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ABSTRACT

A protocol of high efficient multiple shoot indwcti and plant regeneration from immature
embryo and rhizome has been developed for Zingdsum — an endangered medicinal plant.
The optimum (94%) of multiple shoots was obtainedvoody medium supplemented with 3.21
MM NAA in combination with 17.68 uM BAP at 7.4 ghoper explants. In vitro shoots
developed optimally (95.4%) rooted upon transfegromto the rooting medium with 2.68 uM
NAA with 6.4 roots per shoot. The in vitro raisddnplets with well developed shoot and roots
were successfully established in moistened stenikture of garden soil: sand: vermicompost in
1:1:1 ratio and grown in greenhouder acclimatization at 23 + % temperature and 18 h
photoperiod with 30 pmol frs*at light intensity.

Keywords: In vitro propagation, Embryo cultur&ingiber roseumRosc., Zygotic Embryo,
Multiple shoots.

INTRODUCTION

Zingiber roseunRosc. (Zingiberaceae) is an important endangereadiamal herb and the plant
is grown rarely, scattered and widely in himalayagion [1]. The ethanobotanical data from
tribal and other Indian ethnic groups documentedutl31 species oZingiberaceaeused in
Indian and oriental medicines and as spices andl flagouring agents [2]. The rhizomes of this
species are used among tribal communities in Celrtcda for fever and rheumatism [3-5].
Antifertility and myorelaxant activities of stemtexct of Zingiber roseunhas been reported [6-
8]. Zingiber roseunseed oil (ZRSEO) has been found to possess a dsbmse (contraction
and relaxation) and spasmolytic effect in rat dunadlesmooth muscle. The seedsZahgiber
roseumcontain 60 compounds of which 47 were identified al (96.2%) and the major
compounds are-pinene,B-pinene, limonene, p-cymenesterpineol and verticiolelThe unique
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feature is the dominant presence of mono- and gegogene hydrocarbons which make about
82% of the oil [9]. According to CAMP/IUCN reportapw it is under endangered condition
now [10]. Due to the over-expoitation dingiber roseunirom the nature and inadequate efforts
for its cultivation resulted in marked decline metpopulation of this species. Therefore, it is
necessary to develdp vitro propagation and conservation of this endangerediainal plant.
The present communication is the first report omfficientin vitro regeneration from immature
embryos oZingiber roseunthrough direct regeneration.

MATERIALS AND METHODS

Plant material and surface sterilization

Mature seeds dlingiber roseunwere collected from Rampachodavaram region, Eadt@ary
district, India. The herbarium was deposited in @gt department, Andhra university,
Visakhapatnam, India, and the number is A.U. (B.[p29376.

These seeds and rhizomes were washed under rutapirgater for 45 min and then soaked in
2% (/v) Tween-20 for 15 min. After through washing, theinfaces were sterilized with 70%
(v/v) ethanol for 3 min followed by 0.1%w(v) Hgcl, for 5 min and finally the seeds were rinsed
5 times with sterile deionized water. The seed w@es removed with scalpel and forceps under
a laminar flow hood and inoculated on sterile wopthnt medium.

Culture media and culture conditions

The immature embryos and rhizomes were inoculate@ sterile woody medium containing
basal salts with 3% sucrose and 0.8% agar. Thefgheomedium was adjusted to 5.8 by 1 N
NaOH or 1 N HCI before being autoclaved at %2for 15 min. All of the inoculated cultures
were incubated under 50 umol?ns! light provided by cool white fluorescent lamp far
photoperiod of 16 h at 23%@.

Multiple shoot induction

The surface sterilised zygotic embryos and rhizomese cultured on Woody medium
supplemented with various plant growth regulatereapthaleneacetic acid (NAA) [1.07 to 8.04
uM] in combination with 6-benzylaminopurine (BAP) [2.20 17.68uM)] for multiple shoot
induction. The data on shoot induction responseevesilected after 6 weeks of culture on
regeneration medium and the cultures were subregdltanto the fresh medium after 8 weeks.
The frequency with which the explants produced &)abe number of shoots per explants was
recorded after six weeks of culture (Table 1).

Rooting of regenerated shoots

The shoots induced directly from embryos and rhigemere transferred to woody medium
supplemented with IBA or NAA (2.46 to 21.48M). The medium was solidified with 0.25%
(w/v) agar. Data were recorded for the percentageating, the mean number of roots per shoot
after four weeks of transfer onto the rooting mediirable 2).

Acclimatization
The in vitro regenerated plantlets with well developed shooid eots were washed with
distilled water and transferred to pots containinty1 ratio of garden soil: sand: vermicompost
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at 23 + 2C temperature and 16 h photoperiod with 30 pmblstat light intensity under sterile
conditions. Potted plants were covered with traregapolythene membrane to ensure 80%
relative humidity, and watered every three day$wialf strength Woody salt solution free of
sucrose for 2 weeks. After initial acclimatizatigniants were transferred to greenhouse at 28—
30°C and watered with tap water. At an approximatgfieiplants were transferred to the field
for evaluation.

RESULTS

Effect of growth regulators on multiple shoot indudion

Embryo and rhizome explants were inoculated on waoddium supplemented with different
NAA (1.07 to 8.04uM) & BAP (2.21 to 17.68M) concentration combinations in order to study
the effect of growth regulators on shoot inductidhe optimal (94%) shoot induction of embryo
explants was obtained on woody media supplemenigd3:21 uM NAA + 17.68 uM BAP at
7.4 number of shoots per explant (Figure 1a & The second optimal (90.5%) shoot induction
was found in 3.21uM NAA + 13.26uM BAP and NAA (1.07uM) in combination with BAP
(2.21uM) showed relatively poor performance for shoot ctoin. The rhizome explant shown
relatively less response than embryo explants (Eig). The data was recorded after six weeks
of incubation (Table 1). All the cultures were ntained at 23+%C, 16 hrs photoperiod
responded well. Regenerated shoots 1 cm or longee wsed for rooting while shorter shoots
were transferred and sub-cultured on woody mediupplemented with 4.422M BAP for
further growth.

Root induction and regenerating whole plantlets

Thein vitro regenerated shoots were transferred to the woatiium supplemented with IBA
(2.46 to 19.681M) & NAA (2.68 to 21.44uM) alone. Data was recorded on the percentage of
rooting, the mean number of roots per shoot after fiweeks of transfer onto the rooting
medium. The optimal (6.4) number of roots per sheadt obtained on the medium supplemented
with 2.68uM NAA with an efficiency of 95.4% (Figure 2 & 3). Aedrease in an average means
number of roots per shoot with increase in the eatration of NAA (5.32 to 21.44M) (Table

2). Roots grew rapidly and reached 1-2 cm in leradter 10 days of incubation. The rooted
shoots were transferred to the poly cups for handen

Acclimatization

The shoots rooted successfully transferred to tte gontaining 1:1:1 ratio of garden soil: sand:
vermicompost at 23 +° temperature and 16 h photoperiod with 30 pmdl sh at light
intensity under sterile condition with a survivate of 100% (Figure 5). Roots had elongated,
and lateral roots had emerged in the sand 1 wk pféatlets were transferred to pots. After 2
wk, roots grew down to the soil layer.

DISCUSSION
The main objective of this study was to establisk@oducible regeneration systenvimgiber

roseum using immature embryo and rhizome cultures. Immeatambryos are the most
responsive source to regenerate plantlets amoreg ettplants in culture. In this study, it was
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found that the optimum shoot regeneration efficje®4% with 3.21uM NAA + 17.68uM BAP
[11].

Table 1 : Effect of plant growth regulators NAA & BAP combination on shoot regeneration from immature
embryos ofZingiber roseum after 6 weeks of culture

Plant growth regulators
(M) % of response of an explant + SE Mean number of shoots per explants
NAA BAP Embryo Rhizome *SE
explants explant

1.07 2.21 10.6 + 1.06 - 1.2 +0.20
4.42 21.3+0.74 - 1.6 +0.58
8.84 39.9 + 07F - 2.2+0.40
13.26 63.5 + 1.26 23.1+ 0.20 2.1+0.58
17.68 58.8 + 0.68 30.8+0.81 2.2+0.50

2.14 2.21 29.0+1.28 - 1.6 +0.40
4.42 60.9 + 1.2% - 3.2 +0.5C0
8.84 82.7+0.96 15.2 +0.19 34+073F
13.26 60.1 +2.75 22.1+1.27 3.5+0.97
17.68 41.3+1.37 29.8+0.17 32+166

3.21 2.21 55.3 +1.19 11.3+0.94 4.4 £ 0.50°
4.42 71.6 +3.69 26.9 + 1.69 52 +0.67
8.84 79.0 £ 0.7¢f 33.1+0.40" 5.4 +0.67
13.26 90.5 + 0.53 62.2 +0.30 6.4+1.63
17.68 94.0 + 0.65 70.6 +0.26 7.4+0.50

4.28 2.21 30.0+1.38 22.0+0.32 4.1 +1.2¢F
4.42 454 +1.76 35.3+1.40" 4.4 +0.71°
8.84 533+ 1.76 42.2 +1.60° 3.0 +0.96°
13.26 70.1 0.7 74.3+0.32 2.7 +1.17T
17.68 89.8+1.41 79.8+1.40 1.4+023F

5.36 2.21 21.0+1.72 19.1 + 140 1.8 +0.58
4.42 31.9+1.83 26.7 £ 1.4 2.2+0.76
8.84 35.5+0.78 32.0+0.51" 2.0 +6.471
13.26 50.0 + 2.48° 44.2 £ 05T 3.6 +0.5CF
17.68 55.3 + 1.60 50.1 + 1.05 2.4+0.47

8.04 2.21 31.3+098 16.1 + 1.05 2.1+0.74
4.42 50.7 + 0.88¢ 22.4+0.98 4.2 £0.86°
8.84 59.6 + 1.36 34.3+0.6 32+13%
13.26 419 +1.28 39.9 +1.06 3.0+0.7C
17.68 24.1+0091 21.0+0.87 2.0+0.65

The values represent the mean (¥SE) of three intlip® experiments. Mean values within a columoviad by
different letters are significantly different by Bezan’s multiple range test (P<0.05).

Plant growth regulators, especially cytokinins aneins alone and in combination, are known to
play a very important role in the process of regatien. However, the optimum concentrations
for shoot induction differ according to the typeanfxin, genotype, and explant source. BAP has
been reported to be more beneficial than otherkayites for micropropagation of various
members of the Euphorbiaceae [13,14]J&tropha integerrimaa high frequency of response
was reported in media containing IBA +BAP in hypyt® stem, peduncle, and leaf explants
[14]. Similarly, inJ. curcas BAP promoted higher regeneration from hypocotyplants than
Kn [15]. The favorable influence of BAP on the mioogenic capacity of the explants has also
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been reported in other species: castGuphorbia peplus[16]. The protocols for plant
regeneration are reported with varying efficiengyli curcas with 33—-35% shoot regeneration
on cotyledon explants [17] while, 71.2% adventiti@hnoot regeneration from leaf explants [18].
Our data on immature embryo culturesZarigiber roseunshowed very similar observations of
the favorable influence of BAP whereas rhizomeswshelatively shown poor response. The
present results indicate the most favourable coatiin for shoot induction reported NAA-BAP
(Table 1). The differential response of cytokinins, in this case, BA and Kn, may be attributed
to differences in uptake, levels of endogenous graegulators, and recognition by cells. In this
study, it was found that the regeneration timesignificantly shorten.

Table 2: Effect of Woody medium with various concetrations of IBA & NAA on induction
of roots fronin vitro regenerated shoots

Plan}ég'&owth regula't\?'&i(uM) % of rooting + SE | Mean number of roots per shoot :SE
2.46 - 61.8+1.15 1.6 +0.41°
4.92 - 70.0 +0.76 2.3+0.58
9.84 -- 80.8 +0.81 3.4 +0.50
14.76 -- 63.2 + 1.56 3.8+0.39
19.68 -- 48.6 +0.98 4.2 +0.86

-- 2.68 95.4 +0.87 6.4+0.73
-- 5.36 89.8+0.78 4.4 +0.46
-- 10.72 68.2 +1.28 3.8+0.67
-- 16.08 59.4 +0.92 3.2+0.58
-- 21.44 436+ 120 32+1.1F°

The values represent the mean (+SE) of three intlig® experiments. Mean values within a columoviald by
different letters are significantly different by Dean’s multiple range test (P<0.05).

BAP was required for optimal regeneration Zihgiber embryoexplants, and the number of
regenerated shoots and regeneration efficienci@sheel an optimum level when the culture
medium contained the concentration of 4mg/l of gy®kinin. The necessity of BA for citrus
regeneration has been reported previously [19-@2Zisgiber responded in a manner similar to
these othecCitrus species. In addition, NAA promotes bud differetitia when explants were
incubated under the light for 16 hrs. The preséseovation is similar to some previous reports
in which NAA was essential on shoot regeneratiors&veral citrus genotypes [22-24].

Considering regeneration frequency and averaget shonber per explant dingiber roseum

A significant effect of light on shoot organogemsasias observed especially when the incubation
at 8 hrs in darkness followed by 16 hrs in lighhdtions was superior to the incubation
performed under the light continuously. Transgesimots was recovered from four sweet
oranges only when the explants were cultured uradd6/8-h (day/night) photoperiod with
Escherichia coli phosphomannose—isomerase gee aglectable marker gene [25].

It was observed that the regeneration medium (waoddium + 17.68M BAP) favored the
development of long, thin, and weak roots that miidl support the plant growth. These weak
roots were removed and shoots were used for rahiction study. The presence of 2.68
NAA in woody medium was found to result in the bexit formation, with strong multiple roots
(average of 6.4 roots per shoot) developed withivk4Table 2). Fully developed plantlets with
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well-developed root and shoot systems were traregfeio field conditions with 100% survival
rate [26,27] whereas 90% plant regeneration in itareaembryo explants dfatropa[16].

Figure 1 a : Multiple shoots from embryo explant at3.21 uM NAA + 17.68 uM BAP after 2 weeks of
inoculation

Figure 1b: Multiple shoots from rhizome bud at 3.2 pM NAA + 17.68 uM BAP after 2 weeks of inoculatio.
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Figure 3: Rooting of germinated shoots at 2.68 pMIAA
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Figure 4 : Rhizome bud germination at a concentratn of 3.21 uM NAA + 17.68 pM BAP

Figure 5: Acclimatization
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CONCLUSION

The present study reports a protocol for 100% tlirewitro plant regeneration from immature
embryos ofZingiber roseum. Cotyledons are the best explants source for dosganogenesis
has an advantage over callus-mediated embryogemest&sms of less time consumed and a
decrease in somaclonal variation.
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