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GENERAL INTRODUCTION

Biotechnology has come to a stage where by complerenting
pomg of the age~old practices of breeding it can produce novel
and improved plaents and animals that can serve baetter 4o the
human being's requirements, The techniques of cellular and
subcellular engineering such as gene splicing and recombinant
DA and its cloning, hybridomas and monoclonal antibodies,
protein engineering, industrial fermentation, plant tissue
culture and nitrogen fixation, phytomass producticn for biofuels
etc have advanced very greatly. This hes been possible due to
the availability of better equipments and the advances in our
basic knowlaedge of various biological processes.

4+1¢ Biotechnology and tissue culturet

Flant biotechnology, however is racing ahead in geometric
proportion because uniike the bietechnology of animals, plant
blotechnology ralises considerably fewer social, moral and legal
lssues. Tiosue culture is one of the important component of
plant biotechnology because of following developments

1) Picropropagation for biomass, energy production and elite
plants of high quality and productivity (Boulay, 1587).

2) Production of disease-free plants by ashoot tip culture
(westecott, 1983).,
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k)

5

- 6)

7)

Selection of mutants reaistant to pests, pa}hogmu. adverse
ian conditions, drought, tesperature, herbicides etc at
cellular level (Chaleff, 19813 Hanson, 15843 Maligm, 15843
Dix, 19853 venzel ,gsﬁ,u 1987). ’ .

Production of haploids through mther/pmlen culture for
rapid production of 'pure’ lines (Chu, 15525 Naheshwari gt al.,
19623 Dunwell, 15863 Lym/ ot al,, 15863 Keller gt als, 1987).
Wide hybridieation through intra or interspecific protoplast
fusion (hybﬂd or cybrid) and exbryc rescus {Cocking, 3!933:
and b} Fassuliotis and ch.aou. 15663 Hallikarjuna et gle.
1935)0

Transformation of plants through either genetically

’tnu.nund 74 plasmid of W Iumefacigng, ¢lectroe

poration or microinjection (Sehroder gt al., 1963; Horsch

&t al., 1987; Lorz gt al., 1587; Potrykus gt sle» 1587),

Conservation of geruplasm through oyyoperservation of shood
meristen or other sultable explants (James, 1983; wWithers,
1585, 19863 Kartha, 1987). |

Conventional plant br(cding has no doudbt, mde conslderable

progress in the improvement of yield and the quality of traits
of a wide range of crop species leading to the green revolution
alnost tMoughaut the woild, However, about 50% of this incremse
4n ¥yield is mainly due to the use of ‘sel scted superlor varieties -

and the rest due to better agrononic practices based on the

scientific knowledge.(Bingham, 1581), In crops like cotton,
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rice eto) hgmmzh platsu has reached and unless some novel
approaches are made, chances foF further improvement appsar very
remote .(Bright gt al., 1983),

The ip vitre methoda for manipulating plant cells, have
progreassad t6 a 5tate where s considerable contribution towards
crop dmprovement, can still be nade for those species for which
conventional plant breeding has been less successful (Bright
gt 81,y 1983), Thus the advent of in vitro rlant cell culture
has provided us with a poverful technology for posaibilities of
extrapolating methodclogy and knwleéae from micrcbiel and
papmulian cell genetics to plant éysnms._ The possibility of
obtaining plants from single cells under contrilled cul ture
Parameters has cﬁangad our way of approach about plant genetics
and crop breeding (Negruttu gt al., 1954) as entirely nev and
very useful concepts are being born and esployed,

During the Elmut Zew years, two sajor achisvexents have
besn accomplished towards the successful fntroduction of |
foreign genetic inforzmation into plants (Naﬁruﬂu 8% s8her
1584). One is the auc;caasm isdlation and eulture of plant
protoplasts and éocanﬂ is transfer of cloned genes (Ohyaum,

19833 Ganborg ek al., 15813 Schreler of al., 1955, Fraley st ales
1986) through vectors like T1 plasmid of the soil pathogen
Agrobacteriun tumefaclens (Rogers gt al., 1985)s The foreign
geneg, uh#n tagged with some selectable marker genes like
resistance to mﬁﬁicﬂca. selection and monitoring of
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transforaed pluntlmterial. can be achieved with ease {(5ilkew
Douglas gt al., 19&6: Schraler st al., 1985).

Recently, progrns in engineering glyphosate (herbicide)
tolerance into plants has been achieved by Jwer expression in
Petunis hybrids of s chimeric gene (shah gt zl., 1586), This
gene from W goli, tagged to cDNA enceding the transit
peptide sequence, : has been shown to be imported into chloproplasts
to give a resistant enzymes SeEnclpyruvylshikinate=3ephosphate
_ synthase (dellawCippra gt al., 1586 and 1987). Comal and his <—
cowworkers heve also engineered glyphosate tolersnce into
tebacco through expression of bacterial gene (Comail gt ales
1585).  Similerly, there are reaports of succesaful transfer of
gene for lut;iteraim in tobacco plants (Ow et al., 1586),
introduction of phaseclin gene into tobacoo (SenguptaeGopalan
et sl., 15685), expression of chimeric gene c‘entaining neooycin
ghoaphotmafe&aw in munflower (Everott et gl., 1987) and :
foreign gene into Uouglassfir (Dandekar st sl., 1957). These
resilts of genetic englneering research have now generated
demands of (a) isclation of useful genes of agrenomic importance
{like nutritional enhancement, photosynthetic efficiency,.
tolerance to adverse conditions etc) whose introduction into
crop plants would increaee thelr ugrmam;l.n perforsance (Perani
gk Bley 1586); (b) development of regenerating systems cOmparaw
ble to the model gystems like tobacesn, carrot, petunia ete
{(Yeoman, 1%86). ’,i.*ark §reaented in this thesls relates to
the basic studiasi of the aeénnd aspect.
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§¢2¢ Flant devcl.o:pmnt and gens expression:

- The plant d?aml. opuent involves both growth and differsnte
“Satione The teram 'amwth is assigned to quantitative changes
eccurring during the course of development and oan be defined
as an irreversible change: in the size of cell, organ or a whole
_plant. Nevertheless, during development, there appears not only
the gquantigative éii‘fgrence; in the ﬁu&bex‘; size and arrangecent
of cells within different organs, but also the qualitative
differences betwesn cells, tissucs and organs which is termed as
differentiation (Wareing and Fhilips, 1982). On the other hand,
according to Burgéan (1985), the plant development encompasass
three types of sequential processes. First, tomuunl of new
" ¢ells by cell aﬁiums. followed by a growth or cell f’anlargc- -
ment, Fiually, the cells differentiate into their mature and
respective specielized states. Broadly, the term differentiation,
cen be applied to :m situation in which the meristematic cells
give rise 1o two or more types of cell, tissue or organ which .
are qualitatively different from each others

it thi.\s is ‘ghc cuas‘. then is 1t possible to study the way
1n which plant cell differentiate and develope into functional
congregate § The answer is yes and the studies can be l&fl&lﬁ
different l;vel.ui |

It is axionetic, for instance, that the cell devalopment
eolely depends upon the regulated exprea;&.ﬁn of genetic saterial
(Matters and Scandalios, 1986). Therc are considerable evidences
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to advooate that hi.ghly wtarentutoa cell typees within a

plant body rctaia all the genetic information uqua.r-d to
apucizy 'thc structure and function of an mﬁm plants This is
called taﬁpctemy. & bshaviour first observed by Steward £% gl«»
(1958), This was subsequently noted by various workerss as
camplete plant regenemtien hasg been auccnsufvlly achieved um
explants of Yoots (!s:!.nton 1968); cotyledon (Hu and Sussex, 1971)3
hypocotyl (Kamat ,and Tao, 1578); stem (Hill 1967)3 petiole @m
and Collins, 1574; leaf (Pareek and Chandra 1978)j shoot apex
(Kartha gt gl., 1976); inflorescence (Hussay, 1575)3 flower
petals (Heuser and Appq; 1576); anther (Guha and Faheshwari, -
1964) 3 ovules tipsue (Kbchba and Spiegelehoy, 1573); embryos
(Nog and Johri, 1969) and mucellus (Rangaswami, 1959)s This
fact implies that within any given cell of the plant body,

only part of the genetic information 1s being expressed at any

. time, depending upon its positicn and functicn, This indicates

- that t}u d:vclepm:mt !.hvalvea the activity of speclfic groups

of genes which in turn controls the synthesis of pnrticular
enzymes and other proteins characteristic of specislized cells.
Hoﬁ._v‘or. gens e:;pimuion in plants is known to be sltered by
hormones, even at transoriptional levelas (Burrell et sl., 1586)
esg8e AUXiIN mﬂuu& very rapld induction of mRNA even prior to
initiation of cell elongation (Theclogis, 1586).

Differentlation can also be ;expnmod in terns of biochemical.
activities. Specific biochemical specialization is limited to



quite small popw.atlzcns of ¢ellaes Therefors; it is reasonable
to asgune that the fstmetnml as well biochemical changes
ohserved during the ontogeny of plant orgeans sust be preceeded
by or concomitant with chenges in the activities of variocus
enzymes (Rave and Sawhney, 1586). Several studies have
documented a correlation of the ocourrance of certain enzymes
and their multiple forms = Lsozynmes during the development and
differentiation of tissues and organs (Scandalios, 1583).

123 FHecaleitrant plant regeneration =» & basic problomi

Flant regener;atian has been found %0 be guite difficult
in gany of the agriculturslly isportant crops (BhoJjwani snd
Razdan 15835 Wilke~Dougkss gt al., 1986), apecially in cereals
(Cocking, 15855 Maddock, 1985; Vasil, 1985j Ozlaseikins and
Lorz, 1584, Lorz et al., 1987; vernicke snd Milkovits, 1987},
certain legumes (Flick, 1%§)¢; and fmportant sature hardwoods
{Bonga, 1582; Bhojwani and Razzdan, 1983}, lumerous reports
of complete plant regeneration observed in good number of
plant specles be!.ongmg to v;\rious tamilies demonstrate that
this 45 not a pbmaﬁmm restricted to JSust a few taxa
(Yeoman, 1986). Egﬁﬂtr. many of our crop plant of agrononicsl
as well as horticultural interest are still recaloitrant dus
t0 unknown raasma.é It is now well documented that genstic
Lactors also ccntriﬁute to the response of plant tissus in
culture (Lee, 198&;;:&:::1”11. 19813 Raquin, 9582). Further even
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‘ghcuh nu cells ws.thin an orgmim are consldered to be of the -

‘sane genotype, thtra are striking differences from oell to celdl
and from Organ o organ within a plant in its nbnity

regenerate in cultures (Brown and Atanassov, 19853 Anzirato, 1586) »
In cotton, for example. wide range of caliua m'kution. prolie
feration and maiaﬁ&,nanm responses found reflect the degree of

' genotyplc diversity within the germplasm collsction (Lee, 1984).
Virtuelly nothing 1}5 known absut the principles governing the
orucial transition from responsiveness to apperent lack of
regponsiveness whiéeh' oceurs during cell differcntistion {(Wernicke
and ilkovits, 1587)« At present, it is not clear, how far this
lack of ﬁ}ox‘phognnétm response obtained with so‘ many plants,
pasrticularly legwafes. cereals and other woody trees is éua to

defic ciem:ies in nutrient wedium or o ot&«r physical and

éhemlcal factors connected with the method of cultures iHowever,
according to Halperin (1986), this refractory response of soxs
cells of explants fbr subcul tures seexs t0 be due to a cesrtaln .
block in the regerjmm‘c&.ox’a process, The detailed molecular
analysis of such blocking systems have still not been achieved
due to certain ecééntrwiuu in the plant systems (Sanchez»
Hartinez et ale, i%&). mainiy due to more campl&ity than that
of bacterisl systems (Cooking, 1986)e¢ In this context, it has
beon angéasted that genetic improvement may prove more usefil
than ma.tpulaﬁm of environmgntal varmblas in the establishoent
and optimisation ©f culturing strategies (Lazar ak pher 1884
Part of the fanum is due to lack of fumamntgl ‘unﬁaramdm
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on the bicchemical and mclecular aspects of plant growth and
éevdayunt (Yenm}n, 1986). Ever since Skoog and Miller (1857)
asionstrated that the relauvje ratio of suxins and ¢ytokinins |
deteraines the kind of organogenesis (Shoot or rost) in tobacco
pith callus, i:ry 'few basic studies have attempted the question
why certain plent syptem ruponén $0 this empiricel approach of
‘auxin/cytokinin ratio, while others do not (Murashigas, 1574
Evans st al., 1581 } Ampiratc, 1986). In this context, Wernicke
and Hilkovits (1987) suggested correlation of the loss of
responsiveness with the uncoupling of auxin from the control of
cell cyle &) prabaﬁly through receptor .sensitivity to ﬁnmmu
(Irawavas, 1582a} ;Trwnvn and Cleland, 19833 Starling gt al .,
1580) « awwer, prtmabuzty of impaired polynmine metaboliam
%ov, cannot be ruwd out as pol.yams has been shown %o play
an impuxtm‘b rale in plant dovelapmnt inclwding growth and
differentiation {Cahe.n et g._l,._.. 19793 Bagni ek sl., 15813
Apelbaun &% ale,y 1982. Desnl and Mshta, 19853 Sm&‘ﬁb, 19853
Vansuyt and .a.naw. 19863 Kaur Sawhoey and Galston, 1587).

\
i

1ibe Lack ef apprwria'ae ayatem:

1t has been realized that the lack of progress in undepe
standing the pmgéa of plant morphogenssis and dwela;iment iz
due to the lack of adequate well defined experimental system
{Thorpe and Blondi, 1981; Tran Thanh Van and Trinh, 1586}
Yeoman, 1986). 'Iﬁe miltiplicity of correlation between efgm.
tissues and cells in intact plante hinders in lecating precisely



11

tha recognition s‘}ten as vell as the target cells for studies
on pathways Leading to orgen diiferentiation. Thus, systems
less complicated than inmgra'éed intact plants have beax used
to evaluate Tundanental siudxet on aorphogenssis. Thess include
organ fraguents isolatad cells, prﬁtaplawe ang thin cell '
layerze Purther in order to closely define the control point
of morphogenesis developmental mitants analogous 1o the embryos
lethel putant of Arsbidoppis ihaljera (Hoinke and Sussex, 15793
fednke, 19863 Pang and iayerowitz, 1987) could be utilized,
Howgver, &ll thege sxpericental systers sulfer from their
intrinsic dimadvantoges (refer chaptei’ 5 ;éaz’ fursher details)e <

5, Epiphyllous bud outgrowth - systsz t0 study plant
devel opzents

In this regard it ceems that tue epiphyllous buds of -
Kelenchoe mortazel offers an excellent expsriuental oatsrisl
ful£illing eriteris of Thorpe (1979) to study molecular aspects’
of morphogenesls dnd plant development. Ko gpriapel Rayaond
Hamet and Perrier is @ succulant pardea plant belonglng to the
family Crassulacesas Tne oppositely deccusate leavss, in their
notehes on either sides, contain a large nusber of maristenoids
(&0970; per leaf) which develops into complete plantlet with
scme triggers Basides thase .bue\ gr.imx‘!ga, S= noys differantiate ”
ion of large number of hoot buda can also be readily ashieved
from the cut part ¢f the leaf simply by pulse apilicasion af
sytokiain, This ;yé%zesz Gffera fdilowing advaniages Lo basic
studies pertaining te plant developzanis
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Known sits of bud developuent, that mcans, the dew}.wﬁont
of cemplate plentlet ccours only at predetersined ggpéci!.‘.c
eites called nctchass | ’

Rapld responpes, thatl means the ca:mpl,ﬁtc develdprent of buds
occurp within about 10 daye after izolaticn and subgaquens
incusation Of explanmte,

Zase of expcmmental mnipulatsons of the explant, The bud
sutgrowth doea not require any cxogsuous mutrient medium as
onlLy water is aéequgte for gxrrtira exporiuentation.
Avellability ¢f many variants for the indugtion of bud
sutgrowth. Depending upon the specles, the apiphyllouas

bud growth sccurs on either intact (attached) Leaf

{Beglagresontianum, B.jubiflorum) or {sclated cae (K.portaged)

- or both (Be.galycinum).

A

1.6, 3tudiss undertakens

Baaed upon thage !acta. the present atudy was undertaken

ta exanine :ouowing evanta undcrlyiug spipbyilons bud ovkgrowth
in Komortagel.

1)

2)

3)

sunatondcal studizs of eplphyllous buds during thelr dormancy
and susequent reactivaticn of growth.

Hormonal ragulntian of the bud growths

a) woorrslative inhibition and bud darmanuy. ,

b polarity i opiphyllous bud outgrowth.

Quantitative and qml.itat&vﬁ changes of soluble proteins
during the gourge of bud reactivation and growth.

/
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4) Involvement of IAA oxidase including phenolic metabolism
in epiphyllous bud outgrowth, ‘

The thesis is presented in seven chapt;n. Brief

. introduction of each of the aspects with its own methods smployed
are descrived separately. The results cbtained in each of the
approaches are. also discussed individually in light of perténent
literaturs in nnpeotivn chaptcrm This is followed by a general
conclusions in chnptar VII . -

It seens that the above menticned basic information on the
epiphyllous buds of ke portagel will put this experimental system
at the level comparable to that of the somatic embryogenesis of
carrot (Sung and Ckimoto, 1983) to prove detailed molecular
analysis of yet unexplored developmental process in plants 1.4
 bud dorpancy and i?:a reactivation process. ' |

In this thesis we present evidences for a meléctﬂ.ar marker
for spiphyllous bud 'ut:lafa development as has besn shown for
enbryogenesis (Sun et ale, 19783 Evans et zley 1979), germination-
(Higgins gt al., 19763 w;eir st al., 1586), root nodull.e formation
(Varma gt ales 1974)e |



