
Sugarcane biotechnology has gained increased attention dur-
ing recent years primarily for its usage in ethanol production as
an important renewable biofuel source (Cunff et al. 2008) rather
than for the production of sugar. Since the 1960s, plant tissue
culture has been regarded as a promising technique for improve-
ment of genetically complex plants like sugarcane (Cunff et al.
2008; Nickell 1964). Tissue culture techniques have been
applied extensively for the propagation of elite cultivars, muta-
tion breeding, and somaclonal variations in sugarcane. Recently,
sugarcane biotechnological research has gained focus on genetic

engineering where the crop has been successfully transformed
using microprojectile DNA bombardment, electroporation, and
Agrobacterium for a range of new characteristics such as herbi-
cide resistance, virus resistance, insect resistance, and altered
sucrose enzyme regulation (Hotta et al. 2010; Snyman et al.
2006). Genetic transformation efforts in sugarcane rely heavily
on the availability of an efficient system for in vitro propagation
of sugarcane. The recognition of somatic embryogenesis was a
turning point in sugarcane biotechnology (Lakshmanan 2006).
Somatic embryogenesis offers an efficient and high volume
regeneration system for the production of a large number of
plants within a short period (Shah et al. 2009). For monocot
species, Ho and Vasil (1983) first reported the evidence of
embryogenic callus development along with two other types of
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Abstract

In the present study, embryogenic calli of sugarcane variety BL4 were induced using 2,4-dichlorophenoxyacetic acid (2,4-D) and
kinetin in different concentrations and combinations. In contrast to earlier studies, embryogenic callus sectors were identified and
isolated microscopically within 1 - 2 weeks. Subsequently, 51 media formulations were used for regeneration of proliferated embryo-
genic callus, using MS medium supplemented with three different cytokinins [kinetin, 6-Benzylamino purine (BAP), and thidiazuron
(TDZ)] and auxins (IAA/NAA and IBA) in different combination and concentrations. After acclimatization, the genomic DNA of
regenerated plants was studied to explore the insertion polymorphism of transposable elements in order to ascertain the variation
among somaclones. Though low concentration of kinetin with 2,4-D was found supportive to embryogenic callus development, the
highest number of regenerated plantlets was observed using BAP (1 µM), however the plantlets had very low fresh weight (2.2 g).
Conversely, TDZ alone supported a significant increase in the number of plantlets regenerated (38 - 40) with higher fresh weight.
The somaclones generated during this study showed considerable positional polymorphism of activator-like transposable elements
possibly due to the stress associated with in vitro culture. This study provides a procedure to produce regenerated sugarcane plants
from embryogenic callus in a relatively short time.

Key words: Activator (Ac)-like elements, insertion polymorphism of TEs, regeneration, somatic embryogenesis, sugarcane, thidi-
azuron (TDZ)
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calli at the cut end of explants cultured on Murashige and Skoog
(MS) (1962) medium containing 2,4-D. Ahloowalia and
Maretzki (1983) have shown the complete development of
somatic embryos (SE) and their subsequent germination into
whole plants. At present, a number of simple and reproducible
protocols are available for SE, for instance direct somatic
embryogenesis and regeneration from SE developed from imma-
ture leaf and immature inflorescence segment of sugarcane
(Desai et al. 2004; Khan and Khatri 2006; Shah et al. 2009;
Snyman et al. 2006).

Despite the importance of the SE in sugarcane biotechnology
for the improvement of this crop, limitations in available proto-
cols include the time required to achieve a single regenerated
plant, extensive labour involved for maintenance, sub-culturing,
and regeneration (Pandey et al. 2011; Snyman et al. 2006). The
present study focused on finding a rapid, time-saving, and repro-
ducible protocol for SE production and regeneration from SE
with minimum use of growth regulators. For this purpose,
embryogenic callus from the initial stage of callus development
from immature leaf was identified, isolated, and proliferated on
the same medium, and the effect of different growth regulators
was studied on the regeneration potential of this embryogenic
callus. Additionally, we have also demonstrated the genomic
variations among the somaclones using the polymorphism as
found in inter-transposable elements stationed differently among
different regenerated somaclones.

Materials and Methods

Callus induction
Immature leaf rolls from 6 - 8 month old, field-grown culti-

vars of sugarcane variety BL4 were used for callus induction.
Surface contaminants were removed using 70% ethanol for 1
min and sodium hypochlorite for 20 min. The outer leaf sheaths
were aseptically removed and the inner leaves were sliced trans-
versely into sections approximately 1 - 2 mm thick. After rinsing
2 - 3 times with sterilized distilled water, these pieces were cul-
tured on Murashige and Skoog (1962) medium augmented with
different concentrations of 2,4-D (0, 2.2, 4.5, 9, and 18 µM)
and Kinetin (0, 0.46, 2.2, 4.5, 9, and 18 µM) alone and combina-
tions of these two growth regulators. Cultures were incubated at
25 ± 2°C in the dark. Weight gain in callus and the types of calli
produced were recorded.

Isolation and proliferation of somatic embryos
Whitish yellow, compact, nodular tissue clumps were picked

using a binocular dissecting microscope with 4X magnification.
These clumps were allowed to proliferate at different concentra-
tions of 2,4-D (0, 2.2, 4.5, and 9 µM) at 25 ± 2°C in the dark.

Regeneration
Fifty-one different media formulations were prepared using

Murashige and Skoog (1962) basal salts (MS) augmented with
three different cytokinins [kinetin, 6-benzyl amino purine (BAP)
and thidiazuron (TDZ)] in five different concentrations (0, 1, 4,

8, and 12 µM) with and without auxins [Indole-3-acetic acid
(IAA)/ naphthalene acetic acid (NAA) and Indole-3-butyric acid
(IBA)]. For each replicated trial, callus pieces weighing 50 mg
each were cultured on all formulated media and incubated at 25
± 2°C under a photoperiod of 16 h light and 8 h dark.
Germinated shoots (≥ 0.5 cm), fresh weight, and shoot lengths
were recorded after 30 days.

DNA extraction
DNA from the young leaves of sugarcane somaclones was

extracted by CTAB method reported by Puchooa (2004).

Detection of insertional polymorphism of transposable
elements (TEs)

A simple, efficient, and PCR-based technique was used to
locate insertional positions of activator like TEs in the genome
(Teo et al. 2005). Single primers from the internal sequences of
transposable elements were used to detect the polymorphism
among the somaclones. Primer was designed from the conserved
region of ESTs for Activator (Ac)-like TEs from the GeneBank
accessions No. gi76261907, gi76261897, and gi76261882 using
CLUSTALX, GeneDoc, and primer3 software. Primer sequence
used for inter-activator amplification polymorphism was
CGGACTTTCATGTTCTGTGC. PCR reaction was carried out
in 10 µL of reaction mixture containing 20 ng of template
(genomic DNA), 3.5 mM MgCl2, 0.3 mM of each dNTPs, 2.5 U
of Taq polymerase, and 1 µM of primer in a 1x PCR reaction
buffer. The amplification reaction was performed in the
Eppendorf Master cycler with an initial denaturation for 4 min at
94°C, then 35 cycles: 30 s denaturation at 94°C; 35 s annealing
at 55°C; 30 s extension at 72°C. Final extension was carried out
at 72°C for 7 min. Amplified products were analyzed through
electrophoresis on 2% agarose gel containing 1X TBE (Tris
Borate EDTA) at 60 V for 1.5 h, photograph was taken under
UV light using gel documentation system.

Statistical analysis
Experiments were organized as randomized complete block

designs (RCBD). For callus induction, proliferation, and regen-
eration, each treatment had 10 replicates. Analysis of variance
(F test) for single factor and Duncan's Multiple Range Test
(DMRT) were performed using MSTAT version 1.42.

Result and Discussion 

Among the various concentrations and combinations of
growth regulators, 2,4–D (2.2 - 18 µM) alone and in combina-
tion with 0.46 and 2.2 µM kinetin was found to be effective in
producing good quality callus. Kinetin alone did not support any
callus growth, and a high concentration of kinetin (9 and 18 µM)
in combination with 2,4-D was inhibitory to callus induction as
also reported by Wan et al. (1988). Maximum amount of callus
was proliferated on MS medium containing 4.5, 9, and 18 µM of
2,4-D. However, the differences observed in callus formation
were not statistically significant (P < 0.01) (data not shown).
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Morphologically, three types of calli (compact, soft, and mus-
cilaginous) were produced on callus induction medium, as
described by Ho and Vasil (1983; Fig. 1). In this study, the earli-
est embryogenic calli (Fig. 1A) isolated within 1 - 2 weeks were
proliferated. No significant difference (P < 0.01) was found
among the calli proliferated on MS medium containing different
concentrations of 2,4-D (0, 2.2, 4.5, and 9 µM) (data not
shown). In the proliferation medium, the embryogenic calli mass
was increased by 3-fold to the initially plated tissue within 5
days and 10-fold in 25 days (Fig. 2). It is noteworthy that com-
pact embryogenic callus was obtained within 30 - 55 days by Ho
and Vasil (1983), in 10 weeks by Ahloowalia and Maretzki
(1983), after 3 - 6 weeks by Desai et al. (2004), and after 2
weeks by Snyman et al. (2006). It is clear that our method seems
superior to others as we obtained embryogenic callus much
sooner.

Somatic cells are theoretically totipotent. However, chemical
stimulus is required in most cases for making them embryogenic
(Namasivayam 2007). 2,4-D is the most common synthetic
auxin used to induce somatic embryogenesis from a range of
plant species (Pasternak et al. 2002; Raghavan 2004) and was
found to activate the expression of certain genes like Somatic
Embryogenesis Receptor Kinase (SERK1) genes and
Arabidopsis leafy cotyledon (LEC) genes in Arabidopsis, Baby
Boom (BBM) gene in Brassica napus essential for embryogenic
competence (Boutilier et al. 2002; Harada 2001; Hecht et al.
2001), conversely, inclusion of cytokinin is essential for cell
division and hence it contributes towards the initial increased in
the number of cells in somatic embryos (Karami et al. 2009).

Among all the media formulations employed for the regenera-
tion, the performance of the regenerated plants in the media was
assessed mainly by two attributes, namely number of plantlets
per 50 mg of callus and fresh weight of regenerated plants. It was
found that the addition of 1 µM of 6-benzylaminopurine (BAP)
in the medium had a very positive influence on regeneration from
the embryogenic callus (50 plantlets per 50 mg callus; Fig. 3).
Seven more formulations including TDZ 4 and 8 µM alone (Fig.
3) and with IAA and IBA (Fig. 4); kinetin 12 µM with IAA +
IBA (Fig. 4) and BAP 8 and 12 µM with NAA + IBA (Fig. 5)
produced good regeneration (P < 0.01 with LSD 19.5).
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Fig. 1. Callus Induction in sugarcane: Callus produced in sugarcane variety BL4 under
different concentrations of 2,4-D and kinetin. Three forms of calli were observed name-
ly soft callus (A), compact callus (B), and mucilaginous callus (C). Fig. 3. Number of regenerated plantlets in MS medium with different concentrations of

cytokinins alone. 50 mg of somatic embryos were planted and plantlets were counted
after 30 days.

Fig. 4. Number of regenerated plantlets in MS medium with different concentrations of
cytokinins + IAA (10 µM) and IBA (10 µM). 50 mg of somatic embryos were planted
and plantlets were counted after 30 days.

Fig. 5. Number of regenerated plantlets in MS medium with different concentrations of
cytokinins + NAA (10 µM) and IBA (10 µM). 50 mg of somatic embryos were planted
and plantlets were counted after 30 days.

Fig. 2. Callus Proliferation: Embryogenic callus (A), 4X magnification of embryogenic
callus (B); arrow indicates heart-shaped somatic embryo.



Comparison among the fresh weight of the regenerated plantlets
in all media showed that TDZ at 1, 4, and 8 µM alone and in
combination with IAA/NAA + IBA produced healthier plantlets
compared to other formulations (P < 0.01 with LSD 2.32) (Figs.
6, 7, and 8) (Chengalrayan and Gallo-Meagher 2001). Medium
containing kinetin alone (4 µM) substantially increases the
weight, but it was due to vigorous growth of somatic embryos
(Wan et al. 1988), rather than the regenerated shoots. However,
the medium containing kinetin (12 µM) in combination with IAA

+ IBA proved to be a good medium for increased number of
plantlets produced (44 ± 5.0) and the gain in fresh weight (4.66 ±
0.65 g) (Figs. 4 and 7) (Khan and Khatri 2006). 

Among all cytokinins used for plant regeneration of somatic
embryos, BAP and TDZ without addition of any other auxin
allowed for a significant increase in the number of regenerated
plantlets at low concentration (1 and 4 µm, respectively).
However, the plantlets produced in the presence of BAP had very
low fresh weight as compared to any other treatment, hence very
low survival rate when transferred to simple MS medium for
acclimatization. In contrast to BAP, TDZ showed highly signifi-
cant increased number of regenerated plantlets with maximum
fresh weight (Chengalrayan and Gallo-Meagher 2001; Fig. 9).

Thidiazuron (TDZ: N-phenyl- N’-[(1,2,3-thidiazol-5-
yl)urea]) a synthetic herbicide, has been found to be a potent
regulator of plant growth and development under in vitro condi-
tion (Murch and Saxena 2001; Qureshi and Saxena 1992). TDZ
has also been reported to replace auxin and cytokinin require-
ment for somatic embryogenesis in plant tissue (Visser et al.
1992). Unlike other cytokines commonly in use that are adenine
based, TDZ is a urea-based cytokinin and therefore non-degrad-
able by cytokinin-oxidase in plant tissues. This quality ensures
cost effectiveness of TDZ, persistent in tissues transforming
them from cytokinin dependence to cytokinin autonomy
(Makara et al. 2010). The role of TDZ in the induction of plant
morphogenesis involves the stimulation of individual plant
growth regulators processes and the maintenance of the physio-
logical stasis of the plant tissue during the culture process
(Murch and Saxena 2001).

The genomic analysis by the inter-transposon amplified poly-
morphism showed considerable positional polymorphism of
activator like transposable elements in the regenerated plantlets
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Fig. 7. Fresh weight of regenerated plantlets in MS medium with different concentra-
tions of cytokinins + IAA (10 µM) and IBA (10 µM). 50 mg of somatic embryos were
planted and fresh weight was counted after 30 days.

Fig. 6. Fresh weight of regenerated plantlets in MS medium with different concentra-
tions of cytokinins alone. 50 mg of somatic embryos were planted and fresh weight
were counted after 30 days.

Fig. 8. Fresh weight of regenerated plantlets in MS medium with different concentra-
tions of cytokinins + NAA (10 µM) and IBA (10 µM). 50 mg of somatic embryos were
planted and fresh weight was counted after 30 days.

Fig. 9. Regeneration of somatic embryos observed using binocular microscope under
4X magnification (A). Further growth of regenerated embryos from somatic embryos
are shown in MS medium (B) and in thidiazuron (TDZ) (4 µM) (C).

Fig. 10. Inter-transposons amplified polymorphism (ITAP): Lane 1, 100 bp molecular
weight marker; Lane 2-23, ITAP profile of somaclones; Lane 24, ITAP profile of BL4
(mother plant).
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(Fig. 10). It has been suggested that the genome-wide dispersed
repetitive sequences that remain dormant during the develop-
mental phase are then activated under stress conditions like
wounding, pathogen attack, and cell culture (Grandbastien 1998;
Wessler 1996). It is conceivable that the dedifferentiation (callus
induction) and re-differentiation may provide a genomic stress
induced by the in vitro culture conditions that ensued the activa-
tion of transposable elements (TEs). Indeed activation of TEs
during in vitro culturing has been observed in maize and potato
(Momose et al. 2010; Rhee et al. 2009). TEs are regarding as
one of the major cause of the genomic instability primarily
because of their ability to move within the genome and their
intervention in the epigenetic regulation of the genes (Lippman
et al. 2004). In light of above mentioned studies, it is plausible
to say that somaclone variants may be the function of differen-
tial localization and/or change in copies of repeats, which in
addition to provide varying characteristics in the somaclone but
also facilitate to delineate them genetically.
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