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ABSTRACT KEYWORDS
An efficient plant propagation system through rhizomal explants was es- Micropropagation;
tablished in Curcuma caesia Roxb., amedicinally important herbaceous Multiple shoot;
annual herb belonging to the family Zingiberaceae. Here we report arapid Rhizomal explant;
and reliable method for high fidelity micro-propagation. Rhizomal explants Geneticfidelity.

from two months old seedlings were cultured on Murashige and Skoog’s
(MS) medium supplemented with different concentrations of N6-
benzyladenine (BA) (0.5- 5.0 mg/l), Napthalenic acetic acid (NAA) (0.5 -
5.0mg/l) and Indole 3 butyric acid (IBA) (0.5- 5.0 mg/l). During thefirst
culture on 1.5 mg/l of 6-benzylamino purine (BAP) and 1 mg/l of
Napthalenic acetic acid (NAA) maximum 15.40+0.402 shootswith an aver-
age shoot-length of 8.46+0.062were produced. The elongated shoots pro-
duced amaximum of 12.00+0.002rootson half-strength M Sliquid medium
supplemented with 1 mg/l of Indole 3 butyric acid (IBA). The plantlets
were acclimatized by transferring them first to peat moss: compost (1:1)
mixture followed by sand: soil (2:1) mixture, recording 95% survival.
Genetic fidelity was assessed by DNA fingerprinting using random ampli-
fied polymorphic DNA (RAPD) of in vitro and in vivo plants. Five arbi-
trary decamers displayed same banding profile showed no genomic alter-
ations, indicating homogeneity among the tissue culture regenerates and
genetic uniformity with that of donor plants. The present study provides
high genetic fidelity micropropagated system for efficient and rapid
micropropagation protocol of this important medicinal plant and great
use in conserving without risk of genetic instability.

© 2013 Trade ScienceInc. - INDIA

INTRODUCTION iswell known astheturmeric genus, because Of Cur-
cumalonga. C. longaisthemost investigated species
ThegenusCurcumal. of thefamily Zingiberaceae  of thisgenus, dthough thereare over 100 othersinthis
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genust?. Most of the species of thisgenus are peren-
nialsand grow well intropicsand subtropicswhereit
requiresahot and moist climateand afairly light soil.
Curcuma species are native to the countries of the
SoutheasternAsaand extensively cultivated in Bengd
(Bangladesh and India), China, Taiwan, Sri Lanka, In-
donesa, Peru, Austrdia, and theWest Indies. Although
turmeric is quite common dueto itsfrquent usage as
spices, most of the other speciesof Curcumaincluding
Curcuma caesaaswell asturmeric possessomeactive
medicind condtituents. Medicind plantsareimportant to
thegloba economy, aswe | assourceof incomefor rurd
peopleindevel oping countries. Generally 70%to 80%
of theayurvedic medicinewasderived from plants?.
Herba medicinesareproduced fromfid d-grown plants
and areused to cure severd diseasesthat are caused by
pathogenic bacteria, fungi, andinsects®. Itisdifficult to
ensurethequality control asthemedicind preparations
aremultiherb preparationsand a so difficult toidentify
and quantify the active constituents®. Dueto the ab-
senceof sdeeffectsin herba medicinesthedemand of
herbal drugsareincreasing day by day®. So peoplehave
to takethe synthetic drugsand antibioticsto get cured
from thesediseases. Plantsprovideamgjor contribution
to the pharmaceutica industry!™. Themgjor causeof in-
adequecy of inavidability of herba medicinesaredueto
excess ve human expl oitation, non-regul ated collection,
unresolved inherent problems of seed viability and seed
germination, andthispriority many specieshavebecome
threatened or endangered®9,

Curcuma caesia Roxb. isanative of northeast In-
diaextending up to the present day Bastar region of
Chattisgarh. Therhizome hasadeep bluish black or
grayishblack color. Itisusedin native medicines. This
species occurs mainly in the northeastern and west
coastd regionsof India, extending tothehills. It has
also been cultivated in earlier timesfor extracting ar-
rowroot powder and for the production of Abir. Rhi-
zomeissometimepaeyelow or colorless. Itisground
to apowder, whichispurified by repeated washing and
dried. Dried powder ismixed with adecoction of sap-
pan wood (Cesal pinia sappan) whenthered color is
obtained. Itisusedintraditiona andloca medicinesas
astimulant and carminative. Thiswasreported to have
cosmetic properties. Species such as Curcuma
aeruginosa, Curcuma caulina, Curcuma
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leucorrhiza, Curcuma pseudomontana, and Cur-
cuma rubescens are also used as sources of arrow
root powder and in local and tribal medicines. Cur-
cumacaesiawasin useearlier asadye, and now asa
cosmetic, often asasubstitutefor Curcumaaromatica.
Perhaps, Indiaisthe only country wherethereisastrong
R & D basefor turmeric. However, research on Cur-
cuma caesi a, especialy intheareaof pharmacol ogy,
isbeing pursued by many workersin many countries).
The first ever research on Curcuma caesia in India
wasinitiated at Udayagiri in Orissain 1944 under the
Imperia Council for Agriculture Research. However,
organized research programswereinitiated inindepen-
dent Indiaduringthefirst Five-Year Plan. Based ona
recommendation of the Spices Enquiry Committee
(1953), turmeric research was started in Kandaghat
(Punjab), Targaon (Maharashtra), and Thodupuzhaand
Ambdavaya (Keraa). A schemefor turmericresearch
was initiated in 1955 at Andhra Pradesh (at
Peddapd em). However, therea impetusfor turmeric
research wasrecei ved with the organi zation of theAll
India Coordinated Spicesand Cashew Improvement
Project. In 1975, research programs were started in
two centers, Coimbatore(Tamil NaduAgricultureUni-
versity— TNAU) and Pottangi (Orissa University of
Agricultura and Technology, High Altitude Research
Station). Invitro culturetechniquesrepresentsan ex-
cellent option for the study and conservation of rare,
threatened or endangered medicinal plantg'®*, aswell
astool for efficient rgpid clonal propagati on of impor-
tant plantsalowing production of geneticaly stableand
trueto truetype progeny!d. Therefore, theinterestin
using thesetechniquesfor rapid and large-scal e propa:
gation of medicina and aromatic plantshasbeensig-
nificantly increased®*4, Till now, thereisnoreport on
micropropagati on and assessment of genetic fiddlity of
Curcuma caesia Roxb. In this study werepresent for
thefirst timean efficient protocol for rapid large scale
regeneration of plantletsinvitrofromrhizomal explants
of Curcuma caesia Roxb. with maintaining stablegene
pool fidelity of the regenerants asassessed by RAPD.

MATERIALSAND METHODS

Explant preparation
Young diseesefreerhizomd explants(rhizomd buds
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of 2.5- 3cm) werecollected from 2 monthsold plant
growinginthemedicina and aromatic plant garden of
the Department of Botany, University of Kalyani,
Kdyani, India. Explantswerewashed thoroughly un-
der running tap water and then treated with 5% (m/v)
Teepal (Qudigen, Mumba, India) for 20min, followed
by rinsng threetofivetimesin steriledoubledistilled
water. The rhizomal segments were then surface
disinfested with 70% a cohol for 5 minfollowed by im-
mersion in 0.1% (m/v) agueous mercuric chloride
(HgCl,) solutionfor 5 - 6 min and finally rinsed with
deriledoubledistilledwater (fiveto six times) inaflow
chamber. Thesurface terilized explantsweretrimmed
at cut endsand about 1.2-1.5 cm prior to inocul ation
onculturemedia

Culturemediaand conditions

Surfacegterilized rhizomal segments(1.2- 1.5cm)
were cultured on M S* basal medium containing 3%
(w/v) sucrose (Himedia, Mumbai, India) for cultureini-
tiation and served as explant sourcesfor subsequent
experiments. The pH of the medium (Supplemented
with respectivegrowth regul ators) was adjusted to 5.8
with 1IN NaOH or 1N HCI before gelling with 0.8%
(w/v) agar (Himedia, Mumbai, India). Indl theexperi-
ments, thechemicadsused wereof anayticd grade. The
explantsinitialy wereimplanted vertically on thecul-
turemedium intest tube (150 x 25 nm) and plugged
tightly with non-absorbent cotton. All thecultureswere
kept under cool fluorescent light (16 h photo period 40
umol-m-2 s-1, Philips, India at 25°C + 2°C) and 60%
- 70 % relative humidity (RH).

I nduction of multipleshoots

For initia multipleshootinduction, theexplantswere
cultured on Murashigeand Skoog’s medium supple-
mented with various concentrations of BA (0.5-5.0
mg/l) incombinationwith NAA (0.1-5.0mg/l). The
induced shootswerealowed to grow for 27 days. Af-
ter 27 daysit wasfound that maximum number of shoots
(15.40+0.40?) wasobtained inthe M Smedium supple-
mented with 1.5mg/l of BA and1 mg/l of NAA.

Rooting of shoots

Small micro shootsgrown on subculture medium
weretranderredto haf and full strengthM Smediasepa
rately, supplemented with variousconcentrationsof IBA

(0.5-5mg/l) for root developement. Number of roots
(12.00+0.00?) devel oped from micro shootswith an
average length of 4.00+0.11% were higher in half
strength of M 'S medium supplemented with 1 mg/| of
IBA. Where asthe number of roots produced in full
strength M S medium supplemented with 2.5 mg/| of
IBA was 7.40+0.24¢ with an average length of
5.36+0.152 IBA wasfilter sterilized and added to the
medium after autoclaving under the sterilized environ-
ment of laminar air flow cabinet. Datawererecorded
on the percentage of rooting, the mean number of roots
per shoot and theroot length after four weeks of trans-
fer ontotherooting medium.

Acclimatization of regener ated plants

The completerooted plantletswith 6 - 8 fully ex-
panded | eaveswere removed from the culturemedium
and the roots were washed gently under running tap
water toremove agar. The plantletsweretransferred to
plastic pots (5 cm diameter) containing amixture of
derilized garden soil and vermiculiteintheratio2:1and
covered with transparent plastic bagsto ensure high
humidity. Each wasirrigated with 1/6 M S basal salt
solution devoid of sucroseand inositol every 4 daysfor
2 weeks. Thegrowth chamber wasmaintained at 26°C
+ 1°C, 80% - 85% relative humidity with light intensity
of 50 umol'm—2-s—1 on a 16 h photoperiod inside the
cultureroom conditions. Therelative humidity wasre-
duced gradually and after 30 daysthe plantletswere
transferred to pots (25 cm diameter) contai ning garden
soil and kept under green house for another 2 weeks
for further growth and devel opment. Well acclimatized
invitroraised plantsweretransferredfindly toitsorigi-
nal habitat for itssurvivaability. Thereare no changes
in respect to morphol ogy, growth characteristicsand
flord featuresetcin between tissue cultureregenarate
plantsand naturally grownfield plants.

DNA extraction and pcr amplification

Genomic DNA wasextracted from young leaves
of invitro raised and field grown plants of Curcuma
caesia Roxb. and mother plant by Cytl trimethyl am-
monium bromide (CTAB) procedure*® with minor
modifications. Quality and quantity of DNA was
checked on 0.8% agarose gel and also from values
obtained by 260/280 nm UV absorbance ratiol*”.
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Twelvearbitrary decamer RAPD primers (Bengalore
Genni Pvt. Ltd., India) were used for polymerasechan
reaction (PCR) for DNA amplification. DNA finger
printing profileswere compared to eva uate clonal fi-
ddity and genetic stability. Amplification was performed
in 25 uL using PCR mixture of consisting of 2.5 pL. Taq
buffer, 1 uL. dNTPs, 0.5 pL Taq polymerase, 2 uL
DNA (approximate 50 ng/uL), 1.0 puL primer (10
pmol), 2.5 uL. MgCl,, 1 puL oil and 14.5 uL Mili Q
water. The PCR reaction conditionswere: preheating
for 5minat 94°C; 40 cycles of 25 sec at 94°C, 20 sec
at 40°C and 1.25 min at 72°C and elongation was com-
pleted by afina extension of 6 minat 72°C. After am-
plification, the PCR product was resolved by e ectro-
phoresisin 1.4% agarosegel (Himedia, Mumbai, In-
dia) and stai ned with ethidium bromide (0.5 pg/ml). 2.0
- 23.1 kb A DNA di-gested Hind III was used as the
DNA marker, and bandswerevisudized under UV light
and photographed using the Gel Doc equipment (Bio
Rad). All the PCR reaction wasrepeated for thrice.

Satistical analysis

Experimentswere set up in completely randomized
block design. Each experiment wasrepeated threetimes
with 10 - 12 replicates. Data were analyzed by one
way andysisof variance (ANOVA) and thedifference
between meanswere scored using Duncan’s Multiple
Range Test P< 0.051*8 on the statistical package of
SPSS (Version 10).

RESULTSAND DISCUSSION

I n vitro establishment

For the primary establishment of in vitro culture
fromfield grown plants surface sterilization of theex-
plantswasessentia because of themicroorganism can
liveor surviveinthevascul ar tissueof theplants, there-
fore contamination attached to the surface of the ex-
plants. Themain contaminantsthat affect tissuecultured
plantsarebacteriaand fungi. Particularly hairy plants
areaproblem because bubbleof air became entrapped
in the explants and prevent good contact with the
disinfesting agent. Evenly soragewater anditsincluded
microorganism can beasource of someof theinterna
(endogenous) contamination observed invitro'¥. The
duration of exposure of the explantsof the sterilizing
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agent ismost important for any tissue culture studies.
Therefore, to overcome contamination problem, sur-
facedterilization of explantswasdonewith 0.1% aguous
solution of Mercuric chloride (HgCl,) for 2, 4,6, 8 and
10. Mercuric chloride (HgCl,) isavery strong ster-
ilant®, When the explants sterilization wasdonewith
0.1% aquous solution of HgCl, for lessthan Smin, 65%
of theexplants get contaminated. Whereas, whenthe
duration of exposure of 0.1% aquoussolution of HgCl,
was above’5 min contaminati on frequency was signifi-
cantly reduced to 10%. These explantsremained green
and showed hedthy growth and proliferation of auxillary
shoots. But when the duration of exposurewas above
6 min, adeath rate of theexplant increasessignificantly
(70%). All of theexplantsdied when the explantswere
treated with 0.1% aguous solution of HgCl,, for 7 - 10
min.

Effect of cytokinin and auxin combination on
shooting

Themorphogenetic responsesof rhizoma segment
explantsto variouscytokinin (BA) and auxin (NAA)
aresummarizedinTABLE 2and Figure 1C, 1D, 1E.
When Explantswere cultured on basa MSmediumor,
M S medium contains solely cytokinin (BA), or solely
auxin (NAA) failed to produce shoots even after 4
weeks of inoculation, but when the explants cultured
on M S medium supplemented with different concen-
trations and combinationsof cytokininsand auxinswith
showed variation in the regeneration percentage and
number of shootsformed. Rhizomes cultured on half
strength M Sbasal medium showed no response. Actu-
aly therewasagreater need of nitrogen and potassium
contai ning compoundswhichinducegreater amount of
new proteing?Y. These componentsaredeficit in half
strength M S basal medium compared to full strength
M Sbasd medium. Initid induction of shootswasnoted
after 10- 12 daysof inoculation (Figure 1B, 1C). Ob-
servationson different growth parametersfrom differ-
ent trestmentswere recorded after 4 weeksof culture
initiation following repeated subculturing after 7 days
intervals. Among thedifferent combinations of cytoki-
nin and auxin tested, the best response (78.22+0.12
%) wasobtained inthe presenceof 1.5mg/l BA and 1
mg/l NAA (Figure 1E, 1F). Themaximum number of
multi ple shootswas obtained in the samemedium con-
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taining same concentrationsof BA andNAA. Thenum-
ber of shootsdevel oped inthismedium was 15.40+0.40
after 3weeks. Theaveragelength of shoot inthisme-
dium was 8.46+0.06. The BA and NAA concentra-
tions higher than 1.5 mg/l BA and 1 mg/l NAA, the
number of shootsaswell as percent responsewasre-
duced (TABLE 2). Reduction in the number of shoots
generated from each bud of rhizomeat BA concentra-

—————— FyLL PAPER

tion higher than the optimal level wasa so reported for
several medicina plants**#2, BA wasreported to over-
come apica dominance, releaselatera budsfromdor-
mancy and promote shoot formation®!. The stimulat-
ing effectiveof BA and NAA onmultipleshoot forma:
tion hasbeenreported earlier for severa medicind plant
species including Ocimum basilicum L., Feronia
limonia L., Mentha piperita L.[242428,

TABLE 1: Sandardization of HgCI, treatment period for surface sterilization of theexplants.

Treatment Number Rate of Rate of Rate of Rate of Rate of Rate of Per centage of
Duration Contamination contamination Contamination Contamination  Contamination Contamination Contamination
(min) with exolants (after day of after day of (after day of (after day of (after day of (after day of free explants
0.1% HgCI2 p treatment) 2 treatment) 3 treatment) 4 treatment) 5 treatment) 6 treatment) 7 after 10 days
2 12 3 6 7 9 12 12 11
4 12 1 4 5 6 6 8 28
6 12 0 0 0 0 0 1 60
All explant All explant All explant
! 12 0 0 2 becomes dead*** becomes dead*** becomes dead* 85
8 12 1 2 All explant All explant All explant All explant 97
becomes dead* becomes dead* becomes dead* becomes dead*
10 12 All explant All explant All explant All explant All explant All explant 100
becomes dead* becomes dead* becomesdead* becomes dead* becomes dead* becomes dead*

“*” indicates explant death due to tissue killing, “**” indicates explant death due to microbial contamination.

TABLE 2: Effect of cytokinin and auxin combination on
shooting.

Concentrations Percentage Number Average
of growth of shoot of shoots/ Shoot
Regulators (mg/l) prdliferation  explant  Length (cm)
MS (Control) 0.00+0.00'  0.00£0.00g  0.00+0.00f

MS+BA+NAA (mg/l)
0.5+0.5 67.22+0.16° 7.20+0.20%  6.48+0.10°
0.5+1 72.40+0.10° 8.00+0.31°  6.42+0.07°
141 56.28+0.28" 12.00+0.31% 5.42+0.13%
1.5+1 78.22+0.12% 15.40+0.40° 8.46+0.06°
2+1 64.40+0.34%  14.00+0.63° 5.66+0.10°
2.5+15 63.88+0.14% 12.20+0.73%  6.54+0.08"
3+2 67.80+0.50° 13.40+0.60” 6.30+0.07°
3.5+2 57.52+0.65° 12.60+0.40°7 6.32+0.16°
4+2.5 57.26+0.10% 11.20+0.58° 5.22+0.08°
45+3 44.82+0.50% 7.60+0.40%  5.26+0.10¢
5+4 28.80+0.48" 6.20+0.58"  4.46+0.15°

Values are means = SE. n = 10 - 12 (in triplicate); Means
followed by same does not differ significantly according to
Duncan’s Multiple Range Test (p d” 0.05).

Effect of auxin on rooting

Healthy e ongated shoots (4 - 9 cminlength) were
excised and placed onfull and half strength M S basal
medium supplemented with different concentrations of
auxin (IBA) at therangeof 0.5- 5.0 mg/l for induction

of roots (TABLE 3). The effects of these auxinson
root induction aswell asthelength of the rootswere
examined after 15 daysof inoculationinroot induction
medium. Inthe preliminary experimentsconducted, no
rooting was observed when the shootswere cultureon
basd (Control) M Smedium. Full strengthM Smedium
contai ning auxins showed very poor responsein root-
ing, but well developed roots were achieved on half
strength M S medium supplemented with IBA (1 mg/
ml) withincrease sucrose concentration (4%) gave us
well devel oped rootswithin 15 - 20 days. Thisfounda-
tion was supported by reportsin various specieslike
Lavandula vera®!, Ocimum kilimandscharicum?,
rooting frequency was higher when shootswereinocu-
lated on half strength M 'S medium. The cause behind
thefavorableeffect of reduced macronutrient concen-
tration isthat theincreasi ng concentration of nitrogen
ionsreduced root devel opment. Sorooting isfavouradle
inmuch lower nitrogen ionsconcentration than that are
required for shoot devel opement’™., IBA wasmoreef-
fectivefor root induction than any other auxinsin both
(haf & full strengthMS) typesto media. The possible
reason could bethat IBA ismore stablethan any other
auxinslikelAA etc. to chemicd degradation intissue
culture media, both during auto-claving and at room
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Figurel: (A) Field grown Curcuma caesia Roxb. plant; (B) Shoot induction from rhizomal explant on M'S medium
supplemented with 1.5 mg/l BA and 1 mg/I NAA after 10-12 daysof inoculation; (C) Shoot proliferation from rhizomal
explant on M Smedium supplemented with 1.5 mg/l BA and 1 mg/l NAA after two subculture; (D) Induction of shoot
multiplication on M Smedium supplemented with1.5 mg/l BA and 1 mg/l NAA after repeated subculture; (E) M ore shoot

multiplication on the same medium by repeated subculture.

temperature®y. However, NAA nd IAA formed slen-
der rootsin haf & full strengthMSmedia. Similar re-
sponse was observed by other species®2%, Among
various concentrations of IBA tested, 1 mg/l of IBA
proved to bethe best in liciting the highest frequency
of root formation. Shoot formed roots at ahigh fre-
quency (90.06:0.19 %) on medium containing 1 mg/I
of IBA. In this medium a maximum number of
12.00+0.00 roots attaining aaveragelength of 5.36 +
0.15cm were obtained. Further increase in the IBA
concentrationto 1.5 - 5mg/l reducesroot initiation. It
has a so been reported that shootscontain high level of
endogenous auxinsand the addition of exogenousauxin
caused theinhibition of root devel opment, thusresulted
incalusing at thebase of theshootg®!. Thestimulatory
effect of IBA for root formation hasa so been reported
in many medicinal plant species, including Ocimum
basilicum L.?1, Mentha piperita L.[?®; Ocimum
gratissimum L., Tylophora indical®.

zlogeCAIIOIOﬂ C—

Acclimatization and field establishment

Theultimate successof invitro propagationliesin
the successful establishment of plantsin soil. Thewell
deve oped rooted plantletsweretaken out gently from
thetest tubes and thoroughly washed with serilewater
to remove adhered agar and traces of the medium to
avoid contamination. 60 plantletsweretransferred to
plastic pots contai ning potting amixtureof (2:1) soil
and vermiculite (Figure 11). Inthefirst week of trans-
plantation, plantletskept coveredin apolythenetent
for providing the condition of high humidity and suffi-
cient light. The polythene cover wasremoved periodi-
cally and progres-sively whenever |leaves appeared
water soaked. Polythene coverswere completely with-
drawn after 4 - 5 weeks of hardening. After 5 weeks
plantswerethen transferred to larger potted filled soil
with organic manurekept under green housefor further
growth and devel opment. Finally theacclimated plants
werethen shifted to thefield conditions having 85%
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Concentrations Per centage Number Average Concentrations  Percentage Number Average

of growth of of root length of growth of root length
regulators(mg/l) Rooting roots/shoot (cm) regulators(mg/l) Rooting r oots/shoot (cm)

MS ¥ strength 0.00£0.00°  0.00:0.00'  0.00£0.00°  MSfull strength  0.00:0.00°  0.00+0.00'  0.00:0.00%

MS/: +IBA (mg/l) MS+BA (mg/l)

0.5 19.46+0.12™  6.20+0.58°  4.24+0.11* 0.5 2.88+0.34°  2.00:0.00'  4.54+0.08"

1.0 90.06+0.19%  12.00£0.00*  5.36+0.15% 1.0 15.84+0.32"  2.40+0.24'  4.68+0.11°

15 50.46+0.12%  10.80+0.20°  4.32+0.27™ 15 56.46+1.12°  4.40:0.24"  4.54+0.06°

2.0 64.18+0.03°  10.60+0.40°  4.16+0.19* 2.0 53.96:0.21"  6.20:0.20°  4.46+0.14™

2.5 53.20+0.059  8.40+0.24°  4.48+0.10™ 2.5 74.62+0.18°  7.40:0.24%  4.00+0.11%

3.0 45.42+0.08"  9.00+0.31°  3.48+0.10¢ 3.0 74.88+0.30°  5.40+0.24°  4.38+0.09™

35 42544022 5.60:0.24°  3.54+0.28° 35 30.34+0.18  5.40+0.24°  3.38:0.10%

4.0 54.70+0.48"  7.60+0.40°  2.92+0.27 4.0 53.10£0.539  3.60+0.24""  3.54+0.12%

45 38.42+0.14  580+0.37°  2.80+0.27' 45 34.10+0.78%  3.40£0.24%"  2.60+0.08'

5.0 27.36+0.79'  4.00:0.31"  2.54+0.32' 5.0 26.08:1.27  2.80+0.37"  2.50+0.13

Values are means + SE. n = 10 - 12 (in triplicate); Means followed by same does not differ significantly according to Duncan’s
Multiple Range Test (p d” 0.05).

x|

A

Figurel: (F) Root induction from micr opr opagated shootson full strength M Smedium supplemented with 1 mg/l and 3%
sucroseconcentration after 25-35 daysof inoculation; (G) Rapid r oot induction from micr opr opagated shootson %; strength
M S medium supplemented with 1 mg/l and 4% sucrose concentration after 15 days of inoculation; (H) Mature
micropropagated plant having profuseroots; (I) Acclimatization of micropropagated plants; (J) RAPD marker analysisof in
vitroraised field grown plantsand mother plant of CurcumacaesaRoxb.: laneM correspondingto . digested with EcoRl
and Hindl Il asmolecular weight marker (100-500bp), lane 1,2,3 DNA randomly selected r egener ated plantlets, lanes4 and
5DNA frommother plant.
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survived. Thegrowth characteristicsof invitroraised
plantsdid not show any significant morphologica dif-
ferencesfromthose of natura occurring field plants.

Molecular analysis

Geneticuniformity isoneof themost important pre-
requisitesfor the successful micropropagation of any
crop species. Neverthel ess, amgor problem encoun-
tered in cellsgrown in vitro is the occurrence of ge-
netic variation dueto changein either DNA sequences,
inchromasomestructure (duplications, trand ocations)
or inchromaosomenumber (leading to polyploidy). Fur-
thermore, abnormalitiesintissue culture particularly
growth regulators (in particular BA, IBA etc)®7, andin
the plantsproducefromthem oftenincreasein frequency
with increasing culture passages®.

The PCR based RAPD techniquedoesnot require
DNA sequenceinformation and species specificity and
henceitisbeing conveniently used for assessing genetic
stability and clond fidelity of micropropagated plantsin
anumber of genera. There are many reports on mo-
lecular characterization of micropropagated plantsby
the RAPD technique especially to confirm theclona
fiddity and genetic stability among tissueculturegrown
plants and donor®d. Because RAPD analysisis par-
ticularly well suited to high output system required for
plant breeding, itiseasy to perform, fast, reliableand
of relatively low cost’®. K egping thisperspectivein
mind, inthis paper we performed thegeneticintegrity
of invitro regenerated plantsfrom rhizomal explants
and respective naturaly occurring field grown donor
plant of Curcuma caesia Roxb.

Tota 12 primerswereinitidly screened and finally
5 primers produce clear and scorable amplified bands
ranging from 2 - 5 bands per primer (TABLE 4). Each
primer produced aunique set of amplification products
ranginginsizefrom 100 bp - 3kb (Figure 1Jwith primer
5 TGGCTCGGTA3). All 5 primers produced a total
of 17 bandswith an average of 3.40 fragments. All the
17 scorable bandswere monomorphic in nature, indi-
cating homogeneity among the cultureregeneratesand
genetic uniformity with that of thedonor plants. The
possible reason may be multiple shoot bud differentia-
tionwithout intervening callusphaseisleast vulnerable
to genetic changes. However, no differenceswere ob-
served between mother plant and plantletsregenerated

from rhizomal segmentsby any fiveprimerstestedin
present RAPD study.

TABLE 4: Number of amplification productsgenerated with
the use of RAPD primers to assess genetic fidelity of
micr opr opagated and field gr own plants.

SL.  Primer Nucleotide Number of
No. Code sequence (5°-3’)  generated bands
1 RAPD1 GTCCTACTCG
2 RAPD2 GTCCTTAGCG 2
3 RAPD3 CGGGATCCGC -
4 RAPD4  CTTCCGGCAG 3
5 RAPD5 GGTATTACTT 4
6 RAPD6 TGGCTCGGTA 5
7 RAPD7 CTTCGGCAGA
8 RAPD8 GGTATTACTT
9 RAPD9 GACAATGGTA
10 RAPD10 TTAGCTTAGG
11 RAPD11 CTCTCCGCCA -
12 RAPD12 GCACGCCGGA 3
CONCLUSION

In conclusion, the present study, we established an
efficient and reliablemicropropagation protocol for in
vitro regeneration of Curcuma caesia Roxb. from
rhizomal explant, which can ensurelargesca e propa
gation, aswell asprotocol can also beusedfor raising
genetically uni-form plants, which isimportant for the
sustainable supply of plant materia stothe pharmaceu-
tical industriesand for conservation of eitegermplasm.
Asall the micropropagated plantsare genetically true
totypewith naturally occurring plants so therereduced
chance of genetic mani pulationsin micropropagated
plants. Aseither no or reduced chance of genetic ma-
nipul ation occurs, so thereis also reduced chance of
variability of secondary metabolite contents in
micropropagated plantswiththat of naturaly occurring
plants. Our resultsa soindicatethat multiple shoot in-
duction, rooting of shootsand ultimately regeneration
of Curcuma caesia Roxb. regulated by appropriate
cytokinin and auxin concentration and combinations.
Asthemicropropagated plantsare acclamatized to sur-
vivein natura environment and al themi cropropagated
plantsare genetically trueto type, so thisprotocol can
be used inindustry to make large scale plant produc-
tion. Further, our resultsdemondratethat RAPD markers
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can be applied to evaluate the genetic stability of
regenerantsfor the ex situ conservation of thisimpor-
tant aromatic and medicina herb.
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