1 mg/l K. all the tissue explants died at 100 mg/l 2,4-
D. 

After the induction of somatic embryogenesis, further somatic embryo maturation, proliferation and 
germination occurred only in the hormone-free MS medium. All parts of the somatic embryos such as 
cotyledons, epycotyl, hypocotyl and radicle produced secondary somatic embryos in the same hormone-free MS 
media. Secondary somatic embryogenesis occurred continuously when the cultures were renewed frequently 
once in 15 days. The cotyledons of each somatic embryo produced an average of 80 secondary somatic embryos 
within 30 days time. Only 1% of the somatic embryos germinated in to plantlet and 99% of the somatic embryos 
continued to produce secondary somatic embryos. Prolonged cultures of the somatic embryos browned and died 
completely after 60 days.  

Desiccation and encapsulation of somatic embryos showed improvement in conversion of somatic embryos 
to plantlets. The plantlets produced by somatic embryos in the presence of 1 mg/l K produced multiple 
adventitious shoot buds. Each small plantlet produced more than 60 shoot buds within a month time. Further 
elongation of shoot buds in to plantlets occurred in hormone-free MS or Half strength MS medium.  

Half strength MS medium with 1-3 mg/l IBA induced adventitious roots. Rooted plantlets showed 50% 
survival during direct acclimatization. Rooted plantlets passed through photoautotrophic culture system showed 
100% survival during the greenhouse hardening. Thus a successful protocol for the large-scale plant production 
from cotyledon explants of amla through direct and indirect somatic embryogenesis  (Figs. 1-5) method of was 
developed. 
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Discussion: 
 
Somatic embryogenesis plantlet regeneration is successful in many plant species. In amla, successful 

micropropagation method via organogenesis is reported (Madhuri et al., 2011). However, there is no repeatable 
protocol available for somatic embryogenesis method of plant regeneration on large-scale plant production 
(Goyal, and Bhadauria, 2008; Philomina, 2010; Rhman, et al., 1999; Sudhersan and Aboel-Nil, 2004; Sudhersan 
et al., 1993; Tisserat, 1979). Somatic embryogenesis is an important step in any successful plant transformation 
scheme for the crop improvement. Stable transformation required plant regeneration from a single cell. Somatic 
embryogenesis is the easiest method of plant regeneration from single cell. The present study in amla will be 
helpful for genetic transformation in this species. 

Somatic embryogenesis has been reported on many plant species form different tissue explants. In amla 
among the different tissue explants studied, cotyledon explant showed 100% regeneration power than the other 
tissue explants. Epycotyl and hypocotyl explants showed moderate ability for somatic embryogenesis while the 
leaf explants showed poor response. Somatic embryogenesis method require an auxin for the embryogenic 
callus induction. Generally auxin 2,4-D induces plant cells for somatic embryogenesis. The present study 
confirmed that 2,4-D is a must for the somatic embryogenesis in amla. In the absence of 2,4-D none of the tissue 
explants produced somatic embryos. 

After the induction of proembryos or embryogenic callus, growth hormones were not required for the 
somatic embryo production in this species. Somatic embryo multiplication and production of somatic embryos 
were continuous process when the subculture process was performed once in every 20 days. Prolonged cultures 
stopped the  multiplication power in amla somatic embryo multiplication. Embryo vitrification and very low rate 
of embryo to plantlet conversion were the major problems observed in large-scale plant production in amla via 
somatic embryogenesis method. 

Vitrification was controlled when the gelrite strength was increased from 1.5 g/l to 3 g/l during the 
multiplication process. Desiccation of somatic embryos also supported in controlling the vitrification. 
Desiccation of somatic embryos enhanced the rate of conversion of somatic embryos in to plantlets. The 
photoautotrophic culture system prior to the greenhouse hardening helped in 100% plant survival during the 
acclimatization process. The protocol developed in the present study serves as an alternate means for the 
multiplication of amla on large-scale in a relatively shorter period of time. This protocol will also help the 
genetic transformation studies for the crop improvement in this species. 

 
Table 1: Responses of Amla tissue explants to different culture media 

Explant Type Responses to different types of culture media after 30 days 
CM-1 CM-2 CM-3 CM-4 CM-5 

 
Cotyledon 
 
Hypocotyl 
 
Epycotyl 
 
Leaf 
 

 
Expansion 
 
Expansion 
 
Expansion 
 
No response 

 
DSE 
 
Callused 
 
Callused 
 
Expansion 

 
DSE + IDSE 
 
Callused 
 
Callused 
 
Expansion 

 
IDSE 
 
IDSE 
 
IDSE 
 
Callused 

 
Browned 
 
Browned 
 
Browned 
 
Browned 

CM-1= Hormone-free MS; CM-2= MS+ 1 mg/l 2,4-D; CM-3= MS+1 mg/l 2,4-D+ 0.1 mg/l K; CM-4= MS+10mg/l 2,4-D+1 mg/l K; CM-
5= MS+100 mg/l 2,4-D + 1 mg/l K; DSE= Direct Somatic Embryogenesis; IDSE= Indirect Somatic Embryogenesis (Somatic 
embryogenesis via callus).    
 
Table 2: Somatic embryogenesis in different tissue explants of amla 

Explant Type Cotyledon Epycotyl Hypocotyl Leaf 
Culture Media DSE % IDSE % DSE % IDSE % DSE % IDSE % DSE % IDSE % 
CM-1 
CM-2 
CM-3 
CM-4 
CM-5 

0 
100 
100 
0 
0 

0 
0 
0 
100 
0 

0 
0 
0 
0 
0 

0 
0 
0 
40 
0 

0 
0 
0 
0 
0 

0 
0 
0 
40 
0 

0 
0 
0 
0 
0 

0 
0 
0 
0 
0 

CM-1= Hormone-free MS; CM-2= MS+ 1 mg/l 2,4-D; CM-3= MS+1 mg/l 2,4-D+ 0.1 mg/l K; CM-4= MS+10mg/l 2,4-D+1 mg/l K; CM-
5= MS+100 mg/l 2,4-D + 1 mg/l K; DSE= Direct Somatic Embryogenesis; IDSE= Indirect Somatic Embryogenesis (Somatic 
embryogenesis via callus).    

 
Conclusion: 

 
Mcropropagation protocol for amla on large-scale plant production through somatic embryogenesis method 

is not available. Therefore, an extensive study was conducted to develop a repeatable protocol for the large-scale 
plant regeneration from different tissue explants of amla. Cotyledon tissue was found to be the most suitable 
tissue explants for the plantlet regeneration in this species. Two types of somatic embryogenesis: direct and 
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indirect methods were achieved through adjusting the auxin concentration. Thus a repeatable plant regeneration 
protocol was developed for the large-scale plant production in amla. This protocol will help for the future crop 
improvement research studies in amla through genetic engineering and also large-scale plant production for fruit 
production and desert greenery development. 
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Figure Legends: 
 

Fig. 1-5: Somatic embryogenesis in Amla. Fig. 1. Somatic embryogenic callus; Fig. 2. Direct somatic 
embryogenesis on cotyledon explant; Fig. 3. Stages of somatic embryos; Fig.4. Plantlet germination; 
Fig. 5. Acclimatized amla plant from somatic embryogenesis method. 
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