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Abstract

A simple and efficient protocol for direct in vitro shoot multiplication and plant regeneration was established for an impor-
tant aromatic medicinal plant, Alpinia calcarata. Preinduction of rhizome segments in medium containing 8.8 µM 6-benzy-
lamino purine (BAP) rescued the buds from dormancy in 60% of the cultures. An average of 6.2 shoots were produced from
rhizomatous bud explants on Murashige and Skoog (MS) medium supplemented with 5 µM BAP, 10 µM kinetin, and 2.5 µM
α-Naphthalene acetic acid (NAA). The mother cultures retained their morphogenetic potential upto four subcultures and a
maximum of 1.77-fold increase in shoot multiplication was recorded after the 3rd subculture. Rooting was simultaneously
induced during subculture on shoot multiplication medium eliminating an additional step for rooting induction. Rooted
plantlets were successfully acclimatized in pots in the greenhouse and subsequently established in the experimental garden
without any visible symptoms of wilting and necrosis. The genetic fidelity of regenerated plants was evaluated by adapting to
two PCR-based DNA marker techniques, Random Amplified Polymorphic DNA (RAPD) and Inter Simple Sequence Repeats
(ISSR) which detected no variability in the in vitro multiplied plantlets of A. calcarata. This efficient method of clonal multi-
plication may be useful for commercial scale multiplication, and in situ and ex situ conservation of elite germplasm of A. cal-
carata.
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Alpinia calcarata Rosc. is a commercially important aro-
matic medicinal plant, native to India, China, and Sri Lanka
(Mangaly and Sabu 1992). The rhizomes of this perennial
herb are used extensively in traditional systems of medicine
as an aphrodisiac and in the treatment of bronchitis, cough,
respiratory ailments, diabetes, asthma, and arthritis in
Southeast Asia (Arambewela et al. 1995; Ramanayake 1994).
Recently, the rhizomes have been reported to have antimicro-
bial (Robinson et al. 2009), antinociceptive (Arambewela et
al. 2004),and anti-inflammatory activities(Arawwawala et al.
2012). Apart from these bioactivities, the rhizome exhibits

insecticidal activity (Dutta et al. 1985). In India, the dried
rhizomes form a major ingredient of several Ayurvedic drug
formulations such as Rasnadhi Kazhayam, Rasnadhi
Choornam, Rashnadhi Thailam, and Ashawagandharishtam
(Sabu 2006). The aromatic compounds, 1,8-cineole and β-
pinene were reported as the major constituents in leaf,
flower, and rhizome oil, and α-fenchyl acetate from the root
oil of the plant (Koul et al. 2005). In addition, the leaves and
roots are also a good source of protocatechinic acid,
quercetin, 4-O-methyl-syringic acid, vanillic acid, methyl
cinnamate, and numerous terpenes and diterpenes con-
stituents (Merh 1986). Unfortunately, the ruthless overex-
ploitation and collection of the rhizome from its natural habi-
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tat has led to the depletion of wild populations of A. calcara-
ta at an alarming rate. Overutilization of the A. calcarata rhi-
zomes by deracination risks the extinction of this species in
the future. In India, there is an annual demand of 1.7 tons of
dried rhizome of A. calcarata (Sasidharan and Maraleedhara
2000).The plant is conventionally propagated by rhizome
cuttings which are insufficient to meet the demand of com-
mercial scale production. Furthermore, the cultivation
through rhizome cuttings is not sustainable as they are the
raw material for drug preparation. Moreover, the long matu-
rity period of the rhizomes (36-46 months) for obtaining suit-
able propagules for propagation is the major limitation of rhi-
zome based cultivation throughout the year in A. calcarata.
Improvement of A. calcarata by conventional breeding is
impeded by its rare flowering and lack of seed set.
Consequently, an effective approach is needed for rapid and
mass propagation of A. calcarata to ensure the sustainable
utilization of this species.

In vitro propagation methods have proven to be powerful
tools for commercial scale propagation of medicinal plants
which are difficult to propagate through conventional means,
and conservation of elite and rare plant species that are
threatened or on the verge of extinction (Murch et al. 2000).
Micropropagation through direct regeneration from resident
meristems without an intervening callus stage is preferred
since extensive callus formation and long-term callus culture
can lead to somaclonal variations (Evans and Bravo 1986).
Further, in vitro propagation through axillary bud culture is
an easy and economic way to obtain a large number of con-
sistently uniform and true-to-type plants (Hu and Wang
1983). However, the tissue culture regenerants are often sus-
ceptible to genetic alteration due to culture-induced stress
and mode of regeneration (Cecchini et al. 1992; Kaushal and
Kamlesh 2003). Therefore, ensuring the genetic stability of
in vitro-regenerated plants is an essential requisite for large-
scale multiplication. Despite the numerous advantages of the
in vitro propagation, genetic instability is often observed in
micropropagated plants, and therefore, it is necessary to
establish a system that produces genetically stable and identi-
cal plants. In vitro clonal multiplication of A. calcarata
through rhizome buds has been reported (Sudha et al. 2012),
however the regeneration is accompanied with formation of
meristemoids and callus. Moreover, the absence of any evi-
dences of genetic integrity in the in vitro-grown regenerants
is the major bottleneck in adapting the protocol in commer-
cial scale propagation of A. calcarata.

Several strategies have been described to assess the genet-
ic stability of in vitro-derived plants such as karyological
analysis and isozyme markers, however they have their own
limitations (Isabel et al. 1993). PCR-based techniques such
as Random Amplified Polymorphic DNA (RAPD) and Inter
Simple Sequence Repeat (ISSR) are the simple, reliable, and
cost effective techniques that do not require any prior infor-
mation for primer designing and appears to be useful for the
analysis of genetic fidelity of in vitro propagated plants
(Agnihotri et al. 2009; Jokipii et al. 2004; Mandl et al. 2007).

The DNA polymorphism-based profiling facilitates direct
and reliable measurements to detect culture-induced variation
at the DNA level (Cloutier and Landry 1994). In contrast to
restriction length polymorphism (RFLP) no radioactive
probes are required for RAPD and ISSR, and thus they are
found to be suitable for the assessment of in vitro-raised and
-conserved plant materials (Lakshmanan et al. 2007).
Moreover, these markers are not developmentally regulated
and can be used for rapid identification with a minimum
starting material. These PCR-based techniques have been
extensively used for assessment of clonal fidelity in in vitro
plants in many recent studies (Leva and Petruccelli 2012;
Mohanty et al. 2011; Nayak et al. 2011; Parida et al. 2011;
Rout et al. 2009).

Considering the importance of an efficient in vitro propa-
gation method for generation of consistently uniform and
true-to-type plantlets in medicinally important A. calcarata,
we established an efficient and high frequency multiple,
direct shoot, regeneration system from mature rhizome buds
of A. calcarata. To validate the genetic stability of in vitro-
raised plants, we performed RAPD and ISSR based analysis
for genetic purity assessment.

Materials and Methods

Plant material and culture initiation
Mature rhizomes of A. calcarata were collected from

Jagiroad, Assam, India during the rainy season and placed in
soil:compost (1:1) to allow sprouting of buds. The rhizome
segments (~2.0 x 1.5 cm) with axillay buds embedded in
scales were excised, washed with liquid detergent for 10 min,
followed by rinsing with sterile distilled water and then sur-
face sterilized with 0.1% (m/v) mercuric chloride for 5 min
followed by rinsing five times with sterile distilled water.
The rhizome segments were inoculated in culture tubes
(Borosil, Mumbai, India) containing Murashige and Skoog
(MS) (Murashige and Skoog 1962) basal medium fortified
with 30g L-1 sucrose and 0.8% agar (HiMedia, Mumbai,
India). The phytohormones, BAP and kinetin (Kin) were
added (2.3 - 23.2 µM) to the basal medium for efficient prim-
ing of the rhizome segments. The pH of the media was
adjusted to 5.8 prior to adding agar and autoclaved at 121ºC
for 20 min. The cultures were maintained at 25 ± 2ºC, with
16 h photoperiod with irradiance of 40.5 µmole m-2s-1 provid-
ed by cool white fluorescent tubes.

Multiple shoot induction and regeneration of
plantlets

The axillary buds (~ 2.5 x 2.5 mm) produced from rhizome
segments, cultured for 4 weeks on MS medium supplemented
with BAP and Kin, were used as explants. The explants were
cultured on MS medium containing BAP and Kin at different
concentrations (5.0-20 µM) either singly or in combinations
for shoot multiplication. The synergistic effect of auxin on
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shoot multiplication was tested by adding 2.5 µM of NAA to
the shoot multiplication medium (Table 1). The percentage of
explants forming multiple shoot buds, mean number of shoots
per explant, mean shoot length,and mean number of roots per
explant was recorded after 6 weeks of culture.

Plant acclimatization and transfer to field
The plantlets with well-developed roots were removed

from the medium, washed thoroughly under tap water, and
transferred to pots containing soil and compost (1:1). The
pots were covered with polyethylene bags and sprinkled with
water at 2-day intervals for the first 2 weeks to maintain a
relative humidity of 85-90%. The plantlets were then shifted
to the greenhouse and acclimatized under 70% relative
humidity with a 16 h photoperiod at 30 ± 2 ºC. The acclima-
tized plantlets were eventually transferred to garden soil in
the experimental garden.

Statistical analysis
Each treatment contained 10 replicates and the experi-

ments were repeated thrice. All experiments were conducted
in a completely randomized manner. The data were analyzed
by Analysis of variance (ANOVA) at the 5% significant level
and means compared using Fischer’s LSD test (PC version
Origin 7.0. NORTHAMPTON, MA, USA).

Evaluation of genetic stability of regenerated plants
The clonal fidelity of in vitro-raised plants was tested

using RAPD and ISSR markers. For this purpose, 6-month-
old hardened plants were chosen randomly from the popula-
tion and compared with the mother plant. Total genomic
DNA of the mother plant and in vitro-raised plantlets was
extracted from 100 mg of young leaf tissue using DNeasy
Plant Mini Kit (QIAGEN) following the manufacturer’s
instruction. Quality and quantity of DNA preparations were

checked by both spectrophotometrically and by running on
1% agarose gels containing 0.5 µg mL-1 of ethidium bromide.

A total of 20 RAPD (Operon Technologies, USA) and 10
ISSR primers (UBC primer set No. 9, University of British
Columbia, Canada) were used for initial screening. The
RAPD and ISSR analyses were performed according to
Williams and Zeitkiewicz, respectively (Williams et al. 1990;
Zietkiewicz et al. 1994). The PCR amplifications were car-
ried out in a total volume of 25 µL containing template DNA
(100 ng for RAPD and 50 ng for ISSR, respectively), 10×
PCR buffer containing 1.5 mM MgCl2 (Bangalore Genei,
Bangalore, India), 100 µM of dNTP mix (Bangalore Genei),
1 U of Taq polymerase (Bangalore Genei), and 1 µM of
primer. PCR amplifications were carried out in a thermal
cycler (Applied Biosystems 2720, USA). The five RAPD and
five ISSR primers showing discrete and consistent polymor-
phic bands were then selected (Table 3) for analyzing the
clonal fidelity of in vitro-regenerated plants.

For RAPD, PCR amplification was programmed for  ini-
tial denaturation at  94ºC for 3 min,  followed by 40 cycles of
1 min  denaturation at 94ºC, 1 min  annealing at 34ºC, and 2
min extension at 72ºC, with a  final extension at 72ºC for 10
min. The same PCR amplification conditions were main-
tained for ISSR analysis, but the annealing temperature was
set based on the ISSR primers (Table 3). Amplified products
were resolved by electrophoresis on 1.4% agarose gels in
tris-acetate EDTA (TAE) buffer stained with 0.5 µg ml-1 of
ethidium bromide and gel images were taken by using the gel
documentation system gel documentation system (Bio-Rad
Laboratories, USA).

Data scoring and analysis
Consistent, well-resolved fragments in the size range of 100
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Fig. 1. Flow diagram of steps involved in rapid multiplication of shoot
and root from rhizome of Alpiniacalcarata 

Fig. 2. Multiple shoot induction and plant regeneration from rhizome
buds explants of A. calcarata Rosc. (a) Initiation of aseptic primary culture
from swelling bases of rhizome explants within4 weeks (Bar 15 mm). (b)
Multiple shoot bud regeneration from secondary rhizome explants within
8 weeks(Bar 15 mm). (c) Shoot elongation and root formation in culture
vesselwithin 8 weeks (Bar 15 mm). (d) Four-week-old weaned plantlets in
soil and compost mixture under greenhouse (Bar 15 mm).



bp to 2.5 kb were manually scored. Each band was treated as a
marker. The scoring of bands was done on the basis of their
presence (‘1’) or absence (‘0’) in the gel and a binary data
matrix was constructed. The amplification fragments were
analyzed as alleles assuming the presence of Hardy-Weinberg
equilibrium and segregation of all loci in a dominant
Mendelian fashion. The binary datasets were analyzed using
SIMQUAL (similarity for qualitative data) module of NTSYS-
pc for computation of Jaccard’s coefficient of similarity
(Jij=a/(a+b+c), where Jij is the measure of genetic similarity
between regenerants i and j, a is the number of monomorphic
bands present in both regenerants, b is the number of bands
present only in i while c is the number of bands present only in
j). These  similarity coefficients  were  used to generate den-
drograms using Unweighted  Pair  Group Methods  with
Arithmetic averages  (UPGMA) employing the Sequential
Agglomerative Hierarchic Non-overlapping (SAHN) programs
from NTSys PC version 2.02 k  software (Rohlf 1998).

Results

In vitro sprouting and culture initiation
Rescuing the cultures from repetitive in borne contamina-

tion was critical and only 60% of cultures survived as germ-
free. MS medium without cytokinins (control) did not stimu-
late any morphogenic response and the axillary buds embed-
ded in scales of rhizome segments remained dormant until 3
weeks of culture. However, supplementation of BAP at dif-
ferent concentrations facilitated stimulation of bud formation

from cultured rhizome segments. The addition of 8.8 µM of
BAP to MS medium induced initiation of shoot buds from
swelling bases of 60% of cultures (data not shown) within a
month of culture (Fig. 2a). An average of 1.5 aseptic shoot
buds were obtained when the rhizome segments were subcul-
tured on the same induction medium (data not shown).
Supplementation of kinetin at various concentrations failed to
induce initiation of the shoot buds from the cultured rhizome
segments even after 2 months of culture.

Multiple shoot induction and plant regeneration
Shoot bud regeneration potential was significantly

enhanced when explants were derived from the rhizome seg-
ments and primed on 8.8 µM of BAP (Table 1) (Fig. 1).
Initial swelling and greening of vegetative buds followed by
initiation of new shoot buds resulted within 20 d of culture
(Fig. 2b) of explants on shoot multiplication medium con-
taining BAP and Kin at different concentrations and combi-
nations with varying percentage of response (Table 1) (Fig.
2). The highest shoot bud forming response (100%) was
noticed on medium containing both BAP and Kin and the
lowest response (76%) was recorded in basal medium devoid
of any phytohormone (Table 1). The explants cultured on
medium fortified with a combination of BAP and Kin
induced a significantly higher number of shoots per explant
than medium containing either of them (Fig. 2). A maximum
of average 6.2 shoots  per explants with 100% shoot bud ini-
tiation efficiency were obtained within 8 weeks of culture on
MS medium supplemented with 5 µM BAP, 10 µM Kin and
2.5 µM NAA (Figs. 2b, c) (Table 1). The shoot multiplica-
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Table 1. Effect of different concentrations and combinations of plant growth regulators on shoot regeneration and root formation from rhizomatous
bud explants of A. calcarataon MS medium after 8 weeks of culture.

-
5.0
10.0
15.0
20.0

-
-
-
-

5.0
10.0
15.0
20.0
5.0
10.0
15.0
20.0
2.5
5.0
10.0
15.0

-
-
-
-
-

5.0
10.0
15.0
20.0
5.0
10.0
15.0
20.0
2.5
5.0
10.0
15.0
5.0
10.0
15.0
20.0

-
-
-
-
-
-
-
-
-
-
-
-
-

2.5
2.5
2.5
2.5
2.5
2.5
2.5
2.5

Growth regulators (µM)
BAP kin NAA

76.6 ± 3.3a

83.3 ± 8.8a

93.3 ± 3.3a

96.6 ± 3.3a

76.6 ± 3.3a

80.0 ± 0.0a

86.6 ± 8.8a

96.6 ± 3.3a

83.3 ± 3.3a

96.6 ± 3.3a

90.0 ± 3.3a

100 ± 3.3a

76.6 ± 3.3a

96.6 ± 3.3a

100 ± 0.0a

93.3 ± 3.3a

86.6 ± 3.3a

96.6 ± 3.3a

100 ± 0.0a

93.3 ± 3.3a

83.3 ± 3.3a

0.86 ± 0.2a

1.6 ± 0.2a

2.2 ± 0.34abde

2.5 ± 0.29acde

1.1 ± 0.24abc

1.9 ± 0.7a

2.9 ± 0.4acdef

3.2 ± 0.4def

1.7 ± 0.46ad

3.3 ± 0.63def

3.8 ± 0.11defg

3.6 ± 0.76defg

2.3 ± 0.43abc

3.6 ± 0.24defg

4.5 ± 0.43efg

3.7 ± 0.482defg

3.4 ± 0.52defg

4.9 ± 0.93efg

6.2 ± 0.5gh

5.0 ± 0.59efgh

4.6 ± 0.58efg

1.2 ± 0.46abc

1.9 ± 0.98abc 

2.5 ± 0.8abcd

1.5 ± 0.99abc

3.5 ± 0.40ad

2.5 ± 0.86abcd

3.4 ± 1.4ad

2.3 ± 0.54abcd

2.1 ± 0.30abc

4.4 ± 0.74ad

4.0 ± 0.37ad

4.2 ± 0.32ad

2.1 ± 0.63abc

5.8 ± 1.2ef

7.5 ± 0.81efgh

8.1 ± 1.99efgh

3.6 ± 0.24a

3.3 ± 1.7ad

4.4 ± 1.1ad

5.4 ± 1.9ef

4.9 ± 1.0ef

0.0 ± 0.0a

0.0 ± 0.0a

0.66 ± 0.33a

1.33 ± 0.33a

1.66 ± 0.33ab

1.0 ± 0.0a

1.3 ± 0.33a

2.0 ± 0.57abc

2.0 ± 0.0abc

1.6 ± 0.33ab

2.0 ± 0.33abc

2.6 ± 0.33abcd

2.6 ± 0.33abcd

3.3 ± 0.33abcd

4.6 ± 0.66cde

7.0 ± 0.57efg

5.3 ± 0.33cdef

6.3 ± 0.33cdef

10.0 ± 1.15fgh

9.0 ± 0.57fgh

6.6 ± 0.33efg

Mean number
of shoots/explants

Mean shoot
length (cm)

Mean number of
roots/explants

Regeneration
response (%)

Values represent means ± se
Each treatment comprised of 20 explants in three replicates
Means followed by same letter within columns are not significantly different (P ² 0.05) according to Fischer LSDtest
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tion rate was significantly less in explants cultured on medi-
um containing either BAP or kinetin, in the absence of NAA.
A combination of a higher dose of BAP, Kin and NAA in the
medium resulted in reduction in shoot multiplication efficien-
cy (Table 1). The shoots buds obtained from vegetative bud
cultures differentiated into shoots after 20 d of culture (Fig.
2b) which elongated within 60 d of culture on the same medi-
um in all the treatments with varying degrees of shoot length
(Table 1; Figs. 1, 2c).

The multiple shoots thus obtained were subcultured on the
same medium for 3-4 passages to obtain a clump of healthy,
elongated, and robust shoots with roots (Fig. 2c).  This tech-
nology essentially eliminated a step of in vitro rooting there-
by reducing the overall cost of micropropagation. The high-
est mean number of roots per culture (10.0 ± 1.15 i.e., 10.0 X
6.2) was observed on shoot multiplication medium that con-
tained BAP (5 µM) and Kin (10 µM) and NAA (2.5 µM),
and the lowest (0.66 - 1.0) on medium containing BAP (10
µM) and Kin (5 µM), respectively (Table 1).

On repeated subcultures, upto four passages on the shoot
multiplication medium, the  mother cultures demonstrated
retention of their morphogenetic potential and the rate of
shoot multiplication depended on the number of subcultures,
and a maximum of 1.77-fold increase in shoot multiplication
was recorded after the third subculture (Table 2). However,
no significant change in mean shoot length was observed
during subculture passages (Table 2). No further increase in
shoot multiplication was observed after subsequent subcul-
ture (data not shown).

Weaning and field transfer
More than 90% in vitro-raised plantlets of A. calcarata

were hardened and acclimatized in soil and compost mixture
within 4 weeks in the greenhouse (Fig. 2d). The plants were
healthy and without any visible symptoms of wilting and
necrosis. All the plantlets transferred to natural soil in experi-
mental garden showed vigorous growth and development.

Assessment of genetic fidelity
RAPD and ISSR analysis was employed to analyze the

genetic fidelity of seven randomly selected regenerants. A
total of 20 RAPD primers were tested for initial screening
but only five primers produced clear and reproducible bands.
The five primers produced 21 distinct and scorable bands,
with an average of 4.2 bands per primer. The number of
scorable bands for each RAPD primer varied from seven
(OPA-07) to two (OPK-16) (Table 3). Each primer generated
a unique set of amplification products ranging in size from
3250 bp (OPA-07) to 900 bp (OPA-07) (Fig. 3a). No poly-
morphism was detected during the RAPD analysis of the
seven in vitro-regenerated plants and the mother plant in all
the primers except OPS-09 which showed polymorphism at a
single locus. The primer (OPS-09) yielded a total of five
bands out of which four bands were monomorphic in all the
regenerants producing an average of 95% monomorphism
pattern across the in vitro-raised plants tested. Five resolv-
able ISSR primers produced a total of 27 scorable bands with
an average of 5.4 per primer. Among the five primers, UBC-
810 produced a maximum of seven bands with size in the
range of 3530 - 947 bp (Table 3) (Fig. 3b). The seven in
vitro-raised plants tested using all the ISSR primers, pro-
duced 100% monomorphic banding pattern in in vitro-raised
plants as well as in the mother plant. A total of 48 scorable
bands were produced by RAPD and ISSR primers with an
average of 4.8 per primer. A similarity matrix based on
Jaccard’s coefficient revealed that the pair-wise value
between the mother plant and the in vitro-raised plants
derived from different explants was 0.979, indicating 98%
similarity (Table 4). The matrix generated dendrogram clear-
ly indicated that all the in vitro-raised plants of A. calcarata
had close similarities with the stock mother plant (Fig. 4).

Table 2. Evaluation of morphogenetic potential of shoot culture of A.
calcarata for four subculture passages on shoot multiplication medi-
um*.

First
Second
Third

Fourth

Subculture
passage 

6.2 ± 0.5 a

8.3 ± 0.3a

11.0 ± 1.0b

7.0 ± 0.6a

Mean number
of shoots

1.0
1.33
1.77
1.12

Fold increase in mean
no of shoots length (cm)

4.4 ± 1.1a

5.0 ± 0.28a

5.4 ± 0.32a

4.3 ± 0.23a

Mean shoot

*Shoot cultures were subcultured on MS medium containing 5 µM BAP, 10
µM kinetin, and 2.5 µM NAA
Values represent means ± SE
Means followed by the same letter within columns are not significantly dif-
ferent (P ² 0.05)
Fischer by the LSD test

Table 3. Description of RAPD and ISSR primers used for fingerprinting
analysis of micropropagated plants and the source plant of A. calcarata.

RAPD
primers

1
2
3
4
5

Total

Sl. No.

OPA-07
OPG-02
OPK-07
OPK-16
OPS-09

Primer
code

GAAACGGGTG
GGCACTGAGG
AGCGAGCAAG
GAGCGTCGAA
TCCTGGTCCC

Primer's
sequence

(5'-3')

7
4
3
2
5

21

Total num-
ber of
bands

amplified

7
4
3
2
4

20

Alpiniacalca
rata No. of
monomor-
phic bands

100
100
100
100

80
95.23

ISSR
primers

1
2
3
4
5

Total

I1
UBC-807
UBC-810
UBC-815
UBC-899

(AG)9
(AG)8T
(CA)8T
(CT)8G

CATGGTGTTG
GTCATTGTTCCA

4
6
7
5
5

27

4
6
7
5
5

27

100
100
100
100
100

100

Percentage
monomor-

phism



Discussion
The root oil and oleoresin of A. calcarata in particular

have immense medicinal value. India, along with Thailand
and Indonesia, is the major supplier of A. calcarata.
Micropropagation is one of the key approaches for large-
scale multiplication of true-to-type plantlets of economically
important medicinal plants including Zingiberaceae species.
In vitro regeneration of several medicinally important galan-
gal species has been reported (Jinu and Aravinthan 2008;
Kochuthressia et al. 2012; Rao et al. 2011). However, there is
no convincing report on micropropagation of A. calcarata.

In general, contamination is a major problem in initiating
aseptic cultures in rhizomatous plant species (Rout et al.
2001). In Zingiber species, the contamination rate in in vitro
cultures has been primarily attributed to presence of outer
leaf sheaths in rhizomes and the time of their collection
(Stanly and Keng 2007). We recorded a maximum frequency
of contamination-free cultures (60%) after treatment with
0.1% mercuric chloride for 5 min and further exposure was
lethal to the tissue. The low rate of contamination in the pres-
ent system might be due to the appropriate steps for surface
sterilization. During the dry season, the rhizomes of Zingiber
species are known to remain dormant. Breaking of bud dor-
mancy on rhizomes of many Zingiber species is very impor-
tant for overcoming the problem of eye bud emergence and
to produce the plant year round (Thohirah et al. 2010). The
axillary buds of many Zingiber species have been reported to
remain dormant. We found supplementation of BAP at dif-
ferent concentrations facilitated stimulation of bud formation
in cultured rhizome segments. Use of BAP in culture has
been reported to break the dormancy of axillary buds in
many medicinal Zingiber species including Costuspictus
(Punyarani and Sharma 2012) and Curcuma cordata
(Thohirah et al. 2010). In the present investigation, shoot
multiplication was found to occur from rhizomatous bud
explants in a medium containing two cytokinins, BAP and
Kin, either in the presence or absence of NAA. Explants cul-
tured on medium containing either BAP or Kinwere ineffec-
tive for multiple shoot bud induction. The synergistic effect
of two cytokinins, BAP and kinetin has been found to be
enhancing the shoot multiplication. However, the rate of shoot
bud multiplication varied based on the dose and the combina-

tion of phytohormones used. The combination of two
cytokinins (BAP and Kin) in the culture medium has been
reported to be ideal for shoot multiplication in Zingibermoran
and Z. zerumbet (Das et al. 2013), Kaempferia galangal
(Kochuthressia et al. 2012), Alpinia galangal (Parida et al.
2011), Alpiniazerumbet (Jinu and Aravinthan 2008), and
Bosenbergia pulcherrima (Anish et al. 2008). Our results
indicated that a combination of BAP (5 µM), Kin (10 µM)
and NAA (2.5 µM) in the MS medium was sufficient for the
induction of maximum multiple shoots from the rhizomatous
bud explants in A. calcarata. The combination of two
cytokinins along with auxin has been reported to increase the
rate of shoot multiplication by several fold in Zingiber offici-
nale (Palai et al. 1997). The addition of NAA to shoot multi-
plication medium has been reported to induce optimal multi-
ple shoot induction in Z. petioletum (Prathanturarug et al.
2004), in genus Curcuma (Bharalee et al. 2005), and B. rotun-
da (Yusuf et al. 2011). However, contradictory results have
been reported in a few galanga species such as A. galangal
with high efficiency shoot multiplication in medium contain-
ing a single cytokinin (Rao et al. 2011). The rhizomatous bud
cultures of A. calcarata were rooted, during subculture, in
shoot multiplication stage in medium supplemented with
NAA in conjunction with BAP and Kin. Hence, additional
treatment was not required for root induction. The simultane-
ous production of shoots and roots were also reported in other
Zingiberaceae species (Balachandran et al. 1990; Chan and
Thong 2004; Kochuthressia et al. 2010; Punyarani and
Sharma 2012). We observed induction of rooting in rhizoma-
tous bud cultures of A. calcarata due to the synergistic effect
of low concentrations of NAA with BAP and Kin. The syner-
gistic effect of NAA at a low concentration along with BAP
has been found to be highly effective for enhanced shoot bud
proliferation and simultaneous rooting in rare zingibers like
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Table 4. Similarity coefficients among mother plant and micropropa-
gated plants of A. calcarata based on RAPD and ISSR markers.

M
AC1
AC2
AC3
AC4
AC5
AC6
AC7

In vitro plantlets

Mother

1.0
1.0

0.979
1.0
1.0
1.0
1.0
1.0

M

1.0
0.979
1.0
1.0
1.0
1.0
1.0

AC1

1.0
0.979
0.979
0.979
0.979
0.979

AC2

1.0
1.0
1.0
1.0
1.0

AC3

1.0
1.0
1.0
1.0

AC4

1.0
1.0
1.0

AC5

1.0
1.0

AC6

1.0

AC7

Fig. 3. RAPD profiles of micropropagated plants of Alpinia calcarata. (a)
RAPD (OPA07)and (b) ISSR (UBC-810) banding pattern in micropropa-
gated plants (6-months) and field grown mother plant of A. calcarata
(lane 1-mother plant, lanes 2 to 8- micropropagated plants, M - ladder).
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Zingiber petiolatum, Mantisia spathulata, Mantisia wengeri,
and Kaempferia galangal (Bhowmik et al. 2009;
Prathanturarug et al. 2004; Shirin et al. 2000).

Maintenance of genetic stability is one of the most impor-
tant criteria in the micropropagation of valuable medicinal
plants. A major problem often encountered with the plantlets
generated by in vitro multiplication of parent stock is the
induction of somaclonal variation, arising as a direct conse-
quence of in vitro culture of plant cells, tissues, or organs. The
source of explants, method of regeneration (Goto et al. 1998),
use of sub- and supra-optimal levels of plant growth sub-
stances, especially synthetic ones (Martins et al. 2004), and
long-term culture may contribute to somaclonal or epigenetic
variations in micropropagated plants (Das et al. 2010; Kishor
and Devi 2009). Therefore, it is necessary to verify thegenetic
purity of the micropropagated plants by DNA marker-based
analysis in order to ensure clonally uniform plant materials for
commercial scale propagation. Evaluation of genetic stability
by using a combination of two types of markers that amplify
different regions of the genome has been proved to be precise
and useful (Lattoo et al. 2006; Martin et al. 2006; Ray et al.
2006; Venkatachalam et al. 2007). Hence, in the present
study, the clonal fidelity of the in vitro-raised plant materials
was confirmed by adopting two PCR-based DNA marker
techniques, RAPD and ISSR. No variability was detected
among the in vitro-multiplied plantlets of A. calcarata. In our
study, we obtained plantlets from the sprouting of dormant
buds situated in the axils of the bracts. These findings support
the fact that a meristem-based micropropagation system is
much more stable genetically than those in which regenera-
tion occurs via the callus phase.

Conclusion

This is the first time through the present study that we
describe an efficient protocol for micropropagation of A. cal-
carata and demonstrate the absence of genetic variation in in
vitro-raised plantlets by two PCR-based DNA marker tech-

niques, RAPD and ISSR that targeted the non repetitive and
repetitive (microsatellite) regions of genomic DNA, respec-
tively. This efficient method of clonal multiplication can be
successfully employed for commercial scale multiplication
without much risk of genetic instability and in situ and ex situ
conservation of elite germplasm of A. calcarata.
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