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Abstract: Ginger is a vegetative propagated monocot with medicinal properties and is cultivated mainly in the tropics as a
spice crop. The lack of seed setting limits genetic improvement in this crop to clonal selection and mutation breeding.
Therefore, assistance from modern technologies, like genetic transformation and genome editing, can be used to broaden the
genetic base and improve traits like yield, quality, and climate resilience in ginger. Callus induction is a crucial step in
Agrobacterium-mediated genetic transformation, genome editing, production of somaclonal variants, in vitro production of
phytochemicals, etc. Production of friable embryogenic calli requires fine-tuning the hormonal composition in the callus
induction media in a genotype- and explant-specific manner. In this study, we have optimised the callus induction protocol
for the variety IISR Varada using five different explant tissues, like leaf lamina, immature shoot tip, immature shoot base,
mature shoot tip, and mature shoot base. We found that the shoot bases from the mature and immature shoots of I1ISR Varada
were capable of responding to the exogenous application of 2,4-D and developed calli with an induction rate of 75%. The

mature shoot tip also responded to a combination of 2,4-D and BAP.
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INTRODUCTION

Ginger (Zingiber officinale Rosc.) is a highly
valued aromatic perennial herb, generally
cultivated as a spice crop for its underground stem,
rhizome. It is used in culinary and many traditional
medical preparations across the globe. It is highly
susceptible to bacterial and fungal diseases and the
cultivated ginger does not show natural variants
resistant to these deadly pathogens (Prasath et al.,
2014). Modern plant breeding technologies such as
genetic engineering and genome editing are
promising tools for introgressing disease resistance-
like desirable traits into ginger lines. In direct
embryogenesis, a low number of shoots per explant,
a limited number of tissues that respond, etc., hinders
the generation of a sufficient number of embryos
required for genetic transformation (Mehaboob et al.,
2019). Thus calli-mediated indirect organogenesis
became the backbone of transgenic and genome
editing technologies in many crop plants (Khatun et
al.,, 2003; Sahoo et al., 2011; Turhan, H., & Baser,
2004; Liu et al., 2015). The primary prerequisite for
genetic engineering and gene editing is the
development of friable embryogenic calli, which
allows easy transformation and large-scale
regeneration.

Callus is defined as the mass of fast-dividing cells,
derived from a somatic tissue or an embryo as an

*Corresponding Author

explant under in vitro conditions. Embryogenic calli
are friable, curd-like masses of cells that can be
easily infected by Agrobacterium or used for
transformation through PEG particle bombardment-
like methods (Du 2019, Song et al., 2020, Folling
and Olesen, 2002, Suwanaketchanatit, 2007). The
optimised protocols for efficient and cost-effective
callus production specific to crop and variety of
choice are important for making genetic
modifications, mass multiplication and long-term
storage of genetic resources and in vitro production
of phytochemicals (Oliveira et al., 2018). Studies in
various crop plants have resulted in many protocols
for callus development and it is generally accepted
that callus induction can be accomplished by
manipulating the external supply of auxin:cytokinin
ratio in the medium. For instance, combinations of
2,4-D and BAP or 2,4-D alone have been used in the
optimisation of callus induction in different crops
(Praveen and Ashalatha, 2014; Yasuyuki et al., 1967,
Roy et al, 2011; Sahoo et al., 2011). Callus
induction in the family Graminae was mainly for
Agrobacterium-mediated transformation, while in
families having valuable secondary metabolites such
as Zingiberaceae, it was intended mainly for
phytochemical production (Anasori and Asghari
2009).

Though the Zingiberaceae family plants respond
quickly to in vitro regeneration protocols, several
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attempts were made to develop efficient callus
induction protocols in different ginger varieties. Red
ginger (Zingiber officinale var. Rubrum) responded
well to a 1:1 ratio of 2,4-D and kinetin in 2 weeks
with a 70% callus induction rate at a 16/8 hrs light-
dark cycle (Widyastuti et al., 2024). The number of
days to callus induction, induction rate, callus size
and quality of calli vary depending on the genotype
and hormonal concentrations. For example, leaf
explants of the cultivar Santarampur Local were
found to produce friable creamy white calli in 21
days with 1 mg/L 2,4-D, but the number of days rose
by one week at higher and lower concentrations of
24-D in MS medium (Solanky et al, 2013). In a
different attempt, shoot tips placed in an inverted
pose induced well sized calli in semi-solid MS
medium supplemented with different combinations
of 2, 4-D and BAP (lbrahim et al., 2015). In yet
another study, MS media with 0.5% 2,4-D produced
friable calli in the ginger variety Maran (Babu et al.,
1992), but 0.5 mg/l dicamba was more effective in
the variety Suruchi (Sultana et al., 2009). The extend
of callus induction is intune with the variety and
explants and hormonal composition (Gurav et al,
2020).

It was shown that picloram in red ginger and many
other crops yielded a high rate of callus induction
(Gnasekaran et al., 2023; El-Mageid et al., 2019;
Habibah et al., 2019; Salma et al., 2019). Mango
ginger, belonging to a related genus, Curcuma
produced calli in 2.0 mg/L 2,4-D and 0.5 mg/L BAP
(Raju et al., 2013). Different concentrations and
combinations of PGRs have led to the formation of
different types of calli; for instance, with a 2:1 ratio
of 2,4-D to BAP has resulted in friable calli with an
88% callus induction rate. (Abd El-Hameid et al.,
2020). Apart from normal somatic explants,
reproductive structures like ovaries and anthers were
also attempted as explants for callus induction (Babu
et al., 1996; Samsudeen et al., 2000). This diversity
in hormonal combinations for callus induction
among different crops and explants reiterates the
need for optimisation of callus induction in a variety -
and explant- specific manner.

In this study, we have evaluated different explants
like leaf lamina, immature shoot base, immature
shoot tip, mature shoot base, and mature shoot tip
and various combinations of 2,4-D and BAP in MS
basal media for the variety ISR Varada.

MATERIALS AND METHODS

Plant Material and explant selection

Healthy, disease-free rhizomes of ginger variety
IISR-Varada were used for germination in coir pith in
plastic trays with mild irrigation to retain the
moisture. Five different types of explants were used
in this study — immature shoot base, immature shoot
tip, mature shoot base, mature shoot tip and leaf
lamina. Shoots obtained 3 weeks after sprouting are

denoted as immature and 3 months after sprouting,
they are denoted as mature. Immature shoot base
and immature shoot tip explants were made from 10-
15cm long shoots of 3 weeks old plants grown in coir
pith under shade. To get mature shoot explants, the
sprouted rhizomes were planted in the grow-bags
with potting mixture treated with 1% Bavistin and
were grown under direct sunlight for 60 days. Mature
shoot base and mature shoot tip explants were
obtained from these ginger plants after removing the
outer leaf sheaths up to the 4th leaf fromthe tip. Leaf
lamina explants were obtained from 60-days-old
plants.

Surface Sterilisation of Explants

The cut shoots were wiped with 70% ethanol and
then washed with Tween 20 (2-3 drops per 100ml
distilled water) for 5 minutes. Washed thrice in
100ml distilled water and submerged the explants in
70% ethanol in a sterile conical flask inside a laminar
air flow chamber for 30 sec. After washing off the
ethanol completely by rinsing with distilled water,
the explants were treated with 0.1% mercuric
chloride (HgCl,) solution for 3 minutes and the
explants were cleaned with sterile distilled water by
repeated washing.

Preparation of Culture Medium

The callus induction media consisted of Murashige
and Skoog (MS) medium with different combinations
of the plant growth regulators (PGRs) BAP and 2,4-
D (Murashige and Skoog, 1962). Sterilised explants
were aseptically inoculated onto the prepared MS
medium supplemented with the PGR combinations.
To ensure adequate contact, the explants were placed
on the surface of the solidified medium. The
inoculated explants were incubated under dark
condition at a temperature of 25 + 2°C.

The cultures were regularly monitored for callus
formation, and subculturing was performed every 3
weeks onto fresh medium to promote callus growth.
The explants were monitored for callus initiation at
regular intervals (weekly) for up to 6-8 weeks. The
duration of callus development and callus type
(texture and colour of the callus) were noted. Callus
induction frequency (percentage of explants forming
callus) was calculated by counting the number of
explants showing callus formation.

RESULTS AND DISCUSSION

Ginger is an asexually propagated crop amenable to
mass production under controlled conditions and
hydroponics. Such cultivation possibilities make it
suitable for the production of secondary metabolites.
Cell culture and protoplast regeneration are future
perspectives of secondary metabolites from ginger.
Towards this and for the development of GM and
GEd ginger production, the optimisation of high-
quality calli production methods specific to leading
varieties of ginger is essential. In this study, we
focused mostly on the responsiveness of various
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tissues of ginger variety IISR Varada to hormonal
compositions to yield friable calli. We have chosen 5
different tissue types: 1. Immatrue shoot base 2.

ALK

Immatrue shoot tip 3. Mature shoot base 4. Mature
shoot tip 5. Leaf lamina. (Figure 1)
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Figure 1: Different explants used for callus induction in ISR Varada a) 0.5mg/L 2,4-D (Immature shoot base)
b) 0.5mg/L 2,4-D (Immature shoot tip) c) 3mg/L 2,4-D (Mature Leaf sheath) d) Img/L 2,4-D and 1mg/L BAP
(Mature shoot base)

In both immature and mature shoots, the green
portion differentiating to become leaf lamina were
considered as shoot tip, while the light coloured basal
portion was considered as shoot base. In 0.5mg/L
24-D containing MS media plates, shoot base
explants were developed into friable calli with 75%
callus induction in immature shoot bases and 25% in
mature shoot bases (table 1). Subculturing of these
calli gave rise to embryogenic calli (Figure 2a,
Figure 2b). At a higher concentrations of 2, 4-D
(3mg/L) a callus induction like reponse was observed
in immature shoot base explants (Figure 2c). Other
tissues including mature shoot tip, immature shoot
tip and leaf lamina did not responds to any of the
hormonal compositions tested in this study even after

subculturing 2-3 times. An intermediate ratio
between Auxin and cytokinin promotes callus
induction (Skoog and Miller, 1957). The ginger shoot
base used in this study contains the apical meristem
and developing leaf, which has a higher level of
cytokinin compared to mature shoots. So, a slight
exogenous dose of 2,4-D alone was sufficient to
bring auxin:cytokinin ratio to a balance and induce
calli. Meanwhile, the mature shoot base responded to
a combination of 2,4-D and BAP, though the calli
were not friable but slimy/hairy callus induction was
observed (Figure 2d, Tablel). At the same
concentrations, the green shoot tips did not respond
in both young and mature shoots.
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Figure 2: Friable embryogenic calli produced from shoot base explants of ISR Varada a) 0.5mg/L 2,4-D
(Immature shoot base - | Subculture) b) 0.5mg/L 2,4-D (Immature shoot base - Il Subculture) ¢) 3mg/L 2,4-D
(Immature shoot base) d) 1mg/L 2,4-D and 1mg/L BAP (Mature shoot base)

Table 1. MS medium supplemented with different concentrations and combinations of plant growth regulators

(PGR).
Treatment Basal PGR concentration Explant Response
Media Young Shoot base | Mature Shoot
(lower) base (lower)
T1 MS 2,4-D (0.5mg/L) 75% Cl 25% ClI
T2 MS 24-D (Img/L) Nil Nil
T3 MS 2,4-D (3mg/L) 25% tissue callus | Nil
like
T4 MS 24-D (Img/L) + BAP( 0.5mg/L) Nil Nil
T5 MS 2,4-D (Img/L)+BAP (1mg/L) Nil 100% response
(slimy calli)

T6 MS 24-D (Img/L)+BAP(1.5mg/L) Nil Nil
CONCLUSION leaf sheath tissues at the base of the shoot are giving

The explant that responded to combinations of 2, 4-D
and BAP in this study was the basal shoot where in
young meristematic portion is covered with
differentiating leaf sheath. So, it can be concluded
that the shoot apical meristem or the undifferentiated

raise to the observed calli rather than the shoot tip
that is differentiating to form leaf lamina. Thus, this
study pin points to the exact tissue that respond to
callus induction in ginger and the hormonal
requirement at different maturities of explants.
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