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ABSTRACT

Vanilla (Vanilla planifolia), a tropical orchid ctivated for its pleasant flavour, is a native of ¥m, and an
introduced crop to other countries. Continuous VYatjee propagation and lack of sufficient variat®om the gene
pool hampers crop improvement programmes. Intrddncof somaclonal variation through callus culturbas
been attempted to broaden the narrow genetic basellus induction and in vitro plant regeneratisgstem has
been optimized from both vegetative and reprodectissues. The best results were obtained usingtathee
tissues and over 80% callusing was achieved in hige and Skoog’s medium supplemented with 4.444 sin@

2.68uM NAA. Callus differentiated into shoots whiobuld be multiplied successfully in 1: 12 ratio &
combination of 4.44uM BA and 2.46uM IBA, when sapgihted to MS medium. In vitro rooting was indue#h

an efficiency of 100% in basal MS media devoidmyf growth regulators. This ability of dediffereritid tissue to
regenerate is a crucial prerequisite for future géa transformation experiments. The protocol wascsssfully
extended to the endangered wild species, V. aphgffaring the potential of applying the protocalr fmass
multiplication as well as induction of variations Vanilla species, in a limited time. Preliminarydies on the
callus regenerants indicated variations in morplgy@nd RAPD profiles.

Key Words: Callus, callus regeneratiodanilla planifolia, V.aphyllag micropropagation, RAPD.

Abbreviations:

MS : Murashige and Skoog’s medium (1962)
BA : 6- benzyl adenine

IBA : Indole-3-butyric acid

NAA : a-naphthalene — acetic-acid

RAPD : Randomly amplified polymorphic DNA

INTRODUCTION

Vanilla, Vanilla planifolia Andrews, (Syn. Vanilla fragransSalish) Ames is cultivated for its pods which, when
processed, yield vanilla extract making it the mesdnomically important orchid. Three specied/afilla are of
commercial importancel. planifolia Andrews . fragrans(Salisb.) Ames]V. pompon&Schiede, an¥. tahitensis
J. W. Moore. About 5 million pounds of beans aredpiced in a year and half of the world’s productien
consumed by the US [1]. Vanilla is native to Mexawd Central America, but is now cultivated in otparts of the
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tropics mainly in Madagascar and Indonesia [2]. Rigtory of cultivated vanilla suggests that almtbst entire
stock of cultivated vanilla outside Mexico is agl genetic individual (clone) propagated by vetjetacuttings
with practically no variability available for cramprovementContinuous clonal propagation leads to monoculture
making vanilla susceptible to diseases and pestIfi& introduction of new genetic material is ghpaonstrained

by factors like its asexual propagation, the fdwttthe flowers are mostly ‘selfed’ and the threatk wild
populations of vanilla by land pressures [4]. Ladksufficient variability in the gene pool, threat destructive
diseases that erase vanilla plantations as wallearuction of its natural habitats, makes thecteéor alternate
methods to introduce variability in to the gene lpwital.

Vanilla is suspected to be highly heterozygous vetttensive inherent genetic variations becausesotrioss-
pollinated nature and mitotic associations [5]. dlieg progenies ofV. planifolia were developed earlier and
isozyme analysis indicated the variability amongnth6,7].

In the above context, utilization of biotechnolagitools to introduce variability has been atterdpteeports on
micropropagation concentrate on production of tasgype plants, and few reports of callus regenendi8, 9] are
available. However protocols for induction and euéerization of variations among callus regeneratadts have
not been reported in vanilla. This study reportstqeols to regenerate plantg callus from both vegetative and
reproductive tissues, which was required to idgntiE most suitable physiological state for capusliferation and
regeneration and presence of variations amongegenerants. This can be utilized as a tool foreasing the
variability available in vanilla germplasm since thariations were observed among few somaclonesiphology,
tolerance to disease causing organisms and Randambyified Polymorphic DNA (RAPD) profiles. An effient
micropropagation protocol optimized foranilla species, will not only be a powerful tool for comwmial
multiplication but will also open new avenues foture breeding programmes which were hitherto haethe

MATERIALSAND METHODS

Explant source

Shoots tips and nodal segments, collected frord fiebwn vines were establishedvitro, after surface sterilization
with 0.1% mercuric chloride solution for 5-7 minsitand subsequent washing off with 3-4 changes esflest
distilled water. Shoot tips and subsequent nodem fsuch established cultures \6f planifolia were used as
explants for micropropagation and callus regenanati

Pods were dipped in alcohol and flamed thrice leefgplitting them open longitudinally and transfegrithe
numerous minute ex-albuminous seeds on to thereutbedium for direct as well as indirect germinatita callus
phase.

Culture medium

MS medium [10] fortified with 87.64mM sucrose anellgd with 0.65% agar was used as basal mediumwiBro
regulatorsviz., cytokinins - Benzyl adenine (BA) at 2.22 — 414M1, kinetin at 2.32 - 4.64 uM and auxins - Indole-
3-butyric acid (IBA) at 2.46 - 4.92 uMi-naphthalene acetic acid (NAA) at 2.68 - 5.37 uMevsupplemented to
MS medium singly or in combinations to induce npliti shoots, rooting, callus and regeneration oftgldrom
callus.

Culture conditions

The pH of the medium was adjusted to 5.8 in alesgxior to autoclaving at 15 Ibs pressure and@28mperature
for 20 min. All cultures were incubated at28'C with a photoperiod of 14 hrs and a light intepsit 2500 lux.
Hardening

In vitro regenerated plantlets were transferred to polybatfssterilized sand, garden soil and vermiculiteequal
proportions and kept in humid chamber for 30 dayshardening.

Characterization of variability

Observations on the variations in plant characetse nursery stage among a few callus-regenepategknies in
comparison to the cultivated parent were made. &natal and cytological studies were made to stuuy t
regenerative pathway.
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Virulent strains ofPhytophthora meadiand Fusarium oxysporunisolates from the Division of Crop Protection,
Indian Institute of Spices Research were used dmremning the somaclones for resistance to theserrdiajeases
affecting vanilla. Infection was affected by plagidiscs of these isolates in the axils and devetoirof disease
symptoms was recorded.

DNA amplification, band separation and RAPD prdfilgere also developed [11. 12].Genomic DNA wasaisal
from shoots at the beginning of the experimentaitef retrieval from callus to compare the differes

The dNTPs, Taq polymerases and other chemicals pre@ired from Amersham Pharmacia Biotech, Sweden.
Sixteen arbitrary primers with 60% -70% GC contentd no self-complementary ends, from Operon Teduyies

Inc. Alameda, California, were used for screeniBgmers that exhibited high polymorphism and shovedt
readability were chosen for the study. The ampb¢oramed by primer and molecular mass in base (s were
scored as presence (1) or absence (0) of homoldgands and a binary matrix of the different phepetywere put
together. Paired Affinity Indices (PAI) was caldeld to estimate the extent of variation betweerh ezfcthese
somaclones.

Statistical analysis

All experiments were set up in a completely randmdi design. Differences between means were scoitd w
Duncan’s Multiple Range Test. Analysis of samplesf each treatment was statistically evaluatedrafyais of
variance (ANOVA, < 0.05%) using MSTAT-C software.

RESULTS

Callus induction

The vegetative and reproductive tissu@z, shoot and seed explants showed varied respdnsekifferent
combinations of media (Table 1). Among the auximsd; NAA supplemented at 2.68uM and 5.37uM induced
callus from shoot explants whereas no callus wadymed in IBA supplemented media, which inducedingo The
callus was hard, organogenic and white in coloitialty which proliferated and turned green in aslan transfer
to the same medium and small shoot buds initiafeet 45 to 60 days in culture. In media supplemenigth
cytokinins, BA and kinetin, at 2.22uM and 4.44uNhgby, only multiple shoots were produced and ndusa
induction was noticed. When auxins and cytokinirerenvtried in combination, Interaction of 2.68uM NAghd
4.44uM BA gave the most favourable response. kredium callus was induced at the base of thet exptants
and in root tip explants (Fig. 1a) after 30daysnefibation. Further subculture into MS media with41M BA and
2.68uM NAA, regeneration of shoot buds occurrednfrinese calli (Fig. 1b). About 5-20 shoot primordiare
formed from each mass and each of them was capébdgenerating into individual shoot and plantiehjch were
studied in comparison with parent (contrégnilla planifolia.

Induction of callus from protocorms

The initial stages of seed germination were typafainost orchids, involving swelling of the embriallowed by
rupturing of the seed testa and emergence of potacin treatments with BA, most of the protocorramained
the same with the scale like leaf primordial depeig into shoots whereas treatments with auxin Empents
showed gradual disorganization of the protocorns @allus (Fig. 1c¢). In medium supplemented withAJA&A was
found that sudden disorganization of the protocooowirred to form a callus tissue, which was ofoyeish colour
initially. On culture in medium supplemented witiABind NAA, regeneration of protocorm like bodied BB)
occurred from these calli (Fig. 1d). About 5-20 RLBere formed from each mass and each of them vegrable
of regenerating into individual shoots and plastiéfledia supplemented with BA alone, prevented &tiom of
callus and seeds germinated directly into plan{lEtble 1).

Plant regeneration from callus

Among the various media combinations tried forumlinduction and regeneration, the most suitabldiune was
MS medium fortified with 2.68uM NAA and 4.44uM BAig. 3) in which 75% of the cultures developed usll
and an average of 10 plants could be regenerated thiem (Table 1). The regenerated plants inducad tallus
tissue produced roots in growth regulator free mmediin contrast to the BA supplemented media. NAA
supplemented medium was found to induce thick flesdlamen like roots, which were of a disadvantagéhe
hardening stages [7, 13].
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The somaclones regenerated also exhibited significariationsin vitro (Fig. 4), in the rate of multiple shoots
formation and also leaf size and internodal distafi@ble 3).

Micropropagation

In order to generate sufficient material for furtlstudies, shoot tips and nodal explantsvofplanifolia, and the
regenerants were initiated for bud break in MS miedivith 2.22uM BA and the sprouting shoots. Wasduee
micropropagation experiments. Of the combinatitested, BA when used alone or in combination WBIA I
induced multiple shoots. Interaction of 4.44uM Bd&®.46 UM IBA enhanced the proliferation of shq@table 2).
In this medium, an average of 15 multiple shootseweduced in 60 days after establishment, in nioae 90% of
the cultures (Fig. 1b) and was conducive for peotifion as well as elongation of shoots. Nodal ssgsgave
better response with a mean of 15 shoots per euttompared to the shoot tips (mean of 7 shootsydarre), due
to absence of apical dominance.

In the present study kinetin had no effect of thauiction of multiple shoots and gave rise to sirgfleots whereas
NAA supplemented media led to induction of ‘callusgots or velamen roots which were unfavorableirtyr
transplantation and hardening. When BA was addeglys it induced multiple shoots which had veryogh
internodes (i.e., no elongation) and total absesfceoots. These problems were overcome by suppléngela

combination of auxin and cytokinin.

On transfer to growth regulator free MS medium, sheots elongated, developed good root systemcanid be
harvested for further experimental studies, proiiien or establishment in soil. This method wdeaively used
throughout the study to multiply different genotggenorphotypes generated.

Hardening and planting out

The rooted shoots were carefully removed from calitessels, washed thoroughly to remove any traceatrient

medium, treated with 0.2% Indofil and transferred golybags containing potting mixture (sand, sailda
vermiculite). They were hardened for 30 days urmertrolled conditions, before transferring themptuis. The
plantlets hardened with over 80% success and tgplvere field planted (Fig. 1g) witblyrcidia standards for
proper shade and support.

Characterization of callus regenerated plants

Morphological characters:

The callus regenerated progenies exhibited higtatians among themselves with plant and leaf chiaracshapes
varying from ovate to lanceolate and internodabtbn Sc40 showed highest plant growth of 19.64 ¢er aix
months of planting out (Table 3). In general, Se&t characterized by good vegetative growth in $eofplant
height (18.4 cm), leaf size (length of 3.10 cm dmdadth of 2.5 cm) and internodal length (2.55 cwihen
compared to/. planifolia(plantheight of 12.3 cm).

Sc32 was characterized by comparatively shortezrmodes (Fig. 1g), which can be of immense agrooomi
importance since the number of nodes per metetefvine in increased thereby increasing the nunafer
inflorescences obtained at every node, making abietyield impact per meter of the vine.

A few attempts to index these progenies cytolojioakre made and one of the callus regeneratedepieg, V 8.1
did not show any cell with the normal somatic cameht of 2n = 32. It instead had variations in chosome
numbersviz., 2n= 24, 26, 28 and aberrations like lagging eundping of chromosomes were observed, indicative
of the high degree of variations existing in thptants (Fig. 1i). Reports of mitotic associationsvanilla and its
potential in developing cytotypes have been diszdi§s].

Anatomical changes observed were similar for atiaggpes. BA induced proliferation of vascular tissand callus
parenchyma cells within the callus. The differetimiga meristematic tissue was characterized by déled with
dense cytoplasm and prominent nuclei.

Screening of somaclonesfor disease resistance

The somaclones were screened against the infeafi®mytophthora meadiand Fusarium oxysporuithe causal
agents of foot rot and wilt diseases in vanillae Tlisease progression was manifested as brownthgater soaked
patches at the axil spreading out to either sidin@finternode. It was observed that the somaclerkibited high
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degree of variability in tolerance to the pathogehe spread ranging from no infection, superfigigiection to
complete infection, whel'.planifolia was susceptible. In the absence of resistant imganilla planifolia, further
studies for identification of tolerant line wouleé bmportant for development of disease resistarné¢ties.

RAPD profiles of callusregenerated progenies of Vanilla

The few regenerated somaclones were selected basgetliminary morphological differences observedwasery
stage. Operon primers OPB20, OPA10 and OPDO03 gawe golymorphism (Fig. 1h) between the progeniés T
somaclones tested are variable (70% to 47.5%) wberpared to each other, indicative of somaclonghtian as
the possible cause for this variation. They shod@® dissimilarity with its pareny/.planifolia (Fig. 5). A few
seedling progenies were analyzed with their respedallus regenerated plants, a variability raggirom 15 —
30% was observed. V7.1 and its root callus regeéegnarogeny V7.1R showed 85% similarity, 70% sinitjain
V179 and its callus regenerated progeny V179.15%2similarity among V112 and its callus regenergisafjeny
V112.1 and 77.5% similarity among V101 and itsusHbegenerated progeny V101.1.

RAPD profiles from shoots regenerated from call@éserxcompared to control and few variations wereaet. The
number of polymorphic bands ranged from 12.5 to 40 the match percentage between mother microguatid
newly sprouted callus regenerating shoots weres/2sharing values of similarity between 60 tdb84.

DISCUSSION

Callus can be used as target tissues for genetisformation experiments which, is the next stefpring in
desirable traits into this commercially importapesies. Since the regeneration protocol standatdizéhis system
is simple, and of high frequency, it can shortemlgngth of such experiments. Though NAA alone aaducallus,
they could not be directed to regenerate in totpldmow cytokinins have been reported to enhantasiag [14].
Addition of low cytokinin especially BA, was essiahtin dedifferentiation of the explant into regeaive callus in
the present study. Regeneration potential of var#lllus here is comparable to micropropagationcaiihg that
changes in auxin supplementation do not influeree regenerative potential of the tissue. Unfaverataltio
between total cell population and cells capableatably expressing the foreign genes has been trs¢ seoious
hindrance to monocotyledonous genetic manipuldtiéh

Factors affecting callus regeneration included a&xphnd tissue type. Vegetative tissues producegeloshoots
which were harvestable and directly utilized fortfier studies however shoots regenerated from dejptive tissue
needed to be excised and cultured for further elbog before they could be multiplied (Fig. 2). higicallus tissue,
from embryos/ reproductive tissues does put fortiorecern since Vanilla is basically a cross potkdacrop in its
native country. Hence its use as target tissudrémsformation may not be able to reveal whethervriations
were inherent seed variability or transgenic effect

Embryogenic calli with regeneration potential weteserved in culture of early immature embryos (3FpAnd 7-
14 DAP and shoot base of young seedlingsStdnotaphrumsecundatum(Li et al. 2006). Successful plant
regeneration from callus has been reported in mamghids viz., Cymbidium [16], Phalaenopsis[17],
Paphiopedilium[18] and these morphogenesis systems are beinginssmne to explore the control process on
reducing juvenility and precocious flowerimg vitro. Earlier studies in/anilla planifolia [8] indicated that shoot
sections from first nodes has best callus initratand proliferation rates and callus from cytokimiontaining
Linsmaeir and Skoog medium and its subsequent ezgton from stem and leaf sections [9]. The paaéraf
protocorm derived calli to regenerate PLBs in dep#lg a callus associated micropropagation systeGebdorum
densiflorumhas been discussed by [13]. The present protoffetsothe possibility of its application to both
cultivated and wild species bfanilla.

Micropropagation of vanilla has been reported eafi9, 20, 7]. h vitro transformation of root meristem from
aerial roots into shoot and plantletsMnplanifoliaas an efficient method for clonal propagation basn reported

[21]. Micropropagation anah vitro conservation of five diverse species of vaniita, V.planifolia, V.andamanica,
V. wightiana, V.aphyllandV. pilifera have been reported [22] as an effective alteraativconserve this important
species in laboratories or vitro gene banks.

In the present study, BA alone suppressed rootindevinducing multiple shoots and IBA/NAA alone supssed
multiple shoot induction. BA is known to induce ttiplle shoots in a wide range of crops. Howeveraidition in
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concentration higher than 4.4 pM led to fasciatedoss. This may be a feedback inhibition of muitiation at
higher concentration of BA due to which prolifecatiat vigorous rate is promoted at lower conceiotnadf BA as
has been observed in bamboo [23]. Inhibitory effeat many cytokinins on seedling development hagenb
reported in angiospermic plants [24, 25]. Othensti to change the environmental conditions havenbeported to
improve shoot regenerative potential. Use of pregtic acid as primary factor to induce multipleais from
axillary buds ofV. planifoliaand silver nitrate at 10-40 uM for shoot and roomation. me genotypes performed
better indicating that a process of selection dodieg can identify and multiply lines of faster hiplying lines
which may suitably meet the demand for plantingemals without hampering the natural resourcesghaeen
reported [26, 27].

Reports on variability among callus regeneratechtplan vanilla are not available, except for stsdamong
indigenous collections of vanilla, through polydargide electrophoretic (PAGE) studies [28]. Thespreg study
comprising of randomly selected callus regenergt@genies, shows variability among the callus regamts in
general and also between a parent and its ownscadlyenerated plant. This is the first report afrabterization of
plants regenerated through callus in vanilla, rigsrgamportant information on the amount of varighithat can be
generated. This study can be utilized for develgpiariants with desirable agronomic characters bkert
internode and tolerance to disease for utilizingmhin vanilla improvement programmes, and broadgrire
narrow genetic base. Earlier attempts have beerenmdncrease the spectrum of variability by effextwide
crossing between cultivatad planifoliaandV.aphyllg their molecular profiles indicating introgressiohmale and
female characters into the hybrids [12] and isolatind fusion of protoplasts ¥iplanifolia andV.andamanicaa
species indicating possibilities of natural seedEH. In vitro regeneration systems are being used for consenvati
of endangered orchid species too [29].

In future attempts to genetically transform vanilthe ability of transformed tissue to regenerateaicrucial
prerequisite. The regeneration protocol optimizeckhs very simple and not time consuming, hencgdcshorten
the length of any genetic transformation experimerttile inducing a high frequency of regenerationvitro roots
could be developed in growth regulator free medismthat effect of exogenous hormones would natcafthe
hardening or planting out of plantlets. The raréursl seed germination hampers conventional prdpagand
harvesting natural variability through seed gerriioma This is overcome bin vitro seed germination and the
protocol to multiply plants in large numbers. Thedia conducive to induce responsis, multiple shoots, roots as
well as plant regeneration from callus was sini@spective of the maturity / juvenility of thessiue, indicating the
non-specificity of the optimized conditions to @ifént genotypes, explants or species. The protbhasloptimized a
highly coordinated pathway led by the interactidémwaxin and cytokinin (Fig. 3) into plant regenévatdirectly and
via callus phase iWanilla while indicating the amount of variability thatrche generated through this system. Thus
it is the first report irvVanilla to establish an efficient indirect plant regenerasystenvia callus applicable to both
cultivatedV.planifoliaand wild and endangered,aphylla

Table 1. Effect of auxinson callusinduction and plant regeneration inVanilla planifolia

Explant type Media@ Callusinductionrate (%)*  No. of shootsregenerated
Immatureseeds  Control 0.40+0.89e 0.0c
+ NAA (2.68) 79.4 +4.88 ab 00c
+ IBA (2.46) 0.0e 0.0c
+ BA (4.44) + NAA (2.68) 76.0+4.30b 480+£3.70 b
+ BA (4.44) + IBA (2.46) 0.60+1.34e 00c
Mature seeds Control 1.0+1.73e 0.20+045¢c
+ NAA (2.68) 82.0+255a 1.40+261c
+ |BA (2.46) 0.2+045e 00c
+ BA (4.44) + NAA (2.68) 80.4+297a 11.0+2.74a
+ BA (4.44) + IBA (2.46) 10.8+2.77¢c 1.0+1.22¢
Shoot base Control 0.60+0.89e Oc
+ NAA (2.68) 5.80+6.06 d 0.2+045 c
+ IBA (2.46) 0.0e Oc
+ BA (4.44) + NAA (2.68) 81.60+5.46a 11.8+277a
+ BA (4.44) + IBA (2.46) 6.60 +4.98d 1.20+1.10c

@ Concentrationsf growth regulators are in uM
*Mean £S.D. Means in the same column followed iffgrént letters are significantly different at 8% probability level
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Table 2. Effect of growth regulatorson multiple shoot and root induction from shoot explants of Vanilla planifolia on M S medium*

Growth regulators (LM)

Kin
2.32
4.64

2.32

0.0

BA

2.22
4.44

2.22
4.44
4.44

2.22
4.44
2.22

0.0

NAA IBA
2.68 -
5.37
- 2.46
4.92
2.68
2.68
5.37
2.46
2.46
4.92
2.46
2.46
4.92
0.0 0.0

Multiple shoots frequency (%)* Average no. of shoots/cultu8D*

Roots development /culture

No Type

0.0 - -
0.C -

71+ 3.45 4.18+0.30 - -

20+ 3.63 1.0 - -
0.0 1.0 1 Velamen
0.0 1.0 1 Velamen
0.0 1.0 1 Long roots
0.0 1.0 1 Long roots
0.0 1.0 - -
0.0 1.0 - -
0.0 1.0 - -
0.0 1.0 1 velamen
0.0 1.0 1 branching
0.C 1.C 1 velamel
0.0 1.0 1 -
0.0 1.0 1 -
0.C 1.C 1 -
0.0 1.0 1

97+ 6.5 15.15+ 3.63 - -

65+ 11.4 10.35+ 3.45 - -

0.0 1.0 1 Healthy roots

*Mean of 20 replicates

Table 3. Variationsin plant characters observed at the nursery stage among a few callusregenerated progenies of V. planifolia (six

months after planting out)

No. : Plant height (cm}S.D Leaf size (cm)
Progenies Internodal length (cm}S.D Length+S.D  BreadthtS.

1 sc21 14.35:1.00 1.05:0.29 3.86£0.30 1.25t0.23
2 Sc24 18.4G:2.03 2.55+0.40 3.10:t0.72  2.50£0.24
3 Sc32 9.80+1.27 0.86+0.52 1.54:0.34 2.24+0.35
4 Sc39 12.03:1.80 1.82+0.45 202042 1.7260.41
5 Sc40 19.64+1.45 2.21+0.39 1.820.36 1.70:0.41
? ggﬁ 14.19:2.06 207034 202031 1.62:0.34
8 w11 7.30:1.01 1.66£0.37 1.2260.42 1.23:0.33
: 11.60:1.26 1.570.38 2.820.70 0.75:0.23

9 V.planifolia 12.30:1.44 2.030.29 3.320.30 2.130.29

values are an average of 20 observations; S.D:d&tahDeviation
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8 19 2021 2223

Fig. 1. Plant regeneration from callus culturesin Vanilla

a. Organogenic callus induced in shoot culture¥ .pfanifolia, b. Shoot regeneration from callus, c. Callus @tidm from seeds, d. Plant
regeneration from seed callus, e. Induction ofusalfom shoot bases d.aphylla f. Plant regeneration from callus culturesvoéphyllg g.
Somaclone with small internode, h. RAPD profilescalius regenerated plants of vanilla using OPERON primer OPA 20 Lanes 1 . 1 kb
ladder 2 :v8.1; 3 : V56.1; 4 : V92; 5 : V92.1; §98.1; 7 : V101; 8 : V101.1; 9 : V112; 10: V1121t ; 115.1; 12 : V124.1; 13 : V142.1; 14:
V156.1; 15 ; V161.1; 16 : V179; 17 : V179.1; 18258.1; 19 : V1.1R; 20 : V2R; 21 : V7.1; 22 : V7.1R : V53R ; 24V .planifolia (Control),

i. Variations in chromosome numbers in adjacers éela callus regenerated variant
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Fig. 3. Callusregenerative potentialsinfluenced by auxin-cytokinin interaction in V.planifolia and V.aphylla
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Fig. 5 Graphic representation of the polymor phism expressed by callus regenerated progenies of vanillain pooled RAPD data
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