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ABSTRACT

RAPD analysi swas performed among three rice somaclonal familiesknown
to vary for specific characters. Polymorphisms were found among the
somaclonal families, All somaclonal familiesdiffered significantly fromthe
parental material, indicating that genomic alterationsoccurred in al fami-
liesregardless of phenotype. ThericevarietiesBPT, JJL and Vijayamasuri,
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among Vijayamasuri showed indirect somatic embryogenesis(calli forma-
tion), with 2, 4-D. Good healthy calli was formed at the concentration of
Img/l, 1.25mg/l, 1.5mg/l and 2mg/l of 2, 4-D. The embyogenic calli so ob-
tained was subcultured into regeneration media containing different con-
centrations of cytokininslike BAP and Kinetin for getting multiple shoots.
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INTRODUCTION

Agricultureisthemain occupationinIndiaanditis
abackboneof our country. But dueto variationsin mon-
soon and various stressesformers are facing so many
problemswhich resultsin decrease of per capitafood
production with increas ng human population and pol-
Iution. O.sativaL., which congtitutesan important part
of thediet of morethan half of theworld’s population.
Asindicated by many workerg!51412 The conven-
tional breeding methods arethe most widely used for
crop improvement. In contrast, the genetic variability
and population genetic structure of natural populations
of wild ricearelesswell known*5419¢ Byt in certain
Stuations, thesemethodshaveto be supplemented with

plant tissue culture techniques either to increasetheir
efficiency or to beableto achievethe objectivewhich
isnot poss blethrough the conventiona methods. The
RAPD technique hasseverd advantagesover isozyme
and other DNA marker methodol ogies, such as speed,
low cost, and the use of small amountsof plant mate-
riai o, In recent years, RAPD analysishasbecomea
popular method for estimating genetic diversity andre-
latednessin plant populations, cultivarsand germplasm
accessi ong181216681 \\jith this background regenera-
tion of riceviadirect andindirect somatic embryogen-
esis have been choosen for the present study in order
to know genetic variation among different species of
particular organism and somatic embryo production for
genetic manipulation and crop improvement. The
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present work isan attempt to raiserice cultivarswith
different growth regulatorsviaSomatic embryogeness.

MATEREIALSAND METHODS

Plant material

Rice(Oryza sativa L. subtypeindica) seeds, vari-
etiesincluding JJL, BPT5204, Vijayamasuri, was ob-
tained from Mahyco seeds company, Karnataka, IN-
DIA wereused for micropropagation and variant analy-
sis. Therice seedswerefirst germinated on Murashige
and Skoog (M S 1962) supplemented with 3% su-
crose and 1% agar as supporting medium (sgmaln-
dig). Culturecondition was 25+2°C air temperatureand
16 hr. Photo period of light intensity 3000 to 5000 lux
provided with cool florescent tubelights.

After culturing for 15 days the cotyledons were
excised and sub-cultured on M S medium supplemented
with different growth hormones namely BAP, KN,
BAP+NAA, KN+NAA, BAP+IAA, KN+IAA at
varying concentration. The Cotyledonswereaso in-
oculated into different typesof medianamely M S(Full
strength), N6 Media, MS( Half strength)+ tryptophan,
MS( Half strength) + yeast extract, al of thesewere
modified with different concentration of 2,4-D. The
bottles were kept in dark for 30 daysfor callusfor-
mation and then kept inlight for 2weeks. Thegrowth
hormoneswhich gavemaximum regeneration with so-
matic embryosformation was sel ected and again sub-
cultured in M S mediacontaining different concentra-
tionof BARP, KN, IAA, NAA.

Establishment of seed culture

Healthy and normal |ooking paddy seedswere se-
lected and dehusked. Seedsweredisinfected with 2%
savlon aongwith 2to 4 dropsof tween 20 by vigorous
shaking for 10 to 15 minutes. Washed with running
water.All thecultureswereincubated at temperature of
25°C and 50-65% relative humidity. The cultures were
provided with 16 hours Photoperiod receiving alight
intensity of 3000-5000 lux provided with 100 flores-
cent lightsfrom adistance of 30-35cms.

Subculturing conditions

Selective sub-culturing of white, compact embryo-
genictissuesled to optimized cultureswith potentia for

long-term culture. These embryogenic culturesmain-
tained on M Smediumwith kinetin, BAP, NAA+BAR,
NAA+KN, IAA+KN, IAA+BAP. On other media
(mediawith 0.2mg/1 2,4-D) thefrequency of somatic
embryogenes swasmaintained. Green plantletsregen-
erated from these culturesgrew normally up to matu-
rity. After 4 weeks of incubation healthy rooted plant-
letswere obtained.

RAPD

Genomic DNA wasextracted usingamodification
of theprotocol of Doyleand Doyl€™. Duringthe DNA
fingerprinting through RAPD marker of 3ricevarieties
(BPT5204, JIL, VM) we have used the following

OPAB primers.

Primer 5°-3° Sequence
OPAB 05 CCCGAAGCGA
OPAB 09 GGCGACTAC
OPAB 17 TCGCATCCAG

RESULTSAND DISCUSSIONS

1. Effect of N6 mediaand 2, 4-D on callusinduc-
tioninrice(Var : BPT5204, JJL,VM)

After inoculating the seedsinto the culture bottles
containing N6 mediawith 2,4-D they wereincubated
indark for fifteen daysfor calusinduction. At theend
of thisperiod, most of the seeds showed theformation
of callus. Next they wereincubated inlight for six to
seven days, by thistime most of them showed the de-
velopment of callusthey werefurther sub-cultured.
Observation: After 15 daysof incubation thefollow-
Ing conclusionswere seen.

TABLE1

S. Conc. BPT 5204 JJL VM

no. Of 24D Calli Rate Calli Rate Calli Rate
1 05 Formed + Formed + Formed ++
2 1 Formed + Formed + Formed +
3 125 Formed + Formed + Formed +
4 15 Formed + - - Formed ++
5 2 Formed + Formed + Formed +

BPT5204: It showed poor development of callusat
the concentrations; JJL : It showed poor development
of callusat the concentrations; Vijaya masuri: Con-
centrationslike0.5mg/l and 1.5mg/l showed cdlusthese
were further subcultured; Result: Vijaya masuri
showed better response when compared to the other
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2. Effect of tryptophan in M Smedia (half strength)
and 2,4-D on callusinductionin rice(Var: BPT5204,
JJL, VM)

After inoculating the seedsinto the culture bottles
containing M S-2S mediawith tryptophan and 2,4-D
they wereincubated in dark for fifteen daysfor callus
induction. At theend of thisperiod, most of the seeds
showed theformation of callus. Next they wereincu-
bated inlight for Six to seven days, by thistimemost of
them showed the devel opment of callusthey werefur-
ther sub-cultured.

Observation: After 15 daysof incubation thefollow-

ing conclusonswere seen.
TABLE?2

S. Conc. BPT 5204 JJL VM

no. Of 24D Calli Rate Calli Rate Calli Rate
1 05 Formed + Formed + Formed ++
2 1 Formed + Formed ++ Formed ++
3 1.25 Formed + Formed ++ Formed ++
4 1.5 Formed ++ Formed + Formed ++
5 2 Formed + Formed + Formed +++

BPT5204: showed norma development of callus. At
the concentration 1.5mg/| better conclusonswere seen;
JJL: concentrationslikelmg/l and 1.25mg/I showed
calusthesewerefurther subcultured; Vijayamasuri:
Concentrationslike2 mg/l 2,4-D showed callusthese
were further subcultured; Result: Vijaya masuri
showed better response at the concentrationsof 2mg/|
when compared to other varieties.

3. Effect Of yeast in M Smedia (half strength) and
2,4-D on callusinductioninrice(Var: BPT5204,
JIL, VM)

After inoculating the seedsinto the culture bottles
containing M S-2S mediawith 2,4D they wereincu-
batedin dark for fifteen daysfor calusinduction. At the
end of thisperiod, most of the seeds showed thefor-
mation of callus. Next they wereincubated inlight for
Sx to seven days, by thistimemost of them showed the
development of callusthey werefurther sub-cultured.
Observation: After 15 daysof incubation thefollow-
ing conclusonswere seen.

BPT5204: At the concentration like 1.5mg/l 2,4-D
showed callusthesewerefurther sub cultured; JJL : It
showed poor calusformation at al the concentrations;

BioTechnology —

TABLES3

Sl. Conc. BPT 5204 JJL VM

no. Of 24D Calli Rate Calli Rate Calli Rate
1 05 Formed + Formed + Formed +
2 1 Formed + Formed + Formed ++
3 1.25 Formed + Formed + Formed ++
4 15 Formed ++ Formed + Formed ++
5 2 - - Formed + Formed ++

Vijayamasuri: Concentrationslikel mg/l, 1.25mg/I,
1.5mg/l and 2 mg/l 2,4 D showed callus these were
further subcultured; Result: Vijayamasuri showed
better response when compared to the other varieties.

4. Effect of ms-2smediaand 2,4d on callusinduc-
tioninrice(Var: BPT5204,JJL,VM)

After inoculating the seedsinto the culture bottles
containing MS-2S mediawith 2,4D they wereincu-
batedin dark for fifteen daysfor calusinduction. At the
end of this period, most of the seeds showed thefor-
mation of callus. Next they wereincubatedinlight for
Sx to seven days, by thistimemost of them showed the
devel opment of callusthey werefurther sub-cultured.
Observation: After 15 daysof incubation thefollow-
ing conclusionswere seen.

TABLE4

Sl. Conc. BPT 5204 JJL VM

no. Of 24D Calli Rate Calli Rate Calli Rate
1 0.5 Formed +++ Formed +++ Formed + +
2 1 Formed +++ Formed +++ Formed +++
3 1.25 Formed +++ Formed ++ Formed +++
4 15 Formed +++ Formed +++ Formed +++
5 2 Formed ++ Formed ++ Formed +++

BPT5204: Some concentrationslike0.5mg/l, Img/l,
1.25mg/l, 1.5mg/l 2,4 D showed callusthesewerefur-
ther subcultured; JJL : Concentrationslike 0.5mg/l, |
mg/l and 1.5mg/l 2,4 D showed callusthesewerefur-
ther subcultured; Vijayamasuri: Concentrationslike
Img\l, 1.25mg/l, 1.5mg/l and 2 mg\l 2,4 D showed cal-
lus, thesewerefurther subcultured; Result: All theva
rieties of rice showed better response at the concentra
tionsl mg/1and 1.5mg/1 of 2,4D.

5. Effect of BAP on cotyledons culture of Oryza
sativa (Var: JJL, BPT5204, Vijayamasuri) MS-
2Sfull strength media

After inoculating the seedsinto the culture bottles
containing M S-2S, they wereincubated indark for five
daysto germinate. By the end of this period, most of
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the seedshad germinated. Next they wereincubated in
light for six to seven days, by thistime both shoot and
root was seen. The seedlingswere then taken out in
aseptic condition and the cotyledonswerecut. These
cotyledonswereinocul ated into mediacontaining dif-
ferent concentrationsof BAP.

Observation: After 15 daysof incubation thefollow-

ing conclusionswereseen
TABLES
Cone BPT 5204 JJL VM
no BCXP Observation Rate Observation rate Observation rate
Multiple Multiple Multiple
1 05 shoots shoots e shoots e
2 10 Singleshoot ++ Mult plseshoot +++ Singleshoot +
Multiple Multiple
3 1 shoots e shoots e
Multiple ! Multiple
4 15 Shoots +++ Singleshoot +++ Shoots +
Multiple Multiple Multiple
5 20 shoots shoots o shoots M

BPT5204: Some concentrations like 1.25mg/l, 1.5
mg/l and 2.0mg/l BAP showed direct embryogenesis
through formation of multipleshoots. Theseshootswere
further subculturedinto auxin conta ning mediafor root-
ing; JJL: Some concentrations like 1.0mgM and
1.25mg/l BAP showed direct embryogenesisthrough
formation of multipleshoots. Theseshootswerefurther
subcultured into auxin containing mediafor rooting;
Vijayamasuri: Someconcentrationslike2.0 mg/l BAP
showed direct embryogenesis through formation of
multipleshoots. Theseshootswerefurther subcultured
into auxin containing mediafor rooting; Result: The
effect of BAPwas seen much better in BPT 5204 than
other varities.

6. Effect of kinetin on cotyledonscultureof Oryza
sativa (Var: JJL, BPT5204,Vijaya masuri) MS-
2Sfull strength media

After inoculating the seedsinto the culture bottles
containing M S-2S, they wereincubated indark for five
daysto germinate. At theend of thisperiod, most of the
seedshad germinated. Next they wereincubated inlight
for six to seven days, by thistime both shoot and root
was seen. Theseedlingswerethen taken out in aseptic
condition and the cotyledonswere cut. These cotyle-
donswereinoculated into mediacontaining different
concentration of Kinetin.

Observation : After 15 daysof incubation thefollow-

INg response were seen.
TABLEG6
Conc. BPT 5204 JJL VM
no Kir?:ztin Observation rate Observation rate Observation rate
1 01 Single shoot + + +
) ! Multiple
2 02 Singleshoot +++ Singleshoot ++ Shoots +++
) Multiple ’
3 03 Singleshoot +++ <hoots +++ Singleshoot  +
Multiple ! !
4 04 <hoots ++ Singleshoot ++ Singleshoot ++ +

0.5 Singleshoot +++ Singleshoot ++ + Singleshoot + + +

BPT5204: Some concentrationslike0.4mg/l Kinetin
showed direct embryogenesis through formation of
multipleshoots. Theseshootswerefurther subcultured
into auxin containing mediafor rooting; JJL : Some
concentrationslike0.3mg/l Kinetin showed direct em-
bryogenes sthrough formetion of multipleshoots. These
shootswerefurther subcultured into auxin containing
mediafor rooting; Vijaya masuri: Some concentra-
tionslike 0.2 mg/l Kinetin showed direct embryogen-
es sthrough formation of multiple shoots. These shoots
werefurther subcultured into auxin containing media
for rooting; Result: Theeffect of Kinetinwasseen much
better in JJL and VM.

7. Effect of | AA and Kinetin on cotyledonsculture
of Oryza sativa (Var: JJL, BPT5204, Vijaya
masuri) M S-2Sfull strength media

After inoculating the seedsinto the culture bottles
containing MS-2S, they wereincubated indark for five
daysto germinate. At theend of thisperiod, most of the
seedshad germinated. Next they wereincubated inlight
for six to seven days, by thistime both shoot and root
was seen. The seedlingswerethen taken out in aseptic
condition and the cotyledonswere cut. These cotyle-
donswereinoculated into mediacontai ning different
concentrationsof IAA and Kinetin.

Observation: After 15 daysof incubation thefollow-

ing conclusionswereseen
TABLE7
Conc. BPT 5204 JJL VM
S. of IAA
no. and Observation rate Observation rate Observation rate
Kinetin
1 0.01+5 Multipleshoots + Singleshoot ++ Singleshoot ++
! ++  Multiple
2 0.01+1 Single shoot + Shoots +
Multiple

3 0.05+1 ++ Singleshoot ++
shoots
4 0.5+1 Multipleshoots + + Singleshoot ++

. Multiple
0.5+2 Multiple shoots + shoots

Single shoot + + +
Multiple
shoots

(&)
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BPT5204: Someconcentrationslike0.5+Himg/l IAA &

Kinetin showed direct embryogenesi sthrough forma
tion of multiple shoots. These shootswerefurther sub-
cultured into auxin containing mediafor rooting; JJL :

Some concentrationslike0.01+Img/l ,0.05+Img/l and
0.5+2mg/l IAA & Kinetin showed direct embryogen-
es sthrough formation of multiple shoots. These shoots
werefurther subculturedinto auxin containing media
for rooting; Vijayamasuri: Someconcentrationslike
0.5+2mg/l IAA & Kinetin showed direct embryogen-
esisthrough formation of multiple shoots. These shoots
werefurther subculturedinto auxin containing media
for rooting; Result: Theeffect of IAA andKinetinwas
seen much better in BPT and JJL.

8. Effect of IAA and BAP on cotyledonscultur e of
Oryzasativa (Var: JJL, BPT5204,Vijayamasuri)
M S-2Sfull strength media

After inoculating the seedsinto the culture bottles
containing M S-2S, they wereincubated indark for five
daysto germinate. At theend of thisperiod, most of the
seedshad germinated. Next they wereincubated inlight
for six to seven days, by thistime both shoot and root
was seen. Theseedlingswerethen taken out in aseptic
condition and the cotyledonswere cut. These cotyle-
donswereinoculated in to mediacontaining different
concentrationsof IAA and BAP.

Observation: After 15 daysof incubation thefollow-

ing conclusonswere seen.
TABLES
Conc. BPT 5204 JJL VM
Sl. of IAA
no and Observation rate Observation Rate Observation rate
BAP
Multiple Multiple Multiple
1 052 shoots shoots shoots r
2 Multiple Multiple )
0.1+2 Shoots Shoots +++ Singleshoot +
! Multiple )
3 01+2 Singleshoot + Shoots ++ Singleshoot ++
Multiple ! Multiple
4 0.01+1 shoots ++ Singleshoot + <hoots ++
Multiple Multiple Multiple
5 005+1 shoots T shoots shoots

BPT5204: Some concentrations like 0.1+2mg/l,
0.05+1mg\l showed direct embryogenes sthrough for-
mation of multiple shoots. These shootswerefurther
subculturedinto auixin containing mediafor rooting; JJL
Some concentrationslike0.5+2mg/l, 0.1+2mg/l IAA
& BAP showed direct embryogenesisthrough forma
tion of multiple shoots. These shootswerefurther sub-

culturedinto auxin containing mediafor rooting; Vijaya
masuri: Someconcentrationslike0.5+2mg/l and 0.01
+1 mg/l IAA & BAP showed direct embryogenesis
through formation of multipleshoots. Theseshootswere
further subcultured into auxin contaning mediafor root-
ing; Result: Theeffect of BAPand IAA wasseenmuch
better in BPT 5204 and JJL.

9. Effect of BAP and Kinetin on cotyledons cul-
tureof Oryza sativa (Var: JJL, BPT5204,Vijaya
masuri) M S-2Sfull strength media.

After inoculating the seedsinto the culture bottles
containing M S-2S, they wereincubated indark for five
daysto germinate. At theend of thisperiod, most of the
seedshad germinated. Next they wereincubated inlight
for six to seven days, by thistime both shoot and root
was seen. Theseedlingswerethen taken out in aseptic
condition and the cotyledonswere cut. These cotyle-
donswereinoculated into mediacontai ning different
concentrationsof BAP and Kinetin.

Observation : After 15 daysof incubation thefollow-

ing conclusionswereseen
TABLE9
Conc. BPT 5204 JJL VM
S. of BAP
no. and Observation rate Observation rate Observation rate
Kinetin
1 0.01+0.5 Multiple + Singleshoot +++ Singleshoot + +
shoots
Multiple Multiple Multiple
2 001+1 shoots shoots shoots e
) Multiple
3 0.05+1 Singleshoot  + Shoots ++
4 05+1 Singleshoot +++ Singleshoot +++ Multiple ++
shoots

5 05+2 Singleshoot ++ Singleshoot +++ Singleshoot +

BPT5204: Someconcentrationslike0.01+Img/l BAP
& Kinetin showed direct embryogenesisthrough for-
mation of multiple shoots. These shootswerefurther
subculturedinto auixin containing mediafor rooting; JJL

Someconcentrationslike 0.01+1mg/l BAP & Kinetin
showed direct embryogenesis through formation of

multipleshoots. Theseshootswerefurther subcultured
into auxin containing mediafor rooting; Vijayamasuri:

Some concentrationslike0.01+Img/l, 0.05+Img/l and
0.5+1mg/l BAP & Kinetin showed direct embryogen-
es sthrough formation of multiple shoots. These shoots
werefurther subcultured into auxin containing media
for rooting; Result: Theeffect of BAPandKinetinwas
seen much better in VM and BPT 5204.
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10. Effect of NAA and BAP on cotyledonsculture
of Oryza sativausing M S-2Sfull strength media.
(Var: JJL,BPT5204, Vijayamasuri)

After inoculating the seedsinto the culture bottles
containing M S-2S, they wereincubated indark for five
daysto germinate. At theend of thisperiod, most of the
seedshad germinated. Next they wereincubated inlight
for six to seven days, by thistime both shoot and root
was seen. Theseedlingswerethen taken out in aseptic
condition and the cotyledonswere cut. These cotyle-
donswereinoculated into mediacontaining different

concentrationsof NAA and BAP.
Observation: After 15 daysof incubation thefollow-
iNng response were seen.
TABLE 10
Conc.
of BPT 5204 JiL VM
S NAA

no.
52?3 Observation rate Observation rate Observation rate

1 05+1 Singleshoot ++ Msﬁgéflse iy

2 01+1 Singleshoot ++ Msﬁtl)t(i)’t)lse iy

3 o2 M Sllﬁjl)tci)?lse e M sﬁtl)té?lse

4 00141 M;’g(i,f'se ++ Singleshoot ++ Mglqjg(i)?lse ++
3 005+1 Singleshoot +  Multiple

shoots

BPT 5204: Some concentrationslike0.1+2mg/I and
0.01 + 1 mg/l NAA & BAP showed direct embryo-
genesisthrough formation of multiple shoots. These
shootswerefurther subcultured into auxin containing
media for rooting; JJL: Some concentrations like
0.5+Img/l, 0.1+Img/l and O. |+2mg/l NAA & BAP
showed direct embryogenesis through formation of
multipleshoots. Theseshootswerefurther subcultured
into auxin containing mediafor rooting; Vijayamasuri:
Someconcentrationslike0.01-+img/l and 0.05mg/l NAA
& BAP showed direct embryogenesisthrough forma
tion of multiple shoots. These shootswerefurther sub-
cultured into auxin containing mediafor rooting; Re-
ault: Theeffect of NAA and BAP was seen much bet-
ter inthreevarietiesa so.

OPAB-05

Observation : All thethreevarietiesarehavingasingle
prominent band which aremonomorphic. So, thevari-
etiescannot bedifferentiated.

Result: OPAB-05 cannot be used as a differential

FurL PAPER

Figure 10.1

marker to distinguishthethreevarieties.
OPAB-09

Observation: R1 variety ishaving 10 bands, R2 vari-
ety isalso having 10 bandsand R3 variety ishaving 5
bands. Inwhich 3 monomorphic bandsarepresentin
al the3varieties. Apart from these 2 smilar bandsare
present fromtopinthevarietiesR1 and R2 which can
bedifferentiated from R3.

Result : OPAB-09 primer can beused asadifferen-
tial marker todistinguish R1 and R2 from R3 variety.

Figure: 10.2

OPAB 02

Observation : R1variety ishaving 6 bands, R2 vari-
ety ishaving 7 bandsand R3isaso having 7 bands. In
which 2 monomorphic bandsarepresentinRIl, R2 and
R3. Apart from these 2 bands 2 different bands are
present fromthetop in R3 variety.

Result : OPAB 02 primer can beused asadifferential
marker to distinguish R1 and R2 from R3 variety.
OPAB 03:

Observation : R 1variety ishaving 3 bands, R 2 vari-
ety ishaving 5 bandsand R 3 variety ishaving 3 bands.
Inwhich 1 monomorphic bandispresentinRI, R 2
and R 3. Apart fromthese 1 prominentispresentinR 2
variety whichisabsentin other 2 varieties.

Result: OPAB 03 primer can beused asadifferential
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marker to distinguish R1 and R3from R2 variety.
OPAB 10

Observation: R1variety ishaving 9 bands, R2 variety
ishaving 8 bandsand R3variety ishaving 9 bands. In
which 2 monomorphic bands are present in R1, R2
and R3. Apart from these 2 prominent ispresent inR1
and R3varietieswhichisabsentinR 3variety.
Result: OPAB 10 primer can beused asadifferential
marker to distinguish R2 variety from R1 and R3 vari-
eties.

OPAB 13

Observation: R1variety ishaving 8 bands, R2 variety
ishaving bandsbut which arenot clear and R3variety is
having 6 bands. Among R1 and R3, 2 monomorphic
bands are present. Apart from these 1 prominent is
present in R3which can bedistinguished fromR 1.
Result: OPAB 13 primer cannot be used asadiffer-
entid marker todistinguishthe 3 varieties. But R3 vari-
ety can bedistinguished from R1.

CONCLUSION

From theaboveresultswe can concludethat ijaya
masuri hasresponded well indl themediawhen com-
pared to BPT 5204 and JJL. MS-2Smediawith 2,4D
showed better response when compared to other me-
dia Micro-propagationisatechniquewhereacallus
mass hasbeeninitiated fromasingleexplant takenfrom
any living part of adonor plant and within avery short
timeand space, alarge number of plantletscan bepro-
duced from such callustissue. Further itispossibleto
makelargenumber cdluspiecesfromtheorigina stock
culturethrough sub-culturing. The establishment of mi-
cro-propagation for rapid propagation, the use of shoot
tip cultureto produce nuclear stock freefrom parasites
especially viruses and genetic manipul ation have con-
tributed to the acceptance of plant tissuecultureasvau-
abletool for plant improvement. Large number of plant
species can be propagated all theyear roundi.e., the
plant breeder isno longer restricted by season in the
production of largenumbersof plants. The conventiona
breeding methods are the most widely used for crop
improvement. But in certain Situations, these methods
haveto be supplemented with plant tissue culture tech-

niqueseither toincreasetheir efficiency or tobeableto
achievetheobjectivewhichisnot possiblethrough the
conventional methods.
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