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Micropropagation of Zingiber rubens and assessment of genetic stability
through RAPD and ISSR markers
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Abstract

Protocol was developed for high frequency in vitro multiplication of an endemic species, Zingiber rubens Roxb. The
sprouted buds of the rhizomes were cultured on Murashige and Skoog (MS) medium supplemented with
6-benzyladenine (BA; 0.5 - 5.0 mg dm), indole-3-acetic acid (IAA; 0.5 -2.0 mg dm™), kinetin (KIN; 1.0 - 3.0 mg dm™),
naphthaleneacetic acid (NAA; 0.5 - 1.0 mg dm™) and adenine sulphate (ADS; 80 - 100 mg dm™). MS basal medium
supplemented with 3 mg dm™ BA and 0.5 mg dm™ IAA was optimum for shoot elon%ation. The elongated shoots
(1 - 2 cm) were transferred to multiplication medium containing 2 mg dm™ BA, 1 mg dm™ IAA and 100 mg dm™ ADS.
The multiplication rate remained unchanged in subsequent subcultures. Upon ex vitro transfer, 85 % of plants survived.
Genetic stability of micropropagated clones were periodically evaluated at an interval of 6 months up to 30 months in
culture using random amplified polymorphic DNA (RAPD) and inter simple sequence repeat (ISSR) analysis and

genetic uniformity in all regenerants was confirmed.
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Introduction

Red ginger (Zingiber rubens Roxb.) is an endemic
species of family Zingiberaceae (Jain and Prakash 1994)
restricted to northeast India and to eastern Himalayas.
The plant is used as an ornamental or for medicinal
purposes. The plant propagates slowly producing
maximum of 8 plants per rhizome in a year in the field.
The endemic nature and slow natural propagation rate
insists its conservation and propagation through tissue
culture technique. In vitro technique can be used in
propagation and conservation of endemic species either to
produce new plants or as intermediate or long term
storage system (Munoz 1995). Plant regeneration in vitro
and reintroduction into natural habitat is one strategy for
conservation of important plant species (Rout and Das
2002).

Periodic monitoring of the degree of genetic stability
of in vitro conserved plants is of utmost importance for
commercial utilization of true-to-type plants of the
desired genotype. The assessment of the genetic integrity
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of in vitro grown regenerants in regular intervals can
significantly reduce or eliminate the chance of occurrence
of somaclonal variation (Larkins and Scowcroft 1981) at
the early or late phase of culture. Of the various
molecular markers random amplified polymorphic DNA
(RAPD) and inter simple sequence repeats (ISSR)
analysis are the simplest and quickest method for genetic
stability assessment of in vitro grown plants. In vitro
cultivation has been reported for many species of genus
Zingiber, i.e., Z. officinale (Bhagyalakshmi and Singh
1988, Balachandran et al. 1990, Kacker et al. 1993,
Sharma and Singh 1997, Rout and Das 2002, Mohanty
et al. 2008), Z. cassumunar (Poonasapaya and Kraisintu
1993), Z. petiolatum (Chang and Criley 1993),
Z. spectabile (Faria and Illg 1995), Z. wighitianum
Z. montanum, and Z. zerumbet (Tyagi et al.. 2006). In the
present paper we report micropropagation, in Vvitro
conservation and genetic stability of in vitro regenerated
plantlets of ethnobotanically important Zingiber rubens.

Abbreviations: ADS - adenine sulphate; BA - benzyladenine; IAA - indoleacetic acid; MS - Murashige and Skoog medium;
NAA - napthaleneacetic acid; KIN - kinetin; RAPD - random amplified polymorphic DNA; ISSR - inter simple sequence repeats.
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Materials and methods

Healthy rhizomes of Zingiber rubens Roxb. collected
from Kalimpong, West Bengal, India were planted in soil
to initiate sprouting. The sprouted rhizomes were then
removed from soil and washed properly in tap water.
Pieces of rhizomes containing sprouts were washed
thoroughly with water followed by a liquid detergent
(Extran, Merck, Mumbai, India) for 10 min and again
with sterilized water. These were then surface sterilized
with 0.1 % (m/v) mercuric chloride for 11 - 12 min. After
rinsing with sterile distilled water three times explants
(10 - 12 mm) were inoculated to shoot induction
Murashige and Skoog (1962; MS) medium containing
30 g dm” sucrose and different concentration of 6-ben-
zyladenine (BA; 0.5 - 5.0 mg dm™), indole-3-acetic acid
(IAA; 0.5 - 2.0 mg dm™) and kinetin (KIN; 1.0 - 3.0
mg dm™). The pH of the medium was adjusted to 5.7
before adding agar to it. It was then autoclaved at 121 °C
and 104 kPa for 20 min. The culture was maintained at
temperature of 25 + 1°C, 16-h photoperiod (irradiance of
55 umol m? s, After six weeks, the shoots of length
25 - 30 mm were transferred to a multiplication medium
containing in addition to BA, KIN and TAA also
naphthaleneacetic acid (NAA; 0.5 - 1.0 mg dm™) and
adenine sulphate (ADS; 80 - 100 mg dm™). In vitro
multiplied shoots with well developed roots were
separated and transferred to media containing 1 mg dm™
BA. After four weeks, plantlets with shoots and roots
were take out from the flasks and washed thoroughly.
They were then transferred to pot containing soil and
sand (1:1) and were kept in greenhouse for acclimati-
zation for 2 - 3 weeks. For in vitro conservation, the
plantlets were maintained in the same media up to two
years with subculturing at an interval of 3 - 4 months.
After acclimatization in a greenhouse the plants were
grown in the field to maturity. All the experiments were
repeated three times with a minimum of ten replicates.
Healthy and young leaves of Z. rubens were taken
both from in vitro and ex vitro grown mother plants. Leaf
samples were taken in every six months interval up to
two years for RAPD and ISSR analysis. DNA extraction
was done by following Doyle and Doyle (1990) method.
The crude DNA was purified by adding Rnase A (60 pg

Results and discussion

The explants remained dormant up to 15 d of inoculation,
after which the initiation of shoot buds was observed
from swelling bases of the explants. Further growth of
shoot bud occurred when explants were again transferred
to a fresh media (Fig. 1B,C). MS media containing BA
(3 mg dm™) and TAA (0.5 mg dm™) were found to be
optimum for shoot initiation where about 85 % of
explants responded (Table 1). KIN showed poor response
towards shoot initiation.

In vitro induced shoots were then subcultured to MS
media containing various combinations of BA and KIN
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for 1 cm’ of crude DNA solution). Quantification of
purified DNA was accomplished by analyzing the
purified DNA in 0.8 % agarose gel alongside uncut
lambda DNA as standard. Purified DNA samples were
then diluted in T,y E; buffer to 25 pg em™ for PCR
amplification.

For RAPD analysis a total of 30 random primers were
used out of which 18 random decamer primers (Operon
Technologies, Almeda, USA) were selected. In case of
ISSR out of 10 primers 8 were selected. The RAPD
analysis was performed according to Williams et al.
(1990) and ISSR analysis according to Zeitkiewicz et al.
(1994). RAPD and ISSR amplifications were performed
routinely using PCR mixture (0.025 cm’) containing
25 ng of genomic DNA as template, 10x PCR buffer
(Bangalore Genei, Bangalore, India), 200 uM dNTPs
(Bangalore Genei), 0.5 U of Taq polymerase (Bangalore
Genei), and 15 ng of RAPD primer or 40 ng of ISSR
primer. The amplification was carried out in a thermal
cycler (Gene Amp PCR system 9700, Applied Biosystems,
Carlsbad, CA, USA). In RAPD, PCR was performed at
initial temperature of 94 °C for 5 min for complete
denaturation. The second step consisted of 42 cycles
having three ranges of temperature, i.e., 92 ° for 1 min for
denaturation of template DNA, 37 °C for 1 min for primer
annealing, 72 °C for 2 min for primer extension, followed
by running the samples at 72 °C for 7 min for complete
polymerization. For ISSR the same temperature profile
was followed, but the primer annealing temperature was
set at 5 °C lower than the melting temperature. The PCR
products obtained from RAPD were analyzed in 1.5 %
agarose gel whereas the ISSR products were analyzed in
2 % agarose gel stained with ethidium bromide
(0.5 mg cm™). The size of the amplicons were estimated
using 100 bp DNA ladder plus or DNA ladder mix (MBI
Fermentas, Vilnius, Lithuania) and documented in the Gel
Doc (Bio-Rad, Hercules, USA).

Data were subjected to analysis of variance for a
factorial experiment. Critical differences (CD) were
calculated to determine the statistical significance of
different treatments.

individually or in combination with IAA, NAA and ADS
for shoot multiplication (Table 2). Of various
combinations tried, MS medium with BA (2 mg dm™),
IAA (1 mg dm™) and ADS (100 mg dm™) was optimum
for shoot multiplication and root development (8.0 + 0.13
shoots with 7.61 + 0.18 roots per explant). Role of BA in
shoot multiplication has been reported in other plant
species (e.g. Dai et al. 2009, Goncalves et al. 2009,
Malikarjuna and Rajendrudu 2009) including the species
of Zingiberaceae (Ikeda and Tambe 1989, Balachandran
et al. 1990, Smith and Hamil 1996, Rout et al. 2002,
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Fig. 1. 4 - Sprouted bud explant of Zingiber rubens. B - Induction of multiple shoots on MS medium with BA (3 mg dm™) and
IAA (0.5 mg dm™) after 4 weeks. C - In vitro multiplication on MS medium with BA (2 mg dm™), IAA (1 mg dm™) and ADS
(100 mg dm'3) after 6 weeks. D - Potted plant in greenhouse 3 weeks after ex vitro transfer. E - Micropropagated plants growing in

pots under natural condition for 12 weeks.

Table 1. Effect of BA, IAA and KIN [mg dm™] for in vitro
shoot initiation of Z. rubens. Means + SE, n = 15. Means having
the same letter in a column were not significantly different at
P <0.001.

BA KIN TIAA Response [%]
0.5 19.06 £ 0.07a
1 26.40£0.71a
3 64.46 £ 0.77b
5 46.00 £ 0.52b
- 1 32.67£0.49a
- 3 33.20 £ 0.50a
0.5 0.5 43.93 £ 0.67a
1 0.5 72.60 £ 0.38¢
3 0.5 84.80 £ 0.63¢
5 0.5 47.26 £ 0.40b
- 1 0.5 56.40 £ 0.80b
- 3 0.5 3593 £0.81a

Panda et al. 2007). Maximum number of root occurred in
MS medium with 2 mg dm™ KIN and 0.5 mg dm™ IAA
(Table 2). MS media containing KIN with NAA and IAA
also showed response towards multiplication, ie., 5 to
6 shoots per explants, but the shoot were not healthy as
after 15 - 20 d the leaves became curled with stunted
growth.

The plantlets were then separated and maintained in
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MS media with BA (I mg dm™). The plants could be
conserved in this media for 30 months followed by
subculturing at an interval of 120 d.

The fully developed plants with roots and shoots were
transferred to pots containing soil and sand in the ratio
1:1 (Fig. 1D). Plants were kept in greenhouse and
hardened for 2 - 3 weeks, after which they were
transferred to field. About 85 % of plants were survived
and grown to maturity (Fig 1E). Evaluation of
morphological characteristics such as plant height, tiller
number and rhizome yield of tissue culture regenerated
Z. rubens showed no significant difference to that of
conventionally grown mother plants.

Periodic assessment of genetic stability of the
micropropagated plants was done through RAPD and
ISSR analysis at 6 months interval up to 30 months. A
total of 60 plantlets were analyzed taking minimum
12 plants from each culture period. 18 selected RAPD
primers gave rise to a total of 109 scorable bands ranging
from 350 to >3000 bp (Table 3).The number of bands for
each primer varied from 3 - 9 with an average of 6 bands
per primer. A total of 6540 bands (total number of bands
x number of explants analyzed) were generated giving all
of which were monomorphic (Fig. 24). The highest
number of bands obtained was 9 in case of primers
OPA18, OPD20 and OPAF5 and the lowest number of
bands, i.e. 3, was obtained in case of primers OPD3,
OPD7 and OPAF14. In ISSR analysis, 8 selected primers
produced a total of 42 scorable bands ranging from
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Table 2. Effect of different growth regulators on shoot and root multiplication in Z. rubens. Means = SE, n = 15. Means having the
same letter in a column were not significantly different at P < 0.001.

Growth regulators [mg dm'3] Shoot number [explant"l] Shoot length [mm] Root number [explant"l] Root length [mm]
BA (1.0) +IAA (0.5) 2.87+0.19a 5.47+0.07b 7.87+0.21b 2.47+0.07a
BA (1.0) +IAA (0.5)+ADS (100)  5.73+0.11b 5.1140.02b 8.40 £ 0.16b 4.04 +0.09a
BA (2.0)+IAA (1.0)+ADS (100)  8.00+0.13c 6.52 + 0.04c 7.93 +0.26b 8.27 £ 0.05¢
BA (1.0) +KIN (0.5) 5.13+0.16b 4.87 +0.06b 8.53 £0.13b 6.87 £ 0.03b
BA (1.0) + NAA (0.5) + ADS (100)  2.53 +0.16a 422 +0.02a 3.46+0.13a 5.24 +0.05b
BA (2.0)+ NAA (1.0) + ADS (100)  3.06 +0.11a 3.93+0.01a 3.26+0.15a 4.80 + 0.02a
KIN (0.5) + IAA (0.5) 2.60+0.13a 3.36+0.03a 2.47+0.13a 2.26+0.07a
KIN (1.0) + IAA (0.5) 5.73+0.18b 5.09 £ 0.02b 5.40+021a 5.20 £ 0.05b
KIN (2.0) + IAA (0.5) 3.53+0.13a 5.86 + 0.03c 9.20 +0.14c 5.80 £ 0.07b
KIN (0.5) + NAA (0.5) 5.73 +£0.22b 5.38 +0.09b 5.61+021a 7.90 + 0.05¢
KIN (1.0) + NAA (0.5) 3.33+0.12a 429 +0.6a 453 +0.16a 7.19 £ 0.05b
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Fig. 2. RAPD (OPCO02) and ISSR (GACA), banding pattern in micropropagated plants and field grown mother plant of Z. rubens
determined after 24-month storage (lane I - mother plant, lanes 2 to 12 - micropropagated plants, M - ladder).

Table 3. RAPD banding pattern of both micropropagated and 250 to 1900 bp (Table 4). For each primer, the number of

field grown mother plants after 2 years. amplified bands varies from 2 - 8 and a total of 2520
bands were generated all of which were monomorphic in
Primers  Sequence Amplicons [bp] Total bands nature (Fig. 2B). The highest number of bands, i.e. 8, was

generated by the primer SPS 08, whereas the lowest
number of bands, i.e. 2, was recorded for the primer
SPS 02.

OPA04 AATCGGGCTG 1900-575
OPA07 GAAACGGGTG 2100-350
OPA09 GGGTAACGCC 2100-575
OPA18 AGGTGACCGT 2300-600
OPCO02 GTGAGGCGTC 3000-650
OPCO05 GATGACCGCC 2300-950
OPC11 AAAGCTGCGG 1300-350
OPDO03 GTCGCCGTCA 2000-450

Table 4. ISSR banding pattern of micropropagated and field
grown mother plants in Z. rubens after 2 years.

AULWOPRARIQORVOWLARANRNO B W

OPDO7 TTGGCACGGG 1400-600 Primers Sequence Amplicons [bp] Total bands
OPD08  GTGTGCCCCA 2000-450

OPDI8  GAGAGCCAAC  2000-450 SPS 01 (GAC)s 700-250 6

OPD20 ACCCGGTCAC 2300-350 SPS 02 (GTGC), 700-300 2

OPN04  GACCGACCCA 1800-550 SPS 03 (GACA), 1900-400 5

OPN16 AAGCGACCTG 1450-475 SPS 04 (AGG)s 1100-550 6

OPN18 GGTGAGGTCA 1050-550 SPS 05 (GA)T 1100-450 6

OPAF05 CCCGATCAGA 2000-350 SPS 06 T(GA)y 850-475 5

OPAF14 GGTGCGCACT 1450-450 SPS 07 (GTG)s 600-400 4

OPAF15 CACGAACCTC 1100-400 SPS 08 (GGA)4 1100-325 8
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The present study provides the first report on the
genetic stability of micropropagated Z. rubens from
sprouted buds of rhizomes using RAPD and ISSR
analysis. Genetic integrity by RAPD and ISSR analysis
has been reported earlier in many plant species (Rout
et al. 2002, Joshi and Dhawan 2007, Panda et al. 2007,
Venkatachalam et al. 2007, Mohanty et al. 2008). There
are many factors like length of culture periods, genotype,
and nature of explant, which could influence the stability
of the tissue cultured plants (Hammerschlag et al. 1987,
Nayak and Sen 1998, Vendrame et al. 1999). But in our
study, the length of culture period (more than two years)

References

Balachandran, S.M., Bhat, S.R., Chandel, K.P.S.: /n vitro clonal
multiplication of turmeric (Curcuma sp.) and ginger (Zingiber
officinale Rosc.). - Plant Cell Rep. 8: 521-524, 1990.

Bhagyalakshmi, N., Singh, N.S.: Meristem culture and
micropropagation of a variety of ginger (Zingiber officinale
Rosc.) with a high yield of oleoresin. - J. hort. Sci. 63: 321-
327, 1988.

Chang, B.K.W., Criley, R.A.: Micropropagation of pink ginger
in vitro.- Hort. Sci. 28: 1203-1205, 1993.

Munoz, C.M.: Micropropagation of endangered species. - Ecol.
mediter. 21:291-297, 1995.

Dai, X., Shi, S., Ye, Y., Fu, Q., Bao, M.: High frequency plant
regeneration from cotyledon and hypocotyl explants of
ornamental kale. - Biol. Plant. 53: 769-773, 2009.

Doyle, J.J., Doyle, J.L.: A rapid DNA isolation procedure for
small quantities of fresh leaf tissue. - Phytochem. Bull. 19:
11-15, 1990.

Faria, R.I., Illg, R.D.: Micropropagation of Zingiber spectabile
Griff. - Sci. Hort. 62: 135-137, 1995.

Gongalves, S., Martins, N., Romano, A.: Micropropagation and
conservation of endangered species Plantago algarbiensis
and P. almogravensis. - Biol. Plant. 53: 774-778, 2009.

Hammerschlag, F.A., Bauchan, G.R., Scorza, R.: Factors
influencing in vitro multiplication and rooting of peach
cultivars. - Plant Cell Tissue Organ Cult. 8: 235-242, 1987.

Ikeda, I.R., Tambe, M.J.: In vitro subculture application for
ginger. - Hort. Sci. 24: 142-143, 1989.

Jain, S.K., Prakash, V.: Zingiberaceae in India: phytogeography
and endemism.- Rheedea 5: 154-169, 1994.

Joshi, P., Dhawan, V.: Assessment of genetic fidelity of
micropropagated Swertia chirayita plantlets by ISSR
marker assay. - Biol. Plant. 51: 22-26, 2007.

Kacker, A., Bhat, S.R., Chandel, K.P.S., Malik, S.K.: Plant
regeneration via somatic embryogenesis in ginger. - Plant
Cell Tissue Organ Cult. 32: 289-292, 1993.

Larkins, P., Scowcroft, W.R.: Somaclonal variation, a novel
source of wvariability from cell cultures for plant
improvement. - Theor. appl. Genet. 60: 197-214, 1981.

Mallikarjuna, K., Rajendrudu, G.: Rapid in vitro propagation of
Holarrhena antidysenterica using seedling cotyledonary
nodes. - Biol. Plant. 53: 569-572, 2009.

Martins, M., Sarmento, D., Oliveira, M.M.: Genetic stability of
micropropagated almond plantlets, as assessed by RAPD
and ISSR markers. - Plant Cell Rep. 23: 492-496, 2004.

Mohanty, S., Panda, M.K., Subudhi, E., Acharya, L., Nayak, S.:
Genetic stability of micropropagated ginger derived from
axillary bud through cytophotometric and RAPD analysis. -
Z Naturforsch. 63c: 747-754, 2008.

20

did not affect the genetic integrity of Z. rubens. Results
similar to this have also been reported by others (Salvi
et al. 2002, Martins et al. 2004). Our study, in close
agreement to Zuchi et al. (2002), reveals that the absence
of DNA polymorphism in micropropagated Z. rubens
could be due to the absence of DNA polymorphism in
source mother plants.

In the present study we have developed a protocol for
the micropropagation of Z. rubens. RAPD and ISSR
markers show the genetic stability of propagated plants.
We conclude that the protocol developed could be used as
a method for large scale propagation and conservation.

Murashige, T., Skoog, F.: A revised medium for rapid growth
and bioassays with tobacco tissue cultures. - Physiol. Plant.
15: 473-497, 1962.

Nayak, S., Sen, S.: Differential resistance of three species of
Ornithogalum to polyploidization in vitro. - Nucleus 41: 48-
52, 1998.

Panda, M.K., Mohanty, S., Subudhi, E., Acharya, L., Nayak, S.:
Assessment of genetic stability of micropropagated plants of
Curcuma longa L. by cytophotometry and RAPD analysis. -
Int. J. Integr. Biol. 1: 189-195, 2007.

Poonasapaya, P., Kraisintu, K.: Micropropagation of Zingiber
cassumunar Roxb. - Acta Hort. 344: 557-564, 1993.

Rout, G.R., Das, P.: In vitro studies of ginger: a review of
recent progress. - In: Goril, J.N., Anand Kumar, P., Singh,
VK. (ed.): Recent Progress in Medicinal Plants. Vol. 4.
Biotechnology and Genetic Engineering. Pp. 307-326.
Studium Press, Houston 2002.

Salvi, N.D., George, L., Eapen, S.: Micropropagation and field
evaluation of micro-propagated plants of turmeric. - Plant
Cell Tissue Organ Cult. 68: 143-151, 2002.

Sharma, T.R., Singh, B.M.: High frequency in vitro
multiplication of disease free Zingiber officinale Rosc. -
Plant Cell Rep. 17: 68-72, 1997.

Smith, M.K., Hamil, S.D.: Field evaluation of micro-propagated
ginger in subtropical Queensland. - Aust. J. exp. Agr. 36:
347-354, 1996.

Tyagi, R.K., Agrawal, A., Yusup, A.: Conservation of Zingiber
germplasm through in vitro thizome formation. - Sci. Hort.
108: 210-219, 2006.

Vendrame, W.A., Kochert, G., Wetzstein, H.Y.: AFLP analysis
of variation in pecan somatic embryos. - Plant Cell Rep. 18:
853-857, 1999.

Venkatachalam, L., Sreedhar, R.V., Bhagyalakshmi, N.:
Genetic analysis of micropropagated and regenerated
plantlets of banana as assessed by RAPD and ISSR markers.
- Invitro cell. dev. Biol. 43: 267-274, 2007.

Williams, J.G.K., Kubelik, A.R., Liva, K.J., Rafalski, J.A.,
Tingey, S.V.: DNA polymorphisms amplified by arbitrary
primers are useful as genetic markers. - Nucl. Acids Res.
18: 6531-6535, 1990.

Zeitkiewicz, E., Rafalski, A., Labuda, D.: Genome finger
printing by simple sequence repeat (SSR)-anchored PCR
amplification. - Genomics 20: 176-183, 1994.

Zucchi, M.L., Arizono, H., Morais, V.I., Fungaro, M.H.P.,
Vieira, M.L.C.: Genetic instability of sugarcane plants
derived from meristem cultures. - Genet. mol Biol. 25: 91-
96, 2002.





