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ABSTRACT

Somaclonal variations were studied in in vitro regenerated plants of an
endangered cucurbit, Citrullus colosynthis (L.) commonly known as
‘bitter apple’. It is a medicinally important plant used as a antirheumatic,
anthelminthic and its exractive ‘colosynth’ is a very strong laxative. Roots
are used in urinary diseases, mammalitis and opthalmia. Its exract
cucurbitacin glucosides inhibit growth of human breast cancer. During in
vitro mutagenesis and regeneration studies a number of somaclones have
beenisolated and characterized. Regenerated plantsfrom R are scored for
the identification of variant plantsin R, and R, generation. During these
studies anumber of variationsin habit, leaf and tendrillar character, floral
somaclones like androecious, gynoecious, andro monoecious and andro
gynoecious were isolated. Variation in fruit number, sizes, colours, and
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seed coat colours were also screened.
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INTRODUCTION

Invitro regeneration usually resultsin high genetic
and phenotypic variability inindividual sbeen derived
from plant tissue cultures or adventitious shootswhich
iscaled somatic variation. Somaclond variationisaso
caledtissueor culture-induced variation™. Theterm
“somaclonal variation” is given by Larkin &
Scowcroftd, Somaclonal variationisnot restricted to,
but isparticularly common phenomenonindl plant re-
generation system that involve a callus phase®.
Somaclond variation may vary from speciesto species
and determiningthegenetic natureof theobsarved varia-
tionisdifficult™. |dentification of possible somacional

variantsat an early stage of development isvery useful
for qudity control inplant tissueculture, transgenic plant
production andintheintroduction of variant plantscar-
rying heritabletraits. Somaclond variability often arises
intissue culture dueto epigeneticinfluence or changes
inthegenomeof differentiating vegetative cdlsinduced
by tissue culture conditiong®.

Somaclonal variation often arisesin tissue culture
asamanifestation of epigeneticinfluenceor changesin
thegenomedifferentiating vegetative cellsinduced by
tissue culture conditiond®. Somaclona variation may
arise dueto any of thefollowing events at molecular
level: changesin chromosome number, structure, gene
mutation, plasmagene mutation, alterationin geneex-
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pression, geneamplification and rearrangementsin cy-
toplasmic genes. Investigations have revealed that cell
or tissueculturesundergotypicd geneticdterationsare
changesin chromasome number (polypl oidy and aneu-
ploidy), chromosomd structure (deletion, trand ocations
and duplication) and DNA sequence (base mutations).
Typica epigenetic related eventsare: geneamplifica
tion and genemethylation™. Somaclond variationsare
of twotypes. genotypic (heritable) and phenotypic (non-
heritable), whichinthelater case canbeeither genetic
and epigenetic changes®d. Thegenomicinstability arises
dueto chromosomal rearrangements, chromatid ex-
changesand gene amplification*®. Showed that there
are chromosomal changesthat deciphered with mo-
lecular cytogenetictechniques.

Somaclonal variations are not undesirable since
somemay serveasnove raw materia (genetic diver-
sity) and can bebeneficid in crop improvement espe-
cialy ontraitsfor which somaclonal mutantscan be
effectively selected for disease pathotoxingd*2, im-
provement of nutritiona quality, adaptation of plantsto
biotic or abiotic stress conditions*® e.g., saline sails,
low temperature, toxic metals, tolerance to herbi-
cides***S and to increace production of secondary
metabolites of plant productsused for medicind or in-
dustrial purposes?®l. Salinity and drought aretwo ma-
jor environmenta stressthat limit plant growth and pro-
ductivity™*7,

Evans& Sharp reported threecritica variablesfor
somaclond variation: genotypeexplant origin, cultiva
tion period and the culture conditioninwhich cultureis
made*®., Larkin reported that longer period of invitro
cultivation seemed toincrease somaclond variation,
The correation between|ong-term cultureof callusand
the accumulation of chromosome variation wasfirst
documented in Daucus carotal?2 in Citrusgrandis.
The prolonged periodsof invitro cultivationresultin
increased frequency of chromosome aberration was not
supported by theresultg§?>23. Another way to increase
somoclond variationistoadd 2,4-D inthe cultureme-
dium, asthishormoneisknowntointroducevariations.
Adventitiousshoot regeneration system have been dem-
ondrated asuseful for obtaining genetically transformed
plants?4, Addition of growth regulatorsto culture me-
diumisknownto haveinfluenceonthefrequency of the
karyotypedterationsincdl culture. Frequently, theauxin
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2,4-D isconsdered to beresponsiblefor the chromo-
somevariaion®,

Somaclonal variation hasbeen described for sev-
erd plant speciesin crop plantsliketobacco?, maize?”,
barley?, potato??, rice®”, wheat®! and tritical €42,
Therewerefew reportsin certain cucurbitaceousplants.
Few floral somacloneswereisolated from Benincasa
hispida and Citrullus vulgaris® and Cucumis
melo*. Therewere no reports of somaclonal varia-
tionsin Citrullus col ocynthis. Both conventiond breed-
ing and transgeni ¢ gpproach have been used in summer
sguash to confer disease resistance®. In Cucubita
pepo, genotypic differencein responseto exogenous
PGR_ andtheir undergoing of different callusdifferen-
tiation could be useful for devel oping transgenic lines
and somaclond variationg®!. Adventitiousshoot regen-
eration of diploid and tetrapl oid somaclond variantshas
promising applicationintheareaof genetictransforma:
tion and can be used as parental linesto breed seedless
watermel on’®7,

RESULTS

During our study, varioussomaclona variantswere
isolated for avariety of traitsthrough tissue culture.
These somacloneswerederived from R, popul ations.
R, plantswere obtained from self fertilized progeny of
R, plants. Chaleff haslabeled theregenerated plants
fromtissuecultureasR, and R, Further generations
aretermed asR,, R,, R, etc. Thisterminology iscon-
sstedwith historical geneticsand thenew breedinglines
werereferred asP and P, lines. Regenerated plantsas
SC, and further generations arereferred as SC,, SC,
etc. (Scowcroft, 1984). The mutagenized plant is
refferedand M, plants.

Somaclond variantsisolated through cdll selection
areoften ungtable. Thefrequenceof stablevariantsmay
range from 8-62%, perhaps depending on the species
and the selection agent. Somevariantsphenotypesare
quitestableduringthecell cultureaswell asregener-
ated plant phasesand exhibit transmission of the phe-
notypesthroughthesexud reproduction cyclearecdled
mutants. Only this category of variantswould find an
applicationin cropimprovement. Thesemay represent
truegenemutations.

During our study following important somaclone
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variantswereisolatedin population (R ). (b) Gynoecioussomaclonewithfemaeflowersin
1. Somadlond variationinleaves. axil (qutell, Figure2)._ _
(@) Variationsin leaf arrangement on shoot apex © M Onoec ousand gynoecioussomeac] o_nesrased
with cluster of lesflets (Platel; Figure 1). from tissue culturethrough regeneration (Plate
(b) Variationsinleaf sizes, textureand shapesafter I, Figure3& 4). _ _
gamma rays treatment In vitro regenerated (d) Bisexua plantwithandroeciousand gynoecious
plant (Platel; Figure2). flowersin different axilsafter EM Streatment
(C) Vaiationsinbranchingpatterm (Platel; Figure3). (Matell, Figure5 & 6).
2. Flora somadones. 3. Somaclonevariantsinfruitsand seeds.
(8) Androcsioussomadloneshowing3ormoremae (8 Variationinnumber and sizeof fruits (Platel,
flowersat axilsafter gammaraystrestment (Plate Figures).
|, Figure4 and Platell, Figure 1). (b) Variationinseed coat colours(Platel, Figure6).
Platel

S8 e Gl Ny Figure2: Regener ation of plantlesfrom calluson MS+ 1.0
Figurel: Variationinleaf arrangement on shoot apex with  mg/l zeatin with different leaf mor phology ie, very thick leaf
cluster of leaflets. textureand linear dissected leaf.
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Figure 3 : Variation in number of leafs and branching Figure 4 : Androceious somaclone showing 3 or more male
pattern. flowers at axils after the callus exposed to gamma rays

treatment.

Figure6: Variation infruit colour and variation in seed coat
Figure5: Variation in number and size of fruits. colours.
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Platell

. b
Figure 1: Androceioussomaclone showing 3or moremale
flower sat axilsafter gammaraystreatment.

Figure2: Gynoecioussomaclonewith femaleflower sin axil.

Figure 3 : Monoecious and gynoecious somaclonesraised
fromtissueculturethrough regeneration.

Figure5: Bisexual plant with androeciousand gynoecious
flowersin different axilsafter thecallustreated withEM S.

DISCUSSION

Somaclond variation represent auseful source of
introducing genetic variationsthat could beof vaueto
plant breeders. Somacl ones could be used to uncover
new variantsretaining al thefavorablecharactersalong
with additional useful traitssuch asresistanceto dis-
ease, herbicidesand free from undesirabl e features
like sterility. Various cell lines selected in vitro may
then prove potentially applicableto agricultureand
industry.

Tissue culture may lead to abnormal plants. The
changes occur especially in plants produced through
adventitiousregeneration, multiplication fromexisting

Figure 4 : Androecious twigs raised from tissue culture
techniquethrough regeneration.

Figure6: Magnified femaleflower showing pentafid stigma
after EM Streatment.

meristems appearsto berd atively safe. Thefrequency
of changes depends on the species (genotype), the
tissuefromwhich the adventitious plantletshave been
regenerated and themedium composition. Thisshows
that susceptibility to somaclona variationsisrelated
to genotype as described by Roest et al.,®8. Plant
genotype may haveimportant effects on somaclone
regeneration and frequency. Explant sourceiscons d-
ered themost frequent critical variablefor somaclona
variation. Since explantsmay present dissimilar re-
generation rates, selection procedures can differ
among different explant types. Plant regenerated from
chrysanthemum petal epidermisinduced calli showed
greater somaclonal variationsthan those from apex-
induced callit.
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Genetic changes behave as Mendelian traitsin
crosses. Usually expected Mendelian ratios are ob-
tained in the R, progenies. But sometimes aberrant
segregationratiosare encounteredin R, possibly due
to chimaeric nature of R plants, theinvolvement of
some cytologica anomalieslikeaneuploidy and dele-
tions etc. Such changes are known as epigenetic
changes and are attributed to stable changesin gene
expression*d, Epigenetics changes do not involve
changes of primary DNA sequence, but aretheresult
of alterationsin DNA that modify gene expression.
The culture time-length and accumulation of chromo-
some variation was first documented in Daucus
carota®. Hirochikaet al., reported an increasein
the copy number of transposon Tos 17 inrice, when
submitted to long periods of incubation“!. Addition
of growth regulatorsto culture mediumisknownto
have influence on the frequency of thekaryotypea -
terationsincell cultures.

Resultsof present investigation, variationswere ob-
servedin R generation areincreaseinthe number of
fruitsper plants, increased number of branchesper plant,
increased number of seedsper fruit and seed coat color,
whichweretransmittedto R, generation. Ingenerd, R,
progeny (regenerated from R plant) are scored for the
identification of variantsplant and their R, progeny lines
areevauated for confirmation. Somaclonal variation
induced in vitro is awide spread phenomenon irre-
gpective of modeof reproduction-sexual or vegetative
and ploidy statusof the species.
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